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REPRESENTATIONS AND CERTIFICATIONS 
For the Pacific Northwest National Laboratory 


Operated by Battelle Memorial Institute 


 


 


Battelle Memorial Institute has executed and is engaged in the performance of Prime Contract DE-AC05-
76RL01830 with the United States Department of Energy (DOE), for the management, operation, and 
maintenance of the Pacific Northwest National Laboratory (PNNL) in Richland, Washington. The following 
certifications must be completed, and this form must be signed and returned with the Offeror's proposal.   


 


----------------------The following must be completed for proposals exceeding $25,000--------------------- 
Name and DUNS Number 


Individual/Company Name  ________________________________________________________ 


"Doing Business As" (DBA)  __________________________________________________ 


DUNS Number   __________________________________________________ 


 


Taxpayer Identification (cl 405 - Oct 1998) 


A. Definitions 


"Common Parent," as used in this solicitation provision, means that corporation entity owns or 
controls an affiliated group of corporations that files its Federal income tax returns on a consolidated 
basis, and of which the Offeror is a member. 


"Taxpayer Identification Number (TIN)," as used in this provision, means the number required by 
the Internal Revenue Service (IRS) to be used by the Offeror in reporting income tax and other 
returns. The TIN may be either a Social Security Number or an Employee Identification Number. 


B. All Offerors must submit the information required in Paragraphs D through F of this provision to 
comply with debt collection requirements of 31 U.S.C. 7701(c) and 3325(d), reporting requirements of 
26 U.S.C. 6041, 6041A, and 6050M and implementing regulations issued by the IRS. If the resulting 
contract is subject to the reporting requirements described in Federal Acquisition Regulation (FAR) 
4.904, the failure or refusal by the Offeror to furnish the information may result in a 31 percent 
reduction of payments otherwise due under the contract. 


C. The TIN may be used by the Government to collect and report on any delinquent amounts arising out 
of the Offeror's relationship with the government (31 U.S.C. 7701(c)(3)). If the resulting contract is 
subject to the payment reporting requirements described in FAR 4.904, the TIN provided hereunder 
may be matched with IRS records to verify the accuracy of the Offeror's TIN. 


D. Taxpayer Identification Number (TIN) 


 TIN: _____________________ 


 Other. State basis. _____________________________________________________________ 


E. Type of Organization  


 Sole proprietorship    Government entity (Federal, State, or local) 


 Partnership     Foreign government 


 Corporate entity (not tax-exempt)  International organization per 26 CFR 1.6049-4 


 Corporate entity (tax-exempt)   Other _________________________________ 
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Small Business Program Representations (cl 407 - Oct 2011) 
(Applicable if any performance will be inside the United States or its outlying areas.)   


A. 1. The North American Industry Classification System (NAICS) code for this acquisition is  
541690. 


2. The small business size standard is $15M.   
3. The small business size standard for a concern which submits an offer in its own name, other 


than on a construction or service contract, but which proposes to furnish a product which it did 
not itself manufacture, is 500 employees.   


B. Representations. 
1. The Offeror represents as part of its offer that it   is,   is not  a small business 


concern.     
(Complete 2-8 below, as applicable, only if the Offeror represented itself as a small business 
concern in paragraph B.1. of this provision.)   


2. The Offeror represents, for general statistical purposes, that it   is,   is not,  a small 
disadvantaged business concern as defined in 13 CFR 124.1002. (If so, also complete the Small 
Disadvantaged Business Status representation below.)   


3. The Offeror represents as part of its offer that it   is,   is not  a women-owned 
small business concern.  


4. [Complete only if the offeror represented itself as a women-owned small business concern in 
Paragraph B.3. of this provision.]  The offeror represents as part of its offer that-- 
a. It   is,   is not  a Woman-owned small business (WOSB) concern as defined in 


FAR 52.219-1 and eligible under the WOSB Program, has provided all the required documents 
to the WOSB Repository, and no change in circumstances or adverse decisions have been 
issued that affects its eligibility; and   


b. It   is,   is not  a joint venture that complies with the requirements of 13 CFR 
part 127, and the representation in Paragraph B.4.a. of this provision is accurate in reference 
to the WOSB concern or concerns that are participating in the joint venture. [The Offeror shall 
enter the name or names of the WOSB concern or concerns that are participating in the joint 
venture: _________________________________________________________.] Each 
WOSB concern participating in the joint venture shall submit a separate signed copy of the 
WOSB representation. 


5. [Complete only if the Offeror represented itself as a women-owned small business concern 
eligible under the WOSB Program in Paragraph B.4. of this provision.] The Offeror represents as 
part of its offer that- 
a. It   is,   is not  an Economically disadvantaged women-owned small business 
(EDWOSB) concern as defined in FAR 52.219-1 and eligible under the WOSB Program, has 
provided all the required documents to the WOSB Repository, and no change in circumstances or 
adverse decisions have been issued that affects its eligibility; and 
b. It   is,   is not  a joint venture that complies with the requirements of 13 CFR 
part 127, and the representation in Paragraph B.5.a. of this provision is accurate in reference to 
the EDWOSB concern or concerns that are participating in the joint venture. [The Offeror shall 
enter the name or names of the EDWOSB concern or concerns that are participating in the joint 
venture: _________________________________________________________.] Each 
EDWOSB concern participating in the joint venture shall submit a separate signed copy of the 
EDWOSB representation. 


6. The Offeror represents as part of its offer that it   is,   is not  a veteran-owned 
small business concern as defined in FAR 52.219-1. 


7. The Offeror represents as part of its offer that it  is,  is not a service-disabled veteran-
owned small business concern as defined in FAR 52.219-1. 


8. The Offeror represents, as part of its offer, that-- 
a.  It   is,   is not a HUBZone small business concern listed, on the date of this 


representation, on the List of Qualified HUBZone Small Business Concerns maintained by the 
Small Business Administration, and no material change in ownership and control, principal 







Request for Proposal Number: 0000632825 


3 


office, or HUBZone employee percentage have occurred since it was in accordance with 13 
CFR part 126; AND 


b.  It   is,   is not  a HUBZone joint venture that complies with the requirements of 
13 CFR part 126, and the representation in paragraph B.8.a. of this provision is accurate for 
the HUBZone small business concern that are participating in the HUBZone joint venture. 


[The Offeror shall enter the name or names of the HUBZone small business concern or concerns 
that are participating in the joint venture: __________________________________________] 
Each HUBZone small business concern participating in the joint venture shall submit a separate 
signed copy of the HUBZone representation.  


C. Notice. 
1.  If this solicitation is for supplies and has been set aside, in whole or in part, for small business 


concerns, then the clause in this solicitation providing notice of the set-aside contains restrictions on 
the source of the end items to be furnished. 


2.  Under 15 U.S.C. 645(d), any person who misrepresents a firm's status as a small, HUBZone small, 
small disadvantaged, or women-owned small business concern in order to obtain a contract to be 
awarded under the preference programs established pursuant to section 8(a), 8(d), 9, or 15 of the 
Small Business Act or any other provision of Federal law that specifically references section 8(d) for 
a definition of program eligibility, shall-- (i) Be punished by imposition of fine, imprisonment, or 
both; (ii) Be subject to administrative remedies, including suspension and debarment; and (iii) Be 
ineligible for participation in programs conducted under the authority of the Act.  


 


Alaska Native Corporation or Indian Tribe Representation (cl 407A - Feb 2011)  


In accordance with FAR 52.219-9(d)(1)(i), subcontracts awarded to an Alaska Native Corporation (ANC) or 
Indian tribe may be counted towards subcontracting goals for small business and small disadvantaged 
business concerns regardless of the size or Small Business Administration certification of the ANC or 
Indian tribe. As defined by FAR 52.219-9(b), the Offeror represents that it --   


 is  is not an Alaska Native Corporation   


 is  is not an Indian tribe 


Certification Regarding Responsibility Matters (cl 419 - April 2010)  


A. The Offeror certifies, to the best of its knowledge and belief, that-- 


1. The Offeror and/or any of its Principals-- 


 are     are not  presently debarred, suspended, proposed 
for debarment, or declared ineligible for the award of contracts by any 
Federal agency; 


 have     have not  within a three-year period preceding this 
offer, been convicted of or had a civil judgment rendered against them 
for: commission of fraud or a criminal offense in connection with 
obtaining, attempting to obtain, or performing a public (Federal, state, 
or local) contract or subcontract; violation of Federal or state antitrust 
statutes relating to the submission of offers; or commission of 
embezzlement, theft, forgery, bribery, falsification or destruction of 
records, making false statements, tax evasion, violating Federal 
criminal tax laws, or receiving stolen property; 


 are     are not  presently indicted for, or otherwise 
criminally or civilly charged by a governmental entity with, commission 
of any of the offenses enumerated in Paragraph A.1.a.ii. of this 
provision; 


 have     have not  within a three-year period preceding this 
offer, been notified of any delinquent Federal taxes in an amount that 
exceeds $3,000 for which the liability remains unsatisfied. 
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a. Federal taxes are considered delinquent if both of the following criteria apply:  


i.  The tax liability is finally determined. The liability is finally determined if 
it has been assessed. A liability is not finally determined if there is a pending 
administrative or judicial challenge. In the case of a judicial challenge to the 
liability, the liability is not finally determined until all judicial appeal rights 
have been exhausted. 


ii. The taxpayer is delinquent in making payment. A taxpayer is delinquent 
if the taxpayer has failed to pay the tax liability when full payment was due 
and required. A taxpayer is not delinquent in cases where enforced collection 
action is precluded. 


b. Examples. 
• The taxpayer has received a statutory notice of deficiency, under I.R.C. § 6212, 


which entitles the taxpayer to seek Tax Court review of a proposed tax 
deficiency. This is not a delinquent tax because it is not a final tax liability. 
Should the taxpayer seek Tax Court review, this will not be a final tax liability 
until the taxpayer has exercised all judicial appeal rights. 


• The IRS has filed a notice of Federal tax lien with respect to an assessed tax 
liability, and the taxpayer has been issued a notice under I.R.C. § 6320 entitling 
the taxpayer to request a hearing with the IRS Office of Appeals contesting the 
lien filing, and to further appeal to the Tax Court if the IRS determines to sustain 
the lien filing. In the course of the hearing, the taxpayer is entitled to contest the 
underlying tax liability because the taxpayer has had no prior opportunity to 
contest the liability. This is not a delinquent tax because it is not a final tax 
liability. Should the taxpayer seek tax court review, this will not be a final tax 
liability until the taxpayer has exercised all judicial appeal rights. 


• The taxpayer has entered into an installment agreement pursuant to I.R.C. § 
6159. The taxpayer is making timely payments and is in full compliance with the 
agreement terms. The taxpayer is not delinquent because the taxpayer is not 
currently required to make full payment. 


• The taxpayer has filed for bankruptcy protection. The taxpayer is not delinquent 
because enforced collection action is stayed under 11 U.S.C. 362 (the Bankruptcy 
Code). 


c. The Offeror   has,   has not,  within a three-year period preceding this 
offer, had one or more contracts terminated for default by any Federal agency. 


2. "Principal," for the purposes of this certification, means an officer, director, owner, partner, 
or a person having primary management or supervisory responsibilities within a business 
entity (e.g., general manager; plant manager; head of a subsidiary, division, or business 
segment; and similar positions). 


This Certification Concerns a Matter Within the Jurisdiction of an Agency of the United States and 
the making of a False, Fictitious, or Fraudulent Certification May Render the Maker Subject to 
Prosecution Under Section 1001, Title 18, United States Code. 


B. The Offeror shall provide immediate written notice to the Battelle Contracts Specialist if, at any 
time prior to contract award, the Offeror learns that its certification was erroneous when submitted 
or has become erroneous by reason of changed circumstances. 


C. A certification that any of the items in Paragraph A of this provision exists will not necessarily result 
in withholding of an award under this solicitation. However, the certification will be considered in 
connection with a determination of the Offeror's responsibility. Failure of the Offeror to furnish a 
certification or provide such additional information as requested by the Battelle Contracts Specialist 
may render the Offeror nonresponsible.  







Request for Proposal Number: 0000632825 


5 


D.  Nothing contained in the foregoing shall be construed to require establishment of a system of 
records in order to render, in good faith, the certification required by Paragraph A of this provision. 
The knowledge and information of an Offeror is not required to exceed that which is normally 
possessed by a prudent person in the ordinary course of business dealings. 


E.  The certification in Paragraph A of this provision is a material representation of fact upon which 
reliance was placed when making award. If it is later determined that the Offeror knowingly 
rendered an erroneous certification, in addition to other remedies available to Battelle, the Battelle 
Contracts Specialist may terminate the contract resulting from this solicitation for default. 


Affirmative Action Compliance (cl 409 - Apr 1984) 


The Offeror represents that it -- 


 has developed and has on file,  


 has not developed and does not have on file, at each establishment, affirmative action programs 
required by the rules and regulations of the Secretary of Labor (41 CFR 60-1 and 60-2);  


 has not previously had contracts subject to the written affirmative action programs requirement 
of the rules and regulations of the Secretary of Labor.  


 has less than 50 employees and/or less than $50,000 in Government funds in any 12-month 
period and is exempt 


Previous Contracts and Compliance Reports (cl 408 - Feb 1999)  
The Offeror represents that it-- 


 has     has not  participated in a previous contract or subcontract subject the Equal  


Opportunity clause of this solicitation; 


 has     has not  filed all required compliance reports; 


 has less than 50 employees and/or less than $50,000 in Government funds in any 12-month 
period and is exempt 


Royalty Payment Certification (cl 414 - Jan 1986)  


In order that the U.S. Department of Energy may be informed regarding royalty payments to be made by 
a contractor in connection with any acquisition, construction, or operation where the amount of the royalty 
payment is reflected in the contract price, or is to be reimbursed by Battelle, check one of the following: 


  The Contract price includes no amount representing the payment of royalty by the Offeror 
directly to others in connection with the performance of the contract. 


  The Contract price includes an amount for royalty payment expected to be made in 
connection with the proposed award set forth below: 


1. the amount of each payment, 


2. the names of the licensor, and 


3. either the patent numbers involved or such other information as will permit 
identification of the patents and patent applications and the basis on which royalties 
will be paid. 


-In addition to the preceding sections, the following must be completed for proposals exceeding $150,000- 


Certification and Disclosure Regarding Payments to Influence Certain Federal Transactions (cl 
404 - Oct 2010) 


A. Definitions. As used in this provision-- "Lobbying contact" has the meaning provided at 2 U.S.C. 
1602(8). The terms "agency," "influencing or attempting to influence," "officer or employee of an 
agency," "person," "reasonable compensation," and "regularly employed" are defined in the FAR 
clause of this solicitation entitled "Limitation on Payments to Influence Certain Federal 
Transactions" (52.203-12). 
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B. Prohibition. The prohibition and exceptions contained in the FAR clause of this solicitation entitled 
"Limitation on Payments to Influence Certain Federal Transactions" (52.203-12) are hereby 
incorporated by reference in this provision. 


C. Certification. The Offeror, by signing its offer, hereby certifies to the best of its knowledge and 
belief that no Federal appropriated funds have been paid or will be paid to any person for 
influencing or attempting to influence an officer or employee of any agency, a Member of Congress, 
an officer or employee of Congress, or an employee of a Member of Congress on its behalf in 
connection with the awarding of this contract. 


D. Disclosure. If any registrants under the Lobbying Disclosure Act of 1995 have made a lobbying 
contact on behalf of the Offeror with respect to this contract, the Offeror shall complete and 
submit, with its offer, OMB Standard Form LLL, Disclosure of Lobbying Activities, to provide the 
name of the registrants. The Offeror need not report regularly employed officers or employees of 
the Offeror to whom payments of reasonable compensation were made. 


E. Penalty. Submission of this certification and disclosure is a prerequisite for making or entering into 
this contract imposed by 31 U.S.C. 1352. Any person who makes an expenditure prohibited under 
this provision or who fails to file or amend the disclosure required to be filed or amended by this 
provision, shall be subject to a civil penalty of not less than $10,000, and not more than $100,000, 
for each such failure. 


SIGNATURE  


Note:  A person authorized to make legally binding commitments on behalf of the Offeror must sign 
below. Signature constitutes a representation that reasonable and prudent inquiry has been made to 
ascertain the true and accurate basis of all statements.  Signature further constitutes Offeror's compliance 
with the requirements of DOE ORDER (O) 486.1, Department of Energy Foreign Government Talent 
Recruitment Programs, which prohibits any employees of government contractors and subcontractors from 
participating in certain covered programs sponsored by countries of risk and establishes a structured 
system for reporting possible participating such activities.  Statements which a person knows or has 
reason to know are false, fictitious, or fraudulent may result in criminal or civil penalties, as prescribed in 
18 USC 1001 and 31 USC 3802(a)(2).  The Offeror shall notify Battelle of any changes that occur in any of 
the representations or certifications during any resulting contract period.  


Authorized Signature  _____________________________________________  


Signer's Name (Printed)  _____________________________________________  


Title     _____________________________________________  


Date     _____________________________________________ 
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Statement of Work 
Introduction 
 
Battelle Memorial Institute (Battelle), in connection with Battelle's operation and maintenance of the U.S. 
Department of Energy's (DOE) Pacific Northwest National Laboratory (PNNL) in Richland, Washington 
under Contract No.  DE-AC05-76RL01830, has need for the services of a Commissioning Agent (CxA) 
to provide building commissioning services to support the design, construction, acceptance, and post oc-
cupancy warranty operation of a new mixed-use office and laboratory facility, hereinafter referred to as 
the Grid Storage Launchpad (GSL) facility.   
 
The GSL facility will be located on the DOE Office of Science’s (DOE-SC) Pacific Northwest National 
Laboratory (PNNL) North Core Campus Area, in Richland, Washington.  The building is anticipated to 
be approximately an 86,000 ft2 (gross) noncombustible structure with construction type and materials 
similar to other PNNL buildings on campus. The building is being designed and constructed under the 
terms of a separate Design/Build Contract in accordance with requirements set forth within the Perfor-
mance Specification S785272-ENG-001, and shall include the following summary list of spaces (not all 
inclusive, see performance specification): 
 


1. 30 laboratories  
2. A battery testing laboratory (~6000 ft2) with 6 special test rooms 
3. 105 workstations, hard-walled office and cubicle spaces 
4. Lobby / Collaboration Space 
5. Conference room and huddle spaces 
6. Laboratory service corridor 
7. Interstitial mechanical mezzanine 
8. Mechanical, electrical and data/phone rooms 
9. Chemical storage room 
10. Waste storage room 


 
General 
 
Commissioning ensures that building systems are installed as designed and function properly prior to 
construction substantial completion and ensures that Battelle has adequate system documentation and 
training prior to taking over operational responsibility of the building.  The commissioning process 
shall demonstrate, validate, and document the performance of facility systems in conformity with pro-
ject acceptance criteria. 
 
Requirements of the commissioning process and responsibilities, duties, and obligations of the Com-
missioning Agent (CxA) are described in Commissioning Tasks.  To accomplish these tasks, the 
Commissioning Agent shall be required to coordinate activities with other entities.  The specific re-
sponsibilities of the Design/Build (D/B) Contractor are defined in Division 1 section 3520, Division 1 
section 9113, and S785272-ENG-001 Grid Storage Launchpad (GSL) Performance Specification.  
Additional responsibilities will be further defined by the D/B team during construction documents 
preparation.  The commissioning process does not take away from or reduce the responsibility of the 
installing contractor(s) to provide a finished and fully functioning product. 
 
The primary role of the Commissioning Agent (CxA) is to develop and coordinate the execution of a 
Commissioning Plan and prepare the final commissioning report.  Commissioning of the GSL facility 
shall be consistent with the Energy Independence and Security Act (EISA) section 432, Federal Energy 
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Management Program (FEMP), and ASHRAE Guideline 0 commissioning guidance.  The commis-
sioning effort includes, at a minimum the following: 


• Develop the Commissioning Plan. The plan shall include a logical plan of commissioning activ-
ities, individual responsibilities, documentation requirements, communication and reporting 
protocols, desired workflow for execution, documentation and communications, and evaluation 
procedures. The Commissioning Plan shall be continuously updated throughout the project.  


• Participate in Design reviews.  The CxA shall perform commissioning reviews of the design 
documents to ensure that the D/B team is following requirements identified in the Performance 
Specification. 


• Assist the design team in developing correct and complete documentation for the construction 
effort, 


• Direct and document that installation, checkout, startup, and equipment and system testing has 
been appropriately performed in order to establish that equipment and systems are functioning 
in accordance with the requirements of the contract documents, 


• Verify the D/B contractor has provided complete Operations and Maintenance (O&M) docu-
mentation to Battelle, 


• Verify Battelle building personnel receive training as specified and that the training has been 
documented.  


 
The Commissioning Agent will not be responsible for design concept, design performance criteria, de-
sign, or general construction scheduling, cost estimating, construction management, or construction 
supervision.  The Commissioning Agent may assist the design team with design issues, problem solv-
ing, or the correction of construction non-conformance or deficiencies, but ultimate responsibility for 
meeting the project objectives and requirements resides with the D/B contractor.  The Commissioning 
Agent is responsible for the quality of any work that it performs. 
 
Please be advised that the commissioning agent will not be allowed to also participate as a consultant 
to the D/B team for this project. 
 
Definitions 
 
Commissioning: The process of ensuring that systems are designed, installed, functionally tested and ca-
pable of being operated and maintained to perform in conformity with the design criteria. For this project, 
commissioning includes verification of design, start-up, acceptance testing, O&M documentation, and 
training. 
 
Commissioning Authority (CA): The Commissioning Authority is the senior Battelle Technical Au-
thority (OSD Chief Engineer) or their delegate that reviews and approves commissioning activities in-
cluding but not limited to the Cx plan, prefunctional test, functional test, and final Cx report.  
 
Commissioning Agent (CxA): The 3rd party entity hired to prepare the Commissioning Plan, Func-
tional Test Procedures, commissioning specifications/requirements, and to implement the commission-
ing process, execute the Functional Test Procedures, and prepare the final Commissioning Report. 
 
Commissioning Team:  The collaborative team consisting of the CA, CxA, D/B team, Battelle Op-
erations, Battelle Engineering, and Battelle Construction Management. 
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Commissioning Plan:  A document defining the commissioning process, which is developed by the 
Commissioning Agent. This document is continuously updated throughout the process and will 
serve as the basis for the final Commissioning Report.  
 
Commissioning Report: A document recording the results of the commissioning plan, including 
the as-built performance of the Mechanical, Electrical, and Piping (MEP) systems and that docu-
ments signoffs. The report will address the following: 


• Adequacy of equipment with respect to Contract Documents and Design Intent 
• Equipment installation (Pre-functional and Start-up) 
• Functional performance testing and efficiency 
• Equipment documentation 
• O&M review, recommendations, and training 


 
Commissioning Specification/Requirements: The contract document that details the objective, scope, 
and implementation of the construction and acceptance phases of the commissioning process as devel-
oped in the Commissioning Plan.  Source specifications include:  


• S785272-ENG-01, Performance Specification (Latest Revision) 
• S785272-SPEC-01 (Latest Revision) Division 01 General Requirements, Section 9113 – Gen-


eral Commissioning Requirements,  
• S785272-SPEC-01 (Latest Revision) Division 01 General Requirements, Section 3520 – Energy 


Efficiency and Sustainability,  
• Manufacturer Data (e.g. O&M manuals and demonstration/training requirements)  
• Technical specifications developed by the D/B Team.  Note: The Cx Agent will aid the D/B 


team in development of the technical commissioning specification to inform appropriate devel-
opment of the Commissioning Plan. 


 
Functional Performance Testing (FPT): The process of documenting and demonstrating the ability of 
the building systems, included in the Commissioning Plan, to satisfy the acceptance criteria in the Ba-
sis of Design and functional operational expectations. 
 
Commissioning Agent Qualifications 


The U.S. Department of Energy recognizes certification programs that are aligned with the Better Build-
ings Workforce Guidelines and which have received qualified accreditation by the American Standards 
National Institute, International Accreditation Service, or other qualified accreditation bodies who are in 
compliance with ISO/IEC 17024:2012.   The Commissioning Agent for the GSL project shall have and 
maintain the following:  


• 10 years of experience as a Commissioning Agent 
• Certification as a Building Commissioning Professional by having and maintaining one of the 


following: 
o AABC Commissioning Group, Certified Commissioning Authority (CxA) certification 
o AEE Certified Building Commissioning Professional (CBCP) certification 
o ASHRAE, Certified Building Commissioning Professionals (BCxP) 
o Building Commissioning Association, Certified Commissioning Professionals (CCP)  
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The final commissioning report shall be stamped and sealed by a Washington State Licensed Professional 
Engineer. 


Commissioning Tasks 
 
The Commissioning Agent shall perform the following commissioning tasks during the design, construc-
tion, acceptance, and warranty phases of the project: 
 


Systems to Commission 
 


The specific list of GSL systems that shall be commissioned by the Commissioning Agent will 
be developed during the preparation of the Commissioning Plan, and are anticipated to (but not 
limited to) include: 
 
• Building automation, HVAC, and laboratory control systems, including interface to remote 


 monitoring and control sites 
• Chilled water/process chilled water system including, chillers, pumps, piping, heat  
 exchangers, and associated equipment 
• Boilers, pumps, piping, and associated equipment 
• Rooftop and interior air handling units and energy recovery systems and equipment 
• Simultaneous heating and cooling heat recovery chillers 
• Laboratory and Environmental air Exhaust fans 
• Fume Hood/Glove box air flow and control systems 
• HVAC terminal units 
• Fan/Coil units 
• Laboratory variable volume supply and exhaust valves and laboratory dual temperature  
 re-heat/re-cool coils  
• Unit heaters and unit ventilators 
• Heat exchangers 
• Plumbing and safety shower/eyewash systems 
• Plumbing systems 
• Fire protection and alarm systems 
• Potable and Process water heaters, pumps, tempering valves and associated equipment  
• Laboratory high purity water generation and supply system 
• Laboratory compressed air, compressed gases, and vacuum systems and equipment 
• Emergency/stand-by power and uninterruptible power supply (UPS) systems 
• Emergency lighting equipment and systems 
• Utility metering systems 
• Smoke control systems - interfaces, egress pressurization 
• Security, access control, and CCTV systems 
• Lighting and lighting control systems 
• Voice/data communications systems 
• Process sewer monitoring equipment and systems 
• Electrical system from the building entrance through the main switchboard, switchgear, dis-


tribution panels, and system grounding including power metering and monitoring equipment. 
• Validation of the Testing, Adjusting, and Balancing (TAB): Air and Hydronic Systems  
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• Dry room systems 
• Testing and Validation Area 2 safety systems. 


 
Design, Construction, Acceptance, and Warranty Phases 


 
The Commissioning Agent scope of work during the design, construction, acceptance and warranty 
phases will be based on the Commissioning Plan, Functional Test Procedures (FTPs), and specifica-
tions developed during the design phase.  For this Design/Build project the design and construction 
phases will likely be serial activities. 


 
Design Phase 


 
During the design phase the commissioning agent (CxA) will perform commissioning reviews of 
the design documents checking to make sure that the project team is following the requirements 
set forth in Battelle’s performance specification, the contract documents, that interdisciplinary 
coordination is occurring, and that maintainability is being designed into the project. Additional-
ly, the CxA will work with the design team to develop commissioning specifications that will in-
form contractors what their responsibilities will be during construction. Specific tasks include, but 
are not limited to, the following: 


 
• Develop the initial Commissioning Plan 


o Assemble commissioning team, hold scoping meeting, and identify responsi-
bilities  


o Develop and document communication channels and workflow for commis-
sioning process. If software is to be used, provide an overview of how the 
software will be used during the commissioning process.  


o Develop and maintain a deficiency log of issues found during design, con-
struction and commissioning and the resolution. Log to include issues noted 
by CxA, CM, CA, Lead Engineer and Building Engineer 


o Develop and coordinate preliminary commissioning schedule for construc-
tion, warranty, and acceptance phases.   


o Develop relevant construction checklists 
o Develop preliminary test procedures  
o Develop preliminary systems manual  
o Develop training requirements  


• Verify that interdisciplinary coordination is occurring and is included in the BIM model. 
• Work with D/B Team to develop commissioning specifications. 
• Review the D/B Team’s submitted design for compliance with Battelle’s Performance 


Specification and D/B Contract documents during each of 5 defined design review phases 
(schematic design, definitive design, 50% construction documents, 95% construction 
documents, and 100% issued for construction documents) and engineering change notic-
es.     


• Perform commissioning reviews of the design documents and the BIM model. 
• Submit Monthly status report, identifying any deficiencies. 
 


Construction Phase 
 


During the construction phase, the Commissioning Agent (CxA) will complete specific tasks 
identified in the Commissioning Plan that will include, but are not limited to, the following: 
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• Update the Commissioning Plan as required. Including but not limited to: 
• Revise, as necessary, the construction phase Commissioning Plan, including 


scope and schedule.   
• Continue to update the schedule and coordination activities throughout con-


struction 
• Review and compile Installation and Start-Up Certification Forms submitted 


from the contractors certifying the respective equipment is in full compliance 
with the plans and specifications, including factory representative start-up 
documentation, 


• Prepare and submit Pre-functional checklists and Functional Test Procedures 
to the CA and CM for comments/approval on appropriate startup, operations, 
and systems safety, 


• Prepare and submit Functional Test Procedures to the CA and CM for com-
ments/approval on appropriate startup, operations, and systems safety. 


 
• Attend and successfully complete PNNL training (Lock-out Tag-Out), 
• Conduct Pre-Job Safety Briefings, 
• Conduct a partnering meeting with the D/B team and Battelle’s repre-


sentative(s) to discuss commissioning scope, plan, and schedule, 
• Perform site visits, at a minimum twice per month during construction to observe 


component and system installations.  Attend, at a minimum on a monthly basis, the 
construction progress meetings held onsite to obtain information on construction 
progress.   


• Review construction progress meeting minutes for revisions/substitutions relating to 
the commissioning process 


• Coordinate and direct the commissioning activities in a logical, sequential and effi-
cient manner using consistent protocols and forms, centralized documentation, clear 
and regular communications and consultations with all necessary parties, frequently 
updated timelines and schedules and technical expertise.   


• Coordinate commissioning with the D/B Contractor and Battelle Construction Man-
ager (CM), ensuring that commissioning is included in the project schedule, 


• Review and provide comments to the design team on contractor submittals applicable to 
systems being commissioned for compliance with commissioning requirements, concur-
rent with the D/B designer of record (DOR) reviews, 


• Provide status reports for site visits for duration of commissioning. 
• Request and review additional information required to perform commissioning 


tasks, including O&M materials, contractor start-up and checkout procedures.   
• Before start-up, gather and review the current control sequences and interlocks and 


with the D/B Contractor, sub-tier contractors, and design engineers until sufficient 
clarity has been obtained, in writing, to be able to write detailed testing procedures. 
Submit detailed testing procedures to Battelle for review and approval. 


• Coordinate with the CA and/or CM to witness startup and testing of major equip-
ment per FPTs, 


• Review and provide comments on the Testing, Adjusting, and Balancing (TAB) 
execution plan submitted by the D/B contractor, 


• Perform site inspections during rough in and installation of systems and equip-
ment, 
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• Witness a sampling of pipe test and flushing procedures, sufficient to be confi-
dent that proper procedures were followed, 


• Witness a sampling of any ductwork testing and cleaning procedures, sufficient to be 
confident that proper procedures were followed, 


• Witness major penetration sealing in exterior walls and roof systems.  
• Witness a sampling of checkout, TAB. end-to-end testing, and calibration of con-


trols, 
• Observe pre-functional tests and start-up tests for critical equipment and a sampling 


of each type of system, including mechanical, controls, electrical, and specialty sys-
tems, 


• Develop a Continuous Commissioning Manual that will be used by Battelle as a guide 
for re-commissioning at future dates 


 
Acceptance Phase 


 
During the Acceptance phase, the Commissioning Agent will complete the specific tasks 
identified in the Commissioning Plan that will include, but are not limited to, the following: 
 


• Update the Commissioning Plan as required. Including but not limited to: 
o Provide schedule update information pertaining to the execution of the commis-


sioning throughout construction. 
• Obtain Installation and Start-Up Certification Forms from the constructor with si-


gnoffs indicating the systems have been satisfactorily tested. 
• Obtain pre-functional and start-up reports from general contractor. 
• Verify TAB, including 25% (minimum) check of diffusers, grilles, hoods, terminal 


devices (to include all VAV devices), and equipment testing including hydronic sys-
tems, and 100% of main equipment including hydronic systems. Provide documenta-
tion on findings. 


• Witness performance testing of smoke control systems. 
• Witness functional testing of each major piece of equipment and a representative 


sample of the remaining equipment to demonstrate that each item of equipment and 
system is operating according to the final design intent, contract documents, and 
manufacturer’s warranty requirements.  Functional testing shall include operating 
the system and components through each of the written sequences of operation and 
performance parameters to be satisfied.  Tests on respective HVAC equipment 
shall be executed during both heating and cooling seasons.  Off-season testing may 
be performed after beneficial occupancy, depending upon the construction sched-
ule.   


• Provide troubleshooting to assist in resolving control problems as they are uncovered.  
Functional testing shall be performed on 100% of control points and routines. 


• Check Building Management Control System graphics to ensure graphics 
are developed and points are correctly mapped to graphics. 


• Keep a detailed log on the testing of each Systems, Structures, and Components 
(SSC). 


• Update the deficiency log with any items found during commissioning to be a prob-
lem, poorly installed, or have discrepancies.  Provide the log and test results to the 
Battelle CM with recommended actions.  Coordinate retesting as necessary.  One re-
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test will be provided as part of normal checkout.  More than one retest will be con-
sidered work outside the normal scope of work. 


• Identification of identical equipment nonconformances (failure of components to 
perform to contractual requirements) of 10% or greater due to manufacturing defects, 
requires written notification to the Battelle.  Notification/explanation of failure 
mechanism(s) and corrective action(s) shall be provided and reviewed. 


• Schedule and lead on-site meetings to review progress, coordination efforts, and re-
solve issues. 


• Review O&M documentation for completeness.  This review shall be in parallel with 
the D/B team's review of the O&M documentation for conformance to the project 
specification. 


• Provide, jointly with the D/B team and Battelle, systems training to the user staff on 
''how the building is supposed to operate."  D/B team has the lead role to coordinate 
training with Battelle. 


• Review, pre-approve, and coordinate training of the Battelle operating personnel by 
the D/B contractor.  Witness a sampling of training sessions to evaluate adequacy. 


• Direct and document seasonal functional performance testing and checkout of 
equipment to determine the ability of the Mechanical, Electrical, and Piping systems 
to deliver heating, ventilation, and air conditioning in accordance with the final de-
sign intent.  This testing is anticipated to be conducted during August for the cooling 
system and January for the heating systems (these may occur during the warranty 
phase). 


• Submit to Battelle three hard copies and one .pdf electronic copy of the Commis-
sioning Report.  The report shall include an executive summary, list of participants 
and roles, brief building description, and the following sections at a minimum: 
o Design Intent Document(s) 
o Installation and Start-Up Certification Forms complete 
o Pre-Functional checklist complete 
o Functional checklists complete 
o TAB report 
o System schematics 
o Control strategies and set points 
o Deficiency Log 
o Guidelines for energy accounting. 
o Training Materials and Documentation 


 
Warranty Phase 


 
During the warranty phase, the Commissioning Agent will complete the specific tasks identi-
fied in the Commissioning Plan that will include, but are not limited to, the following: 


 
• Return to the site quarterly throughout the warranty phase (maximum of 12 months) in 


order to review current building operation and the condition of outstanding issues relat-
ed to the original commissioning with staff who maintain and operate the facility. 


• Interview facility staff and identify problems or concerns they have with operating the 
building as originally intended. 
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• Identify deficiencies that may come under warranty or under the original construction 
contract. 


• During the third or fourth quarter of the warranty phase, provide one day of additional 
systems training for users and staff on "how the building are supposed to operate." 


• Prepare a detailed evaluation during the fourth quarter after completion of commission-
ing on the status of warranty issues. 


• Attend up to 6 on-site meetings-in addition to the quarterly site reviews-to discuss war-
ranty issues.  Dates and times to be determined by Battelle.   


 
Schedule 
 
Commissioning Agent's deliverables shall coincide with project master schedule.  Currently, design is 
forecast to start May 2021 with a construction completion forecast for October 2023.  However, this is 
subject to change once the D/B contract is awarded. 
 
Test Equipment 
 
The installing contractors shall provide tools, or the use of tools required to start, checkout, and func-
tionally test equipment and systems. Specified testing using supplemental portable data loggers shall 
be supplied and installed by the Commissioning Agent.  CxA will work closely with Battelle CM to 
ensure testing means/methods are in accordance with Battelle standard work practices. 
 
To expedite air-water balance testing and to minimize additional cost to the construction contractor, 
the Commissioning Agent will verify the TAB contractor's air-water balance values, using their own 
engineers, field technicians, and test equipment. 
 
Data logging equipment, monitoring devices, specialized equipment, and software not required to be 
provided by the installing contractor in the contract documents, and provided by the Commissioning 
Agent to monitor, confirm, or verify the contractor's testing procedures, shall remain the property of the 
Commissioning Agent. 
 
Equipment provided shall meet the minimum accuracy, calibration, and performance standards re-
quired by the performance test. 
 
Change in Personnel 
 
If the Commissioning Agent's personnel or sub-consultants change for this project, Battelle's review 
and approval of the replacement personnel, in advance is required. The replacement personnel shall 
have, at minimum, equivalent qualifications as the original personnel identified in the proposal. 
 
Commissioning Contract Deliverables 
 
Design, Construction, Acceptance, Warranty Phases 
 


• Provide Commissioning Plan 
• Provide deficiency logs (which are developed, tracked and closed out by the Cx agent with Bat-


telle approval) 
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• Collect, review, and verify completeness of pre-functional checklists, Installation and Start-Up 
Forms and final Functional detailed Test Procedures (FTPs) for equipment and systems.  Include 
these items in the Cx report.   


• Provide Re-Commissioning Manual for future use by Battelle 
• Develop with the D/B DOR and provide systems training on "how the building/systems are sup-


posed to operate"  
• Provide Commissioning Final Report 
• Provide Post Warranty Report on warranty issues, deficiencies, and reviews conducted for adden-


dum to Commissioning Final Report 
 
 
The following GSL D/B specification section are incorporated into this SOW as reference: 
 


• 01 9113 GENERAL COMMISSIONING 
• 01 3520 Energy Efficiency and sustainability requirements 
• S785272-ENG-01 Grid Storage Launchpad (GSL) Performance Specification 
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SECTION 01 1000 


SUMMARY OF WORK 


PART 1 - GENERAL 


1.1 SUMMARY 


A. Battelle Memorial Institute (Battelle), in connection with Battelle's operation and maintenance of 
the U.S. Department of Energy's (DOE) Pacific Northwest National Laboratory (PNNL) in 
Richland, Washington under Contract No.  DE-AC05-76RL01830, has need for Design/Build 
(D/B) services to provide architecture, engineering, design, procurement, construction and 
support of Battelle commissioning for a new facility (hereinafter referred to as the “Grid Storage 
Launchpad (GSL) facility.   


B. The Grid Storage Launchpad (GSL) shall provide high-performance laboratory infrastructure to 
support world-class research. The facility shall be designed to enhance research collaboration 
using creative arrangement of spaces, allowing for increased advancements in scientific frontiers. 
The project includes a goal to provide modularity and flexibility to minimize design and 
construction costs for future changes in use or purpose, and for the possibility of expansion of the 
facility in the future.   


C. Collaboration, administrative, and support spaces shall be fully integrated into the design, creating 
a cohesive facility, thus providing an environment to promote scientific advancements across all 
included mission ready capabilities. 


D. The GSL facility shall be located on the DOE Office of Science’s (DOE-SC) Pacific Northwest 
National Laboratory (PNNL) North Core Campus Area, in Richland, Washington.  It will be 
located on the south side of Horn Rapids Road, north of the Energy Sciences Capability (ESC) 
building currently under construction, which is anticipated to be completed in October 2021.  The 
GSL building is anticipated to be approximately 85,000 gross square feet in area. 


E. Laboratory spaces shall be a single-story component, with a service corridor between laboratory 
modules, and a personnel corridor at perimeter of laboratory groupings. The service corridor shall 
have an interstitial space above for distribution of utilities, and for providing a dedicated area for 
maintenance without intrusion into working laboratories. 


F. The structure shall be of non-combustible (type II) construction, and with quality and materials 
equivalent or exceeding other PNNL buildings on campus.  


G. The building shall have the presence of a landmark on the PNNL campus with appropriate way 
finding features to guide people to the main entrance.  The siting and orientation shall reference 
the existing landscape and buildings to enhance the overall campus impression.  Entry into the 
building should inspire a sense of arrival and assist wayfinding.  


H. The GSL facility shall be comprised of the following characteristics: 
1. A “signature” facility, an iconic PNNL landmark symbolic of world class science. 
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2. Thirty laboratory module equivalents. A module is defined as a 22’-6” x 33’-6” structural 
grid and includes all infrastructure to have the module be convertible to other science 
capabilities in the future. 


3. A laboratory suite, or space dedicated to testing and validation of energy storage 
technologies, up to a threshold of 100kW [kilowatt] capacity. This space will be further 
subdivided into a <10kW testing and validation laboratory, and grid scale (<100 kW) 
testing and validation rooms. 


4. Within the 30-lab module laboratory component, an “In-Operando” group of suites 
containing materials characterization, analytical tools (including NMR), high-performance 
imaging equipment (Quiet Suite), and standard Instrument Labs. 


5. Workstations, including a combination of hard walled office “executive suites”, hard 
walled individual offices, and open landscape partitioned spaces (105 total). 


6. Lobby and open collaboration spaces, including a second floor outdoor covered “terrace” 
area. 


7. A Visualization space; a multipurpose room for video observation, instruction, and 
conferencing. 


8. Two medium conference rooms. 
9. Four small conference rooms. 
10. Six “huddle” conference rooms. 
11. Four “phone booths” in the office areas, two per floor. 
12. Laboratory service corridors. 
13. Interstitial mechanical mezzanines. 
14. Mechanical, electrical, IT server and MDF/IDF rooms. 
15. Loading dock, and shipping/receiving areas. 
16. Chemical storage room. 
17. Waste Storage Room 
18. Site improvements including required utility infrastructure, paved vehicular parking and 


access areas, pedestrian circulation, and landscaping.  


Refer to the Performance Specification, S785272-ENG-001 for more detailed information.   


I. The GSL shall be a distinguished laboratory designed to include space and infrastructure that 
promotes creativity, develops technical leaders, and encourages staff members to be bold in their 
research.  The design shall deliver a provocative exterior architecture integrating visually 
appealing forms, components and materials. 


J. The GSL shall be a “signature” facility in its building form and function. Signature attributes 
apply to the building architecture and to the building’s scientific mission. The building design 
shall include a distinct exterior building appearance evoking emotion, and a bold yet timeless 
interior design. Functionally, the design shall promote ease of long-term maintenance and 
operations and provide enhanced efficiency and sustainability.  


K. The GSL facility shall be defined as “High Performance.”  Battelle’s contractually required 
method for achieving High Performance is through conformance with the Department of Energy 
Guiding Principles for Sustainable Federal Buildings (2016) in compliance with Executive Order 
13834 issued May 2018.  
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L. The GSL building shall comply with design requirements set forth within the Performance 
Specification S785272-ENG-001.  The building maximum boundaries are affected by nearby 
utilities and existing roads and structures as shown on the Site Plan in Appendix A of the 
Performance Specification.  Refer to the Performance Specification S785272-ENG-001 for more 
detailed, specific requirements.     


1.2 The work consists of providing management, supervision, administration, architectural services, 
engineering, design, procurement, labor, materials, construction, and subcontracts necessary to 
design, and construct the GSL facility.  The GSL facility shall be constructed in accordance with 
the D/B Team developed, Battelle approved design in accordance with the requirements of the 
Performance Specification S785272-ENG-001.    D/B Team, and sub-tier contractor support and 
assistance with the Battelle provided Commissioning Agent (CxA) and commissioning process 
for the GSL facility is also required.    


1.3 CONTRACT 


A. Project will be designed and constructed under a Firm Fixed Price Design/Build Contract.       


1.4 DESIGN DOCUMENTS  


A. Drawings:  


1. To be developed by D/B Team and approved by Battelle, in accordance with the 
Performance Specification, and the Division 01 General Requirements.  


B. Specifications: 


1. Performance Specification: S785272-ENG-001, Rev. 1 


2. Grid Storage Launchpad Division 01 General Requirements:  S785272-SPEC-01, Rev. 1 
(This Specification) 


3. Technical Specifications:  To be developed by D/B Team and approved by Battelle in 
accordance with the Performance Specification, and the Division 01 General 
Requirements. 


C. Planning Documents: 


1. Not Used. 


D. Reference Documents: 
1. GSL Site Layout 
2. Energy Sciences Capability Facility; Overall Site Plan, Drawing C-100. 
3. Energy Sciences Capability Facility; Overall Grading Plan, Drawing C-110. 
4. Energy Sciences Capability Facility; Overall Utility Plan, Drawing C-120 
5. 190821 Energy Sciences Capability (ESC) Geotechnical Report (Final), dated August 21, 


2019.   
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6. Battelle Procedure, ADM-064, Rev. 17; Equipment Identification and Labeling 
Requirements 


1.5 WORK SEQUENCE 


A. D/B Contractor shall sequence the work activities to meet the following requirements; 


1. Permanent Fire Protection:  Where underground water mains and hydrants are to be 
provided, they shall be installed, completed, and in service prior to commencing 
construction work on any structure in accordance with NFPA 241 8.7 Fire Protection 
During Construction.   If existing, permanent fire protection systems and operable fire 
hydrants are within 300 Ft. of all points within the footprint of the GSL facility, D/B 
Contractor can utilize the existing system to meet this requirement during construction.  
Instruct key personnel on use of facilities. 


2. At earliest feasible date in each area of Project, complete installation of permanent fire-
protection facilities, including connected services, and place into operation and use.  
Instruct key personnel on use of facilities. 


1.6 GOVERNMENT-FURNISHED PRODUCTS 


A. The following products are Government furnished:   


1. None.   


1.7 MILESTONES 


A. The Work shall be conducted in accordance with the following Interim Milestones (IM) and shall 
be incorporated into the D/B Teams Design, and Construction Schedules as identified in Section 
01 3200 – Progress Documentation.   


B. During the initial planning of this project, Battelle envisioned one or more design deliverables 
and issuance of one, final, issued for construction document package to be submitted for review 
and approval.  Each design deliverable is identified below in interim milestones 1-5.  The D/B 
Contractor may submit, for review and approval by Battelle, an alternate design package schedule 
(fast track design approach), or modifications to the design package schedule identified below, if 
deemed necessary to support the contractors schedule.  There are no guarantees that Battelle will 
accept an amended schedule.  The GSL jobsite is adjacent to the ESC project site and early 
mobilization efforts will be constrained by the ESC demobilization efforts and in no way will 
GSL mobilization efforts hamper or impact completion of the ESC facility.  ESC construction is 
anticipated to be completed in October 2021.       


a. IM One:  Design Package 1 – Schematic Design.  108 Calendar Days after Battelle 
issuance of Notice-of-Award (NOA), the D/B Team shall develop, and submit for 
Battelle review and approval the completed Schematic Design documents identified 
in the Performance Specification, Section 6.0 Schedule of Deliverables, Table 8 
Design Package 1 – Schematic Design.         


b. IM Two:  Design Package 2 – Definitive Design (Design Development).  215 
Calendar Days after Battelle issuance of NOA, the D/B Team shall develop and 
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submit for Battelle review and approval the Definitive Design documents identified 
in the Performance Specification, Section 6.0 Schedule of Deliverables, Table 9 
Design Package 2 – Definitive Design.           
 


c. IM Three:  Design Package 3 – 50% Construction Documents package submitted 
to Battelle for review/comment.  320 Calendar Days, or less, after Battelle issuance 
of NOA, the D/B Team shall develop and submit for Battelle review and comment 
the 50% completed construction documents package identified in the Performance 
Specification, Section 6.0 Schedule of Deliverables, Table 10 Design Package 3 – 
50% Construction Documents.          


 
d. IM Four:  Design Package 4 – 95% Construction Documents package submitted 


to Battelle for approval and issuance of the Facility Modification Permit (FMP).   
369 Calendar Days, or less, after Battelle issuance of NOA, the D/B Contractor 
shall develop, and submit for Battelle review and approval the 95% Construction 
Documents package identified in the Performance Specification, Section 6.0 
Schedule of Deliverables, Table 11 Design Package 4 – 95% Construction 
Documents.      


 
e. IM Five:  Design Package 5 – 100% Issued for Construction Document package 


submitted to Battelle for approval.  411 Calendar Days, or less, after Battelle 
issuance of NOA, the D/B Contractor shall develop, and submit for Battelle review 
and approval the 100% Issued for Construction design documents identified in the 
Performance Specification, Section 6.0 Schedule of Deliverables, Table 12. 


 
f. IM Six:  Substantial Completion, Beneficial Occupancy.  914 Calendar Days, or 


less, after Battelle issuance of Notice of Award (NOA), the D/B Contractor shall be 
Substantially Complete with all work activities.  Substantial Completion shall be as 
identified in Section 01 7800 – Completion, Acceptance and Closeout.   


 
g. IM Seven:  Final Acceptance, Closeout of Exceptions.  969 Calendar Days, or 


less, after Battelle issuance of NOA, the D/B Contractor shall attain Final 
Completion.  Final Acceptance shall be as identified in Section 01 7800 Completion, 
Acceptance and Closeout.   


1.8 USE OF PREMISES 


A. On site work hours shall be 6:00 a.m. to 4:30 p.m. Monday through Thursday.  Authorization to 
perform work on site at times other than as specified shall require prior written authorization from 
Battelle. 


B. Key D/B Contractor, Designer-of-Record (DOR), and sub-tier contractor personnel required to 
periodically meet with Battelle employees at or within existing Battelle facilities shall complete 
required PNNL training and possess a picture badge issued by Battelle.  In addition, D/B 
Contractor and sub-tier contractor employees required to perform work within existing Battelle 
facilities for tie-ins, etc. shall be required to possess a picture badge issued by Battelle and 
complete training requirements associated with the specific facility as identified below.   


C. D/B Contractor, and sub-tier contractor personnel performing work at the project site shall not be 
required to possess a picture I.D. badge issued by Battelle.  Upon Battelle installation of required 
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network and facility switches to support commissioning, Battelle issued picture badges shall be 
required by all D/B Contractor, DOR, and sub-tier contractor personnel.  The GSL facility shall 
become a Property Protection Area (PPA) upon activation of the network switch.       


D. Upon Battelle acceptance of Beneficial Occupancy, ALL D/B Contractor, DOR, sub-tier 
contractor, vendors and consultants shall be required to possess a picture ID badge issued by 
Battelle for access into the GSL facility.   


E. During construction the D/B Contractor shall implement an orientation and identification system, 
e.g. hard hat sticker, or other identification means to clearly identify D/B Contractor, DOR, sub-
tier contractor, vendor, Battelle and DOE employees who have been provided the required 
orientation and training allowing access to the site, and who have been authorized by the D/B 
Contractor to be on the project site. Refer to Section 01 6000 for orientation requirements.  


F. Doors shall not be left unlocked, unattended, or blocked open at any time.  Doors that are alarmed 
or not customarily used require specific authorization for use and may require full time 
supervision by Battelle Security personnel while in use.  Provide five (5) working notice to 
arrange for Security personnel.  Provide five (5) working days’ notice for key and proximity 
badge access requests. 


G. The EMSL, ESC, and BSF Facilities are operational research facilities.  The D/B Contractor shall 
take all necessary measures to limit the impact of construction and demolition activities on the 
occupants of these facilities.  Noise, dust, vibration, fumes, and vapors shall be controlled to the 
greatest extent practicable.  If activities related to construction of the GSL facility impact 
ongoing research activities, the GSL facility construction activities causing the impact shall 
be halted, adjusted, or working hours modified, to prevent disruption or impacts to the 
ongoing research activities. 


H. Request authorization to access work areas, use storage and laydown areas, perform isolations, 
conduct outages, conduct tie-ins to existing utilities, and perform work from the Battelle 
Construction Manager (CM).  Request authorization, in writing, before the end of shift for the 
following day’s planned access and work activities.  Request authorization a minimum of twenty-
four (24) hours in advance for use of storage and laydown areas.  Request authorization to perform 
isolations and conduct tie-ins and outages in writing a minimum of ten (10) workdays in advance. 


1.9 PERMITS/FEES 


A. D/B Contractor Responsibility:   


1. The D/B Contractors obligations regarding permits required by Federal, State, and 
Municipal Laws, Codes and Regulations remain as required by the Contract General 
Provisions.   


2. City of Richland (COR) – Right of Way Construction Permit, Plan Review and Inspection 
Fees:  D/B Contractor shall be required to comply with the COR Public Works, Civil and 
Utility Engineering requirements identified in the “Public Infrastructure Construction 
Plan Requirements and Design Guidelines” available from the COR.    D/B Contractor 
shall be responsible for submission of all required documentation to the COR including the 
identified Right of Way Construction application and permit, storm drainage calculations, 
and other documents as required by the COR.  D/B Contractor shall be responsible for 
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payment of all associated review and inspection fees assessed by the COR in accordance 
with the COR Fee Schedule and as identified in the Public Infrastructure Construction 
Plan Requirements and Design Guidelines published by the COR. 


3. City of Richland (COR) – Potable Water and Sanitary Sewer Fees:  D/B Contractor shall 
work with the COR to have COR potable water service, and sanitary sewer systems 
established, tested, metering equipment installed, and service established in Battelle’s 
name for the GSL facility.  D/B Contractor shall be responsible for and shall pay all COR 
fees and charges for establishment of these services and connection to the COR systems.  
Battelle shall assume responsibility for monthly service payments upon Battelle approval 
of Beneficial Occupancy.   


4. City of Richland (COR) – Temporary/Construction Electrical Power System/Metering 
Equipment: D/B Contractor shall coordinate with the City of Richland (COR) and design 
and install all necessary temporary construction power for the GSL Facility in accordance 
with Section 01 5000 of this specification.  


5. City of Richland (COR) – Permanent Electrical Power System/Metering Equipment:    D/B 
Contractor shall work with the COR to have COR electrical distribution, electrical service, 
and power metering equipment installed, inspected, tested, and permanent electrical service 
established for the GSL facility upon Battelle’s behalf.   D/B Contractor shall be 
responsible for all fees and COR charges for establishment of service and installation of 
required power switch cabinets, transformers, and metering devices for establishment of 
permanent electrical power for the GSL facility.  D/B Contractor shall pay all monthly use 
charges for consumption of COR power during construction of the facility.  Battelle shall 
assume responsibility for monthly use, and service payments upon Battelle approval of 
Beneficial Occupancy.     


B. Battelle Issued Permits 


1. Notify Battelle in advance of work requiring a permit.  The D/B Contractor shall meet the 
requirements set forth in the permit and post the permit in a conspicuous location and 
ensure employees’ awareness of the permit contents. 


2. Facility Modification Permit (FMP):  Battelle will issue an FMP to the D/B Contractor 
upon Battelle approval of Design Package 4 – 95% Construction Document package.  The 
FMP(s) shall be posted onsite and will be utilized to document Battelle inspections as 
identified in Section 01 4000 Quality Requirements.  Upon issuance of the FMP(s) changes 
to the approved construction documents shall be via Engineering Change Notice (ECN), 
or Battelle approved D/B Team Change Control process.  Any changes to approved, issued 
for construction design documents requires Battelle approval prior to implementing the 
change. 


3. Confined Space Entry Permit:  This permit is required prior to entering a confined space.  
Permits are valid for one (1) day unless Battelle approves extended usage.  Only work that 
is originally identified on the Entry Permit shall be conducted in a Confined Space.  A new 
permit must be obtained whenever changes in work conditions or work activities introduce 
new hazards into the space. Notify Battelle three (3) days before the work is scheduled. 


4. Class II Penetration Permit:  Required for cutting, drilling, or otherwise penetrating solid 
material greater than 2 in. in depth, or penetrations through hollow structures where the 
absence of utilities or other hazards has not been positively determined.  Notify Battelle 
five (5) work days before the work is scheduled.  Requirements for performing Class I and 
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Class II blind penetrations are located in the D/B Contractor Environmental Safety and 
Health Manual procedure titled Electrical Work Safety.   


5. Electrical Work Permit:  Required for work on energized electrical systems.  Notify 
Battelle five (5) workdays before the work is scheduled. 


6. Excavation Permit:  Required for each excavation or backfilling involving hand digging 
greater than 12 inches, or machine digging at any depth.  Hand digging is required within 
5-ft of known or suspected underground utilities. Notify Battelle 30 Calendar Days before 
the permit is needed. 


a. Additional to the Excavation Permit, the D/B Contractor shall: 


1) CALL BEFORE YOU DIG:  Call 1-800-424-5555 (or 811) for an 
underground utility scan prior to excavating.  The actual location of 
underground utilities must be physically marked on the ground prior to start 
of any permit-required excavation. 


2) EXCAVATION PLAN:  Prepare D/B Contractor Site Excavation Drawings 
incorporating all utilities identified within the contract documents, and the 
“Call Before You Dig” scan.  Incorporate all information into a Project 
Excavation Plan that identifies all areas to be hand or machine excavated.  All 
known or suspected utilities within the excavation area shall be potholed by 
hand to physically verify the location and depth of the existing utilities on the 
D/B Contractor Excavation Plan.   


3) EXCAVATION PLAN REVEIEW:  Submit the excavation Plan to the 
Construction Manager.  Notify the Construction Manager one 5 work days 
prior to submittal and allow for 10 working days for Battelle review and 
approval to excavate.  


4) MAINTAIN EXCAVATION RECORD:  As excavation and potholing 
activities proceed, maintain an accurate “as-built” version of the D/B 
Contractor Site Excavation Drawing.  Submit this “As-Built” excavation 
record prior to construction completion.   


7. Hot Work Permit:  Required for each location in which work involves welding, cutting, 
grinding, open flame soldering, spark generation or open flame.  Notify Battelle three (3) 
work days before the work is scheduled. 


8. Isolation/Outage Request Permit: Required for removing any Battelle system from service 
to facilitate tie-in. Notify Battelle ten (10) work days before outage is required. 


9. In addition to permits identified in this Section, other sections may require use or approval 
of forms and requests that are not titled as permits but generally have the same effect.  D/B 
Contractor shall comply with the requirements identified with those forms and requests as 
identified in the Contractor Environmental, Safety, and Health (CESH) manual. 


1.10 WORK UNDER OTHER CONTRACTS 
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A. D/B Contractor shall cooperate fully with other, ongoing Battelle work occurring on, around and 
within the ESC, EMSL and BSF facilities so work at those facilities may be conducted smoothly, 
without interfering with or delaying work under this Contract. 


B. The D/B Contractor shall take all necessary measures to limit the impact of construction and 
demolition activities on the occupants of the ESC, EMSL and BSF facilities.  The EMSL-BSF 
service road (Einstein Ave.) shall be kept clear for Battelle use at all times.   


1.11 SPECIFICATION FORMATS AND CONVENTIONS 


A. Specification Format:  The Specifications developed by the D/B Contractor shall be organized 
into Divisions and Sections using the 2012 48-division CSI "Master Format" numbers & titles.   


B. Specification Content:  The Specifications shall use certain conventions for the style of language 
and the intended meaning of certain terms, words, and phrases when used in particular situations.  
These conventions shall be established by the D/B Team in preparation of the design documents.   


1.12 WORK CONTROL PROCESS 


A. Work Control Policy: All construction work activities performed on the PNNL campus require a 
Job Safety Analysis (JSA).  The JSA shall be completed by the D/B Contractor for their 
anticipated Work tasks and submitted to Battelle for review and approval.    The work control 
process identifies known hazards; outlines controls to mitigate the hazards, outlines expectations 
for hazard controls, as well as other activity specific work performance requirements.  Battelle 
will assist in the identification and mitigation of hazards through the design documents, the 
Division 01 General Requirements, and participation in the preconstruction meeting, but the final 
responsibility of hazard identification and mitigation is the responsibility of the D/B Contractor.   


1. JSA:  D/B Contractor shall develop and submit for Battelle approval a JSA encompassing 
all Work Scope to be performed onsite.  The JSA shall be developed in accordance with 
requirements identified in Section 01 6000 Environmental, Safety and Health, and the 
Contractor Environmental Safety & Health (CESH) manual.   


2. Preconstruction Meeting:  Prior to commencing onsite work, representatives from the D/B 
Contractor’s management, including the Jobsite Superintendent, Site Safety Supervisor, 
and sub-tier contractors shall meet with Battelle to evaluate hazards associated with the 
Work and establish the mitigation strategies for the identified hazards and address in the 
JSA.   


3. Managing Change:  The original, approved JSA shall be reviewed, revised, and re-
approved by Battelle if the work scope, site conditions, or hazards change.  D/B Contractor 
shall verify that the JSA is current, addresses known hazards, and has been approved by 
Battelle.  


1.13 TRAINING FOR CONTRACT PERSONEL 


A. General: D/B Contractor and sub-tier contractors shall include costs for course attendee’s time in 
proposal.  Battelle is responsible for initial and refresher training course fees.  D/B Contractor 
shall be required to pay course fees for no-shows and any retraining required as a result of failure.  
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Classroom training will be conducted on Battelle premises unless otherwise noted. Contact the 
Battelle Project Coordinator to schedule training.   


B. PNNL Laboratory Orientation is required prior to obtaining a Battelle badge. 


1. PNNL Non-Staff Orientation (2400) 
Required recipients:  All workers requiring a badge 
Duration:  1 hour 
Scheduling:  3 working days  
Method:  External or Battelle - Web Based 
Retrain Cycle:  1 year 


C. D/B Contractor, sub-tier contractor, and vendor personnel performing work onsite are required to 
have training, if required, as defined below.    Submit documentation of previously completed 
courses to Battelle. All personnel requiring access to existing Battelle facilities shall also be 
required to possess   


1. Lock & Tag for Authorized Workers (692) 
Required recipients:   Workers potentially exposed to the release of hazardous energy 
that do not have current documented PNNL Authorized Worker training.   
Duration:  8 hours 
Scheduling:  3-5 working days 
Method:  Classroom 
Retrain Cycle:  2 years 


2. Hot Work and Fire Watch (2504) 
Required recipients:  Workers that will perform or monitor activities requiring genera-
tion of heat, sparks or open flame.  All hot work shall be conducted in accordance with a 
Hot Work Permit.  
Duration:  1 hour 
Scheduling:  3-5 working days 
Method :  Classroom Based 
Retrain Cycle:  1 year 


3. Hot Work Permit Training (988) 
Required recipients:  Workers or supervisors responsible for Hot Work Permit docu-
mentation.  
Duration:  1 hour 
Scheduling:  3-5 working days   
Method:  Classroom 
Retrain Cycle:  2 years 


4. Hands-on Fire Extinguisher Training (654) 
Required recipients:  Workers performing fire watch activities.   
Training shall be documented. 
Duration:  1 hour 
Scheduling:  External Instructor lead provided by performing Contractor  
Method:  Classroom 
Retrain Cycle:  1 year 


5. Hazardous Waste Management Training (833) 
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Required recipients:  D/B Contractor’s designated environmental coordinator and al-
ternate environmental coordinator for work that will generate hazardous waste 
Duration:  1 hour 
Scheduling:  3 working days 
Method :  External or Battelle - Web Based 
Retrain Cycle:  1 year 


PART 2 - PRODUCTS – not used  


PART 3 - EXECUTION – not used 


END OF SECTION 01 1000 
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SECTION 01 2000 


PAYMENT PROCEDURES 


PART 1 - GENERAL 


1.1 SUMMARY 


A. Reference Contract General Provisions for additional instructions.   


1.2 SUBMITTALS 


A. Design Schedule of Values (DSOV):  Submit for Approval thirty (30) calendar days after Notice 
of Award a schedule of values covering the development, submission, and Battelle review and 
approval of design packages 1-5 as identified in the Performance Specification, and as listed under 
Milestones in the 01 1000 Section.  The DSOV shall allocate portions of the design Contract sum 
to the discrete Design Schedule activities developed in accordance with Section 01 3200.   Upon 
approval by Battelle, the DSOV shall be used as the basis for reviewing D/B Contractor 
applications for progress payments during development of design packages.  No invoice will be 
accepted prior to Battelle approval of the DSOV.   


B. Construction Schedule of Values (CSOV):  Submit for Approval concurrent with submission of 
Design Package 3 – 50% Construction Document package a CSOV covering all construction 
related activities allocating remaining portions of the Contract sum (not included in the DSOV) 
covering the entire remaining Contract Period of Performance. 


C. Revised Schedule of Values:  Update and resubmit one (1) copy of the approved SOV (DSOV 
and/or CSOV) when Change Orders or Change Directives result in a change in the Contract Sum.  
Revise and resubmit the SOV when, at the discretion of Battelle, it is determined that the DSOV, 
and/or the CSOV do not approximate the actual value of Work or is not consistent with the 
approved schedule. 


1.3 SCHEDULE OF VALUES (DSOV and CSOV) PREPARATION 


A. Each item in the Schedule of Values shall be clearly identified as applicable to a specific Contract 
Line Item Number (CLIN).  Level of effort activities if used shall also be separated into portions 
applicable to each CLIN.   


B. Coordinate preparation of the Schedule of Values with preparation of D/B Contractor's Design 
and Construction Schedule(s), correlating line items in the Schedule of Values with activities 
listed on the schedules.  Where the Work is separated into phases requiring separately phased 
payments, provide sub-schedules showing values correlated with each phase of payment. 


C. The Schedule of Values shall provide a breakdown of the Contract Sum in enough detail to 
facilitate continued evaluation of Applications for Payment and progress reports.  Format and 
Content for the Schedule of Values shall follow the Work Breakdown Structure provided in the 
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Contract, or structure established in the approved Startup and Completion schedules.  If no 
breakdown was provided, the Schedule of Value shall follow general Construction Specification 
Institute (CSI) format, and;  


D. Provide at least one (1) line item for each Specification Section. 


E. Provide line items for each principal subcontracted amount, where appropriate. 


F. Round amounts to nearest whole dollar; total shall equal the Contract Sum. 


G. Provide a separate line item in the SOV for each part of the Work where Applications for Payment 
may include materials or equipment purchased or fabricated and stored, but not yet installed.  
(Differentiate between items stored on-site and items stored off-site.)   


H. Include the following Project / Contract identification on the SOV: 


1. Project name and location. 


2. Battelle Contract number. 


3. Submittal number 


4. D/B Contractor's name and address. 


5. Date of submittal. 


6. Arrange the Schedule of Values in tabular form with separate columns (generally by 
calendar month) to indicate the scheduled date of work performance. 


1.4 APPLICATIONS FOR PAYMENT 


A. PAYMENT TERMS 


1. The Contract Price shall be payable in monthly progress payments, payable Thirty (30) 
calendar days after receipt of a proper invoice.   


2. The cut-off date for the D/B Contractor’s invoice shall be the working day nearest the 25th 
day of each month.  Only Notarized Invoices stamped by Battelle as received within five 
days of the cutoff date will be paid in the next 30-day cycle.  Invoices that are received late 
by Battelle will be paid within sixty- (60) calendar days of receipt. 


3. Each progress payment shall be for a value of Work completed by the D/B Contractor in 
accordance with the Schedule of Values, and as supported by the updated, approved CPM 
Schedule.   


4. A Retention amount equal to 10% of the approved progress billing shall be withheld from 
each progress payment until final completion and acceptance of the Contract Work.  
Release of Retention amounts prior to final Contract completion is subject to the following: 


a. If at any time after 50% of the work has been completed, Battelle finds that 
satisfactory progress is being made, it may authorize release of any or all previously 
retained amounts and may authorize payment in full all invoiced and accepted work 
performed beyond the 50% stage of completion; or 







S785272-SPEC-01  06/2020 
Rev. 1 GRID STORAGE LAUNCHPAD (GSL) 
 


PAYMENT PROCEDURES 01 2000 - 3 


b. Whenever the work is substantially complete, Battelle may reduce the retention to 
an amount it considers adequate for protection of the Government and, at its 
discretion, may release to the D/B Contractor all or a portion of any excess amount.  


5. Upon request, the D/B Contractor shall furnish evidence, satisfactory to Battelle, that all 
labor and materials furnished, and equipment used during the period covered by any 
Invoice have been paid for in full and the Work is not subject to liens or claims on account 
thereof.  Battelle may withhold payment of invoices until D/B Contractor furnishes such 
evidence. 


6. Each Application for Payment shall be consistent with previous applications and payments 
as certified and paid for by Battelle. 


B. MONTHLY ACCRUALS 


1. D/B Contractor shall submit to Battelle monthly accruals (estimations) at month-end of 
amount that will be invoiced for the current month. Accruals are due on Wednesday the 
week prior to the month-end date.   


C. PROGRESS VERIFICATION 


1. Meet with the Battelle Construction Manager and, utilizing the approved Schedule of 
Values, verify and agree upon the percentage of work complete for each activity. 


2. Applications for Payment shall reflect the agreed upon percentages of work completed. 


3. No invoice will be accepted without prior Construction Manager verification and approval. 


D. INVOICING INSTRUCTIONS 


1. The D/B Contractor shall use Battelle Form 18303 for Applications for Payment. 


2. Battelle requires to receive invoices electronically.  To expedite PROMPT PAYMENT, 
submit an electronic (PDF, Word, format) invoice to Battelle at: ap.invoices@pnl.gov.  
Invoices may not be submitted more frequently than monthly and shall include all 
supporting data.  Invoices shall be prepared substantially in accordance with the forms 
listed at http://www.pnl.gov/contracts/documents/invoices.asp. 


3. Battelle shall not be obligated to pay for invoice items not fully supported by approved 
progress measurements and any other such documentation as may be required.  Battelle 
reserves the right to make provisional payment on an invoice in dispute, pending audit and 
reconciliation of the total charge.  Incomplete applications will be returned without action. 


4. As part of the request for payment, the D/B Contractor shall submit a report summarizing 
the month’s injuries, illnesses, property damage, fires, “near misses”, etc. The summary 
report should be formatted to include the following items: 


a. Average number of employees during the month, 
b. Total D/B Contractor hours worked on this Contract, 
c. Number of sub-tier Contractors, and 
d. Number of sub-tier Contractor employees by sub-tier Contractor, and 
e. Total sub-tier Contractor hours (by sub-tier Contractor) worked on this Contract. 



http://www.pnl.gov/contracts/documents/invoices.asp
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5. The request for payment shall also include an updated CPM schedule report as identified 
in Section 01 3200 Progress Documentation.   


1.5 DIRECT PAYMENTS TO SUB-TIER CONTRACTORS 


A. Contract revenues representing payments to sub-tier contractors shall not be considered earned 
by D/B Contractor unless and until D/B Contractor has paid the current invoices of such sub-tier 
contractor.  In the event Battelle determines, in its sole discretion, that D/B Contractor has become 
insolvent or is in danger of becoming insolvent, then Battelle is authorized, but not required to 
make direct payment to D/B Contractor’s sub-tier contractors with respect to any current or past 
due invoices then outstanding.  Title to any materials or equipment for which such direct payment 
is made shall pass directly from such sub-tier contractor to Battelle. 


1.6 BACKCHARGES 


A. A Back-charge is a cost sustained by Battelle and chargeable to the D/B Contractor for Battelle’s 
performance of Work, for which the D/B Contractor is responsible.  Without limitation and by 
way of example only, Back-charges may result from: 


1. Services performed by Battelle, at D/B Contractor’s request for work which is within D/B 
Contractor’s Scope of Work under this Contract, or 


2. Costs sustained by Battelle as a result of D/B Contractor’s non-compliance with the 
provisions of this Contract or D/B Contractor’s act of omission or negligence. 


B. Upon identification by Battelle of an actual or anticipated Back-charge, Battelle will issue a Back-
charge Notice to D/B Contractor.  This Notice shall describe the Back-charge Work to be 
performed, the scheduled period for performance, the cost to be charged by Battelle to the D/B 
Contractor and other terms.   


C. In the event the D/B Contractor refuses to agree to the Back-charge, Battelle shall at its option 
proceed with the Back-charge Work and charge the Back-charge Cost to the D/B Contractor’s 
accounts. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 01 2000 
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SECTION 01 3000 


ADMINISTRATIVE REQUIREMENTS 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This Section includes administrative and procedural requirements for: 


1. Submittals. 
2. Requests for Information (RFI)  
3. Engineering Change Notice (ECN)  
4. Contractor Non-Conformance Report (CNCR) 
5. Product delivery, storage, and handling. 
6. Product Substitutions and Comparable products. 


B. SUBMITTAL/RFI/ECN/CNCR WORKFLOW PROCESSES 


1. D/B Contractor and its team shall be required to utilize Battelle’s electronic Project 
Management software for electronic submission of all required submittals, Requests For 
Information (RFI), Engineering Change Notices (ECNs), and Contractor Non-
Conformance Reports (CNCRs) except for physical samples which shall be hand delivered 
to the D/B Contractor’s Designer-of-Record (DOR) and Battelle.  Access to the Project 
Management software will be established by Battelle for use by the D/B Team and major 
sub-tier contractors.  D/B Contractor and DOR shall identify up to three (3) employees (per 
company) for access and training in use of the software system.  Each major sub-tier 
contractor shall identify up to two employees (per company) for access and training in use 
of the software system.  Battelle shall assist D/B Team and sub-tier contractors with initial 
set-up and training for use of the Project Management software system.   


2. D/B Contractor may propose use of an alternate electronic Project Management software 
system for Battelle review and approval.  Alternative software must be capable of handling 
and processing submittals, RFIs, ECNs, and NCRs.  If approved by Battelle, D/B 
Contractor shall be responsible for provision of all software, licenses, and fees to establish 
the system, and to provide access for up to 20 ea. Battelle employees for duration of the 
Project.   


3. Submittals and RFIs related to Division 01 (this specification) and Performance 
Specification (S785272-ENG-01) requirements shall be routed to Battelle for review, 
disposition, and response.  All ECN’s issued to revise or modify the Issued for Construction 
(IFC) drawings or specifications shall be routed to Battelle for review, disposition, and 
response.  D/B Contractor shall submit five (5) full-size hard copies, and one (1) electronic 
copy of each design package, and ECN to Battelle for review.    D/B Contractor shall submit 
two (2) hard copies, and one (1) electronic copy of all final O&M Manuals as identified in 
section 01 7900.  Provide one (1) electronic copy of all other submittals via the Project 
Management software system.     


4. Submittals and RFIs related to approved and issued for construction design media 
(technical Specifications, and/or drawings) requirements shall be routed to the DOR for 
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review, disposition, and response.  The Project Management software system shall 
automatically copy Battelle on all submittal, RFI, CNCR, and ECN responses from the 
DOR back to the D/B Contractor.  If DOR response is not consistent with Contract 
requirements, Battelle shall identify the non-compliance, and DOR shall modify 
disposition and/or response to be consistent with Contract requirements. 


5. Changes to approved and issued for construction design media shall require Battelle 
review and approval.  ECN’s (or D/B Team approved change mechanism/process) 
developed to modify approved and issued for construction design media shall be submitted 
via Battelle’s electronic Project Management software for Battelle review, and approval.   


6. D/B Contractor and sub-tier contractor Non-Conformances shall be documented utilizing 
Battelle’s electronic Project Management Software.  The Contractor Non-Compliance 
Report (CNCR) shall be submitted by the D/B Contractor.  The DOR shall review the 
recommended disposition and will approve or reject the proposed disposition. If the 
approved disposition from the DOR is to accept the non-conformance “as-is”, or “repair” 
the non-conformance, Battelle shall review and approve, or reject, the DOR disposition.  If 
the DOR approved disposition is to “reject”, and/or “re-work” the non-conformance to 
meet design requirements, Battelle approval shall not be required.    


1.2 DEFINITIONS 


A. Products:  Items purchased for incorporating into the Work, whether purchased for Project or 
taken from previously purchased stock.  The term "product" includes the terms "material," 
"equipment," "system," and terms of similar intent. 


1. Named Products:  Items identified by manufacturer's product name, including make or 
model number or other designation, shown or listed in manufacturer's published product 
literature that is current as of date of the Contract Documents. 


2. New Products:  Items that have not previously been incorporated into another project or 
facility, except that products consisting of recycled-content materials are allowed, unless 
explicitly stated otherwise.  Products salvaged or recycled from other projects are not 
considered new products. 


3. Comparable Product:  Product that is demonstrated and approved through the submittal 
process by the DOR, and reviewed by Battelle, or where indicated as a product substitution, 
to have the indicated qualities related to type, function, dimension, in-service performance, 
physical properties, appearance, and other characteristics that equal or exceed those of 
specified product. 


4. Or Equal: For products specified by name and accompanied by the term "or equal," or "or 
approved equal," or "or approved," comply with requirements in "Comparable Products" 
Article to obtain approval for use of an unnamed product. 


B. Basis-of-Design Product Specification: A specification in which a specific manufacturer's product 
is named and accompanied by the words "basis-of-design product," including make or model 
number or other designation, to establish the significant qualities related to type, function, 
dimension, in-service performance, physical properties including size, appearance, and other 
characteristics for purposes of evaluating comparable products of additional manufacturers 
named in the specification.  
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C. Substitutions:  Changes in products, materials, equipment, and methods of construction from 
those specified as the basis of design and included in the Battelle approved Issued for 
Construction design media and proposed in writing by D/B Contractor for the DOR approval and 
Battelle review.      


D. Approval Submittals:  Written and graphic information that requires the DOR or Battelle approval 
prior to D/B Contractor procurement or performance of associated Work.   


E. Informational/Record Copy Submittals:  Written and graphic information that does not require 
the approval but must be submitted for informational/record purposes.  Informational/Record 
Copy submittals may be rejected by the DOR, or Battelle for not complying with requirements. 


F. Request for Information (RFI): An RFI is a written documented administrative method by which 
the D/B Contractor and sub-tier contractors shall request clarification and/or direction from 
Battelle regarding Contract, and Performance Specification requirements.  An RFI shall be 
submitted to the DOR to request clarification and/or direction regarding issued for construction 
design media, e.g. technical specifications and/or drawings.  An RFI is not a change document, 
therefore, the D/B contractor is not authorized to make or infer changes to the Contract Work 
based on the DOR or Battelle’s response to an RFI. 


1.3 SUBMITTALS 


A. Work associated with materials, equipment, or products which are required to be submitted for 
Approval shall not proceed until such materials, equipment or product submittals have been 
reviewed by, and Approved by the DOR and/or Battelle as required. 


B. Coordination:  Coordinate preparation and processing of submittals with performance of 
construction activities. 


1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, 
and related activities that requires sequential activity. 


2. Coordinate transmittal of different types of submittals for related parts of the Work so 
processing will not be delayed because of need to review submittals concurrently for 
coordination. 


a. Battelle reserves the right to withhold action on a submittal requiring coordination 
with other submittals until related submittals are received. 


C. Master Submittal Log: A preliminary Master Submittal Log (MSL) identifying submittals 
required by the Performance Specification, and the Division 01 General Requirements is attached 
in paragraph 3.6 below.  The MSL will be uploaded into Battelle’s electronic Project Management 
software to serve as a template for identification of required submittals within the system.  The 
D/B Contractor shall be required to append and modify the preliminary MSL to incorporate 
additional submittal requirements as the design and technical specifications are matured and 
approved by Battelle.  The appended MSL shall be uploaded into the electronic Project 
Management software by Battelle to update the template. 


1. This preliminary MSL is provided as a convenience to the D/B Contractor. 


2. The omission of an item from the MSL does not relieve the D/B Contractor from the 
responsibility of submitting an item listed in the individual specification sections. 
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3. An Excel spreadsheet version of the preliminary MSL is available for D/B Contractor use 
to append/amend the preliminary MSL as required. 


D. Battelle Processing Time:  Allow enough time for submittal review, including time for re-
submittals, as follows.  Time for review shall commence upon the Battelle receipt of the submittal. 


1. Performance Specification Design Package Submittal Review:  Allow 15 working days for 
Battelle review of each submitted design package.  Allow additional time if processing 
must be delayed to permit coordination with subsequent submittals.  Battelle will advise 
D/B Contractor when submittal being processed must be delayed for coordination.     


2. Division 01 Submittal Review:  Allow 10 working days for Battelle’s review of each 
submittal specified in the Division 01 General Requirements, e.g. this document.  Allow 
additional time if processing must be delayed to permit coordination with subsequent 
submittals.  Battelle will advise D/B Contractor when a submittal being processed must be 
delayed for coordination. 


3. Re-submittal Review:  Allow 10 working days for processing each re-submittal of Division 
01 General Requirements submittals.  Allow 15 working days for processing of each re-
submitted Performance Specification Design Package submittal.    


4. Lack of Timely Submittal:  No extension of the Contract Time will be authorized because 
of D/B Contractor or sub-tier contractor’s failure to transmit submittals in advance of the 
Work to permit processing by Battelle. 


E. Designer-of-Record (DOR) Processing Time:  D/B Contractor, and sub-tier contractors shall 
allow the DOR enough time in advance of the Work to permit review and processing by the DOR.  
No extension of the Contract period of performance will be authorized by Battelle because of D/B 
Contractor or sub-tier contractor’s failure to transmit submittals sufficiently in advance of the 
Work to permit processing by the DOR.   


F. Identification:  Place a permanent label or title block on each submittal for identification. 


1. Indicate name of firm or entity that prepared each submittal on label or title block. 


2. Provide a space approximately 4 by 5 inches on label or beside title block to record D/B 
Contractor's review and approval markings.   


3. Include the following information on label for processing and recording action taken: 


a. Project name. 
b. Date. 
c. Name and address of D/B Contractor. 
d. Name and address of sub-tier contractor. 
e. Name and address of supplier. 
f. Name of manufacturer. 
g. Submittal number, including revision number, as identified on the MSL. 
h. Number and title of appropriate Specification Section or drawing number. 


G. Transmittal:  Transmit each submittal using the electronic Project Management software 
“Submittal” process, provided by Battelle.  D/B Contractor shall review all sub-tier contractor 
submittals before transmitting to Battelle or the DOR.  The DOR, or Battelle will return 
submittals, without review, received from sources other than the D/B Contractor.   
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1. An electronic copy or scan of each submittal shall be attached to the “Submittal Form” in 
the Project Management software system. 


2. Include D/B Contractor's certification stating that information submitted complies with 
requirements of the Contract Documents. 


H. Transmittal of non-electronic Submittals: For submittals that cannot be transmitted electronically 
due to size or material properties (e.g. physical samples), transmit each submittal using the Project 
Management software systems “Submittal” process, and indicate items which will be transmitted 
under separate cover in the provided fields.   


1. D/B Contractor shall hand deliver items which cannot be electronically transmitted to 
Battelle and the DOR after submission of cover sheet in the Project Management software 
system identifying items which are transmitted under separate cover.   


2. Include D/B Contractor's certification stating that information submitted complies with 
requirements of the Contract Documents. 


I. Deviations:  Highlight, encircle, or otherwise identify deviations from the Contract Documents 
on submittals. 


J. Product Data Submittals: Include Specification Section number and title and Drawing numbers 
and titles. 


1. Product data submittals shall include performance, electrical, dimensional, accessories, 
make, and model number for the equipment at a minimum.  Enough information must be 
provided to determine the appropriateness, fit and function of the equipment within the 
system.  


2. Manufacturers' Data Sheets:  Where product data contain manufacturers' standard data, 
include only sheets pertinent to product or component installed.  Mark each sheet to 
identify each product or component incorporated into the Work.  If data include more than 
one item in a tabular format, identify each item using appropriate references from the 
Contract Documents.  Identify data applicable to the Work and delete references to 
information not applicable. 


3. Operations & Maintenance (O&M) Manuals:  All required O&M manuals specified by 
technical specifications shall be required to be submitted electronically utilizing the Project 
Management software system and D/B Contractor shall also be required to provide Battelle 
with two hard-bound copies of all required O&M manuals.  Refer to Section 01 7900 
Vendor Information. 


K. Substitution Requests – After Battelle approval of an issued for construction design package, and 
issuance of the Facility Modification Permit (FMP) covering the approved Work:  D/B Contractor 
shall submit all Substitution Requests for DOR approval and Battelle review using the Project 
Management software systems “Submittal” process.  The Submittal shall clearly identify that a 
substitution of a basis of design, specified product, material, or installation method included in 
the Issued for Construction design media is being requested. Include Specification Section 
number and title and Drawing numbers and titles.   


1. D/B Contractor shall identify via highlighting, and notation, within each submittal any 
deviations from the specified product with the submittal data provided in the Project 
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Management software system.  Identify product or fabrication or installation method to be 
replaced.  Include Specification Section number and title and Drawing numbers and titles. 


2. Documentation:  Show compliance with requirements for substitutions and the following, 
as applicable: 


a. Statement indicating why specified material or product cannot be provided. 
b. Coordination information, including a list of changes or modifications needed to 


other parts of the Work and to construction performed by Battelle and separate 
contractors that will be necessary to accommodate proposed substitution. 


c. Detailed comparison of significant qualities of proposed substitution with those of 
the Work specified.  Significant qualities may include attributes such as 
performance, weight, size, durability, visual effect, and specific features and 
requirements indicated. 


d. Product Data, including drawings and descriptions of products and fabrication and 
installation procedures. 


e. Samples, where applicable or requested. 
f. List of similar installations for completed projects with project names and addresses 


and names and addresses of owners and architects. 
g. Material test reports from a qualified testing agency indicating and interpreting test 


results for compliance with requirements indicated. 
h. Research/evaluation reports evidencing compliance with building code in effect for 


Project, from a model code organization acceptable to authorities having 
jurisdiction. 


i. Detailed comparison of D/B Contractor's Construction Schedule using proposed 
substitution with products specified for the Work, including effect on the overall 
Contract Time.  If specified product or method of construction cannot be provided 
within the Contract Time, include letter from manufacturer, on manufacturer's 
letterhead, stating lack of availability or delays in delivery. 


j. Cost information, including a proposal of change, if any, in the Contract Sum. 
k. D/B Contractor's certification that proposed substitution complies with requirements 


in the Contract Documents and is appropriate for applications indicated. 
l. D/B Contractor's waiver of rights to additional payment or time that may 


subsequently become necessary because of failure of proposed substitution to 
produce indicated results. 


3. Designer-of-Record Review:  The DOR will make every attempt to expedite review of a 
substitution request, however, D/B Contractor shall allow 10 workdays for disposition, 
unless noted otherwise.  If necessary, the DOR will request additional information or 
documentation for evaluation within one week of receipt of a request for substitution.   


a. If no decision on use of a proposed substitution is made within the time allocated, 
the D/B Contractor is obligated to use the product specified and shall hold Battelle 
harmless for any impact to the Construction Schedule and shall further be held 
responsible for completing all Work within the approved period of performance.  


b. Any acceptance of a D/B Contractors request for substitution by the DOR shall be 
reviewed by Battelle for concurrence and approval and documented on a formal 
written ECN or within the approved DOR change mechanism/process.   
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L. Compatibility of Options:  If D/B Contractor is given option of selecting between two or more 
products for use on Project, product selected shall be compatible with products previously 
selected, even if previously selected products were also options. 


1. D/B Contractor is responsible for coordination of sub-tier contractors and ensuring that 
products and construction methods utilized by a sub-tier contractor are compatible with 
products and construction methods utilized by all other sub-tier contractors. 


2. If a dispute arises between sub-tier contractors over concurrently selectable but 
incompatible products, the DOR will determine which products shall be used.  Battelle 
shall concur with the DOR’s determination prior to implementation.   


3. Distribution:  D/B Contractor shall be responsible for furnishing copies of final approved 
submittals to manufacturers, sub-tier contractors, suppliers, fabricators, vendors, and 
installers, and others as necessary for performance of construction activities.  Show 
distribution on transmittal forms.  Reference Section 01 4000. 


M. Use for Construction:  Use only final submittals with mark indicating action taken by DOR and/or 
Battelle in connection with construction. 


1. D/B Contractor shall maintain access to latest submitted and dispositioned submittals at 
the Worksite and available for Battelle review at all times. 


1.4 PRODUCT DELIVERY, STORAGE, AND HANDLING 


A. Deliver, store, and handle products using means and methods that will prevent damage, 
deterioration, and loss, including theft.  Comply with the manufacturers written instructions. 


1. Schedule delivery to minimize long-term storage at Project site and to prevent 
overcrowding of construction spaces. 


2. Coordinate delivery with installation time to ensure minimum holding time for items that 
are flammable, hazardous, easily damaged, or sensitive to deterioration, theft, and other 
losses. 


3. Deliver products to Project site in an undamaged condition in manufacturer's original 
sealed container or other packaging system, complete with labels and instructions for 
handling, storing, unpacking, protecting, and installing. 


4. Inspect products on delivery to ensure compliance with the Contract Documents and to 
ensure that products are undamaged and properly protected. Reference Section 01400. 


5. Store products to allow for inspection and measurement of quantity or counting of units. 


6. Store products that are subject to damage by the elements, under cover in a weather tight 
enclosure above ground, with ventilation adequate to prevent condensation. 


B. Storage:  Provide a secure location and enclosure at Project site for storage of materials and 
equipment.  Coordinate location with Battelle. 


PART 2 - PRODUCTS 
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2.1 PRODUCT OPTIONS 


A. General Product Requirements:  Provide products that comply with the Contract Documents, that 
are undamaged, and unless otherwise indicated, that are new products at time of installation. 


1. Provide products complete with accessories, trim, finish, fasteners, and other items needed 
for a complete installation and indicated use and effect. 


2. Standard Products:  If available, and unless custom products or nonstandard options are 
specified, provide standard products of types that have been produced and used 
successfully in similar situations on other projects. 


3. Descriptive, performance, and reference standard requirements in the Specifications 
establish "salient characteristics" of products. 


4. Or Equal:  Where products are specified by name and accompanied by the term "or equal" 
or "or approved equal" or "or approved," the D/B Contractor shall comply with provisions 
in "Comparable Products" Article to obtain approval for use of an unnamed product. 


B. Product Selection Procedures:  Procedures for product selection include the following: 


1. Available Products:  Where Specification paragraphs or subparagraphs titled "Available 
Products" introduce a list of names of both products and manufacturers, provide one of the 
products listed or another product that complies with requirements.  Comply with 
provisions in "Comparable Products" Article to obtain approval for use of an unnamed 
product. 


2. Available Manufacturers:  Where Specification paragraphs or subparagraphs titled 
"Available Manufacturers" introduce a list of manufacturers' names, provide a product by 
one of the manufacturers listed or another manufacturer that complies with requirements.  
Comply with provisions in "Comparable Products" Article to obtain approval for use of an 
unnamed product. 


a. Restricted List: Where Specifications include a list of manufacturers' names, provide 
a product by one of the manufacturers listed that complies with requirements. 
Comparable products or substitutions for D/B Contractor's convenience will not be 
considered. 


3. Basis-of-Design Product: Where Specifications name a product, or refer to a product 
indicated on Drawings, and include a list of manufacturers, provide the specified or 
indicated product or a comparable product by one of the other named manufacturers. 
Drawings and Specifications indicate sizes, profiles, dimensions, and other characteristics 
that are based on the product named. Comply with requirements in "Comparable Products" 
Article for consideration of an unnamed product by one of the other named manufacturers.  


4. Product Options:  Where Specification paragraphs titled "Product Options" indicate that 
size, profiles, and dimensional requirements on Drawings are based on a specific product 
or system, provide either the specific product or system indicated or a comparable product 
or system by another manufacturer.  Comply with provisions in "Product Substitutions" 
Article. 


5. Visual Matching Specification:  Where Specifications require matching an established 
Sample, select a product (and manufacturer) that complies with requirements and matches 
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Battelle's sample.  Battelle's decision will be final on whether a proposed product matches 
satisfactorily. 


a. If no product available within specified category matches satisfactorily and complies 
with other specified requirements, comply with provisions of the Contract 
Documents on "substitutions" for selection of a matching product. 


6. Visual Selection Specification:  Where Specifications include the phrase "as selected from 
manufacturer's colors, patterns, and textures" or a similar phrase, select a product (and 
manufacturer) that complies with other specified requirements. 


a. Standard Range:  Where Specifications include the phrase "standard range of colors, 
patterns, textures" or similar phrase, the DOR with Battelle concurrence will select 
color, pattern, or texture from manufacturer's product line that does not include 
premium items. 


b. Full Range:  Where Specifications include the phrase "full range of colors, patterns, 
textures" or similar phrase, the DOR and Battelle will select color, pattern, or texture 
from manufacturer's product line that includes both standard and premium items. 


2.2 PRODUCT SUBSTITUTIONS 


A. Timing:  D/B Contractor shall time the submission of substitution requests so as not to impact the 
Construction Schedule or the Contract period of performance. 


B. Conditions:  The DOR shall only consider product substitutions under the following described 
conditions: 


1. Requested substitution offers Battelle a substantial advantage in cost, time, energy 
conservation, maintenance or other considerations, after deducting additional 
responsibilities Battelle must assume.   


2. Requested substitution does not require extensive revision to the approved and issued for 
construction design media, or Contract documents. 


3. Requested substitution is consistent with the Contract and will produce indicated results. 


4. Substitution request is fully documented and properly submitted. 


5. Requested substitution will not adversely affect D/B Contractor's Construction Schedule. 


6. Requested substitution has received necessary approvals of authorities having jurisdiction. 


7. Requested substitution is compatible with other portions of the Work and has been 
coordinated with other portions of the Work. 


8. Requested substitution provides specified warranty. 


9. If requested substitution involves more than one contractor, requested substitution has been 
coordinated with other portions of the Work, is uniform and consistent, is compatible with 
other products, and is acceptable to all contractors involved. 


2.3 COMPARABLE PRODUCTS 
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A. Conditions for Consideration: DOR will consider D/B Contractor's request for comparable 
product when the following conditions are satisfied. If the following conditions are not satisfied, 
The DOR may return requests without action, except to record noncompliance with these 
requirements. 


1. Evidence that the proposed product does not require extensive revisions to the approved 
design media or Contract, and that it is consistent with the Contract and will produce the 
indicated results, and that it is compatible with other portions of the Work. 


2. Detailed comparison of significant qualities of proposed product with those named in the 
Specifications.  Significant qualities include attributes such as performance, weight, size, 
durability, visual effect, and specific features and requirements indicated. 


3. Evidence that proposed product provides specified warranty. 


4. List of similar installations for completed projects with project names and addresses and 
names and addresses of owners and architects, if requested. 


5. Samples, if requested. 


PART 3 - EXECUTION 


3.1 SUBMITTALS 


A. D/B Contractor Review 


1. Prior to submittal to the DOR and/or Battelle, D/B Contractor shall review each submittal 
and check for accuracy completeness and compliance with the Contract Documents.  


2. D/B Contractor submission to the DOR or Battelle of required submittal data, product 
information, shop drawings, etc. shall certify that the D/B Contractor has reviewed, 
checked and approved the data for compliance with the Contract Documents prior to 
submission.    The Project Management software system shall route all sub-tier contractor 
submitted documents to the D/B Contractor for review prior to being routed to the DOR or 
Battelle.   


B. Designer-of-Record (DOR)/Battelle Review 


1. The D/B Contractor’s DOR shall review, and disposition each submittal required by the 
approved, issued for construction design media.   


2. Battelle shall review and disposition submittals required by the Division 01 and 
Performance Specification.    


3. Reviewers shall make marks to indicate corrections or modifications required or provide 
comments.  The DOR or Battelle shall return each submittal within the Project 
Management software system to indicate the disposition of the submittal and any 
subsequent actions required by the D/B Contractor as follows; (Note: If the DOR and/or 
Battelle determines that the information submitted is not compliant with Contract 
requirements, the submitted information may be returned for clarification, or rejected).   


a. No Exception Taken:  The responsible reviewer has not found anything within the 
submittal requiring rework to the submittal. 
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b. Exception Taken as Noted – No Resubmittal Required:  The responsible 
reviewer has found and marked up discrepancies within the submittal.  D/B 
Contractor shall make corrections as noted but is not required to resubmit the 
package for additional review.     


c. Exception Taken as Noted - Resubmittal Required:  The responsible reviewer 
has found and marked up discrepancies within the submittal; D/B Contractor shall 
make corrections as noted and resubmit the entire package for additional review.     


d. Reject – Revise and Resubmit: The responsible reviewer has determined that the 
submittal is rejected in its entirety or has not been transmitted per these 
specifications; D/B Contractor shall remedy the discrepancy and resubmit the entire 
package.  


e. Information/Record: The responsible reviewer will review each submittal and 
acknowledge receipt of the submittal within the Project Management software 
system.  If the Information/Record Copy submittal does not comply with contract 
requirements, the responsible reviewer shall return the submittal and require that the 
D/B Contractor make necessary corrections and resubmit.   


2. Unsolicited Submittals:  Submittals not required by the Contract are reviewed at the DOR’s 
and/or Battelle’s sole discretion and may not be reviewed and may be discarded. 


3.2 REQUESTS FOR INFORMATION (RFI) 


A. RFI Process 
1. D/B Contractor and major sub-tier contractors shall utilize the Project Management 


software system RFI process to document all RFIs.  RFIs from sub-tier contractors shall be 
routed to the D/B Contractor within the Project Management Software system for review 
prior to being routed to the DOR and/or Battelle.   


2. RFI Submittal: All RFIs shall be submitted by the D/B Contractor and/or sub-tier 
contractors, in writing, in clear concise language, and in enough detail to fully describe the 
issue.  RFIs from sub-tier contractors shall be reviewed by the D/B Contractor, and if 
appropriate, submitted by the D/B Contractor in accordance with this specification. 


3. Required Information:  The following items shall be required on the RFI Form.   
a. Project Name 
b. Contract Number 
c. Date 
d. RFI Number: D/B Contractor shall sequentially number each RFI and maintain a 


system sufficient to ensure that duplicate numbers or gaps shall not occur. 
e. D/B Contractor Name 
f. To: DOR or Battelle as required in the Contract.   
g. Subject: A brief description of the issue. 
h. References: As detailed on the RFI form and to the level required to fully identify 


the issue. (RFIs which lack sufficient detail or clarity to identify the issue, shall be 
returned to the D/B Contractor for correction) 


i. Problem/Information Requested:  A complete narrative on the problem or 
information requested. 


j. Information Requested By: The name of the requestor or entity 







S785272-SPEC-01  06/2020 
Rev. 1 GRID STORAGE LAUNCHPAD (GSL) 
  


 
ADMINISTRATIVE REQUIREMENTS 01 3000 - 12 
 


k. Reply Needed Date:  The date that reply is needed to maintain schedule and not 
disrupt construction. Reply Needed Date shall comply with section 3.2.A.5 of this 
specification.   


l. D/B Contractor and/or sub-tier contractor shall provide a statement of interpretation 
or proposed resolution in the space provided on the RFI form and may attach 
sketches of proposed solution for consideration. 


4. The Project Management software system shall automatically copy Battelle on all RFI 
responses from the DOR to the D/B Contractor.   If the DOR response is not consistent 
with Contract requirements, Battelle shall identify the inconsistency, and DOR shall 
modify disposition and/or response to be consistent with Contract requirements. 


5. RFI review time:  The DOR and/or Battelle shall review properly submitted RFIs and 
provide a response within 10 working days of receipt.  Where conditions warrant, the 
D/B Contractor may request expedited review.  Failure of the DOR or Battelle to fulfill 
D/B Contractors request for expedited review shall not justify any extension of time to 
the D/B Contractor. 


3.3 ENGINEERING CHANGE NOTICE (ECN) 


A. ECN PROCESS 


1. When it becomes apparent that the approved, released, issued for construction design 
documents require revision, the DOR shall modify the issued for construction design 
documents as necessary, document the modification, and control the release of the revised 
documents to ensure that current design media are being utilized in the field.  Any change 
or modification to an approved, released, issued for construction design document requires 
Battelle approval prior to implementation.    


2. D/B Contractor and the DOR shall utilize Battelle’s Engineering Change Notice (ECN) 
process to document changes to the Battelle approved, released, issued for construction 
design documents. D/B Contractor may propose an alternate process for documentation of 
changes to the approved, released, issued for construction design documents for Battelle 
review and approval. 


3. The ECN shall be an organized form that describes the changes of an approved design in 
written format and with supporting documents (e.g. revised drawings and/or 
specifications).  In addition, the ECN shall include a clear, defendable, justification for the 
change in narrative form and list other affected documents (e.g. reference applicable RFI’s, 
NCR’s, etc.).  The form shall include a space/section for review and approval of applicable 
Battelle staff as determined by the Battelle Project Manager.  The Battelle ECN and 
supporting instructions are included below for use and/or example reference. 


4. The DOR shall develop and submit required documentation via the Project Managaement 
software system in accordance with the approved change control process to Battelle for 
review and approval.   


5. Upon approval, Battelle shall forward via the Project Management software system the 
approved change to the D/B Contractor for implementation. If insufficient information is 
provided to clearly communicate the design change, Battelle shall send the change back to 
the DOR for clarification/revision. 
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6. All changes to Battelle approved, released, issued for construction design documents for 
which an FMP has been issued require Battelle approval prior to D/B Contractor 
implementation.  


7. ECN Review processing time:  D/B Contractor, and DOR shall allow 15 working days for 
Battelle review, and approval of properly formatted and submitted ECNs.  If insufficient 
information is provided to support Battelle review, the ECN shall be returned for 
clarification and re-submitted by the D/B Contractor, and DOR.    


3.4 D/B CONTRACTOR NON-CONFORMANCE REPORT (CNCR) 


A. CNCR PROCESS 


1. D/B Contractor shall utilize the Project Management Software System CNCR process to 
document any Non-Conformances to the Battelle approved, issued for construction design 
documents. 


2. D/B Contractor shall submit enough information to document and identify the non-
conformance to the DOR for review.  In addition, the D/B Contractor shall propose a 
recommended disposition of the CNCR, e.g. (Use-as-is, Repair, Rework, or Reject).  If the 
proposed, and DOR approved disposition of the CNCR is Use-as-is, or Repair, the CNCR 
shall be routed to Battelle for approval within the Project Management software system.   


3.5 ENGINEERING CHANGE NOTICE (ECN) EXAMPLE FORM AND INSTRUCTIONS 
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A. ECN Form Block Instructions  
1. Enter Service Request number followed by the ECN revision number, the FMP number and the 


ECN number that is assigned by the Document Center.  Show the ECN number on all pages of the 
ECN. 


2. Enter the project title and Project Number in main body of block and the work package number in 
the smaller block within block 2. 


3. Enter the facility and room or location of the change. 
4. Enter the date the ECN is prepared. 
5. Enter “X” in the Yes or No box, whichever applies. 
6. Enter purchase order number, if applicable.  If not applicable, enter “N/A.” 
7. List other ECN numbers that pertain to the ECN.  Use block 17 if additional space is required to list 


the additional related ECN numbers. 
8. Enter a brief descriptive change title.  Enter a reference EDP number if applicable.  For ECNs 


affecting the RPL, include the USQ number. 
9. Enter an “X” in the Yes or No box, whichever applies.  (Note – for this to be a “Yes”, a fairly 


significant project scope change has to occur) 
10. Enter identifying number of the engineering document (drawing, vendor information, specification, 


supporting document, etc.), including document number, sheet/page, etc. as applicable.  Enter only 
one document number in Block 10.  If more than one document is affected, enter “see Block 17” 
and list in Block 17 all document numbers of engineering documents revised by the ECN. 


11. Identify the person who originated the ECN, his/her office number, MSIN, and organization. 
12. Obtain the required approval signatures.  For internal designs, the required approvals are: Design 


Engineer/Author, Independent Reviewer, Building Engineer/Systems Engineer, Building Manager, 
Fire Protection Engineer, and Chief Engineer at a minimum.  Others may be required dependent on 
the project requirements. 


13. The Project Manager or a person given authority by the Project Manager or line management signs 
the ECN indicating that the technical contents and the cost and schedule impacts of the change have 
been reviewed and justified, and that the change documents are approved and ready for 
implementation. 


14. List the names, location, and number of copies for those who are to receive a copy of the approved 
ECN.  Distribution is always made to Design Engineer, Building Engineer, Building Manager, and 
Project Manager whether listed on the distribution or not. 


15. Describe the change, and/or provide a sketch of the drawing changes required to implement the 
change.  If the change is a text change, provide a revision of the required text material.  If additional 
space is required, use page 3 or provide attachments with sufficient clarity and detail to allow 
incorporation of the drawing or document change.  Attachments must include the complete ECN 
number as shown in block 1.  Use block on next page if additional room is needed. 


16. State why this change is required.  Include sufficient detail to permit an assessment of the need for 
the change. 


17. Enter the identifying numbers, titles, etc. of other documents that will be affected by the proposed 
change. (Continuation of blocks 7 and 10) 


18. Enter special instructions to be included in the work plans. 
19. Identify all or part of the work to which the PAAA Subject Area and/or 10 CFR 830, Subpart A 


applies.  
20. An authorized person signs when the physical work involved with the ECN has been completed. 
21. A cognizant person signs when the depicted changes have been appropriately documented on 


official drawings and related documents. 
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3.6 MASTER SUBMITTAL LOG (PRELIMINARY) 


Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


001 Design Package 1 - 
Schematic Design PS 


Performance 
Specification,  
Table 6.1 


6.0 Schedule of Deliverables Table 
8 A Design Package 1 


002 Design Package 2 - 
Definitive Design PS 


Performance 
Specification,  
Table 6.2 


6.0 
Schedule of Deliverables Table 


9 A Design Package 2 


003 


Design Package 3 – 
50% Construction 
Documents Pack-


age 


PS 
Performance 
Specification,  
Table 6.3 


6.0 


Schedule of Deliverables Table 
10 A Design Package 3 


004 
Design Package 4 – 
95% Construction 


Document Package 
PS 


Performance 
Specification,  
Table 6.4 


6.0 
Schedule of Deliverables Table 


11 A Design Package 4 


005 


Design Package 5 – 
100% Issued for 


Construction Doc-
ument Package 


PS 
Performance 
Specification,  
Table 6.5 


6.0 Schedule of Deliverables Table 
12 A 


Design Package 5, 
Inclusive of IFC BIM 


Model 


006 
Building Infor-
mation Model 


(BIM) 
PS Performance 


Specification 5.0 Design Requirements 
Narratives 5.5 I/R 


As-Built BIM Model 
Due at Final Ac-


ceptance, Closeout 
of Exceptions 


007 Excavation Plan 01 General 
Requirements 1000 Summary of Work 1.8.B.6 A Prior to Mobiliza-


tion/Excavation 


008 As-Built Excavation 
Record 01 General                  


Requirements 1000 Summary of Work 1.8.B.6 I/R Prior to Substantial 
Completion/BO 
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


009 Design Schedule of 
Values (DSOV) 01 General                  


Requirements 2000 Payment Procedure 1.2.A A 
30 CD after NOA 


and prior to initial 
Payment Request 


010 
Construction 


Schedule of Values 
(CSOV) 


01 General                  
Requirements 2000 Payment Procedure 1.2.B A 


Submit with Design 
Package #3 – 50% 


Construction Docu-
ment Package 


011 Revised Schedule 
of Values 01 General                  


Requirements 2000 Payment Procedure 1.2.B A 


Revisions to either 
the DSOV, or CSOV 


previously ap-
proved, if necessary 


012 Design Schedule 01 General                  
Requirements 3200 Construction Progress 


Documentation 1.3.A A 30 CD after NOA 


013 Construction 
Schedule 01 General                  


Requirements 3200 Construction Progress 
Documentation 1.3.B A 


Submit concurrent 
with submission of 


Design Package #3 – 
50% Construction 


Document Package. 


014 Updated CPM 
Schedule 01 General                  


Requirements 3200 Construction Progress 
Documentation 1.3.C.a I/R 


Monthly, concur-
rent with Invoice 


Submission 


015 Daily Construction 
Reports 01 General                  


Requirements 3200 Construction Progress 
Documentation 1.3.C.b I/R Submit Monthly 


016 Manpower Re-
ports 01 General                  


Requirements 3200 Construction Progress 
Documentation 1.3.C.c I/R Monthly with In-


voice 


017 Four-Week Look 
ahead Schedule 01 General                  


Requirements 3200 Construction Progress 
Documentation 1.3.C.d I/R 


Present during pro-
gress meetings, and 


submit for I/R.   


018 Meeting Minutes 01 General                  
Requirements 3200 Construction Progress 


Documentation 1.3.C.e I/R 
After each de-


sign/construction 
progress meeting 
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


019 
HPSB/Guiding 


Principles; Check-
list 


01 General                  
Requirements 3520 Energy Efficiency - Sus-


tainability 1.3.A I/R 


Submitted, and up-
dated with each De-


sign Package Sub-
mittal. 


020 Quality Assurance 
Program (QAP) 01 General                  


Requirements 4000 Quality Requirements 1.3.A I/R Prior to initiation of 
Design Activities 


021 Implementing Pro-
cedures 01 General                  


Requirements 4000 Quality Requirements 1.3.B I/R Prior to initiation of 
Design Activities 


022 


Schedule of D/B 
Contractor per-
formed Inspec-


tions/Tests 


01 General                  
Requirements 4000 Quality Requirements 1.3.C I/R Prior to Construc-


tion 


023 


Schedule of DOR 
performed Special 


Inspections and 
Tests 


01 General                  
Requirements 4000 Quality Requirements 1.3.D I/R Prior to Construc-


tion 


024 


Schedule of Bat-
telle performed 
IBC 110 Inspec-


tions/Tests 


01 General                  
Requirements 4000 Quality Requirements 1.3.E I/R Prior to Construc-


tion 


025 
Schedule of Bat-
telle performed 


Verifications 
01 General                  


Requirements 4000 Quality Requirements 1.3.F I/R Prior to Construc-
tion 


026 


Examination & 
Test Report Docu-


mentation (Not 
specified else-


where) 


01 General                  
Requirements 4000 Quality Requirements 1.3.G I/R 


Misc. inspec-
tion/test reports 


not identified else-
where 
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


027 


Certificates:  Li-
censes, certifica-
tions, etc. (Not 
submitted else-


where) 


01 General                  
Requirements 4000 Quality Requirements 1.3.H I/R 


Certifications/li-
censes not specified 


elsewhere 


028 DOR Status Re-
ports 01 General                  


Requirements 4000 Quality Requirements 1.3.I I/R Submit Monthly 
during Construction 


029 


Battelle Trailer; 
Layout drawings, 


product info, elec-
trical schematic, 


skirting 


01 General                  
Requirements 5000 Temporary Facilities & 


Controls 1.2.A A 10-work days prior 
to mobilization 


030 Mobilization Plan 01 General                  
Requirements 5000 Temporary Facilities & 


Controls 1.2.B A 10-work days prior 
to mobilization 


031 
Temporary 


Power/Lighting 
Plan 


01 General                  
Requirements 5000 Temporary Facilities & 


Controls 1.2.C A 10-work days prior 
to mobilization 


032 Temporary Heat-
ing Plan 01 General                  


Requirements 5000 Temporary Facilities & 
Controls 1.2.D A 


As necessary, de-
pendent upon con-


struction status 


033 Emergency Action 
Plan 01 General                  


Requirements 5000 Temporary Facilities & 
Controls 1.2.E A 10-work days prior 


to mobilization 


034 


Letter of Confirma-
tion – Adoption of 
CESH Manual as 
Safety Program 


01 General                  
Requirements 6000 Environmental, Safety 


and Health 1.4.A A 


10-work days prior 
to mobilization, or 


performance of 
work onsite. 


035 


Permits, Inspec-
tions, Tests and 
Reports - as re-


quested 


01 General                  
Requirements 6000 Environmental, Safety 


and Health 1.4.B I/R  
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


036 Job Safety Analysis 
(JSA) 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.C A 


10-work days prior 
to mobilization, or 


performance of 
work onsite. 


037 Heavy Equipment 
– Certification 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.D I/R 


Letter indicating 
that equipment 


meets federal and 
state safety codes 
and has been in-


spected by a quali-
fied person.  Prior 


to equipment arrival 
onsite. 


038 Key Supervisor(s) 01 General                  
Requirements 6000 Environmental, Safety 


and Health 1.4.E A 10-work days prior 
to onsite work.   


039 Crane Operator 
Certification 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.F A 


10-work days prior 
to crane use onsite 
provide NCCCO Cer-


tification 


040 Hoisting & Rigging 
Qualifications 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.G A 


10-work days prior 
to use of riggers on-


site.   


041 


Crane Assem-
bly/Disassembly; 
Competent and 
Qualified Person 


01 General                  
Requirements 6000 Environmental, Safety 


and Health 1.4.H A 
10-work days prior 
to use of Crane on-


site. 


042 Lift Plan 01 General                  
Requirements 6000 Environmental, Safety 


and Health 1.4.I A 


10-work days prior 
to initiating Ordi-
nary, critical, or 
multiple mobile 


crane lifts.  
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


043 Forklift Operator 
Qualifications 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.J A 


10-work days prior 
to use of forklift on-


site. 


044 Electrical Worker 
Qualifications 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.K A 


Valid Washington 
State Electrician 


Journeyman Certifi-
cate.  10-work days 
prior to initiation of 
electrical work on-


site.   


045 
Steel Erection 


Plan/Written Noti-
fication  


01 General                  
Requirements 6000 Environmental, Safety 


and Health 1.4.L I/R 


Steel Erection Plan 
& Notification of 


Concrete Strengths.  
5- Work Days Prior 
to initiation of steel 


erection. 


046 Concrete Pump 
Truck Qualification 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.M A 10-workdays prior 


to use onsite. 


047 
Concrete Pump 


Truck Equipment 
Inspection 


01 General                  
Requirements 6000 Environmental, Safety 


and Health 1.4.N I/R Prior to use onsite.   


048 Fall Protection 
Work Plan(s) 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.O A 


Required for em-
ployee exposure to 


falls 6 feet or 
greater. 


049 Site Safety Orien-
tation Plan 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.P A 10-work days prior 


to mobilization 


050 Building Energiza-
tion Plan 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.Q A 


10-work days prior 
to permanent 


power energization 
of facility 
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


051 Fire Watch Person-
nel 01 General                  


Requirements 6000 Environmental, Safety 
and Health 1.4.R A 


10-work days prior 
to initiation of hot 


work onsite. 


052 


Land Sur-
veyor/Professional 
Engineer Qualifica-


tion Data 


01 General                  
Requirements 7000 Design, Engineering, 


Layout and Installation 1.2.A A  


053 


Certificates:  
signed certificate 
certifying that lo-
cation and eleva-


tion improvements 
comply with re-


quirements 


01 General                  
Requirements 7000 Design, Engineering, 


Layout and Installation 1.2.B I/R  


054 


City of Richland 
(COR) Utility and 
Waterline Ease-


ment Surveys and 
Legal Descriptions 


01 General                  
Requirements 7000 Design, Engineering, 


Layout and Installation 1.2.C I/R  


055 


Final Property Sur-
vey (As-Built):  


Showing work per-
formed and record 


survey data 


01 General                  
Requirements 7000 Design, Engineering, 


Layout and Installation 1.2.D I/R  


056 Cutting & Patching 
Proposal 01 General                  


Requirements 7310 Cutting & Patching 1.3.A A 


Prior to performing 
and Cutting/Patch-
ing of existing con-


struction 


057 
Qualification Data;  


For Demolition 
Firm 


01 General                  
Requirements 7320 Selective Demolition 1.4.A A  
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


058 Inventory 01 General                  
Requirements 7320 Selective Demolition 1.4.B I/R  


059 


Nuclear Densome-
ter/Radiographic 
Equipment Mate-


rial 


01 General                  
Requirements 7500 


Nuclear Densometer 
and Radiographic Equip-


ment 
1.4.A A 


10 Work days prior 
to delivery of radio-
active equipment to 


site submit items 
identified in 1.4.A 1-


7 


060 
Stormwater Pollu-


tion Prevention 
Plan (SWPPP) 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.A.1 A 


10 work days prior 
to mobilization to 


site.   


061 Dust Control Plan 01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.A.2 A 


10 Work days prior 
to Mobilization to 


site.   


062 Waste Manage-
ment Plan 01 General                  


Requirements 7600 
Environmental Protec-


tion and Waste Manage-
ment 


1.6.A.3 A 
10 Work days prior 
to mobilization to 


site. 


063 


Chemical Safety 
Data Sheets (SDS) 
For all chemicals 
proposed to be 
utilized onsite 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.A.4 A Prior to delivery of 


chemical(s) to site 


064 


Demolition Waste 
Records; Esti-


mated or actual 
total weights of 


demolition waste 
& recycled/reused 


materials. 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.A.5 I/R At Substantial Com-


pletion 
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


065 
Erosion/Sediment 
Control Inspection 


Records 
01 General                  


Requirements 7600 
Environmental Protec-


tion and Waste Manage-
ment 


1.6.B I/R 


Inspections per-
formed monthly.  


Submit records each 
month during con-


struction.   


066 


Other Regulated 
Waste (other than 
asbestos) disposal 


records 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.C I/R At Substantial Com-


pletion 


067 


Universal Waste 
Disposal Site;  Sub-
mit proposed Uni-
versal Waste Site 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.D.1 A 10 Work days prior 


to mobilization.   


068 
Waste Disposal 


Records; Universal 
Waste 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.D.2 I/R At Substantial Com-


pletion 


069 
EPA Certification 
Cards;  Refriger-


ants 
01 General                  


Requirements 7600 
Environmental Protec-


tion and Waste Manage-
ment 


1.6.E.1 I/R 


Three working days 
prior to performing 
work on refrigerant 


system 


070 


Refrigerant Recov-
ery Equipment;  


ARL/UL Certifica-
tions to meet EPA 
minimum require-


ments 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
1.6.E.2 I/R 


Three working days 
prior to performing 
work on refrigerant 


system 


071 Refrigerant Recov-
ery/Addition 01 General                  


Requirements 7600 
Environmental Protec-


tion and Waste Manage-
ment 


1.6.E.3 I/R 


using the Contractor 
Refrigerant Track-
ing Form provided 


by Battelle. 
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


072 


Sustainable 
Goods/Services 


Request for Excep-
tion 


01 General                  
Requirements 7600 


Environmental Protec-
tion and Waste Manage-


ment 
2.1.A A Prior to installation 


073 Exceptions List 
(Punchlist) 01 General                  


Requirements 7800 Completion, Acceptance 
& Closeout 1.4.A I/R Prior to substantial 


Completion 


074 Record Drawings 
(Prints) 01 General                  


Requirements 7800 Completion, Acceptance 
& Closeout 1.5.B.1 I/R Prior to Substantial 


Completion 


075 Record Specifica-
tions 01 General                  


Requirements 7800 Completion, Acceptance 
& Closeout 1.5.B.2 I/R Prior to Substantial 


Completion 


076 NEC Inspection Re-
ports 01 General                  


Requirements 7800 Completion, Acceptance 
& Closeout 1.5.B.3 I/R Prior to Substantial 


Completion 


077 Record Product 
Data 01 General                  


Requirements 7800 Completion, Acceptance 
& Closeout 1.7.B.4 I/R 


Marked up Product 
Data sheets, if not 
included in O&M 


manual 


078 As-Built Drawings 01 General                  
Requirements 7800 Completion, Acceptance 


& Closeout 1.5.B.5 I/R At Final Acceptance 


079 As-Built Specifica-
tions 01 General                  


Requirements 7800 Completion, Acceptance 
& Closeout 1.5.B.6 I/R At Final Acceptance 


080 As-Built BIM 01 General                  
Requirements 7800 Completion, Acceptance 


& Closeout 1.5.B.7 I/R At Final Acceptance 


081 Warranties 01 General                  
Requirements 7800 Completion, Acceptance 


& Closeout 1.6.A I/R 


Submit all required 
warranty docu-


ments prior to Final 
Acceptance 


082 Draft O&M Man-
ual(s) 01 General                  


Requirements 7900 Vendor Information 1.2.A A 
10 Work days prior 
to Substantial Com-


pletion.   
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Submittal 
No. Description Division Division Title Section Section Title Parag. Type Comments 


083 Final O&M Man-
ual(s) 01 General                  


Requirements 7900 Vendor Information 1.2.B A 


Submit within 10 
work days of receipt 


of Battelle com-
ments to draft doc-


uments. 


084 Pre-Functional 
Checklists 01 General                  


Requirements 9113 General Commissioning 
Requirements 1.2.A A  


END OF SECTION 01 3000 
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SECTION 01 3200 


PROGRESS DOCUMENTATION  


PART 1 – GENERAL  


1.1 SUMMARY 


A. This section contains administrative and procedural requirements for construction progress 
documentation. 


1.2 DEFINITIONS 


A. Activity:  A discrete part of a project that can be identified for planning, scheduling, monitoring, 
and controlling the construction project.  Activities included in a construction schedule consume 
time and resources. 


1. Critical activities are activities on the critical path.  They must start and finish on the 
planned early start and finish times. 


2. Predecessor activity is an activity that must be completed before a given activity can be 
started. 


B. Baseline:  The D/B contractor submitted, Battelle approved, design and construction schedule 
that is maintained throughout the life of the contract.  The schedule baseline serves as a base or 
standard against which project performance can be measured, monitored, and reported during 
the performance of the effort; it is the established plan which the status of the effort is assessed 
and controlled.  Once established, the schedule baseline is subject to the change control process.  
Prior to execution against the plan, a copy of the schedule baseline is created (current schedule) 
which is utilized to record the status as the work is assessed over time leaving the baseline as it 
was originally established (or latest revision from approved changes) for comparison to the 
current performance.   


C. CPM: Critical path method, which is a method of planning and scheduling a construction 
project where activities are arranged based on activity relationships.  Network calculations 
determine when activities can be performed and the critical path of Project. 


D. Critical Path:  The longest continuous chain of activities through the network schedule that 
establishes the minimum overall Project duration and contains no float. 


E. Event:  The starting or ending point of an activity. 


F. Float:  The measure of leeway in starting and completing an activity. 


1. Free float is the amount of time an activity can be delayed without adversely affecting the 
early start of the following activity. 
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2. Total float is the measure of leeway in starting or completing an activity without 
adversely affecting the planned Project completion date. 


G. Fragnet:  A partial or fragmentary network that breaks down activities into smaller activities for 
greater detail. 


H. Major Work Elements:  Significant construction elements which identify each major portion of 
the work scope. When taken together, the major work elements completely define the scope of 
the project.  Depending on the complexity of the project, these elements may be defined and 
depicted in a hierarchical format.  Activities are organized in accordance with the major work 
elements. 


I. Milestone:  A key or critical point in time for reference or measurement. 


J. Network Diagram:  A graphic diagram of a network schedule, showing activities and activity 
relationships. 


K. % Complete:  The measure of physical progress on an activity or task. 


L. Resource: A definable labor entity, material commodity, or subcontract service with a 
corresponding measurement for each activity. 


1.3 SUBMITTALS 


A. Design Schedule:  Submit for Approval thirty (30) calendar days after Notice of Award a 
schedule covering the development, submission, and Battelle review and approval of Design 
Packages 1-5 as identified in the Performance Specification.  The Design Schedule shall begin 
with DB Contractor receipt of Notice of Award and progress through Battelle review and 
approval of all issued for construction design packages.     


B. Construction Schedule:  Submit for Approval concurrent with submission of Design Package 3 
– 50% Construction Documents Package, a detailed schedule covering all construction related 
activities for the entire remaining Contract Period of Performance.   


C. Reports: 


a. Updated CPM Schedule: (at monthly intervals to correspond with payment 
application, for I/R) 


b. Daily Construction Reports: (at monthly intervals for I/R) 
c. Manpower Reports: (at monthly intervals to correspond with payment application, 


For I/R) 
d. Four Week Look Ahead Schedules: (at weekly intervals.  Present during progress 


meeting, submit for I/R). 
e. Meeting Minutes:  at intervals identified below documenting discussions during 


design, and construction progress meetings, for I/R. 


PART 2 - PRODUCTS 


2.1 SCHEDULE SOFTWARE 
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A. Prepare schedule(s) using commercial project planning software.  The preferred software is 
Oracle’s Primavera P6 Enterprise Project Portfolio Management software.  Other Project 
planning software may be used if approved by Battelle and compatible with P6 Enterprise 
Project Portfolio Management software. 


PART 3 - EXECUTION 


3.1 SCHEDULE PREPARATION 


A. Prepare Design and Construction schedule contents in accordance with the following: 


1. Schedule format shall be a detailed, integrated, cost and resource loaded, Critical Path 
Method time-scaled logic diagram (time scaled activity bars and constraints), with a 
supporting tabulation of activities.  As a minimum, activity bars, activity descriptions and 
numbers, constraints, milestones and critical path shall be shown on the diagram. 


2. Activity durations shall be in working days.  Typically, activity durations shall not 
exceed 20 days, with exception of level-of-effort activities.  Activity titles shall be self-
explanatory, with abbreviations shown in a legend on the document.  Identify original 
duration, remaining duration, % complete, early start, early finish, late finish, restraining 
activities, total float, and critical path. 


3. Submittal Review Time:  Include allowance for review and re-submittal times of Contract 
required data.  Coordinate submittal review times in D/B Contractor's Construction 
Schedule with Submittals Schedule. 


4. Activity description logic sequence and relationship.  Schedules shall identify critical 
path activities, including logical sequence and relationship of activities for engineering, 
design, submittals, procurement, fabrication, delivery, erection, construction, installation, 
and testing of work covered by Contract.  Logical sequences shall primarily be finish to 
start with minimal use of lags.  Level of detail is at discretion of Battelle. 


a. Include procurement process activities for long lead items and major items, 
requiring a cycle of more than 60 days, as separate activities in schedule.  
Procurement cycle activities include, but are not limited to, submittals, approvals, 
purchasing, fabrication, and delivery.  Resources for the procured item should be 
loaded on a separate activity for receipt or delivery that corresponds to the period 
in which the item costs will be invoiced.   


b. Constraints:  Include constraints and work restrictions indicated in the Contract 
Documents and as follows and show how the sequence of the Work is affected. 


1) Arrange list of activities on schedule by major work element. 
2) Include a separate activity for each portion of the Work performed by 


Battelle. 
3) Include a separate activity for each long lead or critical delivery. 
4) Include a separate activity for each product, include delivery dates; stipulate 


the earliest possible delivery date. 
5) Show the effect of Work Restrictions on the schedule. 
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c. Major Work Elements:  Identify each major portion of work required for 
construction.  Indicate where each construction activity within a major element 
must be sequenced or integrated with other construction activities to provide for 
the following: 


1) Design (to include identification of required discrete submittal packages, 
and “issued for construction” submittals. 


2) Mobilization. 
3) Submittals. 
4) Long lead procurement items 
5) Inspections and Tests 


a) IBC 110 General Inspections 
b) IBC Special Inspections/Tests 
c) Battelle Hold, Witness, and Receiving Verifications 
d) D/B Contractor QA Inspections/Tests 


6) Site work – Grading, Roads, Parking, Utilities 
7) Site work – Irrigation & Landscaping. 
8) Utility Tie-Ins. 
9) Foundations. 
10) Floor Slabs. 
11) Structural Steel Fabrication. 
12) Structural Steel Erection/Completion. 
13) Underground Fire Suppression Piping System complete 
14) Roofing. 
15) Exterior Walls. 
16) Misc. Steel & Stairs. 
17) Interior Walls. 
18) Ceilings. 
19) Fire Protection Piping. 
20) HVAC Piping & Equipment. 
21) HVAC Ductwork. 
22) Electrical Rough-In  
23) Electrical Equipment & Panelboards. 
24) Electrical Terminations & Trim-out. 
25) Electrical Testing 
26) Flooring. 
27) Doors & Hardware. 
28) Communication Systems. 
29) Access Control System 
30) Audio/Visual, Video Conferencing Equipment, Terminations and Testing 
31) Fire Alarm System. 
32) Start-up Checklists. 
33) Test & Air Balance. 
34) Commissioning. 
35) Punchlist. 
36) Cleanup & De-Mobilize. 


d. Work Stages:  Indicate important stages of construction within each major work 
element, including, but not limited to, the following: 


1) Design 
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2) Subcontract awards. 
3) Mobilization. 
4) Submittals. 
5) Purchases. 
6) Mockups. 
7) Fabrication. 
8) Sample testing. 
9) Deliveries. 
10) Installation. 
11) Tests and inspections.  As identified in Section 01 4000 Quality 


Requirements.  
12) Commissioning 
13) Punch list 


e. Milestones:  Include milestones indicated in the Contract Documents in schedule, 
including, but not limited to, the Notice of Award (NOA), Notice to Proceed 
(NTP), Contract Milestones, Substantial Completion, and Final Completion. 


1) Notice of Award 
2) Notice to Proceed  
3) Interim Milestones identified in Section 01 1000 Summary of Work 
4) Foundation & Floor Slabs Complete. 
5) Structural Steel Erection Complete 
6) Building Weather-tight. 
7) Completion of Mechanical Installations 
8) Completion of Electrical Installation 
9) Interiors Complete. 
10) Commissioning 
11) Substantial Completion/Beneficial Occupancy. 
12) Final Acceptance/Close-Out. 


3.2 SCHEDULE MAINTENANCE 


A. Contract Modifications:  For each proposed contract modification and concurrent with its 
submission, prepare a time-impact analysis using fragnets to demonstrate the effect of the 
proposed change on the overall project schedule. 


B. Schedule Updating:  At monthly intervals, a review of job progress shall take place between the 
D/B Contractor and designated Battelle representatives to determine actual progress.  
Participants shall compare actual job progress with scheduled progress.  The parties shall 
negotiate percent complete for each applicable activity.   


1. Update shall reflect agreed to actual quantities of materials installed, actual labor hours, 
and deliverables furnished.  The D/B Contractor shall issue the update in alignment with 
Battelle’s financial processing calendar.  The D/B Contractor’s monthly Application for 
Payment shall be consistent with the information presented in the updated schedule. 


2. Revise schedule immediately after each meeting or other activity where revisions have 
been recognized or made.  D/B Contractor shall issue updated schedule(s) concurrently 
with the report of each such meeting. 
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3.3 REPORTS 


A. Monthly CPM Schedule Update:  The D/B Contractor shall prepare and submit with its monthly 
billing or accrual submittal an updated CPM schedule (Current or Working Schedule) that 
reflects the physical progress and current start and finish dates of each scheduled activity.  The 
schedule shall compare the progress to date to the approved baseline, including the effect of any 
delays and changes. 


1. The schedule shall include the following information: 
a. Activity ID 
b. Activity Description 
c. Early Start 
d. Early Finish 
e. Baseline Start 
f. Baseline Finish 
g. % Complete 
h. Total Float 
i. Budgeted Cost 


2. Critical path activities should be highlighted. 


3. Completed activities may be omitted. 


4. A predecessor / successor listing shall accompany the schedule. 


5. Battelle shall require that the schedule be provided electronically in a format compatible 
with the schedule software identified.   


6. The D/B Contractor shall issue the update in alignment with Battelle’s financial 
processing calendar.  The D/B Contractor’s monthly Application for Payment shall be 
consistent with the information presented in the updated schedule. 


B. Daily Construction Reports:  Prepare a daily construction report for submission to Battelle on a 
monthly basis recording the following information concerning events at Project site: 


1. List of sub-tier contractors at Project site. 
2. List of separate contractors at Project site. 
3. Approximate count of personnel at Project site. 
4. High and low temperatures and general weather conditions. 
5. Accidents. 
6. Meetings and significant decisions. 
7. Summary of progress achieved for the day, but sub-tier contractor 
8. Unusual events. 
9. Stoppages, delays, shortages, and losses. 
10. Change Orders received and implemented. 
11. Equipment or system tests and startups. 
12. Partial Completions and occupancies. 
13. Substantial Completions authorized. 


C. Manpower Report.  The D/B Contractor shall report all hours worked on-site on a monthly 
basis.  The report shall itemize labor hours by D/B Contractor direct report employee and 
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subcontractor employee.  No distinction shall be made between Straight time and Overtime 
hours or the job classification of the employee. 


D. Four-Week Look Ahead.  The D/B Contractor shall prepare and submit on a recurring basis to 
coincide with scheduled progress meetings a four-week schedule that looks at the upcoming 
four weeks in the Construction Schedule on a detailed level that forecasts daily planning of the 
work, identifies inspections required, tests to be performed, permits necessary, submittals 
required to support the work (if contactors already approved), and any isolations/outages 
necessary requiring coordination with Battelle or sub-tier contractors.   


E. Progress Meetings:  The D/B Contractor and Battelle shall hold progress meetings during 
design and construction activities.  The frequency of the design progress meetings shall be at the 
discretion of the D/B Contractor and shall be held on PNNL Campus.  During construction, the 
D/B Contractor, Designer of Record (DOR), major sub-tier contractors and Battelle shall meet 
weekly on the construction site at D/B Contractor site office to discuss progress.  The D/B 
Contractor shall document the discussions held during the progress meetings and shall prepare 
and provide Battelle with minutes of the meetings.  Prior to initiation of each weekly progress 
meeting during construction, the D/B Contractor management, major sub-tier management, 
representatives from craft forces, Battelle management, and DOE management shall walk the 
site for approximately 20-30 minutes to identify any potential safety hazards which are not 
being properly addressed, managed, or maintained.  These findings shall be discussed during the 
Progress Meeting with actions assigned for addressing and correcting findings. 


3.4 CONSTRUCTION PHOTOGRAPHS 


A. Date Stamp:  Unless otherwise indicated, date and time stamp each photograph as it is being 
taken so stamp is integral to photograph. 


B. Pre-construction Photographs:  Before starting construction, take photographs of Project site 
and surrounding properties from different vantage points.  Show existing conditions adjacent to 
property. 


C. Periodic Construction Photographs:  Take photographs monthly, coinciding with cutoff date 
associated with each Application for Payment.  Photographer shall select vantage points to best 
show status of construction and progress since last photographs were taken. 


D. Final Completion Construction Photographs:  Take photographs after date of Substantial 
Completion for submission as Project Record Documents. 


END OF SECTION 01 3200 
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SECTION 01 3520 


ENERGY EFFICIENCY – SUSTAINABILITY  


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY   


A. Battelle’s Sustainability Program at PNNL is driven by “Contract Clause H-43”, which 
incorporates Federal Laws, Executive Orders, and DOE Goals in its Site Sustainability Plan.  
Executive Order 13834, Efficient Federal Operations, May 17, 2018, reaffirmed Federal green 
building efforts and requires new Federal Government buildings over 5,000 square feet to 
comply with the Guiding Principles for Federal Leadership in Sustainable Buildings (Guiding 
Principles).  The Guiding Principles address reducing energy and water use, conserving 
resources, minimizing waste, protecting indoor air quality, protecting occupant health, wellness, 
and productivity, addressing climate risks, and using integrated teams during the design, 
construction and operation of new Federal facilities.  The Council on Environmental Quality 
issued the revised Guiding Principles for Sustainable Federal Buildings in February 2016, 
along with the companion checklist document Determining Compliance with the Guiding 
Principles for Sustainable Federal Buildings.  Design and construction of the GSL facility must 
comply with these Guiding Principles.  The contractor must provide a report with narratives 
discussing how each requirement was addressed and include documentation as detailed below to 
support the inclusion of the Guiding Principles in design and construction. 


B.  The complete Guiding Principles for Sustainable Federal Buildings and Associated 
Instructions document, as well as the companion Determining Compliance with the Guiding 
Principles for Sustainable Federal Buildings are included in the Performance Specification, 
S746884-ENG-001.  Some of the Guiding Principles are specific to operation of the facility and 
are not applicable to design and construction.  The requirements below are taken from the 
Determining Compliance with the Guiding Principles for Sustainable Buildings checklist.  For 
each requirement, there is additional information on how that requirement will be fulfilled, 
including contractor actions for each requirement. 


Section I: Employ Integrated Design Principles 
1. Integrated Design.  Requirement: Consider the environmental impact of siting decisions 


and use an integrated project team to: establish energy and other environmental 
performance goals in the design process; follow sustainable landscape design principles; 
evaluate electric vehicle charging needs; consider design choices that improve 
environmental performance, support health and wellness of building occupants and 
consider climate risks including wildfire; and consider all stages of the building’s life 
cycle. 
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Contractor action: Assemble an integrated design and construction team considering 
Guiding Principle requirements.  Submit to Battelle a team roster including names, 
positions, and contact information for each discipline lead. 


2. Commissioning. Requirement: Commission and recommission at least every 4 years to 
optimize building performance using commissioning agents who are independent of the 
design and construction or operating team. Commissioning should be consistent with the 
Energy Independence and Security Act (EISA) section 432 and Federal Energy 
Management Program (FEMP) commissioning guidance. 
Contractor action:  Battelle will hire a commissioning agent (CxA) through a separate 
contract.  The D/B contractor must coordinate with the CxA during the design, 
installation/construction, acceptance, and post-acceptance/warranty phases of the project. 


 
Section II: Optimize Energy Performance 
3. Energy Efficiency.  Requirement: For new construction, ensure energy efficiency is 30% 


better than the current American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) 90.1 standard. 
Contractor action:  At each design phase submission, provide an energy model detailing 
energy efficiency compared to a baseline building using the ASHRAE standard.  Model 
must detail an energy target in energy units for benchmarking purposes.  The GSL 
facility must meet the current energy efficiency standard for federal commercial 
buildings.  The Guiding Principles go further to require energy efficiency 30% better than 
the ASHRAE standard where life cycle cost-effective. The contractor must consider 
energy efficient design strategies that reduce energy up to 30% from the ASHRAE 
standard and include them if lifecycle cost effective. If the energy model does not show 
an energy reduction of at least 30% from a baseline building, a benefit-cost analysis using 
the BLCC5 software program (https://energy.gov/eere/femp/building-life-cycle-cost-
programs) and 10 CFR Part 436, Subpart A - Methodology and Procedures for Life Cycle 
Cost Analyses must be included to substantiate why further energy saving design 
elements are not lifecycle cost effective. 


4. Renewable and Clean Energy. Requirement: Evaluate and implement, where 
appropriate, life cycle cost-effective renewable energy projects on-site; consider long-
term off-site renewable sources and Renewable Energy Certificates (RECs); and utilize 
clean and alternative energy where possible. 
Contractor action:  No contractor action on this requirement.  Battelle has already 
installed an on-site solar array on the PNNL campus, and purchases RECs, fulfilling this 
requirement. 


5. Metering. Requirement: Install building level meters for electricity, natural gas, and 
steam; install advanced or standard meters as appropriate. 
Contractor action: Contractor shall install advanced, whole-building, electricity and 
natural gas meters that connect to the building control system. Advanced BTU meters 
must also be installed and connected to the building control system for any energy 
exchange from outside the building (including the HTB).   


6. Benchmarking. Requirement: Benchmark building performance at least annually, 
preferably using ENERGY STAR Portfolio Manager; regularly monitor building energy 
performance against historic performance data and peer buildings. 
Contractor action: Benchmarking is performed by Battelle, in part using the energy 
model data from requirement 3 above, and metering data from requirement 5 above and 
requirements 7 and 8 below.  Contractor must assure metering data is available in 
PNNL’s Johnson Controls Metasys system.  


 
Section III: Protect and Conserve Water 



https://energy.gov/eere/femp/building-life-cycle-cost-programs

https://energy.gov/eere/femp/building-life-cycle-cost-programs





S785272-SPEC-01  06/2020 
Rev. 1 GRID STORAGE LAUNCHPAD (GSL) 
 


ENERGY EFFICIENCY – SUSTAINABILITY  01 3520 - 3 


7. Indoor Water Use.  Requirement A: Build to ASHRAE standard 189.1-2014 sections 
6.3.2, 6.4.2, and 6.4.3, or current comparable ASHRAE standards. 
Contractor action:  Incorporate ASHRAE standard elements into design.  Submit a 
calculation verifying the design reduces potable water use by 20% compared to UPC 
2006 and IPC 2006 baseline.   
Requirement B: Use water-efficient products; install building level water meters; 
optimize cooling tower operations; and eliminate single pass cooling. 
Contractor action: Contractor must install advanced, whole-building, potable water 
meter(s) that connect to the building control system.  The Contractor must incorporate 
cooling tower optimization in design if applicable.  Building shall contain no single pass 
cooling. 


8. Outdoor Water Use.  Requirement A:  Separately meter water for irrigation systems 
greater than 25,000 square feet. 
Contractor action: Contractor shall install advanced, whole-site, irrigation water meter(s) 
that connect to the building control system. 
Requirement B: Use water efficient landscapes. 
Contractor action: Incorporate water efficient landscapes into design. 
Requirement C: Limit potable water use for irrigation to 50% or more below 
conventional practices using methodologies from (but not the numeric requirements 
contained in) ASHRAE standard 189.1-2014 section 6.5.1, or current comparable 
ASHRAE standards, to calculate water use of conventional practices. 
Contractor action: Submit a model comparing landscape design to a conventional 
baseline landscape.  Model must show the proposed landscape uses 50% or less irrigation 
water than a conventional design using ASHRAE standard guidance to determine 
baseline. 


9. Alternative Water. Requirement: Consider alternative sources of water where cost- 
effective and permitted by local laws and regulations. 
Contractor action: Alternative water sources are not available on this site.  No contractor 
action for this requirement. 


10. Stormwater Management.  Requirement: For new construction meet or exceed EISA 
section 438 stormwater management requirements. 
Contractor action: EISA section 438 calls for federal developments that exceed 5,000 
square feet to maintain or restore pre-development hydrology. The guidance focuses 
generally on retaining rainfall on-site through infiltration, evaporation/transpiration, and 
re-use to the same extent as occurred prior to development. Contractor shall use either a 
performance-based approach using estimated rainfall volume, or a site-based hydrologic 
analysis to design and construct a stormwater management system.  Contractor shall 
submit a narrative describing the design approach used, and a calculation or model to 
substantiate adequate stormwater management. 


 
Section IV Enhance Indoor Environmental Quality 
11. Ventilation and Thermal Comfort.  Requirement: Meet current ASHRAE standards 55 


and either 62.1 or 62.2 for ventilation and thermal comfort. 
Contractor action: Submit a narrative and model describing the approach to meet 
temperature requirements in ASHRAE 55.  Submit a narrative and model or calculation 
verifying the design meets ventilation requirements in ASHRAE 62.1. 


12. Daylighting and Lighting Controls.  Requirement: Maximize opportunities for 
daylighting in regularly occupied space, automatic dimming controls or accessible 
manual controls, task lighting, and shade and glare control. 
Contractor action: Incorporate Guiding Principle design element requirements into design 
and submit a space-by-space model showing daylight levels throughout the building. 
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Identify regularly occupied spaces and summarize total daylighting levels in those spaces.  
Include description of lighting controls, task lighting, and shade and glare control in the 
narrative for this section.  Describe alternatives considered and the rationale for selecting 
the included control approach.   


13. Indoor Air Quality.  Requirement: Develop and implement an indoor air quality policy 
that considers the following: moisture control, use of low emitting materials and products 
with low pollutant emissions, necessary protocols to protect indoor air quality during 
construction and in the finished building, prohibition of smoking in any form inside and 
within 25 feet of all building entrances, operable windows, and building ventilation 
intakes, and use of integrated pest management techniques. 
Contractor action: Submit a narrative describing the moisture control strategy used in the 
design of the building, and the strategy to protect indoor air quality during construction 
and in the finished building.  Use low emitting materials and products with low pollutant 
emissions during construction. 


14. Occupant Health and Wellness.  Requirement: Promote opportunities for voluntary 
increased physical movement of building occupants such as making stairwells an option 
for circulation, active workstations, fitness centers, and bicycle commuter facilities; and 
support convenient access to healthy dining options, potable water, daylight, plants, and 
exterior views. 
Contractor action: Incorporate Guiding Principle design element requirements into 
design.  Include a description of design features supporting this requirement in the 
narrative for this section. 


 
Section V Reduce the Environmental Impact of Materials 
15. Material Content and Performance.  Requirement: Procure products that meet the 


following requirements where applicable: 
A. Resource Conservation and Recovery Act (RCRA) section 6002, AND 
B. Farm Security and Rural Investment Act (FSRIA) section 9002, AND 
C. Federally Recommended Specifications, Standards and Ecolabels or are on the 
Federal Green Procurement Compilation for other green products, as appropriate, AND 
D. Avoid ozone depleting compounds and high global warming potential (GWP) 
chemicals. 
Contractor action: Ensure product submittals comply with the recycled content, bio-based 
content, and environmentally preferable product requirements above.  Describe selected 
products meeting these criteria in the narrative for this section.  


16. Waste Diversion.  Requirement: Where markets exist, provide reuse and recycling 
services for building occupants and divert at least 50% of non-hazardous, non-
construction related materials from landfills. 
Contractor action: Provide recycling stations for use during regular occupancy throughout 
the building in the building design.  Provide a description for the recycling station 
approach to design in the narrative for this section.  


17. Materials Management.  Requirement: Where markets exist, divert at least 50% of 
construction and demolition materials from landfills.  
Contractor action:  During construction, recycle at least 50% by weight of construction 
and demolition.  Submit scale tickets for all recycle and landfill loads detailing date, type 
of recycling or waste, and weight to the construction manager. 


 
Section VI Assess and Consider Climate Change Risks 
18. Mission Criticality.  Requirement: Determine long-term mission criticality of the 


physical asset and operations to be housed in the facility to inform the design of new 
construction and modernization to increase climate resilience. 
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Contractor action:  Battelle will conduct climate resiliency assessment.  No contractor 
action on this requirement. 


19. Floodplain Considerations.  Requirement: For new construction, avoid, to the extent 
possible, the long- and short-term adverse impacts associated with the occupancy and 
modification of floodplains and avoid floodplain development whenever there is a 
practicable alternative. 
Contractor action:  Submit site plan showing proposed location of the GSL facility in 
relation to floodplain.  Discuss siting considerations and the process used to arrive at the 
proposed site in the narrative for this section.   


20. Facility Design.  Requirement: For new construction, balance options to address 
predicted climate change impacts against mission criticality, cost, and security to 
determine design parameters; at a minimum, include low and no cost resilience measures 
to address predicted climate conditions. 
Contractor action: Battelle will conduct climate resiliency assessment.  No contractor 
action on this requirement. 


1.3 SUBMITTALS 


A. Guiding Principles Checklist: 
1. With each design package submission, provide an update of the Determining Compliance 


with the Guiding Principles for Sustainable Federal Buildings checklist to Battelle for 
review.  A hard-copy of the form is included in the bid package and is included in the 
Performance Specification S785272-ENG-001.  


  END OF SECTION 01 3520 
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SECTION 01 4000 


QUALITY REQUIREMENTS 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This Section includes administrative and procedural requirements for implementation of 
Contract specific quality assurance (QA) and quality control (QC) requirements.  


1.2 DEFINITIONS 


A. Quality Assurance:  Associated documented program/procedures and resultant activities, 
actions, and performance during the execution of the Contract to provide confidence that quality 
is achieved. Quality is a condition that is achieved when items, services or processes meets or 
exceeds Contract requirements. 


B. Quality Control (Inspection and Testing): Associated documented inspections, test activities, 
actions, and performance during the execution of the Contract to evaluate that ongoing and 
completed construction complies with requirements.  This does not include verification for 
Contract acceptance performed by Battelle or other Battelle Contracted parties. 


C. Inspection/Testing Agency:  An entity engaged by D/B Contractor, Designer-of-Record (DOR), 
and/or Battelle to perform specific inspections, tests or both.  Testing laboratory shall mean the 
same as testing agency. 


D. Qualifications: 


1. Fabricator Qualifications: A firm experienced in producing products similar to those 
indicated for this Contract work scope and with a record of successful in-service 
performance, as well as sufficient production capacity. 


2. Factory-Authorized Service Representative Qualifications:  An authorized representative 
of manufacturer who is trained and approved by manufacturer to install, inspect, test or 
calibrate manufacturer’s products that are similar in material, design, and extent to those 
indicated for this Contract. 


3. Installer Qualifications:  A firm or individual experienced in installing, erecting, or 
assembling work similar in material, design, and extent to that indicated for this Contract, 
whose work has resulted in construction with a record of successful in-service 
performance. 


4. Manufacturer's Field Services:  A factory-authorized service representative to inspect 
field-assembled components and equipment installation, including service connections. 


5. Manufacturer Qualifications:  A firm experienced in manufacturing products or systems 
similar to those indicated for this Contract and with a record of successful in-service 
performance. 


6. Inspection/Testing Agency Qualifications:  An agency with the experience, capability 
and as applicable certification to conduct testing and inspecting indicated and that 
specializes in types of tests and inspections to be performed. 


1.3 SUBMITTALS 
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A. Quality Assurance Program (QAP): Submit for Information/Record the QAP utilized during 
execution of Contract work.   Submit prior to initiation of design activities. 


B. Implementing Procedures: Submit for Information/Record the procedures for implementation of 
the QAP during execution of the Contract work.   Provide a crosswalk documenting the 
relationship between requirements contained in the QAP and corresponding Implementing 
Procedures. Submit prior to initiation of design activities.   


C. Schedule of D/B Contractor performed Inspections and Tests identified in 1.5.B below. Prepare 
in tabular form and submit for Battelle Information/Record prior to performing Contract work. 
The table shall include the following: 


1. Source design document number, title, and section.  
2. Description of inspection and tests. 
3. Identification of applicable standards. 
4. Identification of inspection and test methods. 
5. Qualification and as applicable certification requirements for performing personnel. 
6. Number of inspections and tests required. 
7. Requirements for obtaining samples. 
8. Any unique characteristics of each quality control service. 
9. Examples of documentation forms to substantiate inspections and tests (see specification 


01 4000 Section 1.3.D). 


D. Schedule of Designer-of-Record (DOR) performed Special Inspections and Tests per IBC 
Chapter 17 identified in 1.5.C below.  Prepare in tabular form and submit for Battelle 
Information/Record prior to performing Contract work. The table shall include the following: 


1. Source design document number, title, and section.  
2. Description of inspection and tests. 
3. Identification of applicable standards. 
4. Identification of inspection and test methods. 
5. Qualification and as applicable certification requirements for performing personnel. 
6. Number of inspections and tests required. 
7. Requirements for obtaining samples. 
8. Any unique characteristics of each quality control service. 
9. Examples of documentation forms to substantiate inspections and tests (see specification 


01 4000 Section 1.3.D). 


E. Schedule of Battelle performed Inspections and Tests per IBC Section 110 identified in 1.5.A 
below.  Prepare in tabular form and submit for Battelle Information/Record prior to performing 
Contract work. The table shall include the following: 


1. Description of inspection and tests. 


F. Schedule of Battelle performed Verifications identified in 1.6 below.  Prepare in tabular form 
and submit for Battelle information/record prior to performing Contract work. The table shall 
include the following: 


1. Description of inspection and tests. 


G. Examination and Test Report Documentation (Not Specified Elsewhere):  Submit for 
Information/Record one (1) copy within 10 work days of completion of examinations and tests.  
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All examination and test reports identified to be produced above shall be legible, reproducible, 
and contain the following information: 


1. Date of examination or test. 
2. Contract number. 
3. Inspection or testing agency. 
4. Locations inspections and tests. 
5. Source design document number, title, and section. 
6. Documented test method by number and revision of instruction, procedure, or drawing.  
7. Acceptance criteria. 
8. Description of instruments used and as applicable, record of test or sampling conditions. 
9. Clear identification of the item or component tested, including, but not limited to, the use 


of serial, lot, batch, heat, mill numbers, sections, joints, weld maps, and etc. as 
appropriate. 


10. Inspection and test data. 
11. Statement of whether inspected or tested work complies with project requirements. 
12. Description of discrepant or nonconforming conditions. 
13. Recommendations for re-testing and re-inspecting. 
14. Name, signature and, as applicable, certification level of individuals conducting and/or 


accepting inspections and tests. 


a. Nondestructive examination and visual weld inspection reports shall be signed by 
the NDE Level II or III or the AWS-CWI (visual weld inspector) who performed 
the examination and who interpreted the results.  


15. When radiographic examinations are performed, the radiographic film shall be submitted 
with the report(s) and identified by cross-reference of each film exposure to a weld map.  
Radiographic film shall meet the requirements of the applicable code/standard as 
specified in the contract. 


H. Certificates: 


1. As required, submit for Information/Record, copies of licenses, certifications, 
correspondence, records, and similar documents, established for compliance with 
standards and regulations bearing on performance of the work. 


I. DOR Representative Status Reports: 


1. DOR onsite representative shall submit status reports on a monthly basis, during 
construction, for D/B Contractor and Battelle Information/Record review.  Status reports 
shall document via narrative and photographic evidence progress, quality issues or 
concerns, and corrections necessary, non-conformances with issued for construction 
design documents, and identification of special inspections performed, and results of 
these inspections and/or tests. 


1.4 QUALITY MANAGEMENT SYSTEM 


A. Quality Assurance Program and Implementing Procedures: 


1. For performance of work, the D/B Contractor shall maintain and utilize a quality 
assurance program (QAP) and implementing procedures.   Submit the QAP and 
implementing procedures as required by specification 01 4000 Section 1.3. 
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2. D/B Contractor may elect to utilize a graded approach for application of the Quality 
Assurance Program.  As a minimum, the D/B Contractor shall document any application 
of a graded approach and submit for Battelle Information/Record review before 
implementation. 


3. D/B Contractor shall ensure that all appropriate technical and quality requirements flow 
down to each subtier contractor at all levels.  D/B Contractor shall also ensure that each 
subtier contractor at all levels is appropriately qualified to perform the subcontracted 
Work.  Maintain objective evidence of successful flow down of requirements to, and 
qualifications of, subtier contractors. 


B. D/B Contractor Nonconformance Reporting: 


1. Report to the DOR any nonconformance or deviation from the DOR’s and/or Battelle’s 
technical requirements.  Utilize Battelle’s Contractor Nonconformance Report (CNCR) 
Oracle® Primavera Unifier workflow to document and disposition the CNCR.  The 
completed CNCR shall be submitted by the D/B Contractor to the DOR to request 
approval of the recommended disposition of the non-conforming item.  The decision 
whether to accept or reject such a request shall be within the DOR’s discretion.  
However, all DOR dispositions to “use-as-is”, or “repair” the non-conforming item shall 
be subject to Battelle engineering review and approval.  The D/B Contractor shall not 
proceed in accordance with the requested “use-as-is”, or “repair” deviation or present for 
inspection or acceptance any product produced in accordance with such deviation, unless 
and until the DOR and Battelle’s approval of the CNCR disposition is received by the 
D/B Contractor.     


C. Additional Battelle Quality Assurance Clauses may be included in the Contract, Part II Contract 
Clauses, as applicable.  


1.5 QUALITY CONTROL 


A.  Battelle Responsibilities:   


1. Battelle will perform inspection and/or testing or engage inspection / testing agencies as 
identified below; 


a. Battelle is the Authority Having Jurisdiction (AHJ) for D/B Contractor work 
performed in accordance with an issued Battelle Facility Modification Permit 
(FMP). In this capacity, Battelle’s Chief Engineer shall be designated as the 
Building Official responsible for oversight of construction in accordance with 
International Building Code (IBC) requirements. 


b. Construction or work for which an FMP is required shall be subject to inspection 
by the Building Official (Battelle) and such construction or work shall remain 
accessible and exposed for inspection purposes until approved.  Neither the 
building official (Battelle), or the jurisdiction shall be liable for expense entailed in 
the removal or replacement of any material required to allow inspection.   


c. An FMP will be issued by Battelle to the D/B Contractor upon Battelle Facility 
Review Board (FRB) approval and release of D/B Contractor submitted design 
documents issued for construction.  The FMP shall be posted at the construction 
site.  The required inspections will be based upon the completed design documents 
and shall be consistent with requirements identified in IBC Section 110.3 Required 
Inspections.    
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d. The Building Official (Battelle), upon notification by the D/B Contractor, shall 
make the inspections set forth in Sections 110.3.1 through 110.3.10 of the IBC.  
Battelle shall not provide or perform Special Inspections identified in Section 
110.3.9, or Chapter 17.  The Special Inspections required by Chapter 17 of the IBC 
shall be performed by, or under separate sub-contract with, the D/B Team’s 
Designer of Record (DOR).    


e. D/B Contractor shall provide Notice to Battelle 3-Work days prior to need for each 
of the inspections identified in IBC Sections 110.3.1 through 110.3.10.   


2. All other inspection and testing to support compliance with the submitted QAP and 
implementing procedures, or as specified by the approved design documents issued for 
construction shall be the responsibility of the D/B Contractor, and the DOR.  


B. D/B Contractor Responsibilities: 


1. Perform all work in strict conformance to Contract requirements. 
2. Testing activities shall be performed in accordance with documented instructions, 


procedures, or drawings. The activities shall be described to a level of detail 
commensurate with the complexity of the test or inspection and the need to assure 
consistent results. 


3. Perform and document examinations and tests as specified in the Contract documents and 
as required by D/B Contractors QAP and implementing procedures, and specified Codes 
and Standards. Coordinate sequence of activities to accommodate required examinations 
and tests with a minimum of delay. Conduct examinations, re-testing and re-examination, 
for construction that revised or replaced Work that failed to comply with requirements 
established by the Contract documents.  


4. Specified inspections, tests, or other related actions do not relieve the D/B Contractor 
from the requirement to implement additional Quality Assurance and/or Quality Control 
requirements nor do they relieve the D/B Contractor of compliance with other Contract 
requirements. 


5. Measuring and Testing Equipment (M&TE) 


a. Calibrate and maintain equipment used for inspections and tests or as specified 
elsewhere within the Contract documents.   


b. M&TE shall bear a label or tag clearly identifying the required recalibration date.  
Immediately remove out of calibration M&TE from the jobsite. 


c. Visually verify that M&TE is undamaged and in good working order prior to use. 


d. Retain all M&TE calibration certificates and records for Battelle’s inspection upon 
request. 


C. Designer-of-Record (DOR) Responsibilities:   


1. The DOR shall have a full-time representative onsite during construction.  The DOR 
representative shall have full authority to act on behalf of the DOR and shall coordinate 
with other DOR sub-consultants and vendors to resolve design deficiencies, 
modifications, or clarifications of the design intent.  The DOR representative shall 
coordinate all required special inspections and tests, and shall prepare monthly status 
reports of progress, quality, and conformance with issued for construction design 
documents.  The DOR representative shall work with the D/B Contractor and Battelle to 
document and resolve any design deficiencies, modifications and clarifications required, 
and will initiate and coordinate any Engineering Change Notices (ECNs) to modify 
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issued for construction design documents, and shall coordinate DOR responses to 
Submittals, Requests For Information (RFI), and Contractor Non-Conformance Reports 
(CNCRs) submitted by the D/B Contractor and sub-tier contractors.   


2. The DOR shall be responsible for performance of Special Inspections as identified in the 
developed and approved issued for construction design documents and in accordance 
with the International Building Code (IBC) Chapter 17 Special Inspections.  The DOR 
shall perform with qualified personnel or shall subcontract a qualified inspection/testing 
agency to perform the required Special Inspections.  The inspection/testing agency shall 
not have a contractual relationship with the D/B Contractor and shall report 
directly to the DOR.   


3. Testing activities shall be performed in accordance with documented instructions, 
procedures, or drawings. The activities shall be described to a level of detail 
commensurate with the complexity of the test or inspection and the need to assure 
consistent results. 


4. Perform and document examinations and tests as specified in the Contract documents and 
as required by specified Codes and Standards. Coordinate sequence of activities to 
accommodate required examinations and tests with a minimum of delay. Conduct 
examinations, re-testing and re-examination, for construction that revised or replaced 
Work that failed to comply with requirements established by the Contract documents.  


5. Specified inspections, tests, or other related actions do not relieve the DOR from the 
requirement to implement additional Quality Assurance and/or Quality Control 
requirements nor do they relieve the DOR of compliance with other Contract 
requirements. 


6. Measuring and Testing Equipment (M&TE) 


a. Calibrate and maintain equipment used for inspections and tests in accordance with 
submitted implementing procedures, or as specified elsewhere within the Contract 
documents.   


b. M&TE shall bear a label or tag clearly identifying the required recalibration date.  
Immediately remove out of calibration M&TE from the jobsite. 


c. Visually verify that M&TE is undamaged and in good working order prior to use. 


d. Retain all M&TE calibration certificates and records for Battelle’s inspection upon 
request. 


7. Nondestructive Examination (NDE) and Visual Weld Inspection  


a. Specified items requiring nondestructive examination (NDE) shall be examined by 
qualified/certified personnel in accordance with documented procedures. The D/B 
Contractor shall maintain records of qualified NDE procedures and 
qualified/certified NDE personnel.  


b. NDE includes all nondestructive testing methods including but not limited to 
Radiographic Testing (RT), Penetrant Testing (PT), Magnetic Particle Testing 
(MPT), Leak Testing (LT), Ultrasonic Testing (UT), and Eddy Current Testing 
(ET) and including Visual Testing (VT). Nondestructive testing procedures and 
personnel certification methods other than Visual Weld Inspection shall be in 
accordance with American Society of Nondestructive Testing standard SNT-TC-
1A, latest version in effect unless an earlier edition is specified in the contract.  


c. Visual Weld Inspection procedures shall be in accordance with and address the 
requirements of the applicable code/standard referenced in the contract. Visual 
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Weld Inspection personnel certification shall be in accordance with American 
Welding Society (AWS) requirements for a Certified Welding Inspector (CWI) 
unless specified otherwise in the Contract documents. 


1.6 BATTELLE VERIFICATION: 


A. General:  Battelle, as the Owner’s representative will perform acceptance verifications as 
identified in this and other Contract documents. D/B Contractor shall ensure that D/B 
Contractor and sub-tier contractor personnel have completed inspections of, and approved 
portions of work in accordance with Contract requirements before notifying Battelle. 


1. Specific verification points are defined as follows: 


a. Hold (H):  Required for verification of specific construction features before further 
construction is allowed to proceed.     


b. Receiving (R):  Special items of fabrication, equipment, or material scheduled to 
be delivered to the Contract site, or other designated location, which require 
inspection upon arrival and before installation.  Notify Battelle within one (1) 
working day after item arrival. 


c. Witness (W):  Selected for inspection at the option of Battelle.  Work may proceed 
upon verbal release by Battelle or upon expiration of one hour beyond scheduled 
time of witnessing.       


2. Notification Requirements:  H, R, and W points apply to work performed both on and off 
the PNNL site.  Except where a longer period is specified, notify Battelle at least one (1) 
work day before each Hold and Witness point. 


3. Schedule of R, H, and W points:  


Shop fabricated exhaust main ducts ------------------------------------- (R) 


Instrumentation equipment ----------------------------------------------- (R) 


Battelle inspection of underground utilities and services 
prior to backfill ------------------------------------------------------------- (H) 


Battelle inspection of formwork, base course, and reinforcement 
prior to placing concrete -------------------------------------------------- (H)  


Battelle inspection prior to removal of shrubs, trees, and 
ground cover vegetation --------------------------------------------------- (H) 


Upon encountering bird nests, animal dens, or wildlife in 
the work area --------------------------------------------------------------- (H)   


Upon discovery of any potential culturally significant resource ---- (H) 


Initial installation of through penetration fire stopping material ---- (H) 


Battelle inspection of electrical breakers prior to installation-------- (H) 


Battelle inspection prior to closure of electrical enclosures ---------- (H) 


Battelle verification of City of Richland Right of Way Permit 
posting prior to starting the Work --------------------------------------- (H) 


Battelle verification of Battelle issued Facility Modification  
Permit (FMP) posting prior to starting the Work  --------------------- (H) 
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Placement of concrete ----------------------------------------------------- (W) 


Flushing and chlorination of piping systems------------------------- -- (W) 


Leak testing of fire suppression piping systems ----------------------- (W) 


Leak testing of laboratory service piping ------------------------------- (W) 


Leak testing of wastewater piping --------------------------------------- (W) 


Water sampling for bacteriological contamination------------------ -- (W) 


Initial installation of metal ducts ----------------------------------------- (W) 


Energizing Permanent Power Service ----------------------------------- (H) 


GFCI testing ---------------------------------------------------------------- (W) 


Testing of voice and data communications systems ------------------ (W)   


Any functional testing ----------------------------------------------------- (W) 


Acceptance Testing of Fire Protection Systems ----------------------- (W) 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION 


3.1 REPAIR AND PROTECTION (Not used) 


END OF SECTION 01 4000 
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SECTION 01 5000 


TEMPORARY FACILITIES AND CONTROLS 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This Section includes requirements for temporary facilities and controls, including temporary 
utilities, support facilities, and security and protection facilities. 


B. Temporary utilities include, but are not limited to, the following: 


1. Water service and distribution. 
2. Sanitary facilities, including toilets, wash facilities, and drinking-water facilities. 
3. Heating and cooling facilities. 
4. Ventilation. 
5. Electric power service. 
6. Lighting. 


C. Support facilities include, but are not limited to, the following: 


1. Temporary roads and paving. 
2. Project identification and temporary signs. 
3. D/B Contractor provided Battelle field office. 
4. D/B Contractor and sub-tier contractor field offices. 
5. Storage and fabrication sheds. 
6. Lifts and hoists. 
7. Construction aids and miscellaneous services and facilities. 


D. Security and protection facilities include, but are not limited to, the following: 


1. Environmental protection. 
2. Site enclosure fence. 
3. Security enclosure and lockup. 
4. Barricades, warning signs, and lights. 
5. Temporary enclosures. 
6. Temporary partitions. 
7. Fire protection. 


1.2 SUBMITTALS 


A. D/B Contractor provided Battelle Trailer:  Submit product information, layout drawings, 
electrical schematic/one-line, skirting information, stairs, etc. for Battelle approval.  Trailer 
shall meet requirements identified in 3.1.B below.  
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B. Mobilization Plan; Submit mobilization plan for Battelle approval 10-work days prior to 
initiation of mobilization activities.  Mobilization Plan to include layout site drawing showing 
trailer layout/setup, storage shed/cargo container layout, temporary and/or permanent utility 
layout, designated material laydown area, employee parking area, temporary site lighting 
placement, access/egress pathways into, and out of site.  Inclement Weather Plan:  D/B 
Contractor shall designate minimum equipment and labor necessary to respond during 
inclement (i.e., snow, ice, etc.) weather periods.  Plan shall identify equipment and materials to 
be maintained and ready onsite, and designation of labor personnel and supervision to be on call 
to respond during inclement weather to prepare the site for safe vehicle and pedestrian access 
into the site, and access/egress into site trailers, laydown yards, parking areas and facility prior 
to planned start of work.  


C. Temporary Power/Lighting Plan:  Submit plan for Battelle review and approval identifying plan 
for installation and routing of temporary power service, distribution, and lighting.  Plan shall 
identify underground installations/locations, method for distribution of power throughout site, 
and within GSL facility, including routing method and protection for distribution, and shall 
identify method, attachment, and routing of temporary lighting within the facility and proposed 
method for site illumination.  If electric heaters are anticipated to be utilized for temporary 
heating of the GSL facility, identify equipment, locations, power routing methods and 
protection.   


D. Temporary Heating Plan:  Submit for Battelle review and approval D/B Contractors proposed 
plan for provision of temporary heating within the partially built GSL facility.  If plan is to 
utilize electric heat, identify that this is covered in the Temporary Power/Lighting Plan.  If 
electric heat is not anticipated to be utilized, submit plan and identify methods to be employed 
by DB Contractor to provide required temporary heating during construction.   


E. Emergency Action Plan:  Submit 10 Work days prior to mobilization to site for Battelle review 
and approval D/B Contractor’s proposed method for site notification of emergencies, 
evacuation, take-cover and active shooter scenarios.  Identify emergency notification methods, 
staging area for site employees, plan for responding to active shooter event, take cover, or 
evacuation of site. D/B Contractor shall be required to Participate in any Battelle planned drills 
effecting the site, and D/B Contractor shall conduct an annual drill to demonstrate the 
effectiveness of its Emergency Action Plan.    


1.3 USE CHARGES 


A. Services furnished by Battelle:  None.   


B. Services furnished by Others:  The Contractor is responsible for all use fees for temporary 
services assessed directly by the State, City or County relative to this Contract Work. 


1. City of Richland (COR) – Temporary/Construction Electrical Power System/Metering 
Equipment: D/B Contractor shall coordinate with the City of Richland (COR) and design 
and install all necessary temporary construction power for the GSL project.  D/B 
Contractor shall be responsible for all fees and COR charges for establishment of 
temporary service and installation of required metering devices for temporary electrical 
power system. D/B Contractor shall pay all monthly use charges for consumption of COR 
power during construction of the facility.  D/B Contractor shall provide all engineering, 
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labor and materials to establish, test, and energize the temporary construction power 
system. 


2. City of Richland (COR) – Temporary/Construction Water/Metering System:  D/B 
Contractor shall coordinate with the City of Richland (COR) and design and install all 
necessary temporary construction water necessary for the GSL project.  D/B Contractor 
shall be responsible for all fees and COR charges for establishment of temporary service 
and installation of required metering devices for temporary water system. D/B Contractor 
shall pay all monthly use charges for consumption of COR water during construction of 
the facility.  D/B Contractor shall provide all engineering, labor and materials to 
establish, test, and energize the temporary construction water system. 


3. Sanitary Sewer:  There is an active sanitary sewer system available near the proposed site 
for the GSL facility.  Reference the Energy Sciences Capability Facility; Overall Utility 
Plan for location of existing sanitary sewer system.  D/B Contractor may have temporary 
access to the sanitary sewer system during construction of the GSL facility.  D/B 
Contractor shall provide all engineering, labor and materials to establish, test, and 
activate the temporary construction sanitary sewer system.  Submit connection details for 
approval to Battelle with the Mobilization Plan.   


1.4 QUALITY ASSURANCE 


A. Standards:  Comply with ANSI A10.6, NECA's "Temporary Electrical Facilities," and 
NFPA 241, “Standard for Safeguarding Construction, Alteration & Demolition 0perations. 


B. Tests and Inspections:  Arrange for authorities having jurisdiction to test and inspect each 
temporary utility before use.  Obtain required certifications and permits. 


1.5 PROJECT CONDITIONS 


A. Temporary Use of Permanent Facilities:  Installer of each permanent service shall assume 
responsibility for operation, maintenance, and protection of each permanent service during its 
use as a construction facility before Battelle’s acceptance, regardless of previously assigned 
responsibilities. 


B. Conditions of Use:  The following conditions apply to use of temporary services and facilities 
by all parties engaged in the Work: 


1. Keep temporary services and facilities clean, neat and operational.  Provide any required, 
and necessary maintenance to ensure operability of the service.   


1.6 Relocate temporary services and facilities as required by progress of the Work. 


PART 2 - PRODUCTS 


2.1 MATERIALS and EQUIPMENT 
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A. Suitable for use intended:  Provide materials and equipment suitable for use intended.  In 
general, materials shall be new materials.  Equipment shall be in good operating condition with 
current safety and operational checks performed. 


1. Undamaged, previously used materials in serviceable condition may be used if approved 
by Battelle. 


2. Exposed lumber and plywood shall be painted with exterior-grade, acrylic-latex emulsion 
over exterior primer. 


3. Interior walls shall be painted with two coats of interior latex-flat wall paint. 
4. Roofs shall be covered with single ply membrane roofing. 
5. Fire Extinguishers:  Minimum of two, 10 lbs, 4A: 80B:C dry chemical. 


B. Self-Contained Toilet Units:  Single-occupant units of chemical or aerated re-circulation type; 
vented; fully enclosed with a glass-fiber-reinforced polyester shell or similar nonabsorbent 
material. 


C. Heating Equipment:  Temporary heating system shall be a vented, self-contained electric, or 
liquefied-propane gas (LPG) with individual space thermostatic control. 


1. Electric heaters shall be used for all applications unless the required power supply is not 
available. 


2. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating 
units is prohibited. 


3. Heating Units:  Listed and labeled, by a testing agency acceptable to authorities having 
jurisdiction, and marked for intended use for type of fuel being consumed. 


D. Electrical Outlets:  Properly configured, NEMA-polarized outlets to prevent insertion of 110- to 
120-V plugs into higher-voltage outlets; equipped with ground-fault circuit interrupters, reset 
button, and pilot light. 


E. Power Distribution System Circuits:  Where permitted and overhead and exposed for 
surveillance, wiring circuits, not exceeding 125-V ac, 20-A rating, and lighting circuits may be 
nonmetallic sheathed cable. 


F. Fire Retardant Plastic Sheeting: Materials shall meet the performance criteria of NFPA 701 
Method 2 and the material containers shall be labeled to show compliance with the test criteria. 


G. Perimeter Site Fencing; Material shall be 4-foot-tall made of polyethylene with mesh opening 
along the North, and West boundaries of the project site, e.g. orange construction fencing.  
Material along the South, and East boundaries of the project site shall be 6-foot tall galvanized 
chain link fence self-supporting panels.  Silt fencing, for erosion control, compliant with 01 
7600 shall be installed at entire perimeter site fencing boundary.   


PART 3 - EXECUTION 


3.1 INSTALLATION, GENERAL 
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A. Locate facilities per Battelle’s approval and where they will serve Project adequately and result 
in minimum interference with performance of the Work.  Relocate and modify facilities as 
required.   


B. D/B Contractor Supplied Trailer for Battelle Use: 


1. D/B Contractor shall provide and install a mobile office trailer (approximately 24’ x 60’) 
onsite for Battelle personnel and other project representatives.  Trailer shall be delivered, 
installed, setup, skirted and connected to available temporary utility services including 
water, electrical power, and sanitary sewer (If D/B Contractor establishes temporary 
sanitary sewer system to support its’ onsite trailers) and ready for occupancy upon D/B 
Contractor mobilization to site, and prior to initiating onsite Work.  Battelle’s onsite 
trailer shall remain fully operational/functional through project close-out and D/B 
Contractor demobilization from site. 


2. Mobile office trailer shall be 1-3 years old, from a major vendor, regionally fabricated, 
and compliant with local and state codes.   


3. Exterior:  Roof shall be from a single ply membrane material, similar to Thermoplastic 
Polyolefin Sheet (TPO) or approved equal.  Gutters and downspouts shall be provided.  
The trailer shall have two exterior doors, separated by a minimum of one-third of the 
maximum interior dimension.  Each door shall be equipped with an aluminum stair with 
handrails.  Exterior doors shall be provided with lockable (keyed) deadbolt, and door 
latches.  A concrete pad shall be provided at the bottom of each stairway.   


4. Interior:  Four each “hard-walled” offices with lockable doors.  Each office shall be 
approximately 12’x14’ and shall have convenience electrical receptacles to accommodate 
up to 2-each occupants per office.  Ceiling height shall be 92” minimum.  Walls and roof 
system shall be insulated to meet current building code requirements.  Interior wall 
framing cavity shall be filled with sound attenuation insulation.  Windows shall be double 
pane, thermally improved, operable, and lockable.  All windows shall be equipped with 
interior operable window blinds.  Floor finish shall be carpet, except in kitchenette and 
restroom which shall be sheet vinyl.  HVAC system shall provide heating and cooling 
capability for occupancy of up to 7 occupants.  Countertops shall be finished in plastic 
laminate.  Provide fire extinguishers adjacent to entrance doors.   


D/B Contractor shall provide a kitchenette area, to be equipped with microwave oven, 
full size refrigerator, counter, sink, and cabinets.   


An interior uni-sex restroom, with sink, and electric water heater shall be provided if D/B 
Contractor plans to connect its own trailers to a temporary or permanent sanitary sewer 
system.  Connect Battelle trailer to water, power, and sanitary sewer systems if D/B 
Contractor trailer is connected to these utilities.     


Open bay area of trailer shall be arraigned to support up to 3-ea. additional 
desk/workstations (provided by Battelle) with 120V power, accommodate the plan table, 
and provide two each dedicated 20-amp electrical receptacles for connection of Battelle 
furnished copy machine and printer.   D/B Contractor shall provide or construct a plan 
table within open bay area of trailer for Battelle’s use.  Plan table surface shall be 
minimum 4’ x 12’, slopped, with stop bar on bottom leading edge to prevent plans from 
sliding off table surface.   


5. D/B Contractor to submit final trailer product data, and layouts for Battelle approval prior 
to supplying onsite.   
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6. D/B Contractor shall provide all necessary maintenance of the trailer to keep it 
operational.  D/B Contractor shall provide weekly janitorial services for Battelle occupied 
trailer.  D/B Contractor shall supply potable drinking water, e.g. water dispenser, to 
Battelle trailer, and shall provide for bottle refills on a weekly basis for up to eight 
Battelle personnel.   


7. D/B Contractor shall be responsible for transport, locate, setup, anchor, skirting, 
installation of stairs and concrete landing pads and connection of trailer to utilities.  NEC 
inspection of electrical system shall be required before Battelle occupancy.  D/B 
Contractor shall be responsible for disconnection, removal and transport of trailer from 
site upon contract completion.     


3.2 TEMPORARY UTILITY INSTALLATION 


A. General:  Engage appropriate local utility company to install temporary service or connect to 
existing service.  Where utility company provides only part of the service, D/B Contractor shall 
provide the remainder with matching, compatible materials and equipment.  Comply with utility 
company recommendations and requirements.   


All temporary underground utilities shall be identified on as-built drawings.  All underground 
utilities shall be marked with detectable burial tape.  All underground electrical utilities greater 
than 120V shall be identified above ground with T-Post and signage indicating buried electrical.  
T-Posts shall be placed at 50 Ft. c/c, and at bends or turns in direction. Temporary electrical 
conductors shall be completely removed upon substantial completion.    


All temporary electrical systems shall be inspected by the Battelle provided National Electric 
Code (NEC) inspector and service shall be stickered and approved for service by the NEC 
inspector prior to energization of temporary electrical system.  Coordinate NEC inspection with 
Battelle Construction Manager.   


B. Water Service:  Use of Battelle's existing water service facilities will not be permitted.   


C. Sanitary Facilities:  Provide temporary toilets, wash facilities, and drinking-water fixtures.  
Comply with ANSI-Z4.3 and health codes for type, number, location, operation, and 
maintenance of fixtures and facilities.  Gender specific (female and male) toilets are required.   


1. Disposable Supplies:  Provide toilet tissue, paper towels, hand sanitizer, hand soap, paper 
toilet seat covers, paper cups, and similar disposable materials for each facility.  Maintain 
adequate supply.  Provide covered waste containers for disposal of used material. 


2. Toilets:  Use of Battelle's existing toilet facilities is not permitted.     
3. Wash Facilities:  Install wash facilities supplied with potable water at convenient 


locations for personnel who handle materials that require wash up.  Dispose of drainage 
properly.  Supply cleaning compounds appropriate for each type of material handled. 


a. Provide safety showers, eyewash fountains, and similar facilities for convenience, 
safety, and sanitation of personnel. 


4. Drinking-Water Facilities:  Provide bottled-water, drinking-water units. 


a. Provide electric water coolers to maintain dispensed water temperature at 45 to 55 
deg F. 
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5. Locate toilets and drinking-water fixtures so personnel need not walk more than two 
stories vertically or 200 feet (60 m) horizontally to facilities. 


D. Heating and Cooling:  Provide temporary heating and cooling required by construction activities 
for curing or drying of completed installations or for protecting installed construction from 
adverse effects of low temperatures or high humidity.  Select equipment that will not have a 
harmful effect on completed installations or elements being installed. 


1. Maintain a minimum temperature of 50 deg F in permanently enclosed portions of 
building for normal construction activities, and 65 deg F for finishing activities and areas 
where finished Work has been installed. 


E. Ventilation and Humidity Control:  Provide temporary ventilation required by construction 
activities for curing or drying of completed installations or for protecting installed construction 
from adverse effects of high humidity.  Select equipment from that specified that would not 
have a harmful effect on completed installations or elements being installed.  Coordinate 
ventilation requirements to produce ambient condition required and minimize energy 
consumption. 


F. Electric Power Service:  Provide weatherproof, grounded electric power service and distribution 
system of sufficient size, capacity, and power characteristics during construction period.  
Include meters, transformers, overload-protected disconnecting means, automatic ground-fault 
interrupters, and main distribution switchgear. 


1. Install electric power service underground, unless overhead service must be used. 
2. Install power distribution wiring overhead and rise vertically where least exposed to 


damage. 
3. Connect temporary service to City of Richland’s (COR) existing power source, as 


directed by the COR.   
4. Use of Battelle's existing electric power service is not permitted.  Coordinate temporary 


electrical power service with the COR 


G. Electric Distribution:  Provide receptacle outlets adequate for connection of power tools and 
equipment. 


1. Provide waterproof connectors to connect separate lengths of electrical power cords if 
single lengths will not reach areas where construction activities are in progress.  Do not 
exceed safe length-voltage ratio. 


2. Provide metal conduit enclosures or boxes for wiring devices.  Provide and perform 
required monthly testing requirements, i.e. GFCI testing in trailers or field locations.   


H. Lighting:  Provide temporary lighting with local switching that provides adequate illumination 
for construction operations and traffic conditions.  Temporary lighting shall meet requirements 
of 29 CFR 1926 Subpart D, Table D-3.   


1. Install and operate temporary lighting that fulfills security and protection requirements 
without operating entire system. 


2. Install exterior-yard site lighting that will provide adequate illumination for construction 
operations, traffic conditions, and signage visibility when the Work is being performed. 


3. Install lighting for Project identification sign. 
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4. Site Lighting conductors shall be installed underground.  No above grade aerial 
conductors or cabling shall be allowed.   


3.3 SUPPORT FACILITIES INSTALLATION 


A. General:  Comply with the following: 


1. Locate field offices, storage sheds, sanitary facilities, and other temporary construction 
and support facilities for easy access. 


2. Provide noncombustible construction for offices, shops, and sheds located within 
construction area or within 30 feet of building lines.   


a. Comply with NFPA 241. 
b. Battelle shall approve such structure. 


3. D/B Contractor shall provide and continuously maintain weed and nuisance ground cover 
vegetation control to maintain a 35-foot fire barrier from perimeter of all field offices, 
temporary parking lots, storage sheds, laydown yards, sanitary facilities, and other 
temporary support facilities.   


4. Maintain support facilities until near Substantial Completion.  Remove before Substantial 
Completion.  Personnel remaining after Substantial Completion will be permitted to use 
permanent facilities, under conditions acceptable to Battelle. 


B. Temporary Roads and Paved Areas:  Construct and maintain temporary roads and paved areas 
adequate to support loads and to withstand exposure to traffic during construction period.  
Locate temporary roads and paved areas within construction limits indicated on Drawings.  D/B 
Contractor shall establish temporary employee and sub-tier employee parking area.  Parking 
areas and areas around and under all common-use field offices shall comply with the below. 


1. Provide a reasonably level, graded, well-drained sub-grade of satisfactory soil material, 
compacted to not less than 95 percent of maximum dry density in the top 6 inches. 


2. Provide gravel-paving course of sub-base material not less than 3 inches thick; roller 
compacted to a level, smooth, dense surface. 


3. Provide dust-control treatment that is nonpolluting and non-tracking.  Reapply treatment 
as required to minimize dust. 


C. Traffic Controls:  Provide temporary traffic controls at junction of temporary roads with public 
roads.  Include warning signs for public traffic and "STOP" signs for entrance onto public roads.  
Comply with requirements of authorities having jurisdiction. 


D. Project Identification and Temporary Signs:  Prepare Project identification and other signs in 
sizes indicated.  Include location of signage on mobilization plan submittal.  Install signs to 
inform public and persons seeking entrance to Project.  Signage shall include minimum PPE 
requirements for access to the site, and identify visitor, and vendor delivery check-in location.  
Do not permit installation of unauthorized signs.   


E. Janitorial Services:  Provide janitorial services on a daily basis for temporary offices, first-aid 
stations, toilets, wash facilities, lunchrooms, and similar areas. 
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F. Common-Use Field Office:   
1. A D/B Contractor onsite field office is required.  Sub-tier contractors may also provide 


and utilize onsite field offices as necessary.  Depict trailer layout on Mobilization Plan. 
2. D/B Contractor Field Office shall contain a conference room, with tables and chairs to 


accommodate weekly progress meetings between D/B Contractor, Designer-of-Record 
(DOR), sub-tier contractors, Battelle, and DOE.  Conference room shall accommodate 
seating for twenty (20) personnel.   


3. Provide insulated, weather tight, air-conditioned field office(s) for D/B Contractor, DOR 
Representative, and sub-tier contractor personnel engaged in construction activities.  
Field offices shall be of sufficient size to accommodate required personnel at Project site.  
The D/B Contractor shall maintain all contract original files and all files or records 
generated during performance of this contract at the project site field office.  Project 
Records shall be maintained in a manner that facilitates expedient review of the files. 


4. Coordinate with the Battelle CM for availability of space and applicable requirements for 
field office setup. 


5. Depict all temporary and/or permanent utility connections utilized to serve the field 
offices on the mobilization plan.   


6. Contractor shall not utilize onsite facilities to support other contracts without Battelle 
approval.   


7. All field offices and anticipated utility installations shall be identified on the mobilization 
plan.  All field offices shall be sited on prepared gravel subgrade.   


8. Establish designated smoking area and provide butt can receptacles compliant with 
NFPA. 


G. Storage and Fabrication Sheds:  Provide sheds sized, furnished, and equipped to accommodate 
materials and equipment involved, including temporary utility services.  Sheds may be open 
shelters or fully enclosed spaces within building or elsewhere on-site. 


H. Lifts and Hoists:  Provide facilities for hoisting materials and personnel.  Truck cranes and 
similar devices used for hoisting materials are considered "tools and equipment" and not 
temporary facilities. 


I. Existing Stair Usage:  Use of Battelle's existing stairs will be permitted, as long as stairs are 
cleaned and maintained in a condition acceptable to Battelle.  At Substantial Completion, 
restore stairs to condition existing before initial use. 


3.4 SECURITY AND PROTECTION FACILITIES INSTALLATION 


A. Perimeter Fencing:   Install a combination of orange construction fence, galvanized chain link 
fencing, and silt fencing around the construction boundary.  Orange construction fence, and 
galvanized chain link fence shall be used where specified in Part 2 – Products above.   Install in 
a manner that will prevent people, dogs, and other animals from easily entering site except by 
entrance gates. 


1. Set fence posts in compacted mixture of gravel and earth or in concrete bases. 
2. Provide gates in sizes and at locations necessary to accommodate delivery vehicles and 


other construction operations. 
3. Perimeter fencing shall be maintained in a manner to adequately secure the site and 


prevent un-intended pedestrian and vehicle access to the site.   
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B. Security Enclosure and Lockup:  Install substantial temporary enclosure around partially 
completed areas of construction.  Provide lockable entrances to prevent unauthorized entrance, 
vandalism, theft, and similar violations of security. 


C. Barricades, Warning Signs, and Lights:  Comply with standards and code requirements for 
erecting structurally adequate barricades.  Paint with appropriate colors, graphics, and warning 
signs to inform personnel and public of possible hazard.  Where appropriate and needed, 
provide lighting, including flashing red or amber lights. 
1. Orange construction fencing shall be used to control work locations outside the perimeter 


fencing boundary. 


D. Temporary Enclosures:  Provide temporary enclosures for protection of construction, in 
progress and completed, from exposure, foul weather, other construction operations, and similar 
activities.  Provide temporary weather tight enclosure for building exterior. 


1. Where heating or cooling is needed and permanent enclosure is not complete, provide 
insulated temporary enclosures.  Coordinate enclosure with ventilating and material 
drying or curing requirements to avoid dangerous conditions and effects. 


2. Vertical Openings:  Close openings of 25 sq. ft. or less with plywood or similar materials. 
3. Horizontal Openings:  Close openings in floor or roof decks and horizontal surfaces with 


load-bearing, wood-framed construction. 
4. Install fire retardant treated tarpaulins or fire retardant treated plastic sheeting securely 


using fire-retardant-treated wood framing and other materials. 
5. Where temporary wood or plywood enclosure exceeds 100 sq. ft. in area, use fire-


retardant-treated material for framing and main sheathing. 


E. Temporary Partitions:  Erect and maintain fire retardant dust control partitions and temporary 
enclosures to limit dust and dirt migration and to separate areas from fumes and noise. 


F. Temporary Fire Protection:  Until fire-protection needs are supplied by permanent facilities, 
install and maintain temporary fire-protection facilities of types needed to protect against 
reasonably predictable and controllable fire losses.  Comply with NFPA 241. 


1. Provide fire extinguishers, installed on walls on mounting brackets, visible and accessible 
from space being served, some installations may require a sign mounted above. 


a. Locate fire extinguishers where convenient and effective for their intended 
purpose; provide one 10lb. ABC dry chemical fire extinguisher for every 3000 sf 
of floor area, but not less than one extinguisher on each floor at or near each usable 
exterior entrance door and stairwell.  


b. Additional extinguishers may be needed for locations where open flame, torch 
cutting, welding or grinding operations are performed to support Hot Work. 


2. Store combustible materials in containers in fire-safe locations. 
3. Maintain unobstructed access to fire extinguishers, fire hydrants, temporary fire-


protection facilities, stairways, and other access routes for firefighting.  Prohibit smoking 
in any Battelle buildings. 


4. Supervise welding operations, combustion-type temporary heating units, and similar 
sources of fire ignition. 


5. Develop and supervise an overall fire-prevention and first-aid fire-protection program for 
personnel at Project site.  Review needs with local fire department and establish 
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procedures to be followed.  Instruct personnel in methods and procedures.  Post warnings 
and information. 


3.5 OPERATION, TERMINATION, AND REMOVAL 


A. Maintenance:  Maintain facilities in good operating condition until removal.  Protect from 
damage caused by freezing temperatures and similar elements. 


1. Maintain operation of temporary enclosures, heating, cooling, humidity control, 
ventilation, and similar facilities on a 24-hour basis where required to achieve indicated 
results and to avoid possibility of damage. 


2. Prevent water-filled piping from freezing.  Maintain markers for underground lines.  
Protect from damage during excavation operations. 


B. Temporary Facility Changeover:  Except for using permanent fire protections as soon as 
available, do not change over from using temporary security and protection facilities to 
permanent facilities until Substantial Completion. 


C. Termination and Removal:  Remove each temporary facility when need for its service has 
ended, when it has been replaced by authorized use of a permanent facility, or no later than 
Substantial Completion.  Complete or, if necessary, restore permanent construction that may 
have been delayed because of interference with temporary facility.  Repair damaged Work, 
clean exposed surfaces, and replace construction that cannot be satisfactorily repaired. 


1. Materials and facilities that constitute temporary facilities are the property of Contractor.   
2. Remove temporary paving not intended for or acceptable for integration into permanent 


paving.  Where area is intended for landscape development, remove soil and aggregate 
fill that do not comply with requirements for fill or subsoil.  Remove materials 
contaminated with road oil, asphalt and other petrochemical compounds, and other 
substances that might impair growth of plant materials or lawns.  Repair or replace street 
paving, curbs, and sidewalks at temporary entrances, as required by authorities having 
jurisdiction. 


3. At Substantial Completion, clean and renovate permanent facilities used during 
construction period.   


END OF SECTION 01 5000 
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SECTION 01 6000 


ENVIRONMENTAL, SAFETY AND HEALTH 


PART 1 - GENERAL 


1.1 D/B CONTRACTOR RESPONSIBILITY 


A. The D/B Contractor shall obtain all required permits for work to be performed.  The D/B 
Contractor shall assume full responsibility and liability for compliance with all applicable 
Codes, Standards, Regulations and Statutes pertaining to the environmental, health and safety of 
personnel during execution of the Work, and shall hold Battelle and the Government harmless 
for any action or omission on the D/B Contractor's part, or that of the D/B Contractor's 
employees or subcontractors, that results in fines, penalties, illness, injury or death. 


B. DOE-approved Worker Safety and Health Program:  The D/B Contractor shall comply with 
Battelle’s 10 CFR 851 DOE approved Safety and Health Program or submit their own 10 CFR 
851 DOE compliant program. The DB Contractor shall confirm in writing that it will adopt 
Battelle’s CESH Program as its own or submit its own 10 CFR 851 program to the Battelle 
Contracts Representative   


C. The D/B Contractor shall download and utilize the latest revision of the following referenced 
documents.  Maintain one (1) set of all relevant documents and forms at the job site for D/B 
Contractor and sub-tier personnel reference.   


 
1. The D/B contractor shall download and utilize the current revision of the CESH Manual 


located at http://www.pnnl.gov/contracts/Forms.aspx or their own compliant 10 CFR 851 
safety program.  The D/B Contractor shall maintain one (1) copy at the job site for D/B 
Contractor personnel reference.  The D/B Contractor shall flow down the requirements of 
the CESH manual or D/B safety program in all subcontracts, and purchase orders issued 
for performance of Work onsite.  D/B Contractor shall be responsible for enforcement of 
the requirements of the CESH manual or D/B Contractor safety program on all Work 
performed onsite regardless of entity performing the Work.  
 


2. Hoisting and Rigging:  D/B Contractor shall comply with requirements of the approved 
U.S. Department of Energy Standard DOE-STD-1090 Hoisting and Rigging.  The D/B 
Contractor shall download and utilize the current, approved version of DOE-STD-1090 
available at:  http://energy.gov/ehss/services/nuclear-safety/department-energy-technical-
standards-program/doe-approved-technical.  D/B Contractor shall maintain one (1) copy 
of the Hoisting and Rigging Standard at the Site for reference. 


3. Procedures and Policies:  Located at http://www.pnnl.gov/contracts/Forms.aspx 
a. Controlling Hot Work 
b. Electrical Work Safety 
c. Environment Protection 
d. Lockout/Tagout 
e. Occupational Medicine 
f. Personal Protective Equipment 
g. Prejob Planning 



http://www.pnnl.gov/contracts/Forms.aspx

http://energy.gov/ehss/services/nuclear-safety/department-energy-technical-standards-program/doe-approved-technical

http://energy.gov/ehss/services/nuclear-safety/department-energy-technical-standards-program/doe-approved-technical

http://www.pnnl.gov/contracts/Forms.aspx
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h. Program Policy 


4. Forms:  Located at http://www.pnnl.gov/contracts/Forms.aspx 
a. Class II Penetration Permit 
b. Competent Person Designation 
c. Construction Supervisor Safety Inspection Checklist 
d. Daily Excavations/Trenches Safety Inspection Checklist and Inspection Log 
e. Electrical Work Permit 
f. Fall Protection Work Plan 
g. Job Safety Analysis 
h. Lock and Tag Log sheet 
i. Lockout/Tagout Inspection Form 
j. Lockout/Tagout Safety Mastercard 
k. Lockout/Tagout Written Instruction Form 
l. Management Removal of Lock and Tag 
m. Orientation Checklist 
n. Orientation Record 
o. Battelle Contractor Employee Job Task Analysis Form 
p. Periodic Inspection Checklist 
q. Permit for Working with Open Flame, Welding, Cutting, or Grinding 
r. Prejob Safety Planning Signoff 
s. Preliminary Hazard Assessment Form 
t. Safety Meeting Sign-in Roster 
u. Scaffolds Inspection Checklist 
v. Subcontractor Electrical Worker Qualification Form 
w. Training Attendance Record  
x. Weekly Safety Meeting Agenda  


1.2 RELATED SECTION 


A. Section 01 7600 – Environmental Protection and Waste Management.  


1.3 COMPLIANCE WITH REGULATIONS 


A. References:  In addition to references in the Construction General Provisions, the following 
Codes, Standards, Regulations and Statutes designate and define hazardous materials and 
conditions and establish procedures for handling these materials and conditions.  Omission of 
any code, regulation, or statutory requirement in this section does not remove any obligation or 
legal requirement on the part of the D/B Contractor to comply with all legal requirements for 
the location of the work. 


1. Code of Federal Regulations (CFR) 
a. 10 CFR 851: Worker Safety and Health Program 
b. 10 CFR 850:  Chronic Beryllium Disease Prevention Program 
c. 29 CFR, Part 1910:  Occupational Safety and Health Administration (OSHA) 


General Industry and Health Standards. 
d. 29 CFR, Part 1926:  OSHA Construction Industry Standards. 
e. 40 CFR, Part 61:  National Emission Standards for Hazardous Air Pollutants. 
f. 40 CFR, Part 261:  Environmental Protection Agency (EPA) Characteristics of 


Hazardous Waste. 



http://www.pnnl.gov/contracts/Forms.aspx
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g. 40 CFR, Part 761, EPA Polychlorinated Biphenyls (PCBs), Manufacturing, 
Processing, Distribution in Commerce and Use Prohibitions. 


h. 40 CFR, Part 763:  EPA Asbestos. 


2. Washington Administrative Code (WAC) 
a. Chapter 296-24 WAC, General Safety and Health Standards 
b. Chapter 296-27, Record Keeping and Reporting 
c. Chapter 296-36, Safety Standards – Compressed Air 
d. Chapter 296-45, Safety Standards for Electrical Workers 
e. Chapter 296-62, General Occupational Health Standards 
f. Chapter 296-67, Safety Standards for Process Safety Management of Highly 


Hazardous Chemicals 
g. Chapter 296-155, Safety Standards for Construction Work 
h. Chapter 296-800, Safety and Health Core Rules 
i. Chapter 173-303, Dangerous Waste Regulations 


3. National Fire Protection Association (NFPA) 
a. NFPA 70, National Electric Code  
b. NFPA 70E, Standard for Electrical Safety in the Work Place  
c. NFPA 241 Standard for Safeguarding Construction Alteration and Demolition 


1.4 SUBMITTALS 


A. Letter of Confirmation: 10-word days prior to mobilization, or performance of work onsite, D/B 
Contractor shall submit a letter for Battelle approval confirming it will adopt, and flow down to 
all sub-tiers, the Battelle CESH Program as its own for performance of work onsite.   


B. Permits, Inspections, Tests, and Reports: The D/B Contractor will provide copies to Battelle for 
I/R of all permits, inspections, tests, and reports required by the Work, Codes, Standards, 
Regulations and Statutes or the Environmental Safety and Health Program. 


C. Job Safety Analysis (JSA):  10-work days prior to mobilization, or performance of work onsite, 
D/B Contractor shall submit a JSA(s) for Battelle approval that addresses work to be performed 
before commencing any work activities on Site. 


D. Heavy Equipment: Prior to mobilizing heavy equipment on Site, submit a letter stating that 
Heavy Equipment brought on site meets all applicable federal and state safety codes and has 
been inspected by a qualified person. Articulating Dump Trucks (ADT’s) must have written  
approval by Battelle. Specify if equipment is owned by D/B Contractor or rented. If rented, 
name the rental company. 


E. Declaration of Key Supervisor(s).  Key Supervisors include as a minimum the D/B Contractors 
Site Superintendent and Site Safety Supervisor.  10-work days prior to on-Site work, D/B 
Contractor shall declare its key supervisor(s) and submit for Battelle approval documentation to 
demonstrate the individuals are adequately qualified to supervise the contract Work.   


F. Crane Operator Certification:  10-work days prior to crane use onsite, submit copies for Battelle 
approval of crane operator(s) National Commission for the Certification of Crane Operators 
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(NCCCO) issued by an accredited testing agency before allowing operators to operate cranes on 
Site.  The operator certificate is valid for a five-year period. 


G. Hoisting and Rigging:  10-work days prior to use of riggers onsite, submit 
qualifications/training records for Battelle approval of individuals (rigger, signal person) that 
will be engaged in hoisting and rigging activities before allowing individuals to perform 
hoisting and rigging activities on Site. The qualification period cannot exceed a five-year 
period. 


H. Crane Assembly/Disassembly:  10-work days prior to use of crane onsite, submit for Battelle 
approval name of individual(s) who will be acting as the assembly/disassembly director and 
meets the criteria for both a competent person and qualified person. 


I. Lift Plan:  10-work days prior to initiating, submit Lift Plan(s) for Battelle approval as required 
prior to lifting.   Lift plans include; ordinary, critical, or multiple mobile cranes.   


J. Forklift Operator Qualifications: 10-work days prior to use of forklift onsite, submit 
qualifications/training records for Battelle approval of operators of forklifts prior to using 
forklifts on Site.  Each operator must be evaluated at least once every three years. 


K. Electrical Qualifications: 10-work days prior to initiation of electrical work onsite, submit a 
valid Washington State Electrician Journeyman Certificate and proof of NFPA 70E training for 
individuals performing electrical work for Battelle approval.  Retraining for NFPA 70E must 
occur every three years. Use the Activity Specific Electrical Worker Qualification Form. 


L. Steel Erection Plan/Notification of Concrete Strengths:  Five (50) work days prior to initiation 
of steel erection D/B Contractor shall provide written notification to steel erector verifying 
concrete strengths in accordance with 29 CFR 1926.752.  Submit the notification letter and 
transmittal verification to Battelle for information. Submit copies of steel erection plan 
detailing; person(s) in charge, site preparation needs, barricading and signage requirements, 
sequence of erection activity, material delivery, offloading methods, staging, and cribbing 
requirements, crane description and likely positions during erection, multi-lift requirements, 
rigging and tagging requirements, connector training, fall protection requirements, temporary 
bracing and guying requirements, anchor bolt requirements for columns and beams, anchor bolt 
modification procedure, decking, open holes in decking, hoisting and rigging training, timing of 
guard railing system once decking is complete, means and access for multi-story building, and 
welding requirements.  


M. Concrete Pump Truck Qualification:  10-work days prior to use onsite, submit copies of 
operator qualifications for Battelle approval before allowing operators to operate concrete pump 
trucks onsite.  Qualifications must meet WAC 296-155 Part O section (8)(c)(i), (ii), and (iii).  


N. Concrete Pump Truck Equipment Inspection:  Submit copies of equipment inspection meeting 
WAC 296-155 Part O section (8)(b)(xvii) before allowing concrete boom pump truck onsite. 
Equipment inspection must be conducted annually for the first 5 years and semiannually 
thereafter. 


O. Fall Protection Work Plans:  Submit copies of fall protection work plans for Battelle approval 
prior to commencing work activities that expose employees to falls 6 feet or greater.  The D/B 
Contractor shall be responsible for providing perimeter safety cables on floors as soon as the 
metal decking has been installed along with warning lines or perimeter cables once roof decking 
is complete.  Battelle requires 100% fall protection for falls 6 feet or greater during steel 
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erection activities unless approved by Battelle.  Protection for walking working surfaces shall 
commence at 4 feet.  Protection methods shall be in place prior to cutting floor openings or 
holes in metal decking.  


P. Site Safety Orientation:  10-work days prior to mobilization to site, submit copies of site safety 
orientation for Battelle approval.  The employee orientation shall discuss the following topics; 
Point of contact, employer and employee responsibilities, site speed and parking, PPE, safety 
training (ladder, scaffolding, fall protection, etc.), smoking, restrooms, first aid, accidents, 
injuries, near misses, hazardous conditions, emergency response, fire, weather, police, 
extinguisher locations, safety goals, stretch and flex, safety inspections, hazard identification 
and control.   


Q. Building Energization Plan:  10-work days prior to permanent power energization of facility, 
submit copies of means and methods to safely energize new switchboards, panelboards, motor 
control cabinets, VFD’s, and all downstream components for the first-time energization.  D/B 
Contractor shall walk down systems and obtain approval from Battelle prior to energizing 
building.  Energization plan shall include; prerequisite section, applicable locks and tags, and 
step by step procedure for energizing components.   


R. Fire Watch Personnel: 10-work days prior to initiation of onsite hot work, submit copies for 
Battelle approval of personnel who will perform fire watch duties.  To be considered a qualified 
fire watch; employees must complete hot work fire watch course 679 and documentation of 
completion for hands-on fire extinguisher training.  Names of fire watch must be posted in work 
area for Battelle review.   


1.5 KEY SUPERVISOR(s) 


A. Minimum Qualifications/Requirements 


1. Jobsite Superintendent 


a. The Jobsite Superintendent shall have a thorough knowledge of construction 
industry safety standards established by Federal and State regulations and shall 
provide documentation that they have completed OSHA 30-Hour Construction 
Safety Course within the last three years.  This individual shall have the authority 
and responsibility to identify and correct hazardous and unsafe conditions, acts and 
non-compliances. 


b. Jobsite Superintendent shall have a minimum of 10 years of experience as a 
construction superintendent responsible for supervising or managing similar size, 
scope, and complexity, of construction projects, from preconstruction through 
close-out, and working closely with owner representatives, project engineers, 
designers and contractors.   This shall be verified via submittal of current 
resume(’s) of the designated Jobsite Superintendent and their requisite approval by 
Battelle prior to NTP. 


c. The Jobsite Superintendent shall be present on site during the performance of ALL 
fieldwork to oversee and coordinate the daily work activities. The Jobsite 
Superintendent shall be identified as the designated line management 
representative responsible for D/B Contractor and sub-tier contractor’s employees 
and empowered by D/B Contractor to take immediate action to correct unsafe 
conditions/acts, and other deficiencies identified during inspections. 
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d. The Jobsite Superintendent shall ensure that the Site Safety Supervisor is fully 
engaged and empowered to oversee and implement the CESH Program 
requirements. 


2. Site Safety Supervisor 


a. Minimum 5-years’ experience as a construction site safety supervisor. 


b. Completion of OSHA 30-Hour Construction Safety course within the last three 
years 


c. Knowledge of CFR, Title 29, Part 1910, Occupational Safety and Health Standards 


d. Knowledge of CFR, Title 29, Part 1926, Safety and Health Regulations for 
Construction 


e. Knowledge of CFR, Title 10, Part 851, Worker Safety and Health Program 


f. Safety training in construction through seminars, workshops, conferences, 
educational courses, etc. 


g. The D/B Contractor’s designated Site Safety Supervisor(s) must be on site during 
the performance of ALL fieldwork and shall be responsible for oversight of D/B 
Contractor’s and sub-tier contractor’s implementation of the CESH Program.   


h. D/B Contractor’s Site Safety Supervisor(s) shall be responsible for implementation 
of the CESH Program and ensuring job-site safety requirements and procedures are 
being accomplished, to include: conducting employee training; performing safety 
inspections of work; conducting weekly safety meetings with craft and sub-tier 
employees; and providing monthly report to Battelle documenting safety activities.  
The Site Safety Supervisor will also be responsible for a continuing 
survey/trending analysis of D/B Contractor’s operations, to ensure that probable 
causes of injury and accident are controlled and the operating equipment, and 
facilities are used, inspected, and maintained as required by applicable safety and 
health regulations. 


i. The D/B Contractor’s Site Safety Supervisor shall be responsible for maintaining 
the following documents at the jobsite for Battelle review; safety inspections, 
employee orientations, employee training records, weekly and monthly safety 
meeting records, equipment inspections, and competent person designations. 


B. The Site Safety Supervisor designation and responsibilities may NOT be shared with 
responsibilities and designation of the D/B Contractor’s Jobsite Superintendent, and/or 
Construction Project Manager. 


1.6 SAFE WORK COMMUNICATION 


A. The Division 1 may provide additional information regarding special hazards such as: asbestos, 
beryllium, lead, silica, gauss field, and specialty research equipment.  The D/B contractor shall 
incorporate these facility hazards into their Job Safety Analysis along with work to be 
performed, permits, training/qualifications, special tools or materials, pre- and post-notification 
requirements, pre- and post-job meetings, system/equipment configuration and verification, 
outages, waste disposal, and environmental and/or worker safety hazards.   


B. Preconstruction Safety Meeting:  Prior to commencing construction, representatives of the D/B 
Contractor’s management, including the Jobsite Superintendent, Site Safety Supervisor, and the 
Subcontractors shall meet with Battelle to evaluate hazards associated with the Work and 
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establish ES&H standards and requirements which if properly implemented, provide adequate 
assurance that employees, the public, and the environment are protected from adverse 
consequences. 


1. The CESH Manual shall be reviewed and applicable sections pertinent to the Work shall be 
discussed. 


2. The D/B Contractor shall advise Battelle of any special safety restrictions it has established 
so that Battelle and other Project or Site personnel can be notified of these restrictions. 


3. No later than three (3) calendar days after the Preconstruction Safety Meeting, the D/B 
Contractor shall distribute minutes of the meeting to Battelle for information and record. 


4. Battelle and the D/B Contractor shall walk down the construction site prior to commencing 
work. 


C. Pre-Job Briefing:  Prior to commencing construction, and as required throughout the period of 
performance, the Battelle Construction Manager and D/B Contractor’s Job Site Superintendent 
shall conduct a pre-job briefing.  The briefing shall incorporate feedback and participation of all 
workers to confirm that all parties understand the work scope, hazards, mitigations and 
expectations.  Briefing content and attendance shall be documented and retained on site. 


1. At a minimum the initial briefing shall include: 
a. Scope of the work to be performed. 
b. Hazards associated with daily work scope and mitigation of those hazards. 
c. Required work procedures. 
d. Emergency response, including communications and actions taken to confirm that 


emergency routes remain clear throughout the job. 
e. Personnel roles, responsibilities, required training and work restrictions. 
f. Documentation administration. 


2. When any of the following conditions exist, an additional briefing shall be conducted 
along with revisions to the JSA when applicable.  Only the items or activities affected 
need be discussed. 
a. A change in area or facility conditions that may affect the safety of employees, 


public or environment. 
b. Work scope has changed from the initial briefing. 
c. Hazards or risks have changed, or additional information has become available that 


clarifies previously indeterminate or different assumptions.  
d. Personnel assignments have changed, or new personnel are added.  
e. Work has stopped long enough to create confusion when the work is resumed.  
f. Activity has stopped or has been paused for a period of greater than seven 


consecutive days.  
g. An additional briefing is requested by Battelle, the D/B Contractor or a sub-tier 


contractor. 


D. Monthly Safety Meeting:  D/B Contractor’s Site Safety Supervisor shall conduct a monthly 
meeting with D/B Contractor employees (including subcontractors) to review work hazards and 
controls, and to address particular requirements associated with work in progress and work 
upcoming.  The meeting may also be used for training to applicable requirements identified in 
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the CESH Manual.  D/B Contractor shall record minutes of the meeting and transmit to Battelle 
for information and record along with signed roster of the individuals in attendance. 


E. Weekly Safety Meeting:  Each Contractor (or Subcontractor) shall conduct a weekly safety 
meeting with their employees to review work hazards and controls, and to address particular 
requirements associated with work in progress and work upcoming.  The meeting may also be 
used for training to applicable requirements identified in the CESH Manual.  D/B Contractor 
shall record minutes of the meeting and transmit to Battelle for information and record along 
with signed roster of the individuals in attendance.   


F. Employee Orientation:  All new employees to the project shall be required to attend an initial 
orientation given by the D/B Contractor’s Site Safety Supervisor.  This orientation shall include 
the site-specific safety requirements (i.e. training, JSA, injury reporting, emergency contact 
number, etc.).  The orientation shall address minimum personal protective equipment (PPE) 
requirements for employees to perform work on site, which, at a minimum shall include; hard 
hat, safety glasses, substantial footwear, sleeved shirt, full-length pants and high visibility vests 
or clothing.  Substantial footwear is defined as; footwear made from leather or equally firm 
material, covering the ankle and excludes high heels, open toes, sandals, tennis shoes, and cloth 
footwear. 


G. Tool Box Meeting:  D/B Contractor’s Jobsite Superintendent shall conduct and document a 
daily “Tool Box” meeting to review specific work operations to be performed that day, prior to 
initiating work.  The Site Safety Supervisor shall ensure that the Job Safety Analysis adequately 
addresses the hazards and controls, and that employees possess adequate knowledge of the 
requirements to perform the work.  The daily tool box meeting shall be documented and include 
subjects discussed and documented attendance at a minimum. Retain documentation records on 
Site.  The D/B Contractor SHALL REQUIRE that ALL D/B Contractor employees, sub-tier 
contractor employees and vendors who will be performing work that day are in attendance at 
the daily tool box meeting for that day.   


H. Stretch and Flex Program:  To promote employee wellness and an injury free work environment 
the D/B Contractor shall conduct daily stretching exercises to warm up muscles and help 
prevent soft tissue injuries.  The D/B Contractor shall require that ALL sub-tier contractors 
performing work onsite shall participate in the Stretch and Flex Program.  The stretch and flex 
component should not exceed 10 minutes per day.   


I. Housekeeping:  Good housekeeping is a necessary component for maintaining a safe work 
environment in construction.  The D/B contractor is responsible for establishing and 
maintaining good housekeeping practices. Practices including developing and implementing a 
daily and weekly schedule for regular housekeeping.  Daily clean-up includes; instructing 
employees to clean-up work areas, placing trash in proper receptacles, ensuring walkways are 
free of trips, slips, poorly placed extension cords, and fall hazards.  Weekly clean-up includes; 
ensuring all trash is removed, storage areas are organized, areas are swept, extension cords are 
rolled-up. 


J. Job Safety Analysis:  All work sequences, steps and processes shall be evaluated for the hazards 
the activity presents to employees, systems, services, buildings, structures and/or the 
environment, and shall provide tools, controls and adequate training to perform such work 
safely.  D/B Contractor shall document the analysis of identified hazards and the subsequent 
worker notification and training. Dependent on the D/B Contractor’s approach to the executing 
the work items addressed in the JSA shall include as required, but not be limited to the 
following; 
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1. Barricades and Signs 
2. Fire Prevention 
3. Hazardous Materials and Communication 
4. Concrete Health Hazards (Silica) 
5. Hoisting and Rigging  
6. Fall Protection 
7. Confined Space Entry 
8. Ladders 
9. Painting 
10. Power and Hand Tools 
11. Welding and Cutting  
12. Heat/Cold Stress 
13. Personal Protective Equipment 
14. Aerial Lifts 
15. Scaffolds 
16. Lockout/Tagout 
17. Electrical Safety 
18. Stop Work Authority 
19. System Outages (utilities, fire protection, & communications) 
20. Respiratory Protection 
21. Mechanized Equipment 
22. Excavation 
23. Pressure Testing 
24. Steel Erection 
25. Abrasive Blasting 
26. Housekeeping Requirements  


K. Daily Job Safety Analysis:  Each sub-contractor foreman/superintendent is responsible for 
completing the daily JSA each morning prior to commencing work. Each worker shall 
participate in the JSA meeting.  D/B Contractor shall ensure sub-contractors are completing 
their daily JSA’s prior to working.  JSA’s shall be collected by the D/B Contractor to ensure 
completion.  


 


1.7 GENERAL TRAINING (BY D/B CONTRACTOR) 


A. The D/B Contractor is required to provide proof of training/certification for employees whose 
work/job description would require the following safety training courses.  Required training is 
dependent on the D/B Contractor’s approach to executing the work.  The training listed below is 
to be provided by the D/B Contractor, and is solely at the D/B Contractor’s expense: 
 
1. Aerial Lift Operator Training 
2. Crane Operation (NCCCO Training) 
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3. Rigging – Initial and Advanced 
4. Heavy Equipment Operation 
5. Electrical Worker Safety Training 
6. Fall Protection Training 
7. Forklift Training 
8. Scaffolding Erector 
9. Scaffolding Inspector 
10. Scaffolding User 
11. Ladder Safety 
12. Confined Space Training 
13. Powder Actuated Fastener Training 
14. Excavation Competent Person Training 
15. Hazard Communication 
16. Hot Work Fire Watch 
17. Hot Work Permit 
18. Fire Extinguisher 
19. First Aid Provider 
20. Hearing Protection 
21. Blood Borne Pathogens 
22. Personnel Protective Equipment 
23. Respiratory Protection 
24. Silica 


1.8 EMERGENCY NOTIFICATIONS 


A. Post emergency first aid information and Battelle and Hanford Site Emergency Telephone 
Numbers at the work site. 
ON-SITE Emergency (Police/Fire/Rescue/Hazmat)  ................................(509) 375-2400 


    
OFF-SITE Emergency (Police/Fire/Rescue/Hazmat) ........................................... Dial 911 


1.9 MEDICAL FIRST AID 


A. D/B Contractor shall have on-site capability to treat minor first aid, non-emergency events.  D/B 
Contractor shall be responsible to coordinate with a qualified medical provider for any required 
first line medical attention, beyond minor first aid cases.  


B. Medical Provider: The D/B Contractor will establish and provide comprehensive occupational 
medical services to its employees.  Sub-tier contractors shall be required to have the same level 
of occupational medical services for their employees.     The medical services shall include; pre-
screening, baseline data, emergency treatment, return to work (RTW) program for injured 
employees, and a case management program. 


1.10 EMERGENCY SUSPENSION OF WORK 


A. When notified of non-compliance with the safety or health provisions of the Contract, 
immediately correct the unsafe or unhealthy condition. 
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1. If the D/B Contractor fails to comply promptly, all or part of the work will be stopped by 
notice from Battelle. 


2. When, in the opinion of and by notice given by Battelle, the D/B Contractor has taken 
satisfactory corrective action, work may resume. 


3. The D/B Contractor shall not be allowed any extension of time or compensation for 
damages in connection with a work stoppage for an unsafe or unhealthy condition. 


1.11 PROTECTION OF PERSONNEL AND EQUIPMENT 


A. Take all necessary precautions to prevent injury to D/B Contractor employees, Battelle, the 
public, or damage to property of others or the environment.  The public includes all persons not 
employed by the D/B Contractor or a subcontractor. 


PART 2 - PRODUCTS (not used) 


PART 3 - EXECUTION  


3.1 EMERGENCY RESPONSE 


A. Battelle will provide emergency response for situations arising on the Site as noted in paragraph 
1.7.A above. All injuries, accidents and incidents shall be reported to Battelle’s Construction 
Manager, including fires that are extinguished without causing damage. 


3.2 INTEGRATED SAFETY MANAGEMENT 


A. Consistent with the requirements of 10 CFR 851, the D/B Contractor and each of their 
Subcontractors will plan and perform work in accordance with Integrated Safety Management 
core functions – define the scope of work, identify/analyze hazards, develop/implement hazard 
controls, perform work within controls, and provide feedback and continuous improvement at 
job task completion.  The D/B Contractor shall ensure workers participate in the ISM core 
functions and shall provide evidence of using these work planning functions upon request. 


3.3 DAILY WORK PLANNING 


A. The D/B Contractor is expected to brief all employees and subcontractor employees daily on the 
work activities and associated hazards planned for each day.  This is best accomplished by 
supervisors meeting prior to the morning pre-job briefing and coordinating and planning 
interdisciplinary work activities and then passing the information on to the general employees at 
their pre-job briefing.  Pre-job briefings shall be documented including; work activities, 
hazards, and hazard controls.  The pre-job briefing is an excellent time to provide worker 
feedback from safety observations and non-routine activities.  


B. The D/B Contractor shall develop a process to mitigate hazards associated with roof access.  All 
roofs present a fall hazard, slip, trip, or fall on the roof itself that needs to be addressed daily.  
The process shall cover the inspection of existing fall protection systems (i.e. warning lines, 
guardrails, or need for fall protection) and weather conditions (i.e. snow, ice, frost, high winds) 
that could impact the safety of workers before granting roof access.   
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3.4 EXCAVATION  


A. Daily inspections of excavation, the adjacent areas, and protective systems will be made by a 
competent person for evidence of a situation that could result in possible cave-ins, indications of 
failure of protective systems, hazardous atmospheres, or other hazardous conditions. An 
inspection shall be conducted by the competent person prior to the start of work and as needed 
throughout the shift. Inspections must also be made after every rainstorm or other hazard-
increasing occurrence if employee exposure can be reasonably anticipated.  


B. The location of utility installations, such as sewer, telephone, fuel, electric, water lines, or any 
other underground installations that reasonably may be expected to be encountered during 
excavation work, must be located prior to performing excavation work. Obtain an excavation 
permit from Battelle’s Construction Manager. 


C. The exact location(s) of the underground utilities must be determined by safe and acceptable 
means.  


D. Field markings that identify utility locations must be maintained throughout excavation 
activities.   


E. Excavate by hand within a 5-foot radius of a known or suspected underground utility. Use a 
non-conductive shovel or vacuum-excavation within a 5-foot radius of an energized, direct-
buried cable. Wear protective, insulated gloves, rated for the potential voltage when working 
near energized cables.  


F. While the excavation is open, the underground utilities must be protected, supported, or 
removed as necessary.  


G. The area of the excavation shall be appropriately barricaded and controlled to prevent 
unauthorized or inadvertent access.  Barricades in pedestrian areas may include orange 
construction fencing or up to chain link fencing as required by Battelle.  


3.5 SAFETY INSPECTIONS 


A. Daily Safety Inspection:  The D/B Contractor Site Safety Supervisor shall document a daily 
walk-through safety inspection. 


B. Weekly Safety Inspection:  The D/B Contractor and its subcontractors shall conduct a weekly 
work site safety inspection. Participants for the walk-through include the Site Safety Supervisor, 
Jobsite Superintendent, other Subcontractor management and representative craft employees.  
Schedule and provide notification such that the Battelle Construction Manager may participate. 


3.6 WORKER SAFETY – WEATHER CONDITIONS 


A. To insure worker safety, work or portions of work may be temporarily and incrementally shut 
down due to high winds, lighting, or other inclement weather as determined by Battelle. D/B 
Contractor will not be additionally compensated in terms of cost or schedule for weather related 
shutdowns.  Battelle will issue weather warnings via radio, email, telephone, public 
announcement, or in person.  The D/B Contractor shall ensure that all D/B Contractor and 
subcontractor personnel are apprised of the warnings and take the required actions as stated 
below.  
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1. Contact 375-2124 and/or monitor local radio stations for inclement weather closure and 
delay information before reporting to site.  During inclement weather delay or closure 
conditions the D/B Contractor shall not proceed with the work without authorization by the 
Construction Manager. 


2. Sustained winds greater than 15 mph – the necessity for crane operations will be closely 
scrutinized by qualified person and D/B Contractor’s Safety Representative.  


3. Sustained winds greater than 25 mph and/or gusts greater than 40 mph – all crane activities 
must cease and be secured.  All loose outdoor material shall be secured. The D/B 
Contractor’s safety representative shall evaluate work on roofs or elevated work surfaces 
before continuing.  All personnel working outdoors are required to wear safety goggles.  
Depending on dust hazards, work may be stopped. Personnel may be directed to shelter. 


4. Sustained winds greater than 30 mph and/or gusts greater than 45 mph – all outdoor work 
activities may be stopped.  Personnel may be directed to shelter. 


5. Sustained winds greater than 50 mph – all outdoor work activities will be stopped.  Any 
activity to secure work for safety purposes must be approved by Battelle and D/B 
Contractor’s Safety Representative.  Personnel will be directed to shelter.  Site closure may 
be implemented, and all work activities ceased. 


6. Thunderstorm/lighting advisory based on lighting activity within a 30-mile radius of the 
Site – D/B Contractor and Subcontractor personnel shall not work on roofs or elevated 
surfaces. Personnel shall stay away from equipment such as drilling rigs, cranes, boom 
trucks, or elevated work platforms.  These protective measures shall remain in place until 
Battelle cancels the warning. PNNL Weather Station 373-2716 can provide information 
related to lighting advisory. 


7. D/B Contractor shall be responsible to provide snow/ice removal and ensure safe walking 
and transfer conditions for walkways, roofs, scaffolds, and access points around all Site 
offices and work areas and the job-site within the project boundaries.  Safe walkways and 
access points must be provided before releasing work for the day.   


8. In response to winter storm conditions, Battelle may close the Site.  If so, Battelle will 
make appropriate announcements and coordinate closures or early dismissals.    


3.7 HOISTING AND RIGGING/LOAD HANDLING ACTIVITIES  


A. D/B Contractor shall comply with requirements of the approved U.S. Department of Energy 
Standard DOE-STD-1090 Hoisting and Rigging and ASME P30 Planning for Load Handling 
Activities. 


B. Lift Plan Determination:  Battelle will make determinations as to when a “lift” requires a “Lift 
Plan”.  A lift would require a Lift Plan under any of the following circumstances: 


1. If the item being lifted were to be damaged or upset, it could result in a release of 
hazardous material to the environment which would exceed the established Permissible 
Environmental Limits (PEL). 


2. The item being lifted is unique and, if damaged, would be irreplaceable or not repairable 
and is vital to a system, facility, or project operation. 
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3. The cost to replace or repair the item being lifted, or the delay in operations of having the 
item damaged would have a negative impact on facility, organizational, or budget to the 
extent that it would affect program commitments. 


4. The item, although non-critical, is to be lifted above or in close proximity to a critical item 
or component. 


5. The load being lifted is 95% or more of a crane’s chart rating for the maximum radius that 
will be experienced. 


6. Two mobile cranes are lifting the load and the load share equals more than 70% of one 
crane’s chart rating for the maximum radius that will be experienced.  


7. To ensure safe working conditions, Battelle may determine that any lift could require a Lift 
Plan. 


C. Load Handling Review Consideration shall include: 
 
1. Potential Hazards to Persons. 
 
2. Hazards in Proximity to Work Area. 


 
3. Complexity of Load Handling Activity 


 
4. Adverse Impact from Environmental Conditions 


 
5. Loading Handling Equipment and Rigging Capacity and/or Performance 


3.8 HAZARDOUS SUBSTANCES 


1. Silica:  Work activities involving exposure to crystalline silica containing building 
products are present and considered a foreseeable respiratory hazard during construction.  
The D/B Contractor and its sub-tiers shall follow requirements found in section 31 of the 
CESH manual for controlling respirable crystalline silica.  Battelle enforces the 2016 
ACGIH TLV of 25 µg/m3 for controlling respirable crystalline silica.  


2. Welding Fumes:  Contractors shall evaluate welding fumes and identify control measures 
using the Job Safety Analysis (JSA) process outlined in section 8.4.  Welding fumes need 
to be assessed by type of metal along with a number of variables when determining 
control measures such as: weld type, welder setting, base and core/electrode metal, flux 
coating, work rate, body positioning, location, which all affect the fume generation and 
ability of fumes to enter the worker’s breathing zone.   


Special emphasis on welding fume constituents, such as manganese, chromium, nickel, 
cadmium, due to either extremely low exposures limits and recent declaration as 
carcinogenic and must be a point of emphasis when evaluating welding tasks. Various 
metals have independent standards that govern their use, for instance hexavalent 
chromium/nickel associated with stainless steel, manganese/iron oxide with mild steel, 
and zinc oxide fumes with galvanized steel.  Other considerations associated with 
welding include hot work permitting, UV, noise, gases, (ozone, NOx, CO) and material 
coatings.  Coatings shall be removed 4 inches on all sides of weld location. 
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Welding related exposures are tied to many variables, PNNL is requiring contractors to 
provide details of each welding task and when requested provide objective exposure data. 


1. COVID-19 Control Plan:  D/B Contractor shall develop a COVID-19 exposure control, 
mitigation, and recovery plan.  The plan shall include policies regarding; Covid-19 site 
supervisor, safety training, social distancing, PPE, sanitation/cleanliness, employee 
health/symptoms monitoring, job site visitor requirements, incident reporting, site 
decontamination procedures, and project recovery plan.  The D/B Contractor shall use the 
following resources to develop their COVID-19 Plan; State of Washington, Centers for 
Disease Control and Prevention (CDC), OSHA Guidance on Preparing Workplaces for 
COVID-19, Benton-Franklin Health District, and PNNL subcontractor COVID-19 
checklist. 


 


END OF SECTION 01 6000 
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SECTION 01 7000 


ENGINEERING, LAYOUT AND INSTALLATION 


PART 1 - GENERAL 


1.1 SUMMARY   


A. This Section includes general procedural requirements governing execution of the Work 
including, but not limited to, the following: 


1. Submittals 
2. Quality Assurance 
3. Examination 
4. Preparation 
5. Construction layout 
6. Field engineering 
7. Installation  


1.2 SUBMITTALS 


A. Qualification Data:  For Land Surveyor / Professional Engineer to demonstrate their capabilities 
and experience for Battelle approval.  Include lists of completed projects with project names 
and addresses, names and addresses of architect and owner, and other information specified. 


B. Certificates:  Submit certificate signed by Land Surveyor / Professional Engineer certifying that 
location and elevation of improvements comply with requirements. 


C. City of Richland (COR) Utility and Waterline Easements:  Submit two (2) copies of the final 
COR Utility and Waterline easement surveys and legal descriptions signed by Land Surveyor / 
Professional Engineer. Provide electronic file in AutoCAD    


D. Final Property Survey (As-Built):  Submit two (2) copies of the final as built survey with final 
locations and elevations of buried utilities, vaults, valves, final roadway centerline and 
elevation, building pad elevations, and site improvements signed by Land Surveyor / 
Professional Engineer. Provide electronic file in AutoCAD 


1.3 QUALITY ASSURANCE 


A. Land Surveyor Qualifications:  A professional land surveyor who is legally qualified to practice 
in jurisdiction where Project is located and who is experienced in providing land-surveying 
services of the kind indicated. 


PART 2 - PRODUCTS (Not Used) 
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PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Existing Conditions:  The existence and location of site improvements, utilities, and other 
construction indicated as existing are not guaranteed.  Before beginning work, investigate and 
verify the existence and location of mechanical and electrical systems and other construction 
affecting the Work. 


1. Before construction, verify the location and points of connection of utility services. 


B. Existing Utilities:  The existence and location of utilities and construction indicated as existing 
are not guaranteed.  Before beginning site-work, investigate and verify the existence and 
location of utilities and other construction affecting the Work. 


1. Before construction, verify the location and invert elevation at points of connection of 
sanitary sewer, storm sewer, and water-service piping; and underground electrical 
services. 


2. Furnish location data for work related to Project that must be performed by public 
utilities serving Project site. 


C. Acceptance of Conditions:  Examine substrates, areas, and conditions, with Installer or 
Applicator present where indicated, for compliance with requirements for installation tolerances 
and other conditions affecting performance.  Record observations. 


1. Written Report:  Where a written report listing conditions detrimental to performance of 
the Work is required by other Sections, include the following: 


a. Description of the Work. 
b. List of detrimental conditions, including substrates. 
c. List of unacceptable installation tolerances. 
d. Recommended corrections. 


2. Verify compatibility with and suitability of substrates, including compatibility with 
existing finishes or primers. 


3. Examine roughing-in for mechanical and electrical systems to verify actual locations of 
connections before equipment and fixture installation. 


4. Examine walls, floors, and roofs for suitable conditions where products and systems are 
to be installed. 


5. Proceed with installation only after unsatisfactory conditions have been corrected. 


6. Proceeding with the Work indicates acceptance of surfaces and conditions. 


3.2 PREPARATION 


A. Existing Utility Information:  Furnish information to Battelle that is necessary to adjust, move, 
or relocate existing utility structures, utility poles, lines, services, or other utility appurtenances 
located in or affected by construction.  Coordinate with authorities having jurisdiction. 







S785272-SPEC-01  06/2020 
Rev. 1 GRID STORAGE LAUNCHPAD (GSL) 
 


ENGINEERING, LAYOUT and INSTALLATION 01 7000 - 3 


B. Service Interruptions:  Do not interrupt utilities serving facilities occupied by Battelle or others 
unless permitted under the following conditions and then only after arranging to provide 
temporary utility services according to requirements indicated: 


1. Notify Battelle not less than five (5) working days in advance of proposed utility 
interruptions. 


2. Do not proceed with utility interruptions without Battelle’s written permission. 


C. Field Measurements:  Take field measurements as required to fit the Work properly.  Recheck 
measurements before installing each product.  Where portions of the Work are indicated to fit to 
other construction, verify dimensions of other construction by field measurements before 
fabrication.  Coordinate fabrication schedule with construction progress to avoid delaying the 
Work. 


D. Space Requirements:  Verify space requirements and dimensions of items shown 
diagrammatically on Drawings. 


E. Review of Contract Documents and Field Conditions:  Immediately on discovery of the need for 
clarification of the Contract Documents, submit a Request for Information to Battelle.  Include a 
detailed description of problem encountered, together with recommendations for changing the 
Contract Documents. 


3.3 CONSTRUCTION LAYOUT 


A. Verification:  Before proceeding to lay out the Work, verify layout information shown on 
Drawings, in relation to the property survey and existing benchmarks.  If discrepancies are 
discovered, notify Battelle promptly. 


B. General:  D/B Contractor shall use accepted surveying practices.   


1. Establish benchmarks and control points to set lines and levels at each story of 
construction and elsewhere as needed to locate each element of Project. 


2. Establish dimensions within tolerances indicated.  Do not scale Drawings to obtain 
required dimensions. 


3. Inform installers of lines and levels to which they must comply. 
4. Check the location, level and plumb, of every major element as the Work progresses. 
5. Notify Battelle when deviations from required lines and levels exceed allowable 


tolerances. 
6. Close site surveys with an error of closure equal to or less than the standard established 


by authorities having jurisdiction. 


C. Site Improvements:  Locate and lay out site improvements, including pavements, grading, fill 
and topsoil placement, utility slopes, and invert elevations. 


D. Building Lines and Levels:  Locate and lay out control lines and levels for structures, building 
foundations, column grids, and floor levels, including those required for mechanical and 
electrical work.  Transfer survey markings and elevations for use with control lines and levels.  
Level foundations and piers from two or more locations. 
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E. Record Log:  Maintain a log of layout control work.  Record deviations from required lines and 
levels.  Include beginning and ending dates and times of surveys, weather conditions, name and 
duty of each survey party member, and types of instruments and tapes used.  Make the log 
available for reference by Battelle. 


3.4 FIELD ENGINEERING 


A. Identification:  D/B Contractor shall identify existing benchmarks, control points, and property 
corners. 


B. Reference Points:  Locate existing permanent benchmarks, control points, and similar reference 
points before beginning the Work.  Preserve and protect permanent benchmarks and control 
points during construction operations. 


1. Do not change or relocate existing benchmarks or control points without prior written 
approval of Battelle.  Report lost or destroyed permanent benchmarks or control points 
promptly.  Report the need to relocate permanent benchmarks or control points to Battelle 
before proceeding. 


2. Replace lost or destroyed permanent benchmarks and control points promptly.  Base 
replacements on the original survey control points. 


C. Benchmarks:  Establish and maintain a minimum of two (2) permanent benchmarks on Project 
site, referenced to data established by survey control points.  Comply with authorities having 
jurisdiction for type and size of benchmark. 


1. Record benchmark locations, with horizontal and vertical data, on Project Record 
Documents. 


2. Where the actual location or elevation of layout points cannot be marked, provide 
temporary reference points sufficient to locate the Work. 


3. Remove temporary reference points when no longer needed.  Restore marked 
construction to its original condition. 


D. City of Richland Utility and Waterline Easements:  Prepare a final COR Utility Easement 
survey, and legal description, and a separate Waterline Easement and legal description showing 
easement boundary lines, and centerline for all COR utilities (e.g., water, sewer, power).  
Include on the survey and legal description a certification, signed by Land Surveyor / 
Professional Engineer, that principal metes, bounds, lines, and levels of Project are accurately 
positioned as shown on the survey and as described in the legal description. 


E. Final Property Survey (As-Built):  Prepare a final property survey showing significant features 
(real property) for Project.  Include on the survey a certification, signed by Land Surveyor / 
Professional Engineer, that principal metes, bounds, lines, and levels of Project are accurately 
positioned as shown on the survey.  Provide electronic file in AutoCAD. 


1. Show boundary lines, monuments, streets, site improvements and utilities, existing 
improvements and significant vegetation, adjoining properties, acreage, grade contours, 
and the distance and bearing from a site corner to a legal point. 
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F. Recording:  At Substantial Completion, D/B Contractor shall have the final property survey 
recorded by or with authorities having jurisdiction as the official "property survey." 


3.5 INSTALLATION 


A. General:  Locate the Work and components of the Work accurately, in correct alignment and 
elevation, as indicated. 
1. Make vertical work plumb and make horizontal work level. 
2. Where space is limited, install components to maximize space available for maintenance 


and ease of removal for replacement. 
3. Conceal pipes, ducts, and wiring in finished areas, unless otherwise indicated. 
4. Maintain minimum headroom clearance of (8 feet) in spaces without a suspended ceiling. 


B. Comply with manufacturer's written instructions and recommendations for installing products in 
applications indicated. 


C. Install products at the time and under conditions that will ensure the best possible results.  
Maintain conditions required for product performance until Substantial Completion. 


D. Conduct construction operations so no part of the Work is subjected to damaging operations or 
loading in excess of that expected during normal conditions of occupancy. 


E. Tools and Equipment:  Do not use tools or equipment that produce harmful noise levels. 


F. Anchors and Fasteners:  Provide anchors and fasteners as required to anchor each component 
securely in place, accurately located and aligned with other portions of the Work. 


1. Mounting Heights:  Where mounting heights are not indicated, mount components at 
heights directed by Battelle. 


2. Allow for building movement, including thermal expansion and contraction. 


G. Joints:  Make joints of uniform width.  Where joint locations in exposed work are not indicated, 
arrange joints for the best visual effect.  Fit exposed connections together to form hairline joints. 


END OF SECTION 01 7000 
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SECTION 01 7310 


CUTTING AND PATCHING 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This Section includes procedural requirements for cutting and patching within existing Battelle 
facilities or utility systems, and within the GSL facility.   


1.2 DEFINITIONS 


A. Cutting:  Removal of existing construction necessary to permit installation or performance of 
other Work. 


B. Patching:  Fitting and repair work required to restore surfaces to original conditions after 
installation of other Work. 


1.3 SUBMITTALS 


A. Cutting and Patching Proposal:  Submit a proposal for Battelle approval describing procedures 
at least 10 workdays before the time cutting and patching will be performed, requesting 
approval to proceed.  Include the following information: 


1. Extent:  Describe cutting and patching, show how they will be performed, and indicate 
why they cannot be avoided. 


2. Changes to Existing Construction:  Describe anticipated results.  Include changes to 
structural elements and operating components as well as changes in building's appearance 
and other significant visual elements. 


3. Products:  List products to be used and firms or entities that will perform the Work. 
4. Dates:  Indicate when cutting and patching will be performed. 


5. Utilities:  List utilities that cutting and patching procedures will disturb or affect.  List 
utilities that will be relocated and those that will be temporarily out of service.  Indicate 
how long service will be disrupted. 


6. Structural Elements:  Where cutting and patching involve adding reinforcement to 
structural elements, submit details and engineering calculations showing integration of 
reinforcement with original structure. 


7. Battelle Approval:  Obtain approval of cutting and patching proposal before cutting and 
patching.  Approval does not waive right to later require removal and replacement of 
unsatisfactory work. 


a. SUBSURFACE SCAN.  The D/B Contractor shall perform a subsurface scan of 
concrete walls and floors using penetrating radar, a minimum of two (2) feet each 
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direction from the planned edge of the penetration.  D/B Contractor shall document 
the location of all items detected during the scan and shall not proceed without 
Battelle direction when obstructions are identified within twelve (12 inches) of the 
planned edge of the penetration. 


1.4 QUALITY ASSURANCE 


A. Structural Elements:  Do not cut and patch structural elements in a manner that could change 
their load-carrying capacity or load-deflection ratio. 


1. Rebar 
2. Concrete foundations 
3. Structural Steel 
4. Elevated slabs 
5. Pan decking 


B. Operational Elements:  Do not cut and patch operating elements and related components in a 
manner that results in reducing their capacity to perform as intended or that results in increased 
maintenance or decreased operational life or safety. 


1. Primary operational systems and equipment. 
2. Air or smoke barriers. 
3. Fire-protection systems. 
4. Control systems. 
5. Communication systems. 
6. Conveying systems. 
7. Electrical wiring systems. 
8. Operating systems of special construction.   


C. Miscellaneous Elements:  Do not cut and patch the following elements or related components in 
a manner that could change their load-carrying capacity, that results in reducing their capacity 
to perform as intended, or results in increased maintenance or decreased operational life or 
safety. 


1. Water, moisture, or vapor barriers. 
2. Membranes and flashings. 
3. Exterior curtain-wall construction. 
4. Equipment supports. 
5. Piping, ductwork, vessels, and equipment. 
6. Noise- and vibration-control elements and systems. 


D. Visual Requirements:  Do not cut and patch construction in a manner that results in visual 
evidence of cutting and patching.  Do not cut and patch construction exposed on the exterior or 
in occupied spaces in a manner that would, in Battelle's opinion, reduce the building's aesthetic 
qualities.  Remove and replace construction that has been cut and patched in a visually 
unsatisfactory manner. 


1. If possible, retain original Installer or fabricator to cut and patch exposed Work listed 
below.  If it is impossible to engage original Installer or fabricator, engage another 
recognized, experienced, and specialized firm. 







S785272-SPEC-01  06/2020 
Rev. 1 GRID STORAGE LAUNCHPAD (GSL) 
 


CUTTING AND PATCHING 01 7310 - 3 


a. Processed concrete finishes. 
b. Stonework and stone masonry. 
c. Ornamental metal. 
d. Matched-veneer woodwork. 
e. Preformed metal panels. 
f. Roofing. 
g. Firestopping. 
h. Window wall system. 
i. Stucco and ornamental plaster. 
j. Flooring. 
k. Fluid-applied flooring. 
l. Aggregate wall coating. 
m. Wall covering. 
n. HVAC enclosures, cabinets, or covers. 


E. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties involved 
in cutting and patching, including mechanical and electrical trades.  Review areas of potential 
interference and conflict.  Coordinate procedures and resolve potential conflicts before 
proceeding. 


1.5 WARRANTY 


A. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or damaged 
during cutting and patching operations, by methods and with materials so as not to void existing 
warranties. 


PART 2 - PRODUCTS 


2.1 MATERIALS 


A. General:  Comply with requirements specified in other Sections of these Specifications. 


B. Existing Materials:  Use materials identical to existing materials.  For exposed surfaces, use 
materials that visually match existing adjacent surfaces to the fullest extent possible. 


1. If identical materials are unavailable or cannot be used, use materials that, when installed, 
will match the visual and functional performance of existing materials. 


PART 3 - EXECUTION 


3.1 EXAMINATION AND SCANNING 


A. Examine surfaces to be cut and patched and conditions under which cutting and patching are to 
be performed. 
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1. Scanning: Prior to drilling or cutting perform GPR scan of building systems for conduit, 
structural reinforcement and other systems. 


2. Compatibility:  Before patching, verify compatibility with and suitability of substrates, 
including compatibility with existing finishes or primers. 


3. Proceed with installation only after unsafe or unsatisfactory conditions have been 
corrected. 


3.2 PREPARATION 


A. Temporary Support:  Provide temporary support of Work to be cut. 


B. Protection:  Protect existing construction during cutting and patching to prevent damage.  
Provide protection from adverse weather conditions for portions of Project that might be 
exposed during cutting and patching operations. 


C. Adjoining Areas:  Avoid interference with use of adjoining areas or interruption of free passage 
to adjoining areas. 


D. Existing Services:  Where existing services are required to be removed, relocated, or 
abandoned, bypass such services before cutting to avoid interruption of services to occupied 
areas. 


3.3 PERFORMANCE 


A. General:  Employ skilled workers to perform cutting and patching.  Proceed with cutting and 
patching at the earliest feasible time, and complete without delay. 


1. Cut existing construction to provide for installation of other components or performance 
of other construction, and subsequently patch as required to restore surfaces to their 
original condition. 


B. Cutting:  Cut existing construction by sawing, drilling, breaking, chipping, grinding, and similar 
operations, including excavation, using methods least likely to damage elements retained or 
adjoining construction.  If possible, review proposed procedures with original Installer; comply 
with original Installer's written recommendations. 


1. In general, use hand or small power tools designed for sawing and grinding, not 
hammering and chopping.  Cut holes and slots as small as possible, neatly to size 
required, and with minimum disturbance of adjacent surfaces.  Temporarily cover 
openings when not in use. 


2. Existing Finished Surfaces:  Cut or drill from the exposed or finished side into concealed 
surfaces. 


3. Concrete and/or Masonry:  Cut using a cutting machine, such as an abrasive saw or a 
diamond-core drill. 


4. Excavating and Backfilling:  Comply with requirements in applicable Division 2 Sections 
where required by cutting and patching operations. 
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5. Mechanical and Electrical Services:  Cut off pipe or conduit in walls or partitions to be 
removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent 
entrance of moisture or other foreign matter after cutting. 


6. Proceed with patching after construction operations requiring cutting are complete. 


C. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar operations 
following performance of other Work.  Patch with durable seams that are as invisible as 
possible.  Provide materials and comply with installation requirements specified in other 
Sections of these Specifications. 


1. Inspection:  Where feasible, test and inspect patched areas after completion to 
demonstrate integrity of installation. 


2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish 
restoration into retained adjoining construction in a manner that will eliminate evidence 
of patching and refinishing. 


3. Floors and Walls:  Where walls or partitions that are removed extend one finished area 
into another, patch and repair floor and wall surfaces in the new space.  Provide an even 
surface of uniform finish, color, texture, and appearance.  Remove existing floor and wall 
coverings and replace with new materials, if necessary, to achieve uniform color and 
appearance. 


a. Where patching occurs in a painted surface, apply primer and intermediate paint 
coats over the patch and apply final paint coat over entire unbroken surface 
containing the patch.  Provide additional coats until patch blends with adjacent 
surfaces. 


4. Ceilings:  Patch, repair, or rehang existing ceilings as necessary to provide an even-plane 
surface of uniform appearance. 


5. Exterior Building Enclosure:  Patch components in a manner that restores enclosure to a 
weather tight condition. 


END OF SECTION 01 7310 
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SECTION 01 7320 


SELECTIVE DEMOLITION 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This Section includes the following: 
1. Definitions 
2. Material Ownership 
3. Submittals  
4. Quality Assurance 
5. Project Conditions 
6. Warranty 
7. Examination 
8. Utility Services and Mechanical/Electrical Systems 
9. Preparation 
10. Selective Demolition; General 
11. Selective Demolition Procedures for Specific Materials 
12. Disposal of Demolished Materials 
13. Cleaning 


1.2 DEFINITIONS 


A. Remove:  Detach items from existing construction and legally dispose of them off-site, unless 
indicated to be removed and salvaged or removed and reinstalled. 


B. Remove and Salvage:  Detach items from existing construction and deliver them to Battelle. 


C. Remove and Reinstall:  Detach items from existing construction, prepare them for reuse, and 
reinstall them where indicated. 


D. Existing to Remain:  Existing items of construction that are not to be removed and that are not 
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled. 


1.3 MATERIALS OWNERSHIP 


A. Historic and/or culturally significant items, relics, and similar objects including, but not limited 
to, cornerstones and their contents, commemorative plaques and tablets, Native American; 
artifacts, bones, tools, etc., antiques, and other items of historical or cultural interest or value to 
Battelle that may be encountered during selective demolition remain Battelle's property.  
Carefully remove and salvage each item or object in a manner to prevent damage and deliver 
promptly to Battelle. 
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1. Coordinate with Battelle's archaeologist, who will establish special procedures for 
removal and salvage. 


B. All materials and equipment except as specified elsewhere shall be retained by the D/B 
Contractor for disposal and recycling. 


1.4 SUBMITTALS 


A. Qualification Data:  Submit qualifications for Battelle approval of demolition firm. 


B. Inventory:  After selective demolition is complete, submit a list of items that have been removed 
and salvaged. 


1.5 QUALITY ASSURANCE 


A. Demolition Firm Qualifications:  An experienced firm that has specialized in demolition work 
similar in material and extent to that indicated for this Project. 


B. Regulatory Requirements:  Comply with governing EPA notification regulations before 
beginning selective demolition.  Comply with hauling and disposal regulations of authorities 
having jurisdiction. 


C. Standards:  Comply with ANSI A10.6 and NFPA 241. 


D. Pre-demolition Conference:  Conduct conference at Project site to comply with requirements in 
Division 01.  Review methods and procedures related to selective demolition including, but not 
limited to, the following: 


1. Inspect and discuss condition of construction to be selectively demolished. 
2. Review structural load limitations of existing structure. 
3. Review and finalize selective demolition schedule and verify availability of materials, 


demolition personnel, equipment, and facilities needed to make progress and avoid 
delays. 


4. Review requirements of work performed by other trades that rely on substrates exposed 
by selective demolition operations. 


5. Review areas where existing construction is to remain and requires protection. 


1.6 PROJECT CONDITIONS 


A. Battelle will occupy the Energy Sciences Capability (ESC) building immediately adjacent to 
selective demolition area.  Conduct selective demolition so Battelle's operations will not be 
disrupted. 


1. Comply with requirements specified in Division 01 Section 01 1000 Summary of Work.   


B. Conditions existing at time of inspection for bidding purpose will be maintained by Battelle as 
far as practical. 
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1. Before selective demolition, Battelle will remove the following items: 


a. None.   


C. Notify Battelle of discrepancies between existing conditions and Drawings before proceeding 
with selective demolition. 


D. Hazardous Materials:  Hazardous materials may be present in construction to be selectively 
demolished. 


1. Hazardous materials, or items suspected of containing hazardous materials, shall be 
handled and disposed of in strict accordance with Section 01 7600 Environmental 
Protection and Waste Management.   


2. Refrigerant and refrigerant contaminated oils will be removed by Battelle. 
3. If known or suspected hazardous materials are unexpectedly discovered do not disturb.  


Immediately contact the Construction Manager for direction.  Do not proceed with the 
work. 


E. Storage or sale of removed items or materials on-site is not permitted. 


F. Utility Service:  Maintain existing utilities and building systems indicated to remain in service 
and protect them against damage during selective demolition operations. 


1. Maintain fire-protection facilities in service during selective demolition operations. 
2. Outages of fire-protection facilities necessary for demolition of specific items may be 


scheduled by contacting the Battelle 5 days in advance of needed outage.   


1.7 WARRANTY 


A. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or damaged 
during selective demolition, by methods and with materials so as not to void existing warranties. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Verify that utilities have been disconnected and capped. 


B. Survey existing conditions and correlate with requirements indicated to determine extent of 
selective demolition required. 


C. Inventory and record the condition of items to be removed and reinstalled and items to be 
removed and salvaged. 
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D. When unanticipated mechanical, electrical, or structural elements that conflict with intended 
function or design are encountered, investigate and measure the nature and extent of conflict.  
Promptly submit a written report to Battelle. 


E. Survey of Existing Conditions:  Record existing conditions by use of Survey, measured 
drawings, and use of pre-construction photographs.   


1. Comply with requirements specified in Division 01 Section 01 3200 Progress 
Documentation.   


2. Before selective demolition or removal of existing building elements that will be 
reproduced or duplicated in final Work, make permanent record of measurements, 
materials, and construction details required to make exact reproduction. 


F. As the Work progresses implement controls to prevent hazards resulting from selective 
demolition activities. 


3.2 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS 


A. Existing Services/Systems:  Maintain services/systems indicated to remain and protect them 
against damage during selective demolition operations. 


1. Comply with requirements for existing services/systems isolations/outages specified in 
Division 01 Section 1000 Summary of Work. 


B. Service/System Requirements:  Locate, identify, disconnect, and seal or cap off indicated utility 
services and mechanical/electrical systems serving areas to be selectively demolished. 


1. Battelle will arrange to shut off indicated services/systems when requested by D/B 
Contractor. 


2. Arrange to shut off indicated utilities with utility companies and/or City of Richland. 
3. If services/systems are required to be removed, relocated, or abandoned, before 


proceeding with selective demolition provide temporary services/systems that bypass 
area of selective demolition and that maintain continuity of services/systems to other 
parts of building. 


4. Cut off pipe or conduit in walls or partitions to be removed.  Cap, valve, or plug and seal 
remaining portion of pipe or conduit after bypassing. 


a. Where entire wall is to be removed, existing services/systems may be removed 
with removal of the wall. 


3.3 PREPARATION 


A. Site Access and Temporary Controls:  Conduct selective demolition and debris-removal 
operations to ensure minimum interference with roads, streets, walks, walkways, and other 
adjacent occupied and used facilities. 


1. Comply with requirements for access and protection specified in Division 01 Section 
5000 Temporary Facilities and Controls. 
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B. Temporary Facilities:  Provide temporary barricades and other protection required to prevent 
injury to people and damage to adjacent buildings and facilities to remain. 


1. Provide protection to ensure safe passage of people around selective demolition area and 
to and from occupied portions of building. 


2. Provide temporary weather protection, during interval between selective demolition of 
existing construction on exterior surfaces and new construction, to prevent water leakage 
and damage to structure and interior areas. 


3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are 
exposed during selective demolition operations. 


4. Cover and protect furniture, furnishings, and equipment that have not been removed. 
5. Comply with requirements for temporary enclosures, dust control, heating, and cooling 


specified in Division 01 Section 5000 Temporary Facilities and Controls. 


C. Temporary Shoring:  Provide and maintain shoring, bracing, and structural supports as required 
to preserve stability and prevent movement, settlement, or collapse of construction and finishes 
to remain, and to prevent unexpected or uncontrolled movement or collapse of construction 
being demolished. 


1. Strengthen or add new supports when required during progress of selective demolition. 


3.4 SELECTIVE DEMOLITION, GENERAL 


A. General:  Demolish and remove existing construction only to the extent required by new 
construction and as indicated.  Use methods required to complete the Work within limitations of 
governing regulations and as follows: 


1. Proceed with selective demolition systematically, from higher to lower level.  Complete 
selective demolition operations above each floor or tier before disturbing supporting 
members on the next lower level. 


2. Neatly cut openings and holes plumb, square, and true to dimensions required.  Use 
cutting methods least likely to damage construction to remain or adjoining construction.  
Use hand tools or small power tools designed for sawing or grinding, not hammering and 
chopping, to minimize disturbance of adjacent surfaces.  Temporarily cover openings to 
remain. 


3. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring 
existing finished surfaces. 


4. Do not use cutting torches until work area is cleared of flammable materials.  At 
concealed spaces, such as duct and pipe interiors, verify condition and contents of hidden 
space before starting flame-cutting operations.  Maintain fire watch and portable fire-
suppression devices during flame-cutting operations. 


5. Maintain adequate ventilation when using cutting torches. 
6. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and 


promptly dispose of off-site. 
7. Remove structural framing members and lower to ground by method suitable to avoid 


free fall and to prevent ground impact or dust generation. 
8. Locate selective demolition equipment and remove debris and materials so as not to 


impose excessive loads on supporting walls, floors, or framing. 
9. Dispose of demolished items and materials promptly. 
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B. Removed and Salvaged Items: 


1. Clean salvaged items. 
2. Pack or crate items after cleaning.  Identify contents of containers. 
3. Store items in a secure area until delivery to Battelle. 
4. Transport items to Battelle's storage area to be designated by Battelle.  
5. Protect items from damage during transport and storage. 


C. Removed and Reinstalled Items: 


1. Clean and repair items to functional condition adequate for intended reuse.  Paint 
equipment to match new equipment. 


2. Pack or crate items after cleaning and repairing.  Identify contents of containers. 
3. Protect items from damage during transport and storage. 
4. Reinstall items in locations indicated.  Comply with installation requirements for new 


materials and equipment.  Provide connections, supports, and miscellaneous materials 
necessary to make item functional for use indicated. 


D. Existing Items to Remain:  Protect construction indicated to remain against damage and soiling 
during selective demolition.  When permitted by Battelle, items may be removed to a suitable, 
protected storage location during selective demolition, cleaned and reinstalled in their original 
locations after selective demolition operations are complete. 


3.5 SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS 


A. Concrete:  Demolish in small sections.  Cut concrete to a depth of at least 3/4 inch at junctures 
with construction to remain, using power-driven saw.  Dislodge concrete from reinforcement at 
perimeter of areas being demolished, cut reinforcement, and then remove remainder of concrete 
indicated for selective demolition.  Neatly trim openings to dimensions indicated.  Comply with 
Silica requirements identified in Division 01, Section 6000 – Environmental Safety, and Health.   


B. Masonry:  Demolish in small sections.  Cut masonry at junctures with construction to remain, 
using power-driven saw, then remove masonry between saw cuts. 


C. Concrete Slabs-on-Grade:  Saw-cut perimeter of area to be demolished, then break up and 
remove. 


D. Asphalt Concrete Pavement:  Demolish in sections.  Saw-cut ACP full depth at junctures with 
construction to remain and at regular intervals, using power-driven saw, then remove ACP 
between saw cuts.   


3.6 DISPOSAL OF DEMOLISHED MATERIALS 


A. General:  Except for items or materials indicated to be reused, salvaged, reinstalled, or 
otherwise indicated to remain Battelle's property, remove demolished materials from Project site 
and legally dispose of them in accordance with Division 01, Section 7600.   


1. Do not allow demolished materials to accumulate on-site. 
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2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 
and areas. 


3. Remove debris from elevated portions of building by chute, hoist, or other device that 
will convey debris to grade level in a controlled descent. 


B. Burning:  Do not burn demolished materials. 


C. Disposal:  Transport demolished materials off Battelle's property and legally dispose of them in 
accordance with Division 01, Section 7600. 


3.7 CLEANING 


A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective 
demolition operations.  Return adjacent areas to condition existing before selective demolition 
operations began. 


END OF SECTION 01 7320 
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SECTION 01 7500 


WORK USING NUCLEAR DENSOMETRY AND RADIOGRAPHIC EQUIPMENT  


PART 1 - GENERAL 


A. SUMMARY 
 


1. This section includes the requirements for use of sealed radioactive sources in nuclear 
densometer instrumentation and radiographic nondestructive testing equipment by the 
D/B Contractor, inspection and testing agencies, and sub-tier contractors onsite.   


B. RADIOLOGICAL PROTECTION PROGRAM OVERVIEW 


1. The Battelle Radiation Protection Program (RPP), which is approved by the Department 
of Energy (DOE), implements the requirements of 10 CFR Part 835,"Occupational 
Radiation Protection; Final Rule," for all activities on the Site that cause, or could cause, 
occupational radiation exposure from radioactive materials or radiation-producing 
devices. All work performed on the project will be in accordance with the Battelle RPP.  


2. The D/B Contractor and all sub-tiers shall comply with the Battelle RPP requirements for 
bringing radioactive material on to PNNL facilities and properties.  Densometer activities 
performed by outside contractors will be performed in accordance with Washington State 
Regulations, 10 CFR 20 and 10 CFR 34.  PNNL will implement the requirements of their 
RPP at the 2.0 mR in an hour boundary around the densometer operations via RPT 
radiation surveys. 


1.2 DEFINITIONS 


A. The following definitions are in addition to those provided in 10 CFR 835.2 


1. Radiation Protection Technologist (RPT): Battelle technician, who provides radiological 
surveys, supports work in radiological areas related to this project and responds to 
radiological emergencies. 


2. Radiological buffer area (RBA): An intermediate area established to prevent the spread of 
radioactive contamination and to protect personnel from radiation exposure.  


3. Radioactive material: Radioactive material includes any material, equipment or system 
component determined to be contaminated or suspected of being contaminated in excess 
of the Battelle’s limits. Radioactive material also includes activated material, sealed and 
unsealed sources, and material that emits radiation. 


4. Radioactive material area (RMA): Any area within a controlled area, accessible to 
individuals, in which items or containers of radioactive material exist and the total 
activity of radioactive material exceeds the applicable values provided in Appendix E of 
10 CFR 835. 
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1.3 REFERENCES 


A. 10 CFR 835, Radiation Protection: Final Rule. 


B. Radiological Protection Plan (RPP). 


1.4 SUBMITTALS 


A. Submit for review and approval ten (10) workdays prior to arrival on site one (1) copy in PDF 
format for any radioactive material.  Submittal shall contain the following documentation; 
1. A copy of the contractor’s current and up-to-date license to possess radioactive material. 
2. A copy of the contractor’s radiation protection program. 
3. A copy of the radiological and training and/or qualification documentation for the device 


operator(s). 
4. A copy of the test/inspection equipment, e.g., densometer, radiographic x-ray, and 


training and/or qualification documentation for the device operator(s). 
5. A copy of the contractor’s operating procedures. 
6. A copy of the contractor’s emergency procedures. 
7. A copy of the most recent leak test results for the radioactive sealed source(s) to be used 


for testing or inspection purposes. 


Do not deliver radioactive material to site prior to Battelle approval. 


PART 2 - PRODUCTS 


2.1 MATERIALS AND EQUIPMENT 


A. Battelle-Furnished Equipment 


1. Not used.  


B. Battelle Services 


1. Battelle will provide the following services: 


a. RPT to perform initial leak surveys at the D/B Contractor identified 2 mR in an hour 
boundary. 


PART 3 - EXECUTION 


3.1 PREPARATION 


A. Radiological Worker Training 


1. See 1.4.A. 


B. Equipment Surveys 
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1. The D/B Contractor is required to notify Battelle immediately if any of sealed radioactive 
source in their possession, or having been used at Battelle, is determined to be, or have, 
leaked. 


2. Battelle will survey equipment at their expense, if it is considered potentially 
contaminated, upon arrival at the site to ensure the equipment meets the standards for 
radioactivity and radioactive contamination before it is brought into the work area. Items 
found to be contaminated shall be decontaminated by Battelle to site acceptable levels or 
removed from site at Battelle’s discretion and at D/B Contractor’s expense. 


3. Tools and equipment, which have been used in a radiological area established for the 
control of contamination (CA, HCA, ARA and RBA’s), including power equipment and 
temporary scaffolding, shall remain within the radiological area established for the 
control of contamination until released or transferred to another radiological area 
established for contamination control, by Battelle. Power tools or equipment with 
inaccessible internal surfaces which cannot be fully surveyed which were used in 
radiological areas established for contamination control will not be free-released for use 
outside of these areas without Battelle’s approval. Tools and equipment used in 
radiological areas established for contamination control may be transferred to other 
radiological areas established for contamination control within the building. Regardless, 
prior to removing equipment from radiological areas established for the control of 
contamination, items being removed shall be bagged or external surfaces covered or 
decontaminated by the Contractor for transit through the RBA. 


4. In situations where tools/equipment cannot be released in accordance with Battelle 
procedures, tools/equipment shall be transferred to the Government for disposition. 


5. Battelle will review and approve all survey results prior to authorizing free release of 
material. 


C. Internal and External Dosimetry 


1. Not Used. 


D. Radiological Work Permit (RWP) 


1. Not Used. 


E. Equipment Testing 


1. Not Used. 


3.2 ENTRY AND EXIT REQUIREMENTS 


A. Radiological workers must properly enter and exit radiological areas.  D/B Contractor staff will 
regulate access to their work zone and ensure boundary integrity.  Battelle will monitor 
radiological conditions outside of the Contractor work zone and notify the contractor of any 
unexpected changes in radiological conditions that occur. 


B. Waste Management 
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1. Waste Disposal: In the event of generation of radiological waste dispose of in accordance 
with Section 017600 - Environmental Protection and Waste Management. 


3.3 FIELD QUALITY CONTROL 


A. Personnel Exposure Records: The contractor is responsible for dosimetry and ensuring dose 
results are maintained, saved and distributed per their license and the implementing regulations. 


END OF SECTION 01 7500 
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SECTION 01 7600 


ENVIRONMENTAL PROTECTION AND WASTE MANAGEMENT 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This section provides requirements for environmental protection and waste management.  It also 
highlights key applicable requirements and best-management practices described in 40 CFR 
(Code of Federal Regulations), Washington Administrative Codes (WAC), Benton County 
Clean Air Agency (BCCAA), Washington State Department of Transportation (WSDOT) and 
Washington State Department of Ecology (Ecology) guidance regarding environmental and 
waste management compliance.  Please note that this plan does not provide comprehensive 
environmental requirements.  It is the D/B Contractor’s responsibility to determine project-
specific requirements.   


1.2 DEFINITIONS 


A. Construction Debris—solid waste, largely inert, resulting from the demolition or razing of 
buildings, roads, and other man-made structures.  Demolition waste consists of, but is not 
limited to, concrete, brick, bituminous concrete, wood and masonry, roofing and roofing 
insulation, steel, and minor amounts of other metals like copper.  


B. Battelle Representative—the primary Battelle representative at the construction or demolition 
site is the Construction Manager.  Other Battelle representatives may include the Environmental 
Compliance Representative (ECR) or the waste management Field Service Representative 
(FSR).   


C. Demolition—The wrecking or taking out of any load-supporting structural member of a facility 
together with any related handling operations or the intentional burning of any facility. 


D. Hazardous Material—a chemical or substance that is classified as a physical-hazard material or 
a health-hazard material.  
 
1. A physical-hazard material is a chemical or substance classified as a combustible liquid, 


explosive, flammable cryogen, flammable gas, flammable liquid, flammable solid, 
organic peroxide, oxidizer, oxidizing cryogen, pyrophoric substance, or unstable 
(reactive) or water-reactive material.   


 
2. A health-hazard material is a chemical or substance classified as a toxic, highly toxic, or 


corrosive material.   
 


3. Examples of hazardous materials include, but are not limited to, paints, solvents, 
adhesives, lead solder, asbestos and cadmium brazing material.  
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E. Hazardous Waste or Dangerous Waste—Solid wastes designated by 40 CFR Part 261 or WAC 
173-303 and regulated as hazardous and/or mixed waste by the U.S. Environmental Protection 
Agency (EPA) or the Washington State Department of Ecology). 


F. Other Regulated Waste—Waste that is regulated and managed per applicable regulations and 
U.S. Department of Energy (DOE) Orders.  This includes, but is not limited to, polychlorinated 
biphenyls (PCBs), asbestos, beryllium, and radiological wastes.   


G. Universal Waste – Dangerous wastes including batteries, thermostats, lamps and mercury 
containing equipment subject to the universal waste requirements of WAC 173-303-573 


1.3 REFERENCES 


A. Contemporary versions of the following as applicable: 
1. 29 CFR 1926.59.  2006.  “Hazard Communication.”  Code of Federal Regulations, U.S. 


Environmental Protection Agency. 
2. 33 CFR 330.  2002.  “Navigation and Navigable Waters: National Permit Program.” 


Code of Federal Regulations, U.S. Environmental Protection Agency 
3. 40 CFR 61.  2007.  “National Emission Standards for Hazardous Air Pollutants.”  Code 


of Federal Regulations, U.S. Environmental Protection Agency. 
4. 40 CFR 82.  2007.  “Protection of Stratospheric Ozone.”  Code of Federal Regulations, 


U.S. Environmental Protection Agency. 
5. 40 CFR 261.  2007.  “Identification and Listing of Hazardous Waste.”  Code of Federal 


Regulations, U.S. Environmental Protection Agency. 
6. 40 CFR 262.  2006.  “Standards applicable to Generators of Hazardous Waste.”  Code of 


Federal Regulations, U.S. Environmental Protection Agency. 
7. 40 CFR 279.  2006.  “Standards for Management of Used Oils.”  Code of Federal 


Regulations, U.S. Environmental Protection Agency. 
8. 40 CFR 761.  2006.  “PCB Manufacturing, Processing, Distribution in Commerce, and 


Use Prohibition.”  Code of Federal Regulations, U.S. Environmental Protection Agency. 
9. 49 CFR 172.  2010.  “Hazardous Materials Table, Special Provisions, Hazardous 


Materials Communications, Emergency Response Information, Training Requirements, 
and Security Plans.”  Code of Federal Regulations, U.S. Department of Transportation. 


10. 49 CFR 173.  2010.  Shippers-General Requirements for Shipments and Packagings.  
Code of Federal Regulations, U.S. Department of Transportation.  


11. 49 CFR Part 177 - Carriage by Public Highway. Code of Federal Regulations, U.S. 
Department of Transportation. 


12. 49 CFR Federal Motor Carrier Safety Regulations, Code of Federal Regulations, U.S. 
Department of Transportation. 


13. WAC 173-303.  2004.  “Dangerous Waste Regulations.”  Washington Administrative 
Code, Olympia, Washington. 


14. WAC 173-200.  1990.  “Water Quality Standards for Ground Waters of the State of 
Washington”. Washington Administrative Code, Olympia, Washington. 


15. WAC 173-218.  2006.  “Washington State Department of Ecology Underground Injection 
Control Program”.  Washington Administrative Code, Olympia, Washington. 


16.  WAC 173-220.  2002.  “National Pollutant Discharge Elimination System Permit 
Program”.  Washington Administrative Code, Olympia, Washington. 


17. WAC 173-226.  2002.  “Waste Discharge General Permit Program.”  Washington 
Administrative Code, Olympia, Washington. 
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18. WAC 173-350.  2005.  “Minimum Functional Standards for Solid Waste Handling.”  
Washington Administrative Code, Olympia, Washington. 


19. WAC 173-400, 2009.  “General Regulations for Air Pollution Sources.” Washington 
Administrative Code, Olympia, Washington.  


20. WAC 173-460. 2009.  “Controls for New Sources of Toxic Air Pollutants.”  Washington 
Administrative Code, Olympia, Washington. 


21. Washington State Department of Transportation (WSDOT) M41-10 Standard 
Specifications for Road, Bridge, and Municipal Construction 


22. Washington State Department of Transportation (WSDOT) Standard Plans, Section I, 
Site Preservation and Erosion Control 


23. Benton County Clean Air Agency.  2017.  Regulation 1, Richland, Washington. 
24. National Fire Protection Association (NFPA) 5000.  2006.  Quincy, Massachusetts. 
25. Washington Department of Ecology.  2019.  Stormwater Management Manual for 


Eastern Washington, Chapter 7—“Construction Stormwater Pollution Prevention.”  
Publication number 18-10-044. 


26. 16 USC 5A – Protection and Conservation of Wildlife 
27. 16 USC 7 – Protection of Migratory Game and Insectivorous Birds 


Title 42, Section 116, Emergency Planning and Community Right-to-Know Act 


1.4 TRAINING 


A. All D/B Contractor staff loading hazardous, dangerous, or radioactive wastes into Department 
of Transportation (DOT) specification packaging must be trained.  Refer to Division 01 Section 
01 1000 Summary of Work for requirements. 


1.5 PERMITS 


A. Identify and obtain all required permits, and submit any required notices, for D/B Contractor 
activities in accordance with applicable federal, state, and local governing jurisdictions before 
any construction or demolition activities.  Provide copies of permits and notices to the Battelle 
representative. 


B. Conduct all work in accordance with requirements outlined in the issued permits and submitted 
notices. 


C. Immediately report to Battelle any non-compliances or potential non-compliances with the 
issued permits or notices. 


D. Immediately report any complaints by members of the public regarding air emissions to 
Battelle. 


1.6 SUBMITTALS 


A. For all work submit the following: 
1. 10 Work days prior to mobilizing to site, the D/B Contractor shall submit a written 


Construction Stormwater Pollution Prevention Plan (SWPPP) for Battelle review and 
approval. The plan shall describe the D/B Contractor’s methods to be in compliance with 
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the Stormwater Management Manual for Eastern Washington Chapter 7 and this 
specification. 


2. Dust Control Plan:  10 Work days prior to mobilizing to site, the D/B Contractor shall 
submit a written dust control plan for Battelle review and approval.  The plan shall 
address specific measures for reasonable precautions to be implemented to prevent 
fugitive dust from becoming airborne and shall identify maintenance measures to be 
employed to minimize emissions in accordance with WAC 173-400-040(9).  Include 
product data, and Safety Data Sheets for chemical dust suppressants to be utilized.   


3. Waste Management Plan:  10 Work days prior to mobilization to site, the D/B Contractor 
shall submit a written Waste Management Plan for Battelle review and approval.  The 
plan shall describe the anticipated recycle and waste streams and include the proposed 
vendor for disposal. 


4. Safety Data Sheets (SDS); Prior to arrival onsite, submit for Battelle approval SDS for all 
chemicals proposed to be utilized onsite.  D/B Contractor shall submit current copy of 
SDS for all chemical products proposed to be utilized onsite.  After approval, D/B 
Contractor shall keep a copy of all approved SDS on site and available for employee 
review. 


5. Actual/Estimated Total Weights of demolition waste and recycled/reused materials; 
Submit for information to Battelle, upon Substantial Completion, estimated or actual total 
weights of demolition waste and recycled/reused materials.  Submit using Battelle 
Construction & Demolition Waste-Recycling form. 


B. When performing work requiring  Erosion and Sediment Control: 
1. Submit for information to Battelle on a monthly basis during construction erosion 


inspection records 


C. When performing work generating Other Regulated Waste other than Asbestos: 
1. Submit for information to Battelle, upon Substantial Completion, one (1) copy of waste 


disposal records for Other Regulated Waste. 


D. When performing work generating Universal Waste: 
1. Submit for approval to Battelle, no less than ten (10) work days prior to mobilization, the 


D/B D/B Contractor’s proposed Universal Waste disposal site. 
2. Submit for information to Battelle, upon Substantial Completion, one (1) copy of the 


disposal records for Universal Waste. 


E. When performing work with refrigerants: 
1. Submit for information to Battelle, no less than three (3) working days before performing 


the work, copies of all technicians EPA certification cards or wall certificates for D/B 
D/B Contractor technicians working on all Battelle facilities. This applies to contractors 
who would perform new installations, demolition, replacements, conversions, and service 
contracts. 


2. Submit for information to Battelle, no less than three (3) working days before performing 
the work, documentation that the recovery equipment to be used for contaminated 
oil/refrigerant recovery has been certified by ARL/UL to meet EPA’s minimum 
requirements for recycling and/or recovery. 


3. When removing contaminated oil or performing refrigerant recovery, document 
refrigerant removal and additions using the Contractor Refrigerant Tracking Form 
provided by Battelle.  The completed form shall be submitted to Battelle as part of the 
project closeout records. 
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PART 2 - PRODUCT AND MATERIALS 


2.1 REQUIREMENT FOR SUSTAINABLE GOODS AND SERVICES 


A. Provide environmentally sustainable products in accordance with the General Provision Clause 
"Sustainable Acquisition Requirements." A request for an exception to the requirement to 
provide environmentally sustainable goods must be submitted and approved by Battelle prior to 
installation. 


2.2 TEMPORARY SILT FENCING:  


A. Silt fence shall be black in color and used as a sediment control device to prevent sediment 
laden water from leaving project boundaries, to manage stormwater within the site, or to create 
small detention areas. Silt fence shall be installed at perimeter of project site boundary and as 
shown in the approved SWPPP.  The geotextile shall be securely attached to the posts and 
support system.  


1. Post spacing and attachments shall be as shown in the WSDOT Standard Plans, Section I 
for silt fence, standard plan I-30.15-02 or approved equal.   


2. Geotextile material shall conform to WSDOT M41-10 Section 9-33 Table 6 and be sewn 
together at the point of manufacture, or at a location approved by the Engineer, to form 
geotextile lengths as required. All sewn seams and overlaps shall be located at a support 
post.  


3. Posts shall be either wood or steel. Wood posts shall have minimum dimensions of 1¼ by 
1¼ inches by the minimum length shown in the Plans.  


4. Silt Fencing shall be installed and maintained in accordance with WSDOT Standard Plan 
I-30.15-02.  When sediment deposits reach approximately ⅓ the height of the silt fence, 
the deposits shall be removed and stabilized in accordance with WSDOT M41-10 Section 
8-01.3(15). Page 8-14 2020 Standard Specifications M 41-10 8-01 Erosion Control and 
Water Pollution Control.   


2.3 SPILL KIT 


A. Provide a spill kit at the job site to absorb spilled materials and properly manage spill-cleanup 
residues.  At a minimum, the spill kit will contain the following items: an appropriately sized 
container with lid, a spill kit identification sign on the container, absorbent pads, absorbent 
containment pigs, absorbents, shovel, rags, gloves, and safety glasses. 


2.4 HAZARDOUS MATERIAL STORAGE 


A. Manage hazardous materials and chemical products at the project site in accordance with 
applicable federal, state, and local laws, manufacturer instructions, fire codes, and general safe 
practices to prevent accidental discharges to the environment.  Close the container when not in 
use, use secondary containment when applicable, and store materials inside or under shelter.  If 
material must be stored outside, then store in a manner to prevent releases and discharges to the 
environment. 
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PART 3 - EXECUTION 


3.1 Excavation 


A. Excavated earth may be placed back into the original excavations or used as fill onsite if 
permitted by technical specifications.   


3.2 Cultural Resource Protection 


A. In order to prevent disturbance of culturally significant resources comply with the following: 
1. If culturally significant materials are encountered in the work area immediately stop work 


in the vicinity and notify the Battelle CM for archaeological assessment.  Culturally 
significant materials may include, but are not limited to, items such as bones, shell, 
artifacts, brick, cans and bottles. 


3.3 Biological Resource Protection 


A. In order to prevent disturbance of animal habitats and protected plant and animal species 
comply with the following: 
1. If nesting birds (e.g., bank swallows), a pair of birds of the same species or a single bird 


that will not leave the area when disturbed, defensive behaviors (such as flying at 
workers or strident vocalizations), animal dens, or other wildlife are encountered in the 
work area (e.g., equipment, facilities, or soil with vertical banks) immediately stop work 
in the vicinity and notify the Battelle CM for biological assessment. 


2. Before disturbing native vegetation verify authorization to proceed with the Battelle CM. 


3.4 Temporary Erosion and Sediment Control (SWPPP) 


A. Implement temporary erosion and sedimentation control measures in accordance with approved 
SWPPP before land-disturbing activities.  SWPPP shall require D/B Contractor to install and 
maintain silt fencing around perimeter of project extents.  In addition, the SWPPP shall require 
implementation of one or more of the following erosions and sediment control methods before 
land-disturbing activities.  
1. Minimize vehicles tracking sediments on to roads by limiting vehicle access and exit to 


one route and stabilize roadway at the access points. 
2. Access points shall be stabilized with quarry spall or crushed rock to minimize the 


tracking of sediment onto public roads. 
3. Design, construct, and cut and fill slopes in a manner that minimizes erosion through 


terracing, reducing slope steepness, roughening surfaces, or other methods. 
4. Soil stockpiles must be stabilized and protected with sediment-trapping measures. 
5. Perform erosion inspection and sediment controls on a weekly schedule before expected 


storm events and after each heavy rainfall event.  Document and provide to Battelle. 
6. Provide temporary or permanent modifications to surface-terrain gradient (soil or crushed 


stone berms, sediment retention basins, etc.) to minimize the flow of Stormwater into or 
out of excavated or otherwise disturbed areas. 


7. Maintain erosion and sediment-control measures throughout the course of the project and 
remove at completion of project.   
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8. Remove accumulated sediment and repairs and/or replacement of storm-damaged or 
otherwise deteriorated structures. 


9. Stabilize disturbed areas as soon as practicable to minimize erosion from rain and wind.  
Methods of soil stabilization include mulching, using nets or plastic covers, sodding, and 
surface roughening. 


3.5 Dust Control (Fugitive Dust) 


A. The D/B Contractor shall take reasonable precautions to prevent fugitive dust from becoming 
airborne and must maintain and operate the source of the fugitive dust to minimize emissions.  
These reasonable precautions may include; but are not limited to watering, chemical stabilizers, 
physical barriers, compaction, gravel, vegetative stabilization, mulching and keeping open areas 
to a minimum. [WAC 173-400-040(9)(a)].   


B. The D/B Contractor shall be responsible for performance of activities that generate fugitive dust 
that has been identified as a significant contributor to a PM-10, or PM-2.5 nonattainment area 
and shall be required to use reasonably available control technology to control emissions.  
Significance will be determined by the criteria found in WAC 173-400-113(4). [WAC 173-400-
040(9)(b)].   


C. Project Notification.  
1. The D/B Contractor shall notify the Benton County Clean Air Agency (BCCAA) prior to 


the commencement of any work that destabilizes the soil via the agency website, 
www.bentoncleanair.org.  


2. The Notification shall include the following; 
a. Provide at least two contacts, including name and phone number, for those 


responsible for mitigating fugitive dust 24 hours a day.  
b. The Benton County Parcel ID of each parcel affected by the destabilization project.  
c. The owner and D/B Contractor of the site.  
d. Statement, electronically signed by the D/B Contractor, accepting responsibility 


for controlling fugitive dust emissions.  
e. Dust Control Plans. 


D. Dust Control Plan Requirements.  
1. Dust control plans must identify management practices and operational procedures which 


will effectively control fugitive dust emissions.  
2. Dust control plans must contain the following information:  


a. A detailed map or drawing of the site;  
b. A description of the water source to be made available to the site, if any;  
c. A description of preventive dust control measures to be implemented, specific to 


each area or process; and  
d. A description of contingency measures to be implemented in the event any of the 


preventive dust control measures become ineffective.  


E. The D/B Contractor shall implement effective dust control measures as outlined in the dust 
control plan.  


F. The D/B Contractor shall provide the BCCAA with a copy of the plan within two business days 
of it being requested.  



http://www.bentoncleanair.org/
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3.6 Equipment Air Emissions 


A. Comply with Benton Clean Air Agency regulations applicable to the operation of non-road 
engines and portable and temporary sources of regulated air emissions. 


3.7 Non-Hazardous Waste Accumulation  


A. Accumulate non-hazardous waste in appropriate containers to prevent nuisance, contamination, 
dispersal by wind or precipitation, or visual blight. 


B. Arrange for periodic collection of non-hazardous waste to prevent excessive accumulation. 


C. Refer to Section 3.12, “Waste Minimization and Pollution Prevention,” of this provision for 
management of recyclable material. 


3.8 Hazardous Waste Accumulation and Inspection 


A. Contact Battelle representative and obtain written approval before establishing an accumulation 
area for hazardous waste.   


3.9 Waste Disposal 


A. All hazardous wastes generated by the Subcontractors will be turned over to Battelle for 
subsequent disposal at D/B Contractor expense, unless other arrangements are authorized in 
writing by Battelle in advance. 


B. Recycle non-hazardous or non-dangerous waste or dispose of it in one of the following Battelle-
approved landfills: City of Richland landfill in Richland, Washington (if meeting City of 
Richland Landfill’s waste acceptance criteria); the Finley Buttes Regional Landfill located in 
Boardman, Oregon; the Roosevelt Landfill located in Roosevelt, Washington; the Waste 
Management landfill located in Medical Lake, Washington or the Waste Management 
landfill located in Arlington, Oregon. 


C. Dispose of Other Regulated Wastes only at Battelle approved locations.   


D. No waste is to be disposed of on Battelle-owned, managed, or leased property unless directed 
within the contract documents or authorized in writing by Battelle. 


E. Comply with BCAA regulations regarding prohibitions on open-air burning. 


F. All Universal Waste shall be managed by the D/B Contractor in accordance with the 
requirements of WAC 173-303-573.   Dispose of at Battelle approved site and ensure 
segregation from the municipal waste stream. 
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3.10 Spill Control and Management 


A. Report, immediately, any spill or leaks of materials such as oil, fuel, solvents, paints, coolants, 
acids, caustics, and equipment leaks to the Battelle Construction Manager.  Call 375-2400 if the 
Battelle Construction Manager is not immediately available.  Stop work and contain spills to the 
extent possible without compromising personnel safety.  At the earliest possible time report to 
Battelle the circumstances surrounding the spill event. 


B. Prevent liquids such as gasoline, diesel fuel, lubricating oil, or antifreeze from entering the 
sanitary, process, or storm sewer systems, waterways, drainage ditches, or the ground.  Where 
necessary, implement appropriate control measures, including, but not limited to, the use of 
physical barriers (plastic or tarps, berms, etc.), secondary containment, and/or absorbent 
materials to capture leaked or splattered contamination. 


C. Waste from cleanup of spills may require being managed as a hazardous waste.  The Battelle 
representative will make this determination.   
1. All containerized hazardous cleanup waste will be turned over to Battelle for subsequent 


disposal at the D/B Contractor’s expense.  (Note: Cleanup waste from a gasoline spill is 
an example of hazardous waste.)  


2. The D/B Contractor may dispose of non-hazardous or non-dangerous cleanup waste, as 
determined by Battelle, at one of the facilities listed in Section 3.9.  (Note: Cleanup waste 
from a motor oil spill is an example of non-regulated waste.) 


3.11 Liquid Effluent Management 


A. Obtain prior written approval from Battelle for liquid effluent discharged to the ground, sanitary 
sewer, process sewer, storm sewer, or surface water.    


B. Requirements for managing wastewater generated from concrete, asphalt, or saw-cutting and 
surfacing operations are provided below.     
1. Concrete or Asphalt Wastewater: 


a. Wash out concrete truck chutes, pumps, and internals only into formed areas 
awaiting installation of concrete/asphalt or to lined areas designated for concrete 
rinseate. 


b. Return unused concrete remaining in the truck or in the pump to the originating 
batch plant for recycling.  For smaller projects, reuse, recycle, or dispose of 
solidified concrete in a dumpster. 


c. Wash hand tools including, but not limited to, screeds, shovels, rakes, floats, 
trowels, and wheelbarrows only into formed areas awaiting installation of 
concrete/ asphalt or to lined areas designated for concrete rinseate. . 


d. Wash equipment that cannot be easily moved, such as concrete pavers, only in 
areas that do not directly drain to natural or constructed storm-water conveyances.   


e. When no formed areas are available, contain the wash water and leftover product 
in a lined container.  Dispose of contained concrete in a manner that does not 
violate groundwater or surface-water quality standards. 


f. Do not discharge directly onto the ground, to a storm sewer, surface water, or 
sanitary sewer. 


 
 


2. Saw-cutting and Surfacing Operation: 
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a. Collect material generated as part of a saw-cutting or surfacing operation and 
dispose of it in a Battelle-approved landfill (see Section 3.9).  Saw-cutting and 
surfacing operations include, but are not limited to, sawing, coring, grinding, 
roughening, or hydro-demolition.   
1) Remove slurry and cuttings on the day they occur, as directed by the 


Battelle representative. 
2) Do not drain slurry, cuttings, or process water to any natural or constructed 


drainage conveyance including storm sewers, catch basins, or other 
underground injection control wells, trenches, or ditches. 


3) Collected slurry, cutting, or process water can also be placed in a “lined 
holding pond” for evaporation.  Dispose of the dried material as instructed 
by the Battelle representative.  


4) Handle and dispose of cleaning waste material and demolition debris in a 
manner that does not cause contamination of water. 


3.12 Waste Minimization and Pollution Prevention Program 


A. Examples of waste minimization and pollution prevention practices are provided below: 


1. Material Substitution: Minimize the number of chemicals used to perform the same or 
similar tasks.  Where practical, replace hazardous materials with non-hazardous or less 
hazardous substitutes.   


2. Inventory Reduction: Minimize product inventory to reduce accumulation of partially 
used and unused materials requiring disposal.  Remove partially used lots and unused 
materials from the worksite at contract completion.  


3. Packaging: Minimize packaging brought on worksite.  Whenever feasible, return empty 
containers to vendor. 


4. Waste Segregation: Separate wastes to avoid creating additional wastes and mixtures that 
cannot be recycled, or that would be more difficult to manage. 


5. Process Modification: Streamline processes for more efficient operation and less waste 
generation. 


B. Collect, package, and transport recyclable items to an offsite processing facility.  Typical 
recyclable items may include the following items:  
1. Aluminum  
2. Cardboard 
3. Scrap metal 
4. Empty Aerosol cans 
5. Light Bulbs 
6. Batteries 
7. Scrap wood 
8. Used oil 
9. Concrete 
10. Asphalt 
11. Carpet 
12. Shrubs and trees exceeding 2” caliper in size. 
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3.13 Recycling and Construction Waste Management 


A. Refer to Specification Section 013520 as applicable for project requirements related to High 
Performance Sustainable Building requirements. 


3.14 Other Regulated Waste 


A. Not Used 
 


END OF SECTION 01 7600 
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SECTION 01 7800 


COMPLETION, ACCEPTANCE AND CLOSEOUT 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This Section includes administrative and procedural requirements for inspection and acceptance 
of the Work including obtaining Substantial Completion/Beneficial Occupancy/Use, and Final 
Acceptance and Close-Out of the contract.  The Acceptance of Completed Work (ACW) form, 
an example of which is included below, shall be used by Battelle to document this process.    


1.2 SUBSTANTIAL COMPLETION; BENEFICIAL OCCUPANCY (Section 1 of ACW Form) 


A. Work shall be substantially completed, as defined by Section H – Special Requirements of the 
contract, before requesting Battelle inspection for completion of Section 1 – Substantial 
Completion/Beneficial Occupancy of the ACW.  At a minimum, the following items shall be 
completed before initiating request for acceptance by Battelle.  


1. Prepare a list of items to be completed and/or corrected (Exceptions List aka. “punch 
list”) per Section 1.4, including deficiencies or corrections identified during the 
Commissioning process. 


2. Obtain and submit releases permitting Battelle unrestricted use of the Work and access to 
services and utilities.  City of Richland electrical power and water metering installation, 
operating certificates, and similar releases. 


3. Building is energized and Final NEC inspection is approved and complete authorizing 
Battelle Beneficial Occupancy and Use.  (submit report). 


4. Access control systems installed; proximity card readers are working, and temporary 
locks have been replaced with permanent locks.  Turnover ALL physical keys to Battelle. 


5. Submit test/adjust/balance records. 


6. Building utility systems are ready for turnover to Battelle. 


7. I.D. labels are installed at rooms, and on doors, equipment, valves, piping, panelboards, 
receptacles, etc. (See Reference Document ADM-CM-064, Equipment Identification and 
Labeling Requirements). 


8. Successfully complete startup/testing of all equipment, systems and services, and submit 
final reports. 


9. Commissioning is complete (report with identified exceptions issued by Battelle). 


10. Construction air filters are replaced with new permanent filters.  


11. Complete Demonstration, Training, and Instruct Battelle’s personnel in operation, 
adjustment, and maintenance of products, equipment, and systems. 


12. Submit Project Record Documents identified for Substantial Completion.   







S785272-SPEC-01  06/2020 
Rev.1 GRID STORAGE LAUNCHPAD (GSL) 


COMPLETION, ACCEPTANCE AND CLOSEOUT 01 7800 - 2 


13. Submit Operation, and Maintenance Manuals per Specification Section 017900 


14. Terminate and remove temporary facilities from Project site, along with mockups, 
construction tools, and similar elements. 


15. Perform Final Cleaning per section 3.2. 


16. Certification of Occupancy issued from Authority Having Jurisdiction (AHJ). 


B. D/B Contractor shall request an inspection of the Substantially Completed Work be performed.  
On receipt of request, Battelle will either proceed with inspection or notify D/B Contractor of 
unfulfilled requirements.  If proceeding with inspection, The D/B Contractor, DOR, and Battelle 
will perform a walk-down and inspection of the Work.  The DOR shall document the walk-
down and include identified and agreed to exceptions to the completed Work on the Exceptions 
List.      


C. Dependent upon the agreed to list of Exceptions, Battelle, at their discretion, may elect to accept 
the Work, declare that the Work is Substantially Complete, and transfer from D/B Contractor to 
Battelle for Beneficial Occupancy operation and use of the facility.  Battelle will indicate on the 
ACW Section 1 if the Work is 1) fully accepted without exception or, 2) that acceptance is 
contingent upon the D/B Contractor completing uncompleted or discrepant work noted on the 
Exceptions List.  Acceptance is indicated on the ACW by Battelle personnel signature who have 
authority to accept the Work under Section 1 of the ACW. 


Note: The last signature date on the ACW form for Section 1 will initiate the start date for 
Warranties. 


D. The Battelle Contract Specialist will issue the signed ACW Section 1, to D/B Contractor 
indicating Acceptance of Work.  


1.3 FINAL ACCEPTANCE; CLOSEOUT OF CONTRACT (Section 2 of ACW form) 


A. Final Inspection:  Request Final Inspection when the Work identified on the Exceptions List is 
completed or corrected. The D/B Contractor shall provide Battelle with 5-work days advance 
notice of date and time for Final Inspection.  The D/B Contractor, DOR, and Battelle will 
perform Final Inspection of the Work to verify that identified Exception List items have been 
corrected or completed.     


1. Re-inspection:  Request re-inspection when the Work identified in previous inspections as 
incomplete is completed or corrected. 


B. Upon completion of all items on the Exceptions List, Battelle acknowledges from the D/B 
Contractor Final Acceptance of the Work as follows: 1) fully accepted without exceptions or, 2) 
all exceptions removed, or resolved. 


C. Before requesting Final Acceptance ensure the following items are complete: 


1. Complete all items on the Exceptions List. 


2. Submit As-Built Drawings, Specifications, and BIM Model identified in Project Record 
Documents for Final Acceptance. 
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3. Submit Warranties  


4. Submit Miscellaneous Records per Section 2.2. 


5. Submit construction photographs, easement, damage or settlement surveys, property 
surveys, and similar final record information. 


6. Submit workmanship bonds, maintenance service agreements, final certifications, and 
similar documents. 


7. Deliver tools, spare parts, extra materials, and similar items to location designated by 
Battelle.  Label with manufacturer's name and model number where applicable. 


8. Submittals:  All outstanding submittals have been submitted, reviewed, and 
dispositioned. 


9. Complete final cleaning requirements, including touchup painting.  Repair and restore 
marred exposed finishes to eliminate visual defects. 


1.4 EXCEPTIONS LIST (PUNCH LIST) 


A. Preparation:  DOR shall Submit agreed to exceptions list based upon walk-down inspection.   
Include name and identification of each space and area affected by construction operations for 
incomplete items and items needing correction including, if necessary, areas disturbed by D/B 
Contractor that are outside the limits of construction.   


1. Organize list of spaces in sequential order, starting with exterior areas first and 
proceeding from lowest floor to highest floor. 


2. Organize items applying to each space by major CSI division/element, including 
categories for ceiling, individual walls, floors, equipment, and building systems. 


3. Include the following information at the top of each page: 


a. Project name. 
b. Date. 
c. Name of Contractor. 
d. Page number. 


1.5 PROJECT RECORD DOCUMENTS 


A. General:  Do not use Project Record Documents for construction purposes.  Protect Project 
Record Documents from deterioration and loss.  Provide access to Project Record Documents 
for Battelle's reference during normal working hours. 


B. Submittals:  


1. Record Drawings:  Submit one (1) set of marked-up Record Prints, including ECNs, 
Redline Changes, or other approved changes to the Issued for Construction drawings at 
Substantial Completion to support Battelle Beneficial Occupancy of the facility. 


2. Record Specifications:  Submit one (1) set of marked-up Project Specifications, including 
ECNs, redline changes, or other approved deviations to the Issued for Construction 
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specifications at Substantial Completion to support Battelle Beneficial Occupancy of the 
facility.   


3. National Electric Code (NEC) Final Inspection Report:  Submit the Final, approved NEC 
inspection report.  The Final NEC inspection report shall be submitted prior to 
Substantial Completion and Battelle Beneficial Occupancy of the facility. 


4. Record Product Data:  Submit one copy of each redline change to approved Product Data 
submittals.  Where Record Product Data is required as part of operation and maintenance 
manuals, submit marked-up Product Data as an insert in the manual instead of submittal 
as Record Product Data.  


5. As-Built Drawings; Submit one (1) full size hard copy, and one (1) electronic copy of 
editable AutoCAD drawings revised to incorporate all ECNs, redline changes, or other 
approved changes to the Issued for Construction drawings.  As-Built drawings shall 
incorporate all changes and shall be issued as a new revision to the drawing set.  As-Built 
drawings shall be submitted to support Battelle Final Acceptance and Close-out of the 
contract.   


6. As-Built Specifications:  Submit one (1) printed hard copy set, and one (1) electronic set 
in Microsoft Word format of the project specifications incorporating all changes to the 
Issued for Construction project specifications.  As-Built specifications shall be submitted 
as a new revision to the specifications to support Battelle Final Acceptance and Close-
Out of the contract.   


7. As-Built BIM Model:  Submit one (1) electronic copy in native file format of the As-
Built BIM model, including families and sheet sets incorporating all changes to the 
Issued for Construction design.  As-Built BIM model shall be submitted as a new 
revision to support Battelle Final Acceptance and Close-Out of the contract.      


1.6 WARRANTIES 


A. Submit written warranties, using Primavera Unifier, prior to the Request for Final Acceptance 
or Transfer for Beneficial Occupancy.  Organize warranty documents into an orderly sequence 
with a table of contents.  


PART 2 - PRODUCTS 


2.1 RECORD DRAWINGS 


A. Record Prints:  Maintain one set of black-line white prints of the Contract Drawings and Shop 
Drawings. 


1. Preparation:  Mark Record Prints to show the actual installation where installation varies 
from that shown originally.   


a. Give particular attention to information on concealed elements that would be 
difficult to identify or measure and record later. 


b. Record data as soon as possible after obtaining it.  Record and check the markup 
before enclosing concealed installations. 
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2. Content:  Types of items requiring marking include, but are not limited to, the following: 


a. Changes in dimensions or detail on Drawings. 
b. Locations and depths of underground and/or concealed utilities. 
c. Piping, duct and conduit routing. 
d. Revisions to electrical circuitry. 
e. Actual equipment locations. 
f. Redline changes 
g. ECN’s.   
h. Deviations from Issued for Construction drawings.   


3. Format: 


a. Mark the Contract Drawings or Shop Drawings, whichever is most capable of 
showing actual physical conditions, completely and accurately.  If Shop Drawings 
are marked, show cross-reference on the Contract Drawings. 


b. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish 
between changes for different categories of the Work at the same location. 


c. Note Change Order numbers, ECN numbers, CNCR, and other similar 
identification, documenting the deviation where applicable. 


B. Format:  Identify and date each Record Drawing; include the designation "PROJECT RECORD 
DRAWING" in a prominent location. 


1. Record Prints:  Organize Record Prints into manageable sets.  Bind each set with durable 
paper cover sheets.  Include identification on cover sheets. 


2. Identification:  As follows: 


a. Project name. 
b. Date. 
c. Designation "PROJECT RECORD DRAWINGS." 
d. Name of Contractor. 


2.2 MISCELLANEOUS RECORD SUBMITTALS 


A. Assemble miscellaneous records required by other Specification Sections for miscellaneous 
record keeping and submittal in connection with actual performance of the Work.  Bind or file 
miscellaneous records and identify each, ready for continued use and reference. 


PART 3 - EXECUTION 


3.1 DEMONSTRATION AND TRAINING 


A. Instruction:  Instruct Battelle's personnel to adjust, operate, and maintain systems, subsystems, 
and equipment not part of a system. 


1. Provide instructors experienced in operation and maintenance procedures, and qualified 
and competent to instruct in the operation and maintenance of the intended equipment. 
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2. Provide information and instruction concerning preventative maintenance for equipment 
during construction, and for equipment that requires seasonal operation. 


3. Schedule training with Battelle and provide at least 10 work days' advance notice of date 
and time of scheduled training.   


B. Program Structure:  Develop an instruction program that includes individual training modules 
for each system and equipment not part of a system, as required by individual Specification 
Sections.  Training shall include specific information and instruction concerning operation and 
preventative maintenance for equipment both during and after construction. For each training 
module, develop a learning objective and teaching outline.  Include instruction for the 
following: 


1. System design and operational philosophy. 


2. Review of documentation. 


3. Operations, Adjustments, Troubleshooting, Maintenance and Repair. 


3.2 FINAL CLEANING 


A. General:  Provide final cleaning.  Conduct cleaning and waste-removal operations to comply 
with local laws and ordinances and Federal and local environmental and antipollution 
regulations. 


B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each 
surface or unit to condition expected in an average commercial building cleaning and 
maintenance program.  Comply with manufacturers written instructions. 


1. Complete the following cleaning operations before requesting inspection for certification 
of Substantial Completion for entire Project or for a portion of Project: 


a. Clean Project site, yard, and grounds, in areas disturbed by construction activities, 
including landscape development areas, of rubbish, waste material, litter, and other 
foreign substances. 


1) Sweep paved areas broom clean.  Remove petrochemical spills, stains, and 
other foreign deposits. 


2) Rake grounds that are neither planted nor paved to a smooth, even-textured 
surface. 


3) Remove tools, construction equipment, machinery, and surplus material 
from Project site. 


b. Remove debris and surface dust from limited access spaces, including roofs, 
plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces.  
Sweep concrete floors broom clean in unoccupied spaces. 


c. Clean exposed surfaces and finishes (exterior and interior) to a dirt-free condition, 
free of stains, films, and similar foreign substances.  Avoid disturbing natural 
weathering of exterior surfaces.  Restore reflective surfaces to their original 
condition. 
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1) Vacuum carpet and similar soft surfaces, removing debris and excess nap; 
shampoo if visible soil or stains remain. 


2) Clean transparent materials, including mirrors and glass in doors and 
windows.  Remove glazing compounds and other noticeable, vision-
obscuring materials.  Replace chipped or broken glass and other damaged 
transparent materials.  Polish mirrors and glass, taking care not to scratch 
surfaces. 


3) Touch up and otherwise repair and restore marred, exposed finishes and 
surfaces.  Replace finishes and surfaces that cannot be satisfactorily repaired 
or restored or that already show evidence of repair or restoration.  Do not 
paint over "UL" and similar labels, including mechanical and electrical 
nameplates. 


4) Wipe surfaces of mechanical and electrical equipment, and similar 
equipment.  Remove excess lubrication, paint and mortar droppings, and 
other foreign substances. 


d. Clean plumbing, filters, ducts and fixtures 


1) Clean plumbing fixtures to a sanitary condition, free of stains, including 
stains resulting from water exposure. 


2) Replace disposable air filters and clean permanent air filters.  Clean exposed 
surfaces of diffusers, registers, and grills. 


3) Clean ducts, blowers, and coils if units were operated without filters during 
construction. 


4) Clean light fixtures, lamps, globes, and reflectors to function with full 
efficiency.  Replace burned-out bulbs, and those noticeably dimmed by 
hours of use, and defective and noisy starters in fluorescent and mercury 
vapor fixtures to comply with requirements for new fixtures. 


C. Comply with safety standards for cleaning.  Do not burn waste materials.  Do not bury debris or 
excess materials on Battelle's property.  Do not discharge volatile, harmful, or dangerous 
materials into drainage systems.  Remove waste materials from Project site and dispose of 
lawfully. 


3.3 RECORDING AND MAINTENANCE 


A. Recording:  Maintain one copy of each submittal during the construction period for Project 
Record Document purposes.  Post changes and modifications to Project Record Documents as 
they occur; do not wait until the end of Project. 


B. Maintenance of Record Documents and Samples:  Store Record Documents and Samples in the 
field office apart from the Contract Documents used for construction.  Do not use Project 
Record Documents for construction purposes.  Maintain Record Documents in good order and 
in a clean, dry, legible condition, protected from deterioration and loss.  Provide access to 
Project Record Documents for Battelle reference during normal working hours.







S785272-SPEC-01  06/2020 
Rev.1 GRID STORAGE LAUNCHPAD (GSL) 


COMPLETION, ACCEPTANCE AND CLOSEOUT 01 7800 - 8 


 


EXAMPLE ACCEPTANCE OF COMPLETED WORK (ACW) FORM 


Project No.  
      


Contract No. 
       


Title  
      


Date 
      


Contractor:       
      


Section 1 – SUBSTANTIAL COMPLETION 
(Beneficial Occupancy) 


Battelle accepts from the Contractor, Care, Custody and Control for Beneficial Occupancy of the completed 
work as follows:  


 Fully accepted without exception. 


 Acceptance of this work is contingent upon D/B Contractor completing uncompleted or discrepant 
work identified on exceptions list (attached). 


 
Battelle Construction Manager  Battelle Project Manager Battelle Engineering & Inspection 


Section 2 – FINAL ACCEPTANCE  
(Closeout of Contract) 


Battelle acknowledges from the Contractor; Final Acceptance of the Work as follows:  


 Fully Accepted without Exception. 


 


 


 All Exceptions Removed or Resolved   
Battelle Construction Manager  Battelle Project Manager Battelle Engineering & Inspection 
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EXCEPTIONS LIST 


(Attach Supplemental Pages as Required) 
ITEM 
NO. DESCRIPTION OF EXCEPTION PLANNED ACTION 


ITEM ACCEPTED / RESOLVED 
NAME INITIAL DATE 


      


END OF SECTION 01 7800 
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SECTION 01 7900 


VENDOR INFORMATION 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This Section includes administrative and procedural requirements for preparing Operations and 
Maintenance (O&M) manuals, including the following: 


1. Product data 
2. Operation data 
3. Maintenance data for the care and maintenance of equipment. 


 
Note: O&M manuals shall be marked with the associated Battelle equipment 
name/identification number found in the equipment tables on the Project Drawings.   


1.2 SUBMITTALS 


A. Draft O&M Manual(s):  Submit one (1) soft electronic copy of each draft O&M manual, 
inclusive of all required vendor information, in final form at least 10 workdays prior to D/B 
Contractor declaration of Substantial Completion.   


B. Final O&M Manual(s):  Submit two (2) hard copies, and one (1) soft electronic copy of the final 
O&M Manuals incorporating comments received from Battelle during the draft O&M review.  
Submittal shall be received by Battelle within 10 workdays of D/B Contractor’s receipt of 
Battelle’s draft O&M Manual review comments.   


PART 2 - PRODUCTS 


2.1 MANUALS, GENERAL “HARD COPY” 


A. Organization:  Unless otherwise indicated, organize each manual into a separate section for each 
piece of equipment.  Each manual shall contain the following materials, in the order listed: 


1. Title page  
2. Table of contents 
3. Manual contents 


B. Title Page:  Enclose title page in transparent plastic sleeve.  Include the following information: 


1. Battelle’s equipment name/number(s) 
2. Subject matter included in manual 
3. Name and address of Project 
4. Date of submittal 
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5. Name, address, and telephone number of D/B Contractor 


C. Table of Contents:  List each product included in manual identified by product name and 
indexed to the content of the volume. 


D. Manual Contents:  Organize into sets of manageable size.  Arrange contents alphabetically by 
equipment.  If possible, assemble instructions for equipment into a single binder. 


1. Binders:  Heavy-duty, 3-ring, vinyl-covered, loose-leaf binders, in thickness necessary to 
accommodate contents, sized to hold 8-1/2-by-11-inchpaper; with clear plastic sleeve on 
spine to hold label describing contents and with pockets inside covers to hold folded 
oversize sheets. 


a. Identify each binder on front and spine, with printed title "VENDOR 
INFORMATION – PRODUCT DATA, OPERATION AND MAINTENANCE 
MANUAL," Project title or name, and subject matter of contents.  Indicate volume 
number for multiple-volume sets. 


2. Dividers:  Heavy-paper dividers with integral tabs for each section.  Mark each tab to 
indicate contents, marking shall be typed or computer generated.  Include typed list of 
products and major components of equipment included in the section on each divider. 


3. Subparagraph below provides protection for troubleshooting software diskettes used in 
some operation systems.  Delete requirements if unnecessary. 


4. Protective Plastic Sleeves:  Transparent plastic sleeves designed to enclose diagnostic 
software diskettes for computerized electronic equipment. 


5. Supplementary Text:  Prepared on 8-1/2-by-11-inch, 20 lb/sq. ft white bond paper. 
6. Drawings:  Attach reinforced, punched binder tabs on drawings and bind with text. 


a. If oversize drawings are necessary, fold drawings to same size as text pages and 
use as foldouts. 


b. If drawings are too large to be used as foldouts, fold and place drawings in labeled 
envelopes and bind envelopes in rear of manual.  At appropriate locations in 
manual, insert typewritten pages indicating drawing titles, descriptions of contents, 
and drawing locations. 


2.2 MANUALS, GENERAL “SOFT COPY” 


A. Organization:  Unless otherwise indicated, organize and copy to compact disk (CD) in PDF 
format a separate section for each piece of equipment.  Each CD shall contain the following 
materials, in the order listed: 


1. Title page  
2. Table of contents 
3. Manual contents 


B. Title Page:  Include the following information: 


1. Battelle’s equipment name/number(s) 
2. Subject matter included in manual 
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3. Name and address of Project 
4. Date of submittal 
5. Name, address, and telephone number of D/B Contractor 
6. Cross-reference to related systems in other operation and maintenance manuals 


C. Table of Contents:  List each product included in CD, identified by product name, indexed to 
the content of the volume, cross-referenced to Specification Section number in Project Manual 
and number of pages for each section. 


D. CD Contents:  Arrange contents alphabetically by system, subsystem, and equipment.  


1. CD label: Label each CD with a printer generated self-adhesive label. 


a. Identify each CD with a printed title " VENDOR INFORMATION – PRODUCT 
DATA, OPERATION AND MAINTENANCE MANUAL," Project title or name, 
and subject matter of contents.  Indicate volume number for multiple-volume sets. 


2.3 PRODUCT DATA 


A. All previously reviewed and approved Product Data shall be included in the Vendor 
Information Manuals. 


2.4 OPERATION MANUALS 


A. Content:  In addition to requirements in this Section, include the following information: 


1. Battelle’s equipment name/identification number(s)  
2. Equipment descriptions 
3. Operating standards 
4. Operating procedures 
5. Wiring diagrams 
6. Control diagrams 
7. Piped system diagrams 
8. Precautions against improper use 
9. License requirements including inspection and renewal dates 


B. Descriptions:  Include the following: 


1. Product name and model number 
2. Manufacturer's name 
3. Equipment identification with serial number of each component 
4. Equipment function 
5. Operating characteristics 
6. Limiting conditions 
7. Performance curves 
8. Engineering data and tests 
9. Complete nomenclature and number of replacement parts 


C. Operating Procedures:  Include the following, as applicable: 
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1. Startup procedures 
2. Equipment or system break-in procedures 
3. Routine and normal operating instructions 
4. Regulation and control procedures 
5. Instructions on stopping 
6. Normal shutdown instructions 
7. Seasonal and weekend operating instructions 
8. Required sequences for electric or electronic systems 
9. Special operating instructions and procedures 


D. Equipment Controls:  Describe the sequence of operation, and diagram controls as installed. 


2.5 EQUIPMENT MAINTENANCE MANUAL 


A. Content:  For each piece of equipment include source information, manufacturers' maintenance 
documentation, maintenance procedures, maintenance and service schedules, spare parts list and 
source information, maintenance service contracts, and warranty and bond information, as 
described below. 


B. Manufacturers' Maintenance Documentation:  Manufacturers' maintenance documentation 
including the following information for each component part or piece of equipment: 


1. Standard maintenance instructions and bulletins. 
2. Drawings, diagrams, and instructions required for maintenance, including disassembly 


and component removal, replacement, and assembly. 
3. Identification and nomenclature of parts and components. 
4. List of items recommended to be stocked as spare parts. 


C. Maintenance Procedures:  Include the following information and items that detail essential 
maintenance procedures: 


1. Test and inspection instructions. 
2. Troubleshooting guide. 
3. Precautions against improper maintenance. 
4. Disassembly; component removal, repair, and replacement; and reassembly instructions. 
5. Aligning, adjusting, and checking instructions. 


D. Maintenance and Service Schedules:  Include service and lubrication requirements, list of 
required lubricants for equipment, and separate schedules for preventive and routine 
maintenance and service with standard time allotment. 


1. Scheduled Maintenance and Service:  Tabulate actions for daily, weekly, monthly, 
quarterly, semiannual, and annual frequencies. 


2. Maintenance and Service Record:  Include manufacturers' forms for recording 
maintenance. 


E. Spare Parts List and Source Information:  Include lists of replacement and repair parts, with 
parts identified and cross-referenced to manufacturers' maintenance documentation and local 
sources of maintenance materials and related services. 
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PART 3 - EXECUTION 


3.1 MANUAL PREPARATION 


A. O&M Manuals:  Assemble a complete set of final product data, illustrative cuts, shop drawings, 
and operation and maintenance data for each piece of equipment. 


END OF SECTION 01 7900 
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SECTION 01 9113  


GENERAL COMMISSIONING REQUIREMENTS 


PART 1 - GENERAL 


1.1 COMMISSIONING 


A. Battelle shall be responsible for subcontracting and providing the services of a qualified 
Commissioning Agent (CxA) to perform Commissioning of the equipment and systems 
identified below, and as developed in the Technical Specifications issued for construction.  The 
D/B Contractor, sub-tier contractors, and the Designer-of-Record (DOR) shall be required to 
support the CxA, the Commissioning process, and to assist Battelle with coordination of the 
CxA’ s services during design, construction, acceptance, and near end of warranty phases of the 
project.      


B. Commissioning is a systematic process of ensuring by verification and documentation that all 
facility systems perform interactively in accordance with the design documentation and intent, 
and in accordance with Battelle’s operational and maintenance needs, including preparation and 
training of Battelle operation personnel.   


C. The CxA shall be involved during design of the facility and shall perform commissioning 
reviews of the design documents checking to ensure that the D/B Team is following 
requirements identified in the Performance Specification, that interdisciplinary coordination is 
occurring, and that maintainability is being designed into the GSL facility.  The CxA will work 
with the D/B Team to develop commissioning specifications that will inform the D/B 
Contractor, and sub-tier contractors what their responsibilities will be during construction.   


D. Commissioning during the construction phase is intended to achieve the following specific 
objectives according to the Contract Documents: 


1. Verify that applicable equipment and systems are installed according to the manufac-
turer’s recommendations and to industry accepted standards and that they receive ade-
quate operational checkout by installing contractors. 


2. Verify and document proper functional performance of equipment and systems. 
3. Document all non-performing equipment or systems and track corrective actions 


through final resolution. 
4. Verify that O&M documentation left on site is complete. 
5. Verify that Battelle’s operating personnel are adequately trained. 


E. Commissioning Standard – Energy Independence and Security Act (EISA) section 432, and 
Federal Energy Management Program (FEMP) commissioning guidance.   


1.2 SUBMITTALS: 
A. Pre-functional checklists:  D/B Contractor and sub-tier contractors shall submit completed 


Installation and Start-Up Forms for equipment and systems to be tested for Battelle and CxA 
approval.   
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1.3 RELATED SECTIONS 


A. The following sections provide specific information on the systems to be commissioned. 
1. To be determined upon D/B Contractor issuance of the Technical Specification 


applicable to the Work. 


1.4 COMMISSIONING PROCESS 


A. Kick-off Meeting:  All members of the design and construction team that will be involved in the 
commissioning process meet and agree on the scope of work, tasks, schedules, deliverables, and 
responsibilities for implementation of the Commissioning Plan.  


B. Commissioning Plan:  The commissioning plan provides guidance in the execution of the 
commissioning process.  Provides a brief overview of each start-up and functional test to be 
performed and shows the responsible contractor and/or supplier. Outlines the responsibilities of 
all personnel to the commissioning process. Estimates the commissioning schedule.  The CxA 
shall develop a Commissioning Plan based upon the issued for construction design.   


C. Submittals:  Equipment documentation is submitted during normal submittals, including 
detailed start-up procedures. 


D. Start-Up/Pre-Functional Checklists:  Detailed factory supplied equipment start-up forms are 
given to the Commissioning Agent (CxA) by each division contractor.  


E. Installation Verification Audit: Includes the on-site inspection and review of related system 
components for conformance to the specifications. The CxA will check for proper systems 
installation and verify systems readiness for functional testing. Noted deficiencies will be 
documented and must be satisfactorily resolved by the D/B Contractor prior to continuing with 
commissioning of the affected component or system. 


F. Functional Performance Testing:  The CxA develops specific equipment and system functional 
performance test procedures.  The D/B Contractor and associated sub-tier contractors shall 
review the procedures.  The procedures are executed by the responsible D/B Contractor and/or 
sub-tier contractor, under the direction of, and documented by, the CxA. Final performance 
commissioning of systems will begin only after the appropriate subcontractor certifies that 
systems are 100% complete, start-up test results have been accepted, and the CxA agrees that 
systems are ready for functional testing. The accuracy of installed sensors, gauges, 
thermometers, etc. is verified. Components are tested in all modes of operation. Systems are 
tested under various modes, such as during low/high cooling or heating loads, maximum system 
capacity, component failures, fire alarm, power failure, varying outside air temperature, etc. The 
systems are operated through all sequences of operation. Components and systems are verified 
to be operating per the prescribed sequence. Noted deficiencies (items that do not conform to 
specified requirements), will be documented by the CxA for resolution by the D/B Contractor. 


G. Deficiencies and Resolution Test Report:  Items of non-compliance in material, installation or 
performance are documented by the CxA.  The items are corrected at no expense to Battelle and 
the equipment or systems are re-tested. The report also includes the responsible contractor, 
current disposition of issues, and the date of final resolution as confirmed by the CxA. 
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H. Operations and Maintenance Documentation:  The CxA reviews the O&M documentation for 
completeness.  The CxA reviews and coordinates the training provided by the D/B Contractor 
and verifies that it was completed. 


I. Seasonal Testing:  Deferred or seasonal testing is conducted, as required. 


J. Final Commissioning Report: This includes the overall final commissioning document, 
prepared by the CxA, which details the actual commissioning procedures performed, inspection 
and testing results, and the final version of the deficiencies and resolutions list indicating that all 
issues discovered through the commissioning process have been verified as resolved. 


K. Near Warranty End Testing:  Testing conducted prior to warranty expiration on identified 
systems.     


1.5 COMMISSIONING TEAM 


A. Members proposed by D/B Contractor/DOR, approved by Battelle:  


1. Individuals, each having the authority to act on behalf of the entity he or she represents, 
explicitly organized to implement the commissioning process through coordinated action. 
The commissioning team shall consist of, but not be limited to, representatives of the D/B 
Contractor, DOR, each sub-tier contractor, including installers, suppliers, vendors and 
specialists deemed appropriate by the CxA.  


B. Members Appointed by Battelle: 


1. CxA: The designated person, company, or entity that plans, schedules, and coordinates 
the commissioning team to implement the commissioning process.  


2. Representatives of Battelle’s facility user and operation and maintenance personnel. 
3. Battelle Architect and Engineering design professionals. 
4. Battelle Project Manager 
5. Battelle Construction Manager 
6. Battelle Chief Engineer 
7. Battelle Authorities Having Jurisdiction 


1.6 RESPONSIBILITIES 


A. The responsibilities of various parties in the commissioning process are provided in this section.  
The responsibilities of the D/B Contractor, and sub-tier contractors shall be identified in the 
technical specifications issued for construction.     


B. All Parties: Attend commissioning scoping meeting and additional meetings, as necessary. 


C. Commissioning Agent: 
1. Design Phase: 


a. Commissioning reviews of each D/B Contractor submitted Design Package as 
specified in the Performance Specification.  


b. Ensuring design is compliant with the Performance Specification, and Contract.   
c. Verifying that interdisciplinary coordination is occurring 
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d. Working with D/B Team to develop commissioning specifications that will inform 
the D/B Contractor, Sub-tier contractors, vendors, etc. of their specific 
responsibilities will be during construction.    


2. The CxA is not responsible for compliance with codes, or general construction 
scheduling, cost estimating or construction management.  The CxA may assist with 
problem-solving non-conformance or deficiencies, but ultimately that responsibility 
resides with the D/B Contractor.   


3. Construction and Acceptance Phase: 
a. Coordinates and directs all commissioning activities in a logical and efficient 


manner.  Work with the D/B Contractor and Battelle Project Manager (PM) to 
ensure that commissioning activities are being scheduled. 


b. Develop and submit for approval the Commissioning Plan, and any revisions 
necessary.   


c. Plan and conduct a commissioning scoping meeting, and other periodic meetings 
as necessary to ensure commissioning activities are fully coordinated with D/B 
Contractor and Battelle PM. 


d. Request and review additional information required to perform commissioning 
tasks, including O&M materials, contractor start-up and checkout procedures, and 
sequences of operation. 


e. Review D/B Contractor submittals applicable to systems being commissioned for 
compliance with commissioning needs.   


f. Perform site visits, as necessary, to observe component and system installations.  
Attend selected planning and job-site meetings to obtain information on 
construction progress.   


g. Review completed pre-functional checklist and start-up reports. 
h. Coordinate any start-up requirements with TAB contractor. 
i. Write the functional performance test procedures for equipment and systems.  


Submit to Battelle for review/approval. 
j. Coordinate, witness, and document functional performance tests performed by 


installing contractors.  Coordinate retesting as necessary until satisfactory 
performance is achieved. 


k. Maintain a master deficiency and resolution record.  Submit deficiency reports 
with written progress reports and test results with recommended actions to Battelle. 


l. Submit a final commissioning report to Battelle. 


D. Battelle: 
1. Design Phase: 


a. Manage the contract of the CxA. 
b. Provide and coordinate the CxA resources necessary to perform commissioning 


review of D/B Contractor developed and submitted Design Packages for 
conformance to Performance Specification and Contract requirements. 


c. Ensure that CxA identified review comments are provided to D/B Contractor and 
DOR. 


2. Construction, Acceptance, and near Warranty end Phase: 
a. Manage the contract of the D/B Contractor.   
b. Manage the contract of the CxA. 
c. Arrange for facility operating and maintenance personnel to attend various field 


commissioning activities and field training sessions according to the 
Commissioning Plan. 







S785272-SPEC-01  06/2020 
Rev. 1 GRID STORAGE LAUNCHPAD (GSL) 
 


GENERAL COMMISSIONING REQUIREMENTS 01 9113 - 5 


d. Provide oversight of the Commissioning process. 
e. Provide final approval for the completion of the commissioning work. 


E. D/B Contractor: 
1. Design Phase: 


a. Manage and provide the design and DOR services necessary to coordinate with 
Battelle provided CxA.   


b. Ensure that requirements of Performance Specification, and Contract documents 
are driven into design.   


c. Manage DOR and sub-tier consultants and vendors during the design process.   


2. Construction, Acceptance, and near Warranty end Phase: 
a. Manage and provide the Design and DOR services necessary to support 


commissioning. 
b. Assist with coordination of the commissioning work by the CxA. 
c. Coordination of sub-tier contractors necessary to assist and support the 


commissioning process. 
d. Include the cost of support of, and assistance with coordinating the commissioning 


process in the contract price. 
e. Furnish a copy of all construction documents, addenda, change orders and 


approved submittals and shop drawings related to commissioned equipment to the 
CxA. 


f. In each purchase order or subcontract written, include requirements for submittal 
data, O&M data, commissioning tasks and training and coordination with the CxA 
as necessary.   


g. Ensure that all Sub-tier contractors execute their commissioning responsibilities 
according to the Contract Documents and schedule. 


h. Representatives of the D/B Contractor and DOR shall attend a commissioning 
scoping meeting and other necessary meetings scheduled by the CxA to facilitate 
the commissioning process. 


i. Coordinate the training of Battelle personnel. 
j. Prepare O&M manuals, according to the Contract Documents, including clarifying 


and updating the original sequences of operation to as-built conditions. 


F. Sub-Tier Contractors 
1. Provide labor, equipment, submittals and materials necessary to assist and support the 


CxA during the commissioning process for specific systems as identified in the technical 
specifications and drawings developed by the D/B Contractor. 


2. Attend the commissioning scoping meeting and other necessary meetings scheduled by 
the CxA to facilitate the commissioning process. 


G. Equipment Suppliers 
a. Provide all requested submittal data, including detailed start-up procedures and 


specific responsibilities of Battelle to keep warranties in force. 
b. Assist in equipment testing per agreements with Subs. 
c. Provide information requested by CxA regarding equipment sequence of operation 


and testing procedures. 
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PART 2 - PRODUCTS 


2.1 TEST EQUIPMENT 


A. All standard testing equipment required to perform startup and initial checkout and required 
functional performance testing shall be provided by the Division contractor for the equipment 
being tested.  For example, the mechanical contractor of Division 23 shall ultimately be 
responsible for all standard testing equipment for the HVAC system and controls system in 
Division 23. 


PART 3 - EXECUTION 


3.1 MEETINGS 


A. Scoping Meeting:  Within 60 to 90 days of commencement of construction, the CxA will 
schedule, plan and conduct a commissioning scoping meeting with the entire commissioning 
team in attendance.  Meeting minutes will be distributed to all parties by the CxA. Information 
gathered from this meeting will allow the CxA to revise the Commissioning Plan. 


B. Miscellaneous Meetings:  Other meetings will be planned and conducted by the CxA as 
construction progresses.  These meetings are anticipated to occur on a regular, monthly basis.  
These meetings will cover coordination, deficiency resolution and planning issues with D/B 
Contractor and specific sub-tier contractors.  The CxA will plan these meetings and will 
minimize unnecessary time being spent by the D/B Contractor and sub-tier contractors.  


3.2 SPECIFIC D/B CONTRACTOR AND SUB-TIER CONTRACTOR RESPONSIBLITIES FOR 
COMMISSIONING 


A. The D/B Contractor, and each sub-tier contractor responsible for completion of the work within 
their section shall have specific responsibilities relating to demonstrating the equipment and 
systems provided have been installed and function per the contract specifications. 


B. In order for the commissioning process to proceed as smoothly as possible and to prevent 
interruption to the project schedule, the CxA will need information early in the project from the 
D/B Contractor in order to compile checklists and procedures for the commissioning team’s use. 
To support this, the D/B Contractor shall (for the equipment to be commissioned), submit 
copies of the manufacturers’ installation and start-up manuals prior to installation. In addition, 
the D/B Contractor and sub-tier contractors shall submit other equipment documentation to the 
CxA for review upon request. 


C. It is the D/B Contractor’s specific responsibility to ensure that each sub-tier contractor complete 
their respective start-up and checkout procedures, and to insure the complete readiness of 
equipment and systems, prior to the start of the functional performance testing. 


D. Assist the CxA in the development of specific functional performance test procedures relative to 
their scope of work. 
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E. Provide written confirmation of system readiness for functional performance testing to the CxA. 
Schedule the actual date and times for the functional performance testing. Include time for 
commissioning in the master construction schedule. The schedule shall contain the following 
activities and detail as a minimum. 


1. D/B Contractor review and comment on preliminary commissioning plan documents. 
2. Commissioning Plan Development. 
3. Start-up Plan Development. 
4. Start-up Activities by Equipment and Systems. 
5. Installation Verification Activities by Equipment and Systems. 
6. Functional Testing Activities by Equipment and Systems. 
7. Training. 
8. Operations and Maintenance. 
9. Seasonal Testing. 


F. Demonstrate system performance to the Commissioning Agent through completion of the 
functional performance testing process, per the procedures and acceptance criteria provided by 
the CxA. 


G. D/B Contractor and sub-tier contractors shall be responsible for ensuring that qualified 
representatives are provided for start-up and testing of equipment to be commissioned. 


H. D/B Contractor and sub-tier contractors will be responsible for providing material, equipment 
and their normal tools, required within the scope of their specialty, to facilitate successfully 
completing the functional performance testing process.  


I. D/B Contractor and sub-tier contractors shall budget and provide sufficient time and qualified 
personnel to participate onsite in this process until the process is successfully completed and all 
contractor related deficiencies have been corrected or otherwise resolved. (i.e., if during the 
commissioning process, a valve is found to be inoperable or temperature sensor out of tolerance, 
the contractor shall provide parts and labor to replace the failed component.) 


J. Provide training to Battelle. Specified training on related systems and equipment operation and 
maintenance shall only commence after final performance commissioning is successfully 
completed, and systems are verified by the Commissioning Agent to be 100% complete and 
functional. 


K. Off-Season Testing: 
1. Seasonal testing will be required to demonstrate that systems meet design conditions 


during seasonal extremes, typically at peak heating and cooling conditions. 
2. Seasonal testing may be required when ambient temperatures are such that equipment 


cannot be operated. 
3. Seasonal testing is required to prove performance for a fully occupied building, and for 


systems that are occupancy sensitive. 
4. It is the contractor’s responsibility to provide labor and material for seasonal testing and 


to make corrections to any contractor related issues discovered. 


L. Near Warranty End Review: 
1. Post-construction and at least one month prior to the end of warranty of the 


commissioned systems, the D/B Contractor, Battelle, and the CxA shall participate in a 
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review of the commissioned systems to identify any operation or other outstanding 
issues. 


2. The review shall consist of a site meeting with the D/B Contractor and appropriate sub-
tier contractors. The D/B Contractor or sub-tier contractor may be required to test and 
inspect systems and equipment identified as potentially having warranty issues. 


3. A list of warranty issues will be listed on a Near-Warranty-End Issues list by Battelle and 
the CxA and provided to the contractor. The contractor shall investigate, test and resolve 
all issues and sign off on each issue and return the list to the CxA for back checking prior 
to the end of the warranty period.  


4. The D/B Contractor shall ensure the cooperation of all appropriate sub-tier contractors in 
follow-up meetings and any testing, inspections and resolution involving warranty issues 
prior to the end of the warranty period. 


3.3 SYSEMS TO BE COMMISSIONED 


A. The following systems and assemblies will be commissioned on the project: 


1. Facility Management Control System (FMCS). 
2. HVAC system equipment and components. 
3. Hydronic heating hot water, and chilled water systems. 
4. Potable Hot Water System. 
5. Scheduled or occupancy sensor lighting controls. 
6. Emergency Lighting Controls. 
7. UPS/Inverter System 
8. Standby Power System. 
9. Electrical Metering. 
10. Safety Systems (gas detection, leak detection, door interlocks, shunt trips/fuses, ac/dc 


interfaces), etc. within KW Test and Validation Lab Area. 
11. Exterior and interior Proximity Card entry systems.   


3.4 REPORTING 


A. The CxA will provide regular reports to the Battelle PM and D/B Contractor with increasing 
frequency as construction and commissioning progresses. 


B. The CxA will regularly communicate with all members of the commissioning team, keeping 
them apprised of commissioning progress and scheduling changes through memos, progress 
reports, etc. 


C. A final Commissioning Report is compiled which summarizes the procedures, findings, 
conclusions, and recommendations of the commissioning process. 


END OF SECTION 01 9113 
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		S785272-SPEC-01; 011000 - SUMMARY OF WORK, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. Battelle Memorial Institute (Battelle), in connection with Battelle's operation and maintenance of the U.S. Department of Energy's (DOE) Pacific Northwest National Laboratory (PNNL) in Richland, Washington under Contract No.  DE-AC05-76RL01830, has...

		B. The Grid Storage Launchpad (GSL) shall provide high-performance laboratory infrastructure to support world-class research. The facility shall be designed to enhance research collaboration using creative arrangement of spaces, allowing for increased...

		C. Collaboration, administrative, and support spaces shall be fully integrated into the design, creating a cohesive facility, thus providing an environment to promote scientific advancements across all included mission ready capabilities.

		D. The GSL facility shall be located on the DOE Office of Science’s (DOE-SC) Pacific Northwest National Laboratory (PNNL) North Core Campus Area, in Richland, Washington.  It will be located on the south side of Horn Rapids Road, north of the Energy S...

		E. Laboratory spaces shall be a single-story component, with a service corridor between laboratory modules, and a personnel corridor at perimeter of laboratory groupings. The service corridor shall have an interstitial space above for distribution of ...

		F. The structure shall be of non-combustible (type II) construction, and with quality and materials equivalent or exceeding other PNNL buildings on campus.

		G. The building shall have the presence of a landmark on the PNNL campus with appropriate way finding features to guide people to the main entrance.  The siting and orientation shall reference the existing landscape and buildings to enhance the overal...

		H. The GSL facility shall be comprised of the following characteristics:

		1. A “signature” facility, an iconic PNNL landmark symbolic of world class science.

		2. Thirty laboratory module equivalents. A module is defined as a 22’-6” x 33’-6” structural grid and includes all infrastructure to have the module be convertible to other science capabilities in the future.

		3. A laboratory suite, or space dedicated to testing and validation of energy storage technologies, up to a threshold of 100kW [kilowatt] capacity. This space will be further subdivided into a <10kW testing and validation laboratory, and grid scale (<...

		4. Within the 30-lab module laboratory component, an “In-Operando” group of suites containing materials characterization, analytical tools (including NMR), high-performance imaging equipment (Quiet Suite), and standard Instrument Labs.

		5. Workstations, including a combination of hard walled office “executive suites”, hard walled individual offices, and open landscape partitioned spaces (105 total).

		6. Lobby and open collaboration spaces, including a second floor outdoor covered “terrace” area.

		7. A Visualization space; a multipurpose room for video observation, instruction, and conferencing.

		8. Two medium conference rooms.

		9. Four small conference rooms.

		10. Six “huddle” conference rooms.

		11. Four “phone booths” in the office areas, two per floor.

		12. Laboratory service corridors.

		13. Interstitial mechanical mezzanines.

		14. Mechanical, electrical, IT server and MDF/IDF rooms.

		15. Loading dock, and shipping/receiving areas.

		16. Chemical storage room.

		17. Waste Storage Room

		18. Site improvements including required utility infrastructure, paved vehicular parking and access areas, pedestrian circulation, and landscaping.

		Refer to the Performance Specification, S785272-ENG-001 for more detailed information.



		I. The GSL shall be a distinguished laboratory designed to include space and infrastructure that promotes creativity, develops technical leaders, and encourages staff members to be bold in their research.  The design shall deliver a provocative exteri...

		J. The GSL shall be a “signature” facility in its building form and function. Signature attributes apply to the building architecture and to the building’s scientific mission. The building design shall include a distinct exterior building appearance e...

		K. The GSL facility shall be defined as “High Performance.”  Battelle’s contractually required method for achieving High Performance is through conformance with the Department of Energy Guiding Principles for Sustainable Federal Buildings (2016) in co...

		L. The GSL building shall comply with design requirements set forth within the Performance Specification S785272-ENG-001.  The building maximum boundaries are affected by nearby utilities and existing roads and structures as shown on the Site Plan in ...



		1.2 The work consists of providing management, supervision, administration, architectural services, engineering, design, procurement, labor, materials, construction, and subcontracts necessary to design, and construct the GSL facility.  The GSL facili...

		1.3 CONTRACT

		A. Project will be designed and constructed under a Firm Fixed Price Design/Build Contract.



		1.4 DESIGN DOCUMENTS

		A. Drawings:

		1. To be developed by D/B Team and approved by Battelle, in accordance with the Performance Specification, and the Division 01 General Requirements.



		B. Specifications:

		1. Performance Specification: S785272-ENG-001, Rev. 1

		2. Grid Storage Launchpad Division 01 General Requirements:  S785272-SPEC-01, Rev. 1 (This Specification)

		3. Technical Specifications:  To be developed by D/B Team and approved by Battelle in accordance with the Performance Specification, and the Division 01 General Requirements.



		C. Planning Documents:

		1. Not Used.



		D. Reference Documents:

		1. GSL Site Layout

		2. Energy Sciences Capability Facility; Overall Site Plan, Drawing C-100.

		3. Energy Sciences Capability Facility; Overall Grading Plan, Drawing C-110.

		4. Energy Sciences Capability Facility; Overall Utility Plan, Drawing C-120

		5. 190821 Energy Sciences Capability (ESC) Geotechnical Report (Final), dated August 21, 2019.

		6. Battelle Procedure, ADM-064, Rev. 17; Equipment Identification and Labeling Requirements





		1.5 WORK SEQUENCE

		A. D/B Contractor shall sequence the work activities to meet the following requirements;

		1. Permanent Fire Protection:  Where underground water mains and hydrants are to be provided, they shall be installed, completed, and in service prior to commencing construction work on any structure in accordance with NFPA 241 8.7 Fire Protection Dur...

		2. At earliest feasible date in each area of Project, complete installation of permanent fire-protection facilities, including connected services, and place into operation and use.  Instruct key personnel on use of facilities.





		1.6 GOVERNMENT-FURNISHED PRODUCTS

		A. The following products are Government furnished:

		1. None.





		1.7 MILESTONES

		A. The Work shall be conducted in accordance with the following Interim Milestones (IM) and shall be incorporated into the D/B Teams Design, and Construction Schedules as identified in Section 01 3200 – Progress Documentation.

		B. During the initial planning of this project, Battelle envisioned one or more design deliverables and issuance of one, final, issued for construction document package to be submitted for review and approval.  Each design deliverable is identified be...

		a. IM One:  Design Package 1 – Schematic Design.  108 Calendar Days after Battelle issuance of Notice-of-Award (NOA), the D/B Team shall develop, and submit for Battelle review and approval the completed Schematic Design documents identified in the Pe...

		b. IM Two:  Design Package 2 – Definitive Design (Design Development).  215 Calendar Days after Battelle issuance of NOA, the D/B Team shall develop and submit for Battelle review and approval the Definitive Design documents identified in the Performa...

		c. IM Three:  Design Package 3 – 50% Construction Documents package submitted to Battelle for review/comment.  320 Calendar Days, or less, after Battelle issuance of NOA, the D/B Team shall develop and submit for Battelle review and comment the 50% co...

		d. IM Four:  Design Package 4 – 95% Construction Documents package submitted to Battelle for approval and issuance of the Facility Modification Permit (FMP).   369 Calendar Days, or less, after Battelle issuance of NOA, the D/B Contractor shall develo...

		e. IM Five:  Design Package 5 – 100% Issued for Construction Document package submitted to Battelle for approval.  411 Calendar Days, or less, after Battelle issuance of NOA, the D/B Contractor shall develop, and submit for Battelle review and approva...

		f. IM Six:  Substantial Completion, Beneficial Occupancy.  914 Calendar Days, or less, after Battelle issuance of Notice of Award (NOA), the D/B Contractor shall be Substantially Complete with all work activities.  Substantial Completion shall be as i...

		g. IM Seven:  Final Acceptance, Closeout of Exceptions.  969 Calendar Days, or less, after Battelle issuance of NOA, the D/B Contractor shall attain Final Completion.  Final Acceptance shall be as identified in Section 01 7800 Completion, Acceptance a...





		1.8 USE OF PREMISES

		A. On site work hours shall be 6:00 a.m. to 4:30 p.m. Monday through Thursday.  Authorization to perform work on site at times other than as specified shall require prior written authorization from Battelle.

		B. Key D/B Contractor, Designer-of-Record (DOR), and sub-tier contractor personnel required to periodically meet with Battelle employees at or within existing Battelle facilities shall complete required PNNL training and possess a picture badge issued...

		C. D/B Contractor, and sub-tier contractor personnel performing work at the project site shall not be required to possess a picture I.D. badge issued by Battelle.  Upon Battelle installation of required network and facility switches to support commiss...

		D. Upon Battelle acceptance of Beneficial Occupancy, ALL D/B Contractor, DOR, sub-tier contractor, vendors and consultants shall be required to possess a picture ID badge issued by Battelle for access into the GSL facility.

		E. During construction the D/B Contractor shall implement an orientation and identification system, e.g. hard hat sticker, or other identification means to clearly identify D/B Contractor, DOR, sub-tier contractor, vendor, Battelle and DOE employees w...

		F. Doors shall not be left unlocked, unattended, or blocked open at any time.  Doors that are alarmed or not customarily used require specific authorization for use and may require full time supervision by Battelle Security personnel while in use.  Pr...

		G. The EMSL, ESC, and BSF Facilities are operational research facilities.  The D/B Contractor shall take all necessary measures to limit the impact of construction and demolition activities on the occupants of these facilities.  Noise, dust, vibration...

		H. Request authorization to access work areas, use storage and laydown areas, perform isolations, conduct outages, conduct tie-ins to existing utilities, and perform work from the Battelle Construction Manager (CM).  Request authorization, in writing,...



		1.9 PERMITS/FEES

		A. D/B Contractor Responsibility:

		1. The D/B Contractors obligations regarding permits required by Federal, State, and Municipal Laws, Codes and Regulations remain as required by the Contract General Provisions.

		2. City of Richland (COR) – Right of Way Construction Permit, Plan Review and Inspection Fees:  D/B Contractor shall be required to comply with the COR Public Works, Civil and Utility Engineering requirements identified in the “Public Infrastructure C...

		3. City of Richland (COR) – Potable Water and Sanitary Sewer Fees:  D/B Contractor shall work with the COR to have COR potable water service, and sanitary sewer systems established, tested, metering equipment installed, and service established in Batt...

		4. City of Richland (COR) – Temporary/Construction Electrical Power System/Metering Equipment: D/B Contractor shall coordinate with the City of Richland (COR) and design and install all necessary temporary construction power for the GSL Facility in ac...

		5. City of Richland (COR) – Permanent Electrical Power System/Metering Equipment:    D/B Contractor shall work with the COR to have COR electrical distribution, electrical service, and power metering equipment installed, inspected, tested, and permane...



		B. Battelle Issued Permits

		1. Notify Battelle in advance of work requiring a permit.  The D/B Contractor shall meet the requirements set forth in the permit and post the permit in a conspicuous location and ensure employees’ awareness of the permit contents.

		2. Facility Modification Permit (FMP):  Battelle will issue an FMP to the D/B Contractor upon Battelle approval of Design Package 4 – 95% Construction Document package.  The FMP(s) shall be posted onsite and will be utilized to document Battelle inspe...

		3. Confined Space Entry Permit:  This permit is required prior to entering a confined space.  Permits are valid for one (1) day unless Battelle approves extended usage.  Only work that is originally identified on the Entry Permit shall be conducted in...

		6. Excavation Permit:  Required for each excavation or backfilling involving hand digging greater than 12 inches, or machine digging at any depth.  Hand digging is required within 20T5-ft20T of known or suspected underground utilities. Notify Battelle...

		a. Additional to the Excavation Permit, the D/B Contractor shall:

		1) CALL BEFORE YOU DIG:  Call 1-800-424-5555 (or 811) for an underground utility scan prior to excavating.  The actual location of underground utilities must be physically marked on the ground prior to start of any permit-required excavation.

		2) EXCAVATION PLAN:  Prepare D/B Contractor Site Excavation Drawings incorporating all utilities identified within the contract documents, and the “Call Before You Dig” scan.  Incorporate all information into a Project Excavation Plan that identifies ...

		3) EXCAVATION PLAN REVEIEW:  Submit the excavation Plan to the Construction Manager.  Notify the Construction Manager one 5 work days prior to submittal and allow for 10 working days for Battelle review and approval to excavate.

		4) MAINTAIN EXCAVATION RECORD:  As excavation and potholing activities proceed, maintain an accurate “as-built” version of the D/B Contractor Site Excavation Drawing.  Submit this “As-Built” excavation record prior to construction completion.





		8. Isolation/Outage Request Permit: Required for removing any Battelle system from service to facilitate tie-in. Notify Battelle ten (10) work days before outage is required.

		9. In addition to permits identified in this Section, other sections may require use or approval of forms and requests that are not titled as permits but generally have the same effect.  D/B Contractor shall comply with the requirements identified wit...





		1.10 WORK UNDER OTHER CONTRACTS

		A. D/B Contractor shall cooperate fully with other, ongoing Battelle work occurring on, around and within the ESC, EMSL and BSF facilities so work at those facilities may be conducted smoothly, without interfering with or delaying work under this Cont...

		B. The D/B Contractor shall take all necessary measures to limit the impact of construction and demolition activities on the occupants of the ESC, EMSL and BSF facilities.  The EMSL-BSF service road (Einstein Ave.) shall be kept clear for Battelle use...



		1.11 SPECIFICATION FORMATS AND CONVENTIONS

		A. Specification Format:  The Specifications developed by the D/B Contractor shall be organized into Divisions and Sections using the 2012 48-division CSI "Master Format" numbers & titles.

		B. Specification Content:  The Specifications shall use certain conventions for the style of language and the intended meaning of certain terms, words, and phrases when used in particular situations.  These conventions shall be established by the D/B ...



		1.12 WORK CONTROL PROCESS

		A. Work Control Policy: All construction work activities performed on the PNNL campus require a Job Safety Analysis (JSA).  The JSA shall be completed by the D/B Contractor for their anticipated Work tasks and submitted to Battelle for review and appr...

		1. JSA:  D/B Contractor shall develop and submit for Battelle approval a JSA encompassing all Work Scope to be performed onsite.  The JSA shall be developed in accordance with requirements identified in Section 01 6000 Environmental, Safety and Health...

		2. Preconstruction Meeting:  Prior to commencing onsite work, representatives from the D/B Contractor’s management, including the Jobsite Superintendent, Site Safety Supervisor, and sub-tier contractors shall meet with Battelle to evaluate hazards ass...

		3. Managing Change:  The original, approved JSA shall be reviewed, revised, and re-approved by Battelle if the work scope, site conditions, or hazards change.  D/B Contractor shall verify that the JSA is current, addresses known hazards, and has been ...





		1.13 TRAINING FOR CONTRACT PERSONEL

		A. General: D/B Contractor and sub-tier contractors shall include costs for course attendee’s time in proposal.  Battelle is responsible for initial and refresher training course fees.  D/B Contractor shall be required to pay course fees for no-shows ...

		B. PNNL Laboratory Orientation is required prior to obtaining a Battelle badge.

		1. PNNL Non-Staff Orientation (2400)



		C. D/B Contractor, sub-tier contractor, and vendor personnel performing work onsite are required to have training, if required, as defined below.    Submit documentation of previously completed courses to Battelle. All personnel requiring access to ex...

		1. Lock & Tag for Authorized Workers (692)

		3. Hot Work Permit Training (988)

		4. Hands-on Fire Extinguisher Training (654)

		5. Hazardous Waste Management Training (833)







		PART 2 -  PRODUCTS – not used

		PART 3 -  EXECUTION – not used



		S785272-SPEC-01; 012000 - PAYMENT PROCEDURES, Rev. 01

		PAYMENT PROCEDURES

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. Reference Contract General Provisions for additional instructions.



		1.2 SUBMITTALS

		A. Design Schedule of Values (DSOV):  Submit for Approval thirty (30) calendar days after Notice of Award a schedule of values covering the development, submission, and Battelle review and approval of design packages 1-5 as identified in the Performan...

		B. Construction Schedule of Values (CSOV):  Submit for Approval concurrent with submission of Design Package 3 – 50% Construction Document package a CSOV covering all construction related activities allocating remaining portions of the Contract sum (n...

		C. Revised Schedule of Values:  Update and resubmit one (1) copy of the approved SOV (DSOV and/or CSOV) when Change Orders or Change Directives result in a change in the Contract Sum.  Revise and resubmit the SOV when, at the discretion of Battelle, i...



		1.3 SCHEDULE OF VALUES (DSOV and CSOV) PREPARATION

		A. Each item in the Schedule of Values shall be clearly identified as applicable to a specific Contract Line Item Number (CLIN).  Level of effort activities if used shall also be separated into portions applicable to each CLIN.

		B. Coordinate preparation of the Schedule of Values with preparation of D/B Contractor's Design and Construction Schedule(s), correlating line items in the Schedule of Values with activities listed on the schedules.  Where the Work is separated into p...

		C. The Schedule of Values shall provide a breakdown of the Contract Sum in enough detail to facilitate continued evaluation of Applications for Payment and progress reports.  Format and Content for the Schedule of Values shall follow the Work Breakdow...

		D. Provide at least one (1) line item for each Specification Section.

		E. Provide line items for each principal subcontracted amount, where appropriate.

		F. Round amounts to nearest whole dollar; total shall equal the Contract Sum.

		G. Provide a separate line item in the SOV for each part of the Work where Applications for Payment may include materials or equipment purchased or fabricated and stored, but not yet installed.  (Differentiate between items stored on-site and items st...

		H. Include the following Project / Contract identification on the SOV:

		1. Project name and location.

		2. Battelle Contract number.

		3. Submittal number

		4. D/B Contractor's name and address.

		5. Date of submittal.

		6. Arrange the Schedule of Values in tabular form with separate columns (generally by calendar month) to indicate the scheduled date of work performance.





		1.4 APPLICATIONS FOR PAYMENT

		A. PAYMENT TERMS

		1. The Contract Price shall be payable in monthly progress payments, payable Thirty (30) calendar days after receipt of a proper invoice.

		2. The cut-off date for the D/B Contractor’s invoice shall be the working day nearest the 25th day of each month.  Only Notarized Invoices stamped by Battelle as received within five days of the cutoff date will be paid in the next 30-day cycle.  Invo...

		3. Each progress payment shall be for a value of Work completed by the D/B Contractor in accordance with the Schedule of Values, and as supported by the updated, approved CPM Schedule.

		4. A Retention amount equal to 10% of the approved progress billing shall be withheld from each progress payment until final completion and acceptance of the Contract Work.  Release of Retention amounts prior to final Contract completion is subject to...

		a. If at any time after 50% of the work has been completed, Battelle finds that satisfactory progress is being made, it may authorize release of any or all previously retained amounts and may authorize payment in full all invoiced and accepted work pe...

		b. Whenever the work is substantially complete, Battelle may reduce the retention to an amount it considers adequate for protection of the Government and, at its discretion, may release to the D/B Contractor all or a portion of any excess amount.



		5. Upon request, the D/B Contractor shall furnish evidence, satisfactory to Battelle, that all labor and materials furnished, and equipment used during the period covered by any Invoice have been paid for in full and the Work is not subject to liens o...

		6. Each Application for Payment shall be consistent with previous applications and payments as certified and paid for by Battelle.



		B. MONTHLY ACCRUALS

		1. D/B Contractor shall submit to Battelle monthly accruals (estimations) at month-end of amount that will be invoiced for the current month. Accruals are due on Wednesday the week prior to the month-end date.



		C. PROGRESS VERIFICATION

		1. Meet with the Battelle Construction Manager and, utilizing the approved Schedule of Values, verify and agree upon the percentage of work complete for each activity.

		2. Applications for Payment shall reflect the agreed upon percentages of work completed.

		3. No invoice will be accepted without prior Construction Manager verification and approval.



		D. INVOICING INSTRUCTIONS

		1. The D/B Contractor shall use Battelle Form 18303 for Applications for Payment.

		2. Battelle requires to receive invoices electronically.  To expedite PROMPT PAYMENT, submit an electronic (PDF, Word, format) invoice to Battelle at: ap.invoices@pnl.gov.  Invoices may not be submitted more frequently than monthly and shall include a...

		3. Battelle shall not be obligated to pay for invoice items not fully supported by approved progress measurements and any other such documentation as may be required.  Battelle reserves the right to make provisional payment on an invoice in dispute, p...

		4. As part of the request for payment, the D/B Contractor shall submit a report summarizing the month’s injuries, illnesses, property damage, fires, “near misses”, etc. The summary report should be formatted to include the following items:

		a. Average number of employees during the month,

		b. Total D/B Contractor hours worked on this Contract,

		c. Number of sub-tier Contractors, and

		d. Number of sub-tier Contractor employees by sub-tier Contractor, and

		e. Total sub-tier Contractor hours (by sub-tier Contractor) worked on this Contract.



		5. The request for payment shall also include an updated CPM schedule report as identified in Section 01 3200 Progress Documentation.





		1.5 DIRECT PAYMENTS TO SUB-TIER CONTRACTORS

		A. Contract revenues representing payments to sub-tier contractors shall not be considered earned by D/B Contractor unless and until D/B Contractor has paid the current invoices of such sub-tier contractor.  In the event Battelle determines, in its so...



		1.6 BACKCHARGES

		A. A Back-charge is a cost sustained by Battelle and chargeable to the D/B Contractor for Battelle’s performance of Work, for which the D/B Contractor is responsible.  Without limitation and by way of example only, Back-charges may result from:

		1. Services performed by Battelle, at D/B Contractor’s request for work which is within D/B Contractor’s Scope of Work under this Contract, or

		2. Costs sustained by Battelle as a result of D/B Contractor’s non-compliance with the provisions of this Contract or D/B Contractor’s act of omission or negligence.



		B. Upon identification by Battelle of an actual or anticipated Back-charge, Battelle will issue a Back-charge Notice to D/B Contractor.  This Notice shall describe the Back-charge Work to be performed, the scheduled period for performance, the cost to...

		C. In the event the D/B Contractor refuses to agree to the Back-charge, Battelle shall at its option proceed with the Back-charge Work and charge the Back-charge Cost to the D/B Contractor’s accounts.





		PART 2 -  PRODUCTS (Not Used)

		PART 3 -  EXECUTION (Not Used)



		S785272-SPEC-01; 013000 - ADMINISTRATIVE REQUIREMENTS Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes administrative and procedural requirements for:

		1. Submittals.

		2. Requests for Information (RFI)

		3. Engineering Change Notice (ECN)

		4. Contractor Non-Conformance Report (CNCR)

		5. Product delivery, storage, and handling.

		6. Product Substitutions and Comparable products.



		B. SUBMITTAL/RFI/ECN/CNCR WORKFLOW PROCESSES

		1. D/B Contractor and its team shall be required to utilize Battelle’s electronic Project Management software for electronic submission of all required submittals, Requests For Information (RFI), Engineering Change Notices (ECNs), and Contractor Non-C...

		2. D/B Contractor may propose use of an alternate electronic Project Management software system for Battelle review and approval.  Alternative software must be capable of handling and processing submittals, RFIs, ECNs, and NCRs.  If approved by Battel...

		3. Submittals and RFIs related to Division 01 (this specification) and Performance Specification (S785272-ENG-01) requirements shall be routed to Battelle for review, disposition, and response.  All ECN’s issued to revise or modify the Issued for Cons...

		4. Submittals and RFIs related to approved and issued for construction design media (technical Specifications, and/or drawings) requirements shall be routed to the DOR for review, disposition, and response.  The Project Management software system shal...

		5. Changes to approved and issued for construction design media shall require Battelle review and approval.  ECN’s (or D/B Team approved change mechanism/process) developed to modify approved and issued for construction design media shall be submitted...

		6. D/B Contractor and sub-tier contractor Non-Conformances shall be documented utilizing Battelle’s electronic Project Management Software.  The Contractor Non-Compliance Report (CNCR) shall be submitted by the D/B Contractor.  The DOR shall review th...





		1.2 DEFINITIONS

		A. Products:  Items purchased for incorporating into the Work, whether purchased for Project or taken from previously purchased stock.  The term "product" includes the terms "material," "equipment," "system," and terms of similar intent.

		1. Named Products:  Items identified by manufacturer's product name, including make or model number or other designation, shown or listed in manufacturer's published product literature that is current as of date of the Contract Documents.

		2. New Products:  Items that have not previously been incorporated into another project or facility, except that products consisting of recycled-content materials are allowed, unless explicitly stated otherwise.  Products salvaged or recycled from oth...

		3. Comparable Product:  Product that is demonstrated and approved through the submittal process by the DOR, and reviewed by Battelle, or where indicated as a product substitution, to have the indicated qualities related to type, function, dimension, i...

		4. Or Equal: For products specified by name and accompanied by the term "or equal," or "or approved equal," or "or approved," comply with requirements in "Comparable Products" Article to obtain approval for use of an unnamed product.



		B. Basis-of-Design Product Specification: A specification in which a specific manufacturer's product is named and accompanied by the words "basis-of-design product," including make or model number or other designation, to establish the significant qua...

		C. Substitutions:  Changes in products, materials, equipment, and methods of construction from those specified as the basis of design and included in the Battelle approved Issued for Construction design media and proposed in writing by D/B Contractor ...

		D. Approval Submittals:  Written and graphic information that requires the DOR or Battelle approval prior to D/B Contractor procurement or performance of associated Work.

		E. Informational/Record Copy Submittals:  Written and graphic information that does not require the approval but must be submitted for informational/record purposes.  Informational/Record Copy submittals may be rejected by the DOR, or Battelle for not...

		F. Request for Information (RFI): An RFI is a written documented administrative method by which the D/B Contractor and sub-tier contractors shall request clarification and/or direction from Battelle regarding Contract, and Performance Specification re...



		1.3 SUBMITTALS

		A. Work associated with materials, equipment, or products which are required to be submitted for Approval shall not proceed until such materials, equipment or product submittals have been reviewed by, and Approved by the DOR and/or Battelle as required.

		B. Coordination:  Coordinate preparation and processing of submittals with performance of construction activities.

		1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, and related activities that requires sequential activity.

		a. Battelle reserves the right to withhold action on a submittal requiring coordination with other submittals until related submittals are received.





		C. Master Submittal Log: A preliminary Master Submittal Log (MSL) identifying submittals required by the Performance Specification, and the Division 01 General Requirements is attached in paragraph 3.6 below.  The MSL will be uploaded into Battelle’s ...

		1. This preliminary MSL is provided as a convenience to the D/B Contractor.

		2. The omission of an item from the MSL does not relieve the D/B Contractor from the responsibility of submitting an item listed in the individual specification sections.

		3. An Excel spreadsheet version of the preliminary MSL is available for D/B Contractor use to append/amend the preliminary MSL as required.



		D. Battelle Processing Time:  Allow enough time for submittal review, including time for re-submittals, as follows.  Time for review shall commence upon the Battelle receipt of the submittal.

		1. Performance Specification Design Package Submittal Review:  Allow 15 working days for Battelle review of each submitted design package.  Allow additional time if processing must be delayed to permit coordination with subsequent submittals.  Battell...

		2. Division 01 Submittal Review:  Allow 10 working days for Battelle’s review of each submittal specified in the Division 01 General Requirements, e.g. this document.  Allow additional time if processing must be delayed to permit coordination with sub...

		3. Re-submittal Review:  Allow 10 working days for processing each re-submittal of Division 01 General Requirements submittals.  Allow 15 working days for processing of each re-submitted Performance Specification Design Package submittal.

		4. Lack of Timely Submittal:  No extension of the Contract Time will be authorized because of D/B Contractor or sub-tier contractor’s failure to transmit submittals in advance of the Work to permit processing by Battelle.



		E. Designer-of-Record (DOR) Processing Time:  D/B Contractor, and sub-tier contractors shall allow the DOR enough time in advance of the Work to permit review and processing by the DOR.  No extension of the Contract period of performance will be autho...

		F. Identification:  Place a permanent label or title block on each submittal for identification.

		1. Indicate name of firm or entity that prepared each submittal on label or title block.

		2. Provide a space approximately 4 by 5 inches on label or beside title block to record D/B Contractor's review and approval markings.

		3. Include the following information on label for processing and recording action taken:

		b. Date.

		c. Name and address of D/B Contractor.

		d. Name and address of sub-tier contractor.

		e. Name and address of supplier.

		f. Name of manufacturer.

		g. Submittal number, including revision number, as identified on the MSL.

		h. Number and title of appropriate Specification Section or drawing number.





		G. Transmittal:  Transmit each submittal using the electronic Project Management software “Submittal” process, provided by Battelle.  D/B Contractor shall review all sub-tier contractor submittals before transmitting to Battelle or the DOR.  The DOR, ...

		1. An electronic copy or scan of each submittal shall be attached to the “Submittal Form” in the Project Management software system.

		2. Include D/B Contractor's certification stating that information submitted complies with requirements of the Contract Documents.



		H. Transmittal of non-electronic Submittals: For submittals that cannot be transmitted electronically due to size or material properties (e.g. physical samples), transmit each submittal using the Project Management software systems “Submittal” process...

		1. D/B Contractor shall hand deliver items which cannot be electronically transmitted to Battelle and the DOR after submission of cover sheet in the Project Management software system identifying items which are transmitted under separate cover.

		2. Include D/B Contractor's certification stating that information submitted complies with requirements of the Contract Documents.



		I. Deviations:  Highlight, encircle, or otherwise identify deviations from the Contract Documents on submittals.

		J. Product Data Submittals: Include Specification Section number and title and Drawing numbers and titles.

		1. Product data submittals shall include performance, electrical, dimensional, accessories, make, and model number for the equipment at a minimum.  Enough information must be provided to determine the appropriateness, fit and function of the equipment...

		2. Manufacturers' Data Sheets:  Where product data contain manufacturers' standard data, include only sheets pertinent to product or component installed.  Mark each sheet to identify each product or component incorporated into the Work.  If data inclu...

		3. Operations & Maintenance (O&M) Manuals:  All required O&M manuals specified by technical specifications shall be required to be submitted electronically utilizing the Project Management software system and D/B Contractor shall also be required to p...



		K. Substitution Requests – After Battelle approval of an issued for construction design package, and issuance of the Facility Modification Permit (FMP) covering the approved Work:  D/B Contractor shall submit all Substitution Requests for DOR approval...

		1. D/B Contractor shall identify via highlighting, and notation, within each submittal any deviations from the specified product with the submittal data provided in the Project Management software system.  Identify product or fabrication or installati...

		2. Documentation:  Show compliance with requirements for substitutions and the following, as applicable:

		a. Statement indicating why specified material or product cannot be provided.

		b. Coordination information, including a list of changes or modifications needed to other parts of the Work and to construction performed by Battelle and separate contractors that will be necessary to accommodate proposed substitution.

		c. Detailed comparison of significant qualities of proposed substitution with those of the Work specified.  Significant qualities may include attributes such as performance, weight, size, durability, visual effect, and specific features and requiremen...

		d. Product Data, including drawings and descriptions of products and fabrication and installation procedures.

		e. Samples, where applicable or requested.

		f. List of similar installations for completed projects with project names and addresses and names and addresses of owners and architects.

		g. Material test reports from a qualified testing agency indicating and interpreting test results for compliance with requirements indicated.

		h. Research/evaluation reports evidencing compliance with building code in effect for Project, from a model code organization acceptable to authorities having jurisdiction.

		i. Detailed comparison of D/B Contractor's Construction Schedule using proposed substitution with products specified for the Work, including effect on the overall Contract Time.  If specified product or method of construction cannot be provided within...

		j. Cost information, including a proposal of change, if any, in the Contract Sum.

		k. D/B Contractor's certification that proposed substitution complies with requirements in the Contract Documents and is appropriate for applications indicated.



		3. Designer-of-Record Review:  The DOR will make every attempt to expedite review of a substitution request, however, D/B Contractor shall allow 10 workdays for disposition, unless noted otherwise.  If necessary, the DOR will request additional inform...

		a. If no decision on use of a proposed substitution is made within the time allocated, the D/B Contractor is obligated to use the product specified and shall hold Battelle harmless for any impact to the Construction Schedule and shall further be held ...





		L. Compatibility of Options:  If D/B Contractor is given option of selecting between two or more products for use on Project, product selected shall be compatible with products previously selected, even if previously selected products were also options.

		1. D/B Contractor is responsible for coordination of sub-tier contractors and ensuring that products and construction methods utilized by a sub-tier contractor are compatible with products and construction methods utilized by all other sub-tier contra...



		M. Use for Construction:  Use only final submittals with mark indicating action taken by DOR and/or Battelle in connection with construction.



		1.4 PRODUCT DELIVERY, STORAGE, AND HANDLING

		A. Deliver, store, and handle products using means and methods that will prevent damage, deterioration, and loss, including theft.  Comply with the manufacturers written instructions.

		1. Schedule delivery to minimize long-term storage at Project site and to prevent overcrowding of construction spaces.

		2. Coordinate delivery with installation time to ensure minimum holding time for items that are flammable, hazardous, easily damaged, or sensitive to deterioration, theft, and other losses.

		3. Deliver products to Project site in an undamaged condition in manufacturer's original sealed container or other packaging system, complete with labels and instructions for handling, storing, unpacking, protecting, and installing.

		4. Inspect products on delivery to ensure compliance with the Contract Documents and to ensure that products are undamaged and properly protected. Reference Section 01400.

		5. Store products to allow for inspection and measurement of quantity or counting of units.

		6. Store products that are subject to damage by the elements, under cover in a weather tight enclosure above ground, with ventilation adequate to prevent condensation.



		B. Storage:  Provide a secure location and enclosure at Project site for storage of materials and equipment.  Coordinate location with Battelle.





		PART 2 -  PRODUCTS

		2.1 PRODUCT OPTIONS

		A. General Product Requirements:  Provide products that comply with the Contract Documents, that are undamaged, and unless otherwise indicated, that are new products at time of installation.

		1. Provide products complete with accessories, trim, finish, fasteners, and other items needed for a complete installation and indicated use and effect.

		2. Standard Products:  If available, and unless custom products or nonstandard options are specified, provide standard products of types that have been produced and used successfully in similar situations on other projects.

		3. Descriptive, performance, and reference standard requirements in the Specifications establish "salient characteristics" of products.



		B. Product Selection Procedures:  Procedures for product selection include the following:

		1. Available Products:  Where Specification paragraphs or subparagraphs titled "Available Products" introduce a list of names of both products and manufacturers, provide one of the products listed or another product that complies with requirements.  C...

		2. Available Manufacturers:  Where Specification paragraphs or subparagraphs titled "Available Manufacturers" introduce a list of manufacturers' names, provide a product by one of the manufacturers listed or another manufacturer that complies with req...

		a. Restricted List: Where Specifications include a list of manufacturers' names, provide a product by one of the manufacturers listed that complies with requirements. Comparable products or substitutions for D/B Contractor's convenience will not be co...



		3. Basis-of-Design Product: Where Specifications name a product, or refer to a product indicated on Drawings, and include a list of manufacturers, provide the specified or indicated product or a comparable product by one of the other named manufacture...

		4. Product Options:  Where Specification paragraphs titled "Product Options" indicate that size, profiles, and dimensional requirements on Drawings are based on a specific product or system, provide either the specific product or system indicated or a...

		a. If no product available within specified category matches satisfactorily and complies with other specified requirements, comply with provisions of the Contract Documents on "substitutions" for selection of a matching product.



		6. Visual Selection Specification:  Where Specifications include the phrase "as selected from manufacturer's colors, patterns, and textures" or a similar phrase, select a product (and manufacturer) that complies with other specified requirements.

		a. Standard Range:  Where Specifications include the phrase "standard range of colors, patterns, textures" or similar phrase, the DOR with Battelle concurrence will select color, pattern, or texture from manufacturer's product line that does not inclu...

		b. Full Range:  Where Specifications include the phrase "full range of colors, patterns, textures" or similar phrase, the DOR and Battelle will select color, pattern, or texture from manufacturer's product line that includes both standard and premium ...







		2.2 PRODUCT SUBSTITUTIONS

		A. Timing:  D/B Contractor shall time the submission of substitution requests so as not to impact the Construction Schedule or the Contract period of performance.

		B. Conditions:  The DOR shall only consider product substitutions under the following described conditions:

		1. Requested substitution offers Battelle a substantial advantage in cost, time, energy conservation, maintenance or other considerations, after deducting additional responsibilities Battelle must assume.

		2. Requested substitution does not require extensive revision to the approved and issued for construction design media, or Contract documents.

		3. Requested substitution is consistent with the Contract and will produce indicated results.

		4. Substitution request is fully documented and properly submitted.

		5. Requested substitution will not adversely affect D/B Contractor's Construction Schedule.

		6. Requested substitution has received necessary approvals of authorities having jurisdiction.

		7. Requested substitution is compatible with other portions of the Work and has been coordinated with other portions of the Work.

		8. Requested substitution provides specified warranty.

		9. If requested substitution involves more than one contractor, requested substitution has been coordinated with other portions of the Work, is uniform and consistent, is compatible with other products, and is acceptable to all contractors involved.





		2.3 COMPARABLE PRODUCTS

		A. Conditions for Consideration: DOR will consider D/B Contractor's request for comparable product when the following conditions are satisfied. If the following conditions are not satisfied, The DOR may return requests without action, except to record...

		1. Evidence that the proposed product does not require extensive revisions to the approved design media or Contract, and that it is consistent with the Contract and will produce the indicated results, and that it is compatible with other portions of t...

		2. Detailed comparison of significant qualities of proposed product with those named in the Specifications.  Significant qualities include attributes such as performance, weight, size, durability, visual effect, and specific features and requirements ...

		3. Evidence that proposed product provides specified warranty.

		4. List of similar installations for completed projects with project names and addresses and names and addresses of owners and architects, if requested.

		5. Samples, if requested.







		PART 3 -  EXECUTION

		3.1 SUBMITTALS

		A. D/B Contractor Review

		1. Prior to submittal to the DOR and/or Battelle, D/B Contractor shall review each submittal and check for accuracy completeness and compliance with the Contract Documents.

		2. D/B Contractor submission to the DOR or Battelle of required submittal data, product information, shop drawings, etc. shall certify that the D/B Contractor has reviewed, checked and approved the data for compliance with the Contract Documents prior...



		B. Designer-of-Record (DOR)/Battelle Review

		1. The D/B Contractor’s DOR shall review, and disposition each submittal required by the approved, issued for construction design media.

		2. Battelle shall review and disposition submittals required by the Division 01 and Performance Specification.

		3. Reviewers shall make marks to indicate corrections or modifications required or provide comments.  The DOR or Battelle shall return each submittal within the Project Management software system to indicate the disposition of the submittal and any su...

		a. No Exception Taken:  The responsible reviewer has not found anything within the submittal requiring rework to the submittal.

		c. Exception Taken as Noted - Resubmittal Required:  The responsible reviewer has found and marked up discrepancies within the submittal; D/B Contractor shall make corrections as noted and resubmit the entire package for additional review.

		d. Reject – Revise and Resubmit: The responsible reviewer has determined that the submittal is rejected in its entirety or has not been transmitted per these specifications; D/B Contractor shall remedy the discrepancy and resubmit the entire package.

		e. Information/Record: The responsible reviewer will review each submittal and acknowledge receipt of the submittal within the Project Management software system.  If the Information/Record Copy submittal does not comply with contract requirements, th...

		2. Unsolicited Submittals:  Submittals not required by the Contract are reviewed at the DOR’s and/or Battelle’s sole discretion and may not be reviewed and may be discarded.





		3.2 REQUESTS FOR INFORMATION (RFI)

		A. RFI Process

		1. D/B Contractor and major sub-tier contractors shall utilize the Project Management software system RFI process to document all RFIs.  RFIs from sub-tier contractors shall be routed to the D/B Contractor within the Project Management Software system...

		2. RFI Submittal: All RFIs shall be submitted by the D/B Contractor and/or sub-tier contractors, in writing, in clear concise language, and in enough detail to fully describe the issue.  RFIs from sub-tier contractors shall be reviewed by the D/B Cont...

		3. Required Information:  The following items shall be required on the RFI Form.

		a. Project Name

		b. Contract Number

		c. Date

		d. RFI Number: D/B Contractor shall sequentially number each RFI and maintain a system sufficient to ensure that duplicate numbers or gaps shall not occur.

		e. D/B Contractor Name

		f. To: DOR or Battelle as required in the Contract.

		g. Subject: A brief description of the issue.

		h. References: As detailed on the RFI form and to the level required to fully identify the issue. (RFIs which lack sufficient detail or clarity to identify the issue, shall be returned to the D/B Contractor for correction)

		i. Problem/Information Requested:  A complete narrative on the problem or information requested.

		j. Information Requested By: The name of the requestor or entity

		k. Reply Needed Date:  The date that reply is needed to maintain schedule and not disrupt construction. Reply Needed Date shall comply with section 3.2.A.5 of this specification.

		l. D/B Contractor and/or sub-tier contractor shall provide a statement of interpretation or proposed resolution in the space provided on the RFI form and may attach sketches of proposed solution for consideration.



		4. The Project Management software system shall automatically copy Battelle on all RFI responses from the DOR to the D/B Contractor.   If the DOR response is not consistent with Contract requirements, Battelle shall identify the inconsistency, and DOR...

		5. RFI review time:  The DOR and/or Battelle shall review properly submitted RFIs and provide a response within 10 working days of receipt.  Where conditions warrant, the D/B Contractor may request expedited review.  Failure of the DOR or Battelle to ...





		3.3 ENGINEERING CHANGE NOTICE (ECN)

		A. ECN PROCESS

		1. When it becomes apparent that the approved, released, issued for construction design documents require revision, the DOR shall modify the issued for construction design documents as necessary, document the modification, and control the release of t...

		2. D/B Contractor and the DOR shall utilize Battelle’s Engineering Change Notice (ECN) process to document changes to the Battelle approved, released, issued for construction design documents. D/B Contractor may propose an alternate process for docume...

		3. The ECN shall be an organized form that describes the changes of an approved design in written format and with supporting documents (e.g. revised drawings and/or specifications).  In addition, the ECN shall include a clear, defendable, justificatio...

		4. The DOR shall develop and submit required documentation via the Project Managaement software system in accordance with the approved change control process to Battelle for review and approval.

		5. Upon approval, Battelle shall forward via the Project Management software system the approved change to the D/B Contractor for implementation. If insufficient information is provided to clearly communicate the design change, Battelle shall send the...

		6. All changes to Battelle approved, released, issued for construction design documents for which an FMP has been issued require Battelle approval prior to D/B Contractor implementation.

		7. ECN Review processing time:  D/B Contractor, and DOR shall allow 15 working days for Battelle review, and approval of properly formatted and submitted ECNs.  If insufficient information is provided to support Battelle review, the ECN shall be retur...





		3.4 D/B CONTRACTOR NON-CONFORMANCE REPORT (CNCR)

		A. CNCR PROCESS

		1. D/B Contractor shall utilize the Project Management Software System CNCR process to document any Non-Conformances to the Battelle approved, issued for construction design documents.

		2. D/B Contractor shall submit enough information to document and identify the non-conformance to the DOR for review.  In addition, the D/B Contractor shall propose a recommended disposition of the CNCR, e.g. (Use-as-is, Repair, Rework, or Reject).  I...





		3.5 ENGINEERING CHANGE NOTICE (ECN) EXAMPLE FORM AND INSTRUCTIONS

		A. ECN Form Block Instructions

		1. Enter Service Request number followed by the ECN revision number, the FMP number and the ECN number that is assigned by the Document Center.  Show the ECN number on all pages of the ECN.

		2. Enter the project title and Project Number in main body of block and the work package number in the smaller block within block 2.

		3. Enter the facility and room or location of the change.

		4. Enter the date the ECN is prepared.

		5. Enter “X” in the Yes or No box, whichever applies.

		6. Enter purchase order number, if applicable.  If not applicable, enter “N/A.”

		7. List other ECN numbers that pertain to the ECN.  Use block 17 if additional space is required to list the additional related ECN numbers.

		8. Enter a brief descriptive change title.  Enter a reference EDP number if applicable.  For ECNs affecting the RPL, include the USQ number.

		9. Enter an “X” in the Yes or No box, whichever applies.  (Note – for this to be a “Yes”, a fairly significant project scope change has to occur)

		10. Enter identifying number of the engineering document (drawing, vendor information, specification, supporting document, etc.), including document number, sheet/page, etc. as applicable.  Enter only one document number in Block 10.  If more than one...

		11. Identify the person who originated the ECN, his/her office number, MSIN, and organization.

		12. Obtain the required approval signatures.  For internal designs, the required approvals are: Design Engineer/Author, Independent Reviewer, Building Engineer/Systems Engineer, Building Manager, Fire Protection Engineer, and Chief Engineer at a minim...

		13. The Project Manager or a person given authority by the Project Manager or line management signs the ECN indicating that the technical contents and the cost and schedule impacts of the change have been reviewed and justified, and that the change do...

		14. List the names, location, and number of copies for those who are to receive a copy of the approved ECN.  Distribution is always made to Design Engineer, Building Engineer, Building Manager, and Project Manager whether listed on the distribution or...

		15. Describe the change, and/or provide a sketch of the drawing changes required to implement the change.  If the change is a text change, provide a revision of the required text material.  If additional space is required, use page 3 or provide attach...

		16. State why this change is required.  Include sufficient detail to permit an assessment of the need for the change.

		17. Enter the identifying numbers, titles, etc. of other documents that will be affected by the proposed change. (Continuation of blocks 7 and 10)

		18. Enter special instructions to be included in the work plans.

		19. Identify all or part of the work to which the PAAA Subject Area and/or 10 CFR 830, Subpart A applies.

		20. An authorized person signs when the physical work involved with the ECN has been completed.

		21. A cognizant person signs when the depicted changes have been appropriately documented on official drawings and related documents.





		3.6 MASTER SUBMITTAL LOG (PRELIMINARY)
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		PROGRESS DOCUMENTATION

		PART 1 – GENERAL

		1.1 SUMMARY

		A. This section contains administrative and procedural requirements for construction progress documentation.



		1.2 DEFINITIONS

		A. Activity:  A discrete part of a project that can be identified for planning, scheduling, monitoring, and controlling the construction project.  Activities included in a construction schedule consume time and resources.

		1. Critical activities are activities on the critical path.  They must start and finish on the planned early start and finish times.

		2. Predecessor activity is an activity that must be completed before a given activity can be started.



		B. Baseline:  The D/B contractor submitted, Battelle approved, design and construction schedule that is maintained throughout the life of the contract.  The schedule baseline serves as a base or standard against which project performance can be measur...

		C. CPM: Critical path method, which is a method of planning and scheduling a construction project where activities are arranged based on activity relationships.  Network calculations determine when activities can be performed and the critical path of ...

		D. Critical Path:  The longest continuous chain of activities through the network schedule that establishes the minimum overall Project duration and contains no float.

		E. Event:  The starting or ending point of an activity.

		F. Float:  The measure of leeway in starting and completing an activity.

		1. Free float is the amount of time an activity can be delayed without adversely affecting the early start of the following activity.

		2. Total float is the measure of leeway in starting or completing an activity without adversely affecting the planned Project completion date.



		G. Fragnet:  A partial or fragmentary network that breaks down activities into smaller activities for greater detail.

		H. Major Work Elements:  Significant construction elements which identify each major portion of the work scope. When taken together, the major work elements completely define the scope of the project.  Depending on the complexity of the project, these...

		I. Milestone:  A key or critical point in time for reference or measurement.

		J. Network Diagram:  A graphic diagram of a network schedule, showing activities and activity relationships.

		K. % Complete:  The measure of physical progress on an activity or task.

		L. Resource: A definable labor entity, material commodity, or subcontract service with a corresponding measurement for each activity.



		1.3 SUBMITTALS

		A. Design Schedule:  Submit for Approval thirty (30) calendar days after Notice of Award a schedule covering the development, submission, and Battelle review and approval of Design Packages 1-5 as identified in the Performance Specification.  The Desi...

		B. Construction Schedule:  Submit for Approval concurrent with submission of Design Package 3 – 50% Construction Documents Package, a detailed schedule covering all construction related activities for the entire remaining Contract Period of Performanc...

		C. Reports:

		a. Updated CPM Schedule: (at monthly intervals to correspond with payment application, for I/R)

		b. Daily Construction Reports: (at monthly intervals for I/R)

		c. Manpower Reports: (at monthly intervals to correspond with payment application, For I/R)

		d. Four Week Look Ahead Schedules: (at weekly intervals.  Present during progress meeting, submit for I/R).

		e. Meeting Minutes:  at intervals identified below documenting discussions during design, and construction progress meetings, for I/R.







		PART 2 -  PRODUCTS

		2.1 SCHEDULE SOFTWARE

		A. Prepare schedule(s) using commercial project planning software.  The preferred software is Oracle’s Primavera P6 Enterprise Project Portfolio Management software.  Other Project planning software may be used if approved by Battelle and compatible w...





		PART 3 -  EXECUTION

		3.1 SCHEDULE PREPARATION

		A. Prepare Design and Construction schedule contents in accordance with the following:

		1. Schedule format shall be a detailed, integrated, cost and resource loaded, Critical Path Method time-scaled logic diagram (time scaled activity bars and constraints), with a supporting tabulation of activities.  As a minimum, activity bars, activit...

		2. Activity durations shall be in working days.  Typically, activity durations shall not exceed 20 days, with exception of level-of-effort activities.  Activity titles shall be self-explanatory, with abbreviations shown in a legend on the document.  I...

		3. Submittal Review Time:  Include allowance for review and re-submittal times of Contract required data.  Coordinate submittal review times in D/B Contractor's Construction Schedule with Submittals Schedule.

		4. Activity description logic sequence and relationship.  Schedules shall identify critical path activities, including logical sequence and relationship of activities for engineering, design, submittals, procurement, fabrication, delivery, erection, c...

		a. Include procurement process activities for long lead items and major items, requiring a cycle of more than 60 days, as separate activities in schedule.  Procurement cycle activities include, but are not limited to, submittals, approvals, purchasing...

		b. Constraints:  Include constraints and work restrictions indicated in the Contract Documents and as follows and show how the sequence of the Work is affected.

		1) Arrange list of activities on schedule by major work element.



		c. Major Work Elements:  Identify each major portion of work required for construction.  Indicate where each construction activity within a major element must be sequenced or integrated with other construction activities to provide for the following:

		1) Design (to include identification of required discrete submittal packages, and “issued for construction” submittals.

		2) Mobilization.

		3) Submittals.

		4) Long lead procurement items

		5) Inspections and Tests

		a) IBC 110 General Inspections

		b) IBC Special Inspections/Tests

		c) Battelle Hold, Witness, and Receiving Verifications

		d) D/B Contractor QA Inspections/Tests



		6) Site work – Grading, Roads, Parking, Utilities

		7) Site work – Irrigation & Landscaping.

		8) Utility Tie-Ins.

		9) Foundations.

		10) Floor Slabs.

		11) Structural Steel Fabrication.

		12) Structural Steel Erection/Completion.

		13) Underground Fire Suppression Piping System complete

		14) Roofing.

		15) Exterior Walls.

		16) Misc. Steel & Stairs.

		17) Interior Walls.

		18) Ceilings.

		19) Fire Protection Piping.

		20) HVAC Piping & Equipment.

		21) HVAC Ductwork.

		22) Electrical Rough-In

		23) Electrical Equipment & Panelboards.

		24) Electrical Terminations & Trim-out.

		25) Electrical Testing

		26) Flooring.

		27) Doors & Hardware.

		28) Communication Systems.

		29) Access Control System

		30) Audio/Visual, Video Conferencing Equipment, Terminations and Testing

		31) Fire Alarm System.

		32) Start-up Checklists.

		33) Test & Air Balance.

		34) Commissioning.

		35) Punchlist.

		36) Cleanup & De-Mobilize.



		d. Work Stages:  Indicate important stages of construction within each major work element, including, but not limited to, the following:

		1) Design

		2) Subcontract awards.

		3) Mobilization.

		4) Submittals.

		5) Purchases.

		6) Mockups.

		7) Fabrication.

		8) Sample testing.

		9) Deliveries.

		10) Installation.

		11) Tests and inspections.  As identified in Section 01 4000 Quality Requirements.

		12) Commissioning

		13) Punch list



		e. Milestones:  Include milestones indicated in the Contract Documents in schedule, including, but not limited to, the Notice of Award (NOA), Notice to Proceed (NTP), Contract Milestones, Substantial Completion, and Final Completion.

		1) Notice of Award

		2) Notice to Proceed

		3) Interim Milestones identified in Section 01 1000 Summary of Work

		4) Foundation & Floor Slabs Complete.

		5) Structural Steel Erection Complete

		6) Building Weather-tight.

		7) Completion of Mechanical Installations

		8) Completion of Electrical Installation

		9) Interiors Complete.

		10) Commissioning

		11) Substantial Completion/Beneficial Occupancy.

		12) Final Acceptance/Close-Out.









		3.2 SCHEDULE MAINTENANCE

		A. Contract Modifications:  For each proposed contract modification and concurrent with its submission, prepare a time-impact analysis using fragnets to demonstrate the effect of the proposed change on the overall project schedule.

		B. Schedule Updating:  At monthly intervals, a review of job progress shall take place between the D/B Contractor and designated Battelle representatives to determine actual progress.  Participants shall compare actual job progress with scheduled prog...

		1. Update shall reflect agreed to actual quantities of materials installed, actual labor hours, and deliverables furnished.  The D/B Contractor shall issue the update in alignment with Battelle’s financial processing calendar.  The D/B Contractor’s mo...

		2. Revise schedule immediately after each meeting or other activity where revisions have been recognized or made.  D/B Contractor shall issue updated schedule(s) concurrently with the report of each such meeting.





		3.3 REPORTS

		A. Monthly CPM Schedule Update:  The D/B Contractor shall prepare and submit with its monthly billing or accrual submittal an updated CPM schedule (Current or Working Schedule) that reflects the physical progress and current start and finish dates of ...

		1. The schedule shall include the following information:

		a. Activity ID

		b. Activity Description

		c. Early Start

		d. Early Finish

		e. Baseline Start

		f. Baseline Finish

		g. % Complete

		h. Total Float

		i. Budgeted Cost



		2. Critical path activities should be highlighted.

		3. Completed activities may be omitted.

		4. A predecessor / successor listing shall accompany the schedule.

		5. Battelle shall require that the schedule be provided electronically in a format compatible with the schedule software identified.

		6. The D/B Contractor shall issue the update in alignment with Battelle’s financial processing calendar.  The D/B Contractor’s monthly Application for Payment shall be consistent with the information presented in the updated schedule.



		B. Daily Construction Reports:  Prepare a daily construction report for submission to Battelle on a monthly basis recording the following information concerning events at Project site:

		2. List of separate contractors at Project site.

		3. Approximate count of personnel at Project site.

		4. High and low temperatures and general weather conditions.

		5. Accidents.

		6. Meetings and significant decisions.

		7. Summary of progress achieved for the day, but sub-tier contractor

		8. Unusual events.

		9. Stoppages, delays, shortages, and losses.

		10. Change Orders received and implemented.

		11. Equipment or system tests and startups.

		12. Partial Completions and occupancies.

		13. Substantial Completions authorized.



		C. Manpower Report.  The D/B Contractor shall report all hours worked on-site on a monthly basis.  The report shall itemize labor hours by D/B Contractor direct report employee and subcontractor employee.  No distinction shall be made between Straight...

		D. Four-Week Look Ahead.  The D/B Contractor shall prepare and submit on a recurring basis to coincide with scheduled progress meetings a four-week schedule that looks at the upcoming four weeks in the Construction Schedule on a detailed level that fo...

		E. Progress Meetings:  The D/B Contractor and Battelle shall hold progress meetings during design and construction activities.  The frequency of the design progress meetings shall be at the discretion of the D/B Contractor and shall be held on PNNL Ca...



		3.4 CONSTRUCTION PHOTOGRAPHS

		A. Date Stamp:  Unless otherwise indicated, date and time stamp each photograph as it is being taken so stamp is integral to photograph.

		B. Pre-construction Photographs:  Before starting construction, take photographs of Project site and surrounding properties from different vantage points.  Show existing conditions adjacent to property.

		C. Periodic Construction Photographs:  Take photographs monthly, coinciding with cutoff date associated with each Application for Payment.  Photographer shall select vantage points to best show status of construction and progress since last photograph...

		D. Final Completion Construction Photographs:  Take photographs after date of Substantial Completion for submission as Project Record Documents.
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		PART 1 -  GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 1 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Battelle’s Sustainability Program at PNNL is driven by “Contract Clause H-43”, which incorporates Federal Laws, Executive Orders, and DOE Goals in its Site Sustainability Plan.  Executive Order 13834, Efficient Federal Operations, May 17, 2018, rea...

		B.  The complete Guiding Principles for Sustainable Federal Buildings and Associated Instructions document, as well as the companion Determining Compliance with the Guiding Principles for Sustainable Federal Buildings are included in the Performance S...

		Section I: Employ Integrated Design Principles

		1. Integrated Design.  Requirement: Consider the environmental impact of siting decisions and use an integrated project team to: establish energy and other environmental performance goals in the design process; follow sustainable landscape design prin...

		Contractor action: Assemble an integrated design and construction team considering Guiding Principle requirements.  Submit to Battelle a team roster including names, positions, and contact information for each discipline lead.

		2. Commissioning. Requirement: Commission and recommission at least every 4 years to optimize building performance using commissioning agents who are independent of the design and construction or operating team. Commissioning should be consistent with...

		Contractor action:  Battelle will hire a commissioning agent (CxA) through a separate contract.  The D/B contractor must coordinate with the CxA during the design, installation/construction, acceptance, and post-acceptance/warranty phases of the project.

		Section II: Optimize Energy Performance

		3. Energy Efficiency.  Requirement: For new construction, ensure energy efficiency is 30% better than the current American Society of Heating, Refrigerating and Air-Conditioning

		Engineers (ASHRAE) 90.1 standard.

		Contractor action:  At each design phase submission, provide an energy model detailing energy efficiency compared to a baseline building using the ASHRAE standard.  Model must detail an energy target in energy units for benchmarking purposes.  The GSL...

		4. Renewable and Clean Energy. Requirement: Evaluate and implement, where appropriate, life cycle cost-effective renewable energy projects on-site; consider long-term off-site renewable sources and Renewable Energy Certificates (RECs); and utilize cle...

		Contractor action:  No contractor action on this requirement.  Battelle has already installed an on-site solar array on the PNNL campus, and purchases RECs, fulfilling this requirement.

		5. Metering. Requirement: Install building level meters for electricity, natural gas, and steam; install advanced or standard meters as appropriate.

		Contractor action: Contractor shall install advanced, whole-building, electricity and natural gas meters that connect to the building control system. Advanced BTU meters must also be installed and connected to the building control system for any energ...

		6. Benchmarking. Requirement: Benchmark building performance at least annually, preferably using ENERGY STAR Portfolio Manager; regularly monitor building energy performance against historic performance data and peer buildings.

		Contractor action: Benchmarking is performed by Battelle, in part using the energy model data from requirement 3 above, and metering data from requirement 5 above and requirements 7 and 8 below.  Contractor must assure metering data is available in PN...

		Section III: Protect and Conserve Water

		7. Indoor Water Use.  Requirement A: Build to ASHRAE standard 189.1-2014 sections 6.3.2, 6.4.2, and 6.4.3, or current comparable ASHRAE standards.

		Contractor action:  Incorporate ASHRAE standard elements into design.  Submit a calculation verifying the design reduces potable water use by 20% compared to UPC 2006 and IPC 2006 baseline.

		Requirement B: Use water-efficient products; install building level water meters; optimize cooling tower operations; and eliminate single pass cooling.

		Contractor action: Contractor must install advanced, whole-building, potable water meter(s) that connect to the building control system.  The Contractor must incorporate cooling tower optimization in design if applicable.  Building shall contain no si...

		8. Outdoor Water Use.  Requirement A:  Separately meter water for irrigation systems greater than 25,000 square feet.

		Contractor action: Contractor shall install advanced, whole-site, irrigation water meter(s) that connect to the building control system.

		Requirement B: Use water efficient landscapes.

		Contractor action: Incorporate water efficient landscapes into design.

		Requirement C: Limit potable water use for irrigation to 50% or more below conventional practices using methodologies from (but not the numeric requirements contained in) ASHRAE standard 189.1-2014 section 6.5.1, or current comparable ASHRAE standards...

		Contractor action: Submit a model comparing landscape design to a conventional baseline landscape.  Model must show the proposed landscape uses 50% or less irrigation water than a conventional design using ASHRAE standard guidance to determine baseline.

		9. Alternative Water. Requirement: Consider alternative sources of water where cost- effective and permitted by local laws and regulations.

		Contractor action: Alternative water sources are not available on this site.  No contractor action for this requirement.

		10. Stormwater Management.  Requirement: For new construction meet or exceed EISA section 438 stormwater management requirements.

		Contractor action: EISA section 438 calls for federal developments that exceed 5,000 square feet to maintain or restore pre-development hydrology. The guidance focuses generally on retaining rainfall on-site through infiltration, evaporation/transpira...

		Section IV Enhance Indoor Environmental Quality

		11. Ventilation and Thermal Comfort.  Requirement: Meet current ASHRAE standards 55 and either 62.1 or 62.2 for ventilation and thermal comfort.

		Contractor action: Submit a narrative and model describing the approach to meet temperature requirements in ASHRAE 55.  Submit a narrative and model or calculation verifying the design meets ventilation requirements in ASHRAE 62.1.

		12. Daylighting and Lighting Controls.  Requirement: Maximize opportunities for daylighting in regularly occupied space, automatic dimming controls or accessible manual controls, task lighting, and shade and glare control.

		Contractor action: Incorporate Guiding Principle design element requirements into design and submit a space-by-space model showing daylight levels throughout the building. Identify regularly occupied spaces and summarize total daylighting levels in th...

		13. Indoor Air Quality.  Requirement: Develop and implement an indoor air quality policy that considers the following: moisture control, use of low emitting materials and products with low pollutant emissions, necessary protocols to protect indoor air...

		Contractor action: Submit a narrative describing the moisture control strategy used in the design of the building, and the strategy to protect indoor air quality during construction and in the finished building.  Use low emitting materials and product...

		14. Occupant Health and Wellness.  Requirement: Promote opportunities for voluntary increased physical movement of building occupants such as making stairwells an option for circulation, active workstations, fitness centers, and bicycle commuter facil...

		Contractor action: Incorporate Guiding Principle design element requirements into design.  Include a description of design features supporting this requirement in the narrative for this section.

		Section V Reduce the Environmental Impact of Materials

		15. Material Content and Performance.  Requirement: Procure products that meet the following requirements where applicable:

		A. Resource Conservation and Recovery Act (RCRA) section 6002, AND

		B. Farm Security and Rural Investment Act (FSRIA) section 9002, AND

		C. Federally Recommended Specifications, Standards and Ecolabels or are on the Federal Green Procurement Compilation for other green products, as appropriate, AND

		D. Avoid ozone depleting compounds and high global warming potential (GWP) chemicals.

		Contractor action: Ensure product submittals comply with the recycled content, bio-based content, and environmentally preferable product requirements above.  Describe selected products meeting these criteria in the narrative for this section.

		16. Waste Diversion.  Requirement: Where markets exist, provide reuse and recycling services for building occupants and divert at least 50% of non-hazardous, non-construction related materials from landfills.

		Contractor action: Provide recycling stations for use during regular occupancy throughout the building in the building design.  Provide a description for the recycling station approach to design in the narrative for this section.

		17. Materials Management.  Requirement: Where markets exist, divert at least 50% of construction and demolition materials from landfills.

		Contractor action:  During construction, recycle at least 50% by weight of construction and demolition.  Submit scale tickets for all recycle and landfill loads detailing date, type of recycling or waste, and weight to the construction manager.

		Section VI Assess and Consider Climate Change Risks

		18. Mission Criticality.  Requirement: Determine long-term mission criticality of the physical asset and operations to be housed in the facility to inform the design of new construction and modernization to increase climate resilience.

		Contractor action:  Battelle will conduct climate resiliency assessment.  No contractor action on this requirement.

		19. Floodplain Considerations.  Requirement: For new construction, avoid, to the extent possible, the long- and short-term adverse impacts associated with the occupancy and modification of floodplains and avoid floodplain development whenever there is...

		Contractor action:  Submit site plan showing proposed location of the GSL facility in relation to floodplain.  Discuss siting considerations and the process used to arrive at the proposed site in the narrative for this section.

		20. Facility Design.  Requirement: For new construction, balance options to address predicted climate change impacts against mission criticality, cost, and security to determine design parameters; at a minimum, include low and no cost resilience measu...

		Contractor action: Battelle will conduct climate resiliency assessment.  No contractor action on this requirement.





		1.3 SUBMITTALS

		A. Guiding Principles Checklist:

		1. With each design package submission, provide an update of the Determining Compliance with the Guiding Principles for Sustainable Federal Buildings checklist to Battelle for review.  A hard-copy of the form is included in the bid package and is incl...
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		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes administrative and procedural requirements for implementation of Contract specific quality assurance (QA) and quality control (QC) requirements.

		1.2 DEFINITIONS

		A. Quality Assurance:  Associated documented program/procedures and resultant activities, actions, and performance during the execution of the Contract to provide confidence that quality is achieved. Quality is a condition that is achieved when items,...

		B. Quality Control (Inspection and Testing): Associated documented inspections, test activities, actions, and performance during the execution of the Contract to evaluate that ongoing and completed construction complies with requirements.  This does n...

		C. Inspection/Testing Agency:  An entity engaged by D/B Contractor, Designer-of-Record (DOR), and/or Battelle to perform specific inspections, tests or both.  Testing laboratory shall mean the same as testing agency.

		D. Qualifications:

		1. Fabricator Qualifications: A firm experienced in producing products similar to those indicated for this Contract work scope and with a record of successful in-service performance, as well as sufficient production capacity.

		2. Factory-Authorized Service Representative Qualifications:  An authorized representative of manufacturer who is trained and approved by manufacturer to install, inspect, test or calibrate manufacturer’s products that are similar in material, design,...

		3. Installer Qualifications:  A firm or individual experienced in installing, erecting, or assembling work similar in material, design, and extent to that indicated for this Contract, whose work has resulted in construction with a record of successful...

		4. Manufacturer's Field Services:  A factory-authorized service representative to inspect field-assembled components and equipment installation, including service connections.

		5. Manufacturer Qualifications:  A firm experienced in manufacturing products or systems similar to those indicated for this Contract and with a record of successful in-service performance.

		6. Inspection/Testing Agency Qualifications:  An agency with the experience, capability and as applicable certification to conduct testing and inspecting indicated and that specializes in types of tests and inspections to be performed.



		1.3 SUBMITTALS

		A. Quality Assurance Program (QAP): Submit for Information/Record the QAP utilized during execution of Contract work.   Submit prior to initiation of design activities.

		B. Implementing Procedures: Submit for Information/Record the procedures for implementation of the QAP during execution of the Contract work.   Provide a crosswalk documenting the relationship between requirements contained in the QAP and correspondin...

		C. Schedule of D/B Contractor performed Inspections and Tests identified in 1.5.B below. Prepare in tabular form and submit for Battelle Information/Record prior to performing Contract work. The table shall include the following:

		1. Source design document number, title, and section.

		2. Description of inspection and tests.

		3. Identification of applicable standards.

		4. Identification of inspection and test methods.

		5. Qualification and as applicable certification requirements for performing personnel.

		6. Number of inspections and tests required.

		7. Requirements for obtaining samples.

		8. Any unique characteristics of each quality control service.

		9. Examples of documentation forms to substantiate inspections and tests (see specification 01 4000 Section 1.3.D).



		D. Schedule of Designer-of-Record (DOR) performed Special Inspections and Tests per IBC Chapter 17 identified in 1.5.C below.  Prepare in tabular form and submit for Battelle Information/Record prior to performing Contract work. The table shall includ...

		1. Source design document number, title, and section.

		2. Description of inspection and tests.

		3. Identification of applicable standards.

		4. Identification of inspection and test methods.

		5. Qualification and as applicable certification requirements for performing personnel.

		6. Number of inspections and tests required.

		7. Requirements for obtaining samples.

		8. Any unique characteristics of each quality control service.

		9. Examples of documentation forms to substantiate inspections and tests (see specification 01 4000 Section 1.3.D).



		E. Schedule of Battelle performed Inspections and Tests per IBC Section 110 identified in 1.5.A below.  Prepare in tabular form and submit for Battelle Information/Record prior to performing Contract work. The table shall include the following:

		1. Description of inspection and tests.



		F. Schedule of Battelle performed Verifications identified in 1.6 below.  Prepare in tabular form and submit for Battelle information/record prior to performing Contract work. The table shall include the following:

		1. Description of inspection and tests.



		G. Examination and Test Report Documentation (Not Specified Elsewhere):  Submit for Information/Record one (1) copy within 10 work days of completion of examinations and tests.  All examination and test reports identified to be produced above shall be...

		1. Date of examination or test.

		2. Contract number.

		3. Inspection or testing agency.

		4. Locations inspections and tests.

		5. Source design document number, title, and section.

		6. Documented test method by number and revision of instruction, procedure, or drawing.

		7. Acceptance criteria.

		8. Description of instruments used and as applicable, record of test or sampling conditions.

		9. Clear identification of the item or component tested, including, but not limited to, the use of serial, lot, batch, heat, mill numbers, sections, joints, weld maps, and etc. as appropriate.

		10. Inspection and test data.

		11. Statement of whether inspected or tested work complies with project requirements.

		12. Description of discrepant or nonconforming conditions.

		13. Recommendations for re-testing and re-inspecting.

		14. Name, signature and, as applicable, certification level of individuals conducting and/or accepting inspections and tests.

		a. Nondestructive examination and visual weld inspection reports shall be signed by the NDE Level II or III or the AWS-CWI (visual weld inspector) who performed the examination and who interpreted the results.



		15. When radiographic examinations are performed, the radiographic film shall be submitted with the report(s) and identified by cross-reference of each film exposure to a weld map.  Radiographic film shall meet the requirements of the applicable code/...



		H. Certificates:

		1. As required, submit for Information/Record, copies of licenses, certifications, correspondence, records, and similar documents, established for compliance with standards and regulations bearing on performance of the work.



		I. DOR Representative Status Reports:

		1. DOR onsite representative shall submit status reports on a monthly basis, during construction, for D/B Contractor and Battelle Information/Record review.  Status reports shall document via narrative and photographic evidence progress, quality issue...



		1.4 QUALITY MANAGEMENT SYSTEM

		A. Quality Assurance Program and Implementing Procedures:

		1. For performance of work, the D/B Contractor shall maintain and utilize a quality assurance program (QAP) and implementing procedures.   Submit the QAP and implementing procedures as required by specification 01 4000 Section 1.3.

		2. D/B Contractor may elect to utilize a graded approach for application of the Quality Assurance Program.  As a minimum, the D/B Contractor shall document any application of a graded approach and submit for Battelle Information/Record review before i...

		3. D/B Contractor shall ensure that all appropriate technical and quality requirements flow down to each subtier contractor at all levels.  D/B Contractor shall also ensure that each subtier contractor at all levels is appropriately qualified to perfo...



		B. D/B Contractor Nonconformance Reporting:

		1. Report to the DOR any nonconformance or deviation from the DOR’s and/or Battelle’s technical requirements.  Utilize Battelle’s Contractor Nonconformance Report (CNCR) Oracle® Primavera Unifier workflow to document and disposition the CNCR.  The com...



		C. Additional Battelle Quality Assurance Clauses may be included in the Contract, Part II Contract Clauses, as applicable.

		1.5 QUALITY CONTROL

		A.  Battelle Responsibilities:

		1. Battelle will perform inspection and/or testing or engage inspection / testing agencies as identified below;

		a. Battelle is the Authority Having Jurisdiction (AHJ) for D/B Contractor work performed in accordance with an issued Battelle Facility Modification Permit (FMP). In this capacity, Battelle’s Chief Engineer shall be designated as the Building Official...

		b. Construction or work for which an FMP is required shall be subject to inspection by the Building Official (Battelle) and such construction or work shall remain accessible and exposed for inspection purposes until approved.  Neither the building off...

		c. An FMP will be issued by Battelle to the D/B Contractor upon Battelle Facility Review Board (FRB) approval and release of D/B Contractor submitted design documents issued for construction.  The FMP shall be posted at the construction site.  The req...

		d. The Building Official (Battelle), upon notification by the D/B Contractor, shall make the inspections set forth in Sections 110.3.1 through 110.3.10 of the IBC.  Battelle shall not provide or perform Special Inspections identified in Section 110.3....

		e. D/B Contractor shall provide Notice to Battelle 3-Work days prior to need for each of the inspections identified in IBC Sections 110.3.1 through 110.3.10.



		2. All other inspection and testing to support compliance with the submitted QAP and implementing procedures, or as specified by the approved design documents issued for construction shall be the responsibility of the D/B Contractor, and the DOR.



		B. D/B Contractor Responsibilities:

		1. Perform all work in strict conformance to Contract requirements.

		2. Testing activities shall be performed in accordance with documented instructions, procedures, or drawings. The activities shall be described to a level of detail commensurate with the complexity of the test or inspection and the need to assure cons...

		3. Perform and document examinations and tests as specified in the Contract documents and as required by D/B Contractors QAP and implementing procedures, and specified Codes and Standards. Coordinate sequence of activities to accommodate required exam...

		4. Specified inspections, tests, or other related actions do not relieve the D/B Contractor from the requirement to implement additional Quality Assurance and/or Quality Control requirements nor do they relieve the D/B Contractor of compliance with ot...

		5. Measuring and Testing Equipment (M&TE)

		a. Calibrate and maintain equipment used for inspections and tests or as specified elsewhere within the Contract documents.

		b. M&TE shall bear a label or tag clearly identifying the required recalibration date.  Immediately remove out of calibration M&TE from the jobsite.

		c. Visually verify that M&TE is undamaged and in good working order prior to use.

		d. Retain all M&TE calibration certificates and records for Battelle’s inspection upon request.





		C. Designer-of-Record (DOR) Responsibilities:

		1. The DOR shall have a full-time representative onsite during construction.  The DOR representative shall have full authority to act on behalf of the DOR and shall coordinate with other DOR sub-consultants and vendors to resolve design deficiencies, ...

		2. The DOR shall be responsible for performance of Special Inspections as identified in the developed and approved issued for construction design documents and in accordance with the International Building Code (IBC) Chapter 17 Special Inspections.  T...

		3. Testing activities shall be performed in accordance with documented instructions, procedures, or drawings. The activities shall be described to a level of detail commensurate with the complexity of the test or inspection and the need to assure cons...

		4. Perform and document examinations and tests as specified in the Contract documents and as required by specified Codes and Standards. Coordinate sequence of activities to accommodate required examinations and tests with a minimum of delay. Conduct e...

		5. Specified inspections, tests, or other related actions do not relieve the DOR from the requirement to implement additional Quality Assurance and/or Quality Control requirements nor do they relieve the DOR of compliance with other Contract requireme...

		6. Measuring and Testing Equipment (M&TE)

		a. Calibrate and maintain equipment used for inspections and tests in accordance with submitted implementing procedures, or as specified elsewhere within the Contract documents.

		b. M&TE shall bear a label or tag clearly identifying the required recalibration date.  Immediately remove out of calibration M&TE from the jobsite.

		c. Visually verify that M&TE is undamaged and in good working order prior to use.

		d. Retain all M&TE calibration certificates and records for Battelle’s inspection upon request.



		7. Nondestructive Examination (NDE) and Visual Weld Inspection

		a. Specified items requiring nondestructive examination (NDE) shall be examined by qualified/certified personnel in accordance with documented procedures. The D/B Contractor shall maintain records of qualified NDE procedures and qualified/certified ND...

		b. NDE includes all nondestructive testing methods including but not limited to Radiographic Testing (RT), Penetrant Testing (PT), Magnetic Particle Testing (MPT), Leak Testing (LT), Ultrasonic Testing (UT), and Eddy Current Testing (ET) and including...

		c. Visual Weld Inspection procedures shall be in accordance with and address the requirements of the applicable code/standard referenced in the contract. Visual Weld Inspection personnel certification shall be in accordance with American Welding Socie...





		1.6 BATTELLE VERIFICATION:

		A. General:  Battelle, as the Owner’s representative will perform acceptance verifications as identified in this and other Contract documents. D/B Contractor shall ensure that D/B Contractor and sub-tier contractor personnel have completed inspections...

		1. Specific verification points are defined as follows:

		a. Hold (H):  Required for verification of specific construction features before further construction is allowed to proceed.

		b. Receiving (R):  Special items of fabrication, equipment, or material scheduled to be delivered to the Contract site, or other designated location, which require inspection upon arrival and before installation.  Notify Battelle within one (1) workin...

		c. Witness (W):  Selected for inspection at the option of Battelle.  Work may proceed upon verbal release by Battelle or upon expiration of one hour beyond scheduled time of witnessing.



		2. Notification Requirements:  H, R, and W points apply to work performed both on and off the PNNL site.  Except where a longer period is specified, notify Battelle at least one (1) work day before each Hold and Witness point.

		3. Schedule of R, H, and W points:

		Shop fabricated exhaust main ducts (R)

		Instrumentation equipment (R)

		Battelle inspection of underground utilities and services

		prior to backfill (H)

		Battelle inspection of formwork, base course, and reinforcement

		prior to placing concrete (H)

		Battelle inspection prior to removal of shrubs, trees, and

		ground cover vegetation (H)

		Upon encountering bird nests, animal dens, or wildlife in

		the work area (H)

		Upon discovery of any potential culturally significant resource (H)

		Initial installation of through penetration fire stopping material (H)

		Battelle inspection of electrical breakers prior to installation (H)

		Battelle inspection prior to closure of electrical enclosures (H)

		Battelle verification of City of Richland Right of Way Permit

		posting prior to starting the Work (H)

		Battelle verification of Battelle issued Facility Modification

		Permit (FMP) posting prior to starting the Work  (H)

		Placement of concrete (W)

		Flushing and chlorination of piping systems------------------------- (W)

		Leak testing of fire suppression piping systems (W)

		Leak testing of laboratory service piping (W)

		Leak testing of wastewater piping (W)

		Water sampling for bacteriological contamination------------------ (W)

		Initial installation of metal ducts (W)

		Energizing Permanent Power Service (H)

		GFCI testing (W)

		Testing of voice and data communications systems (W)

		Any functional testing (W)

		Acceptance Testing of Fire Protection Systems (W)





		PART 2 -  PRODUCTS (Not Used)

		PART 3 -  EXECUTION

		3.1 REPAIR AND PROTECTION (Not used)



		S785272-SPEC-01; 015000 - TEMPORARY FACILITIES AND CONTROLS, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes requirements for temporary facilities and controls, including temporary utilities, support facilities, and security and protection facilities.

		B. Temporary utilities include, but are not limited to, the following:

		1. Water service and distribution.

		2. Sanitary facilities, including toilets, wash facilities, and drinking-water facilities.

		3. Heating and cooling facilities.

		4. Ventilation.

		5. Electric power service.

		6. Lighting.



		C. Support facilities include, but are not limited to, the following:

		1. Temporary roads and paving.

		2. Project identification and temporary signs.

		3. D/B Contractor provided Battelle field office.

		4. D/B Contractor and sub-tier contractor field offices.

		5. Storage and fabrication sheds.

		6. Lifts and hoists.

		7. Construction aids and miscellaneous services and facilities.



		D. Security and protection facilities include, but are not limited to, the following:

		1. Environmental protection.

		2. Site enclosure fence.

		3. Security enclosure and lockup.

		4. Barricades, warning signs, and lights.

		5. Temporary enclosures.

		6. Temporary partitions.

		7. Fire protection.





		1.2 SUBMITTALS

		A. D/B Contractor provided Battelle Trailer:  Submit product information, layout drawings, electrical schematic/one-line, skirting information, stairs, etc. for Battelle approval.  Trailer shall meet requirements identified in 3.1.B below.

		B. Mobilization Plan; Submit mobilization plan for Battelle approval 10-work days prior to initiation of mobilization activities.  Mobilization Plan to include layout site drawing showing trailer layout/setup, storage shed/cargo container layout, temp...

		C. Temporary Power/Lighting Plan:  Submit plan for Battelle review and approval identifying plan for installation and routing of temporary power service, distribution, and lighting.  Plan shall identify underground installations/locations, method for ...

		D. Temporary Heating Plan:  Submit for Battelle review and approval D/B Contractors proposed plan for provision of temporary heating within the partially built GSL facility.  If plan is to utilize electric heat, identify that this is covered in the Te...

		E. Emergency Action Plan:  Submit 10 Work days prior to mobilization to site for Battelle review and approval D/B Contractor’s proposed method for site notification of emergencies, evacuation, take-cover and active shooter scenarios.  Identify emergen...



		1.3 USE CHARGES

		A. Services furnished by Battelle:  None.

		B. Services furnished by Others:  The Contractor is responsible for all use fees for temporary services assessed directly by the State, City or County relative to this Contract Work.

		1. City of Richland (COR) – Temporary/Construction Electrical Power System/Metering Equipment: D/B Contractor shall coordinate with the City of Richland (COR) and design and install all necessary temporary construction power for the GSL project.  D/B ...

		2. City of Richland (COR) – Temporary/Construction Water/Metering System:  D/B Contractor shall coordinate with the City of Richland (COR) and design and install all necessary temporary construction water necessary for the GSL project.  D/B Contractor...

		3. Sanitary Sewer:  There is an active sanitary sewer system available near the proposed site for the GSL facility.  Reference the Energy Sciences Capability Facility; Overall Utility Plan for location of existing sanitary sewer system.  D/B Contracto...





		1.4 QUALITY ASSURANCE

		A. Standards:  Comply with ANSI A10.6, NECA's "Temporary Electrical Facilities," and NFPA 241, “Standard for Safeguarding Construction, Alteration & Demolition 0perations.

		B. Tests and Inspections:  Arrange for authorities having jurisdiction to test and inspect each temporary utility before use.  Obtain required certifications and permits.



		1.5 PROJECT CONDITIONS

		A. Temporary Use of Permanent Facilities:  Installer of each permanent service shall assume responsibility for operation, maintenance, and protection of each permanent service during its use as a construction facility before Battelle’s acceptance, reg...

		B. Conditions of Use:  The following conditions apply to use of temporary services and facilities by all parties engaged in the Work:

		1. Keep temporary services and facilities clean, neat and operational.  Provide any required, and necessary maintenance to ensure operability of the service.





		1.6 Relocate temporary services and facilities as required by progress of the Work.



		PART 2 -  PRODUCTS

		2.1 MATERIALS and EQUIPMENT

		A. Suitable for use intended:  Provide materials and equipment suitable for use intended.  In general, materials shall be new materials.  Equipment shall be in good operating condition with current safety and operational checks performed.

		1. Undamaged, previously used materials in serviceable condition may be used if approved by Battelle.

		3. Interior walls shall be painted with two coats of interior latex-flat wall paint.

		4. Roofs shall be covered with single ply membrane roofing.

		5. Fire Extinguishers:  Minimum of two, 10 lbs, 4A: 80B:C dry chemical.



		B. Self-Contained Toilet Units:  Single-occupant units of chemical or aerated re-circulation type; vented; fully enclosed with a glass-fiber-reinforced polyester shell or similar nonabsorbent material.

		C. Heating Equipment:  Temporary heating system shall be a vented, self-contained electric, or liquefied-propane gas (LPG) with individual space thermostatic control.

		1. Electric heaters shall be used for all applications unless the required power supply is not available.

		3. Heating Units:  Listed and labeled, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use for type of fuel being consumed.



		D. Electrical Outlets:  Properly configured, NEMA-polarized outlets to prevent insertion of 110- to 120-V plugs into higher-voltage outlets; equipped with ground-fault circuit interrupters, reset button, and pilot light.

		E. Power Distribution System Circuits:  Where permitted and overhead and exposed for surveillance, wiring circuits, not exceeding 125-V ac, 20-A rating, and lighting circuits may be nonmetallic sheathed cable.

		F. Fire Retardant Plastic Sheeting: Materials shall meet the performance criteria of NFPA 701 Method 2 and the material containers shall be labeled to show compliance with the test criteria.

		G. Perimeter Site Fencing; Material shall be 4-foot-tall made of polyethylene with mesh opening along the North, and West boundaries of the project site, e.g. orange construction fencing.  Material along the South, and East boundaries of the project s...





		PART 3 -  EXECUTION

		3.1 INSTALLATION, GENERAL

		A. Locate facilities per Battelle’s approval and where they will serve Project adequately and result in minimum interference with performance of the Work.  Relocate and modify facilities as required.

		B. D/B Contractor Supplied Trailer for Battelle Use:

		1. D/B Contractor shall provide and install a mobile office trailer (approximately 24’ x 60’) onsite for Battelle personnel and other project representatives.  Trailer shall be delivered, installed, setup, skirted and connected to available temporary ...

		2. Mobile office trailer shall be 1-3 years old, from a major vendor, regionally fabricated, and compliant with local and state codes.

		3. Exterior:  Roof shall be from a single ply membrane material, similar to Thermoplastic Polyolefin Sheet (TPO) or approved equal.  Gutters and downspouts shall be provided.  The trailer shall have two exterior doors, separated by a minimum of one-th...

		4. Interior:  Four each “hard-walled” offices with lockable doors.  Each office shall be approximately 12’x14’ and shall have convenience electrical receptacles to accommodate up to 2-each occupants per office.  Ceiling height shall be 92” minimum.  W...

		D/B Contractor shall provide a kitchenette area, to be equipped with microwave oven, full size refrigerator, counter, sink, and cabinets.

		An interior uni-sex restroom, with sink, and electric water heater shall be provided if D/B Contractor plans to connect its own trailers to a temporary or permanent sanitary sewer system.  Connect Battelle trailer to water, power, and sanitary sewer s...

		Open bay area of trailer shall be arraigned to support up to 3-ea. additional desk/workstations (provided by Battelle) with 120V power, accommodate the plan table, and provide two each dedicated 20-amp electrical receptacles for connection of Battelle...

		5. D/B Contractor to submit final trailer product data, and layouts for Battelle approval prior to supplying onsite.

		6. D/B Contractor shall provide all necessary maintenance of the trailer to keep it operational.  D/B Contractor shall provide weekly janitorial services for Battelle occupied trailer.  D/B Contractor shall supply potable drinking water, e.g. water di...

		7. D/B Contractor shall be responsible for transport, locate, setup, anchor, skirting, installation of stairs and concrete landing pads and connection of trailer to utilities.  NEC inspection of electrical system shall be required before Battelle occu...





		3.2 TEMPORARY UTILITY INSTALLATION

		A. General:  Engage appropriate local utility company to install temporary service or connect to existing service.  Where utility company provides only part of the service, D/B Contractor shall provide the remainder with matching, compatible materials...

		All temporary underground utilities shall be identified on as-built drawings.  All underground utilities shall be marked with detectable burial tape.  All underground electrical utilities greater than 120V shall be identified above ground with T-Post ...

		All temporary electrical systems shall be inspected by the Battelle provided National Electric Code (NEC) inspector and service shall be stickered and approved for service by the NEC inspector prior to energization of temporary electrical system.  Coo...

		B. Water Service:  Use of Battelle's existing water service facilities will not be permitted.

		C. Sanitary Facilities:  Provide temporary toilets, wash facilities, and drinking-water fixtures.  Comply with ANSI-Z4.3 and health codes for type, number, location, operation, and maintenance of fixtures and facilities.  Gender specific (female and m...

		1. Disposable Supplies:  Provide toilet tissue, paper towels, hand sanitizer, hand soap, paper toilet seat covers, paper cups, and similar disposable materials for each facility.  Maintain adequate supply.  Provide covered waste containers for disposa...

		2. Toilets:  Use of Battelle's existing toilet facilities is not permitted.

		3. Wash Facilities:  Install wash facilities supplied with potable water at convenient locations for personnel who handle materials that require wash up.  Dispose of drainage properly.  Supply cleaning compounds appropriate for each type of material h...

		a. Provide safety showers, eyewash fountains, and similar facilities for convenience, safety, and sanitation of personnel.



		4. Drinking-Water Facilities:  Provide bottled-water, drinking-water units.

		a. Provide electric water coolers to maintain dispensed water temperature at 45 to 55 deg F.



		5. Locate toilets and drinking-water fixtures so personnel need not walk more than two stories vertically or 200 feet (60 m) horizontally to facilities.



		D. Heating and Cooling:  Provide temporary heating and cooling required by construction activities for curing or drying of completed installations or for protecting installed construction from adverse effects of low temperatures or high humidity.  Sel...

		1. Maintain a minimum temperature of 50 deg F in permanently enclosed portions of building for normal construction activities, and 65 deg F for finishing activities and areas where finished Work has been installed.



		E. Ventilation and Humidity Control:  Provide temporary ventilation required by construction activities for curing or drying of completed installations or for protecting installed construction from adverse effects of high humidity.  Select equipment f...

		F. Electric Power Service:  Provide weatherproof, grounded electric power service and distribution system of sufficient size, capacity, and power characteristics during construction period.  Include meters, transformers, overload-protected disconnecti...

		1. Install electric power service underground, unless overhead service must be used.

		2. Install power distribution wiring overhead and rise vertically where least exposed to damage.

		3. Connect temporary service to City of Richland’s (COR) existing power source, as directed by the COR.

		4. Use of Battelle's existing electric power service is not permitted.  Coordinate temporary electrical power service with the COR



		G. Electric Distribution:  Provide receptacle outlets adequate for connection of power tools and equipment.

		1. Provide waterproof connectors to connect separate lengths of electrical power cords if single lengths will not reach areas where construction activities are in progress.  Do not exceed safe length-voltage ratio.

		2. Provide metal conduit enclosures or boxes for wiring devices.  Provide and perform required monthly testing requirements, i.e. GFCI testing in trailers or field locations.



		H. Lighting:  Provide temporary lighting with local switching that provides adequate illumination for construction operations and traffic conditions.  Temporary lighting shall meet requirements of 29 CFR 1926 Subpart D, Table D-3.

		1. Install and operate temporary lighting that fulfills security and protection requirements without operating entire system.

		2. Install exterior-yard site lighting that will provide adequate illumination for construction operations, traffic conditions, and signage visibility when the Work is being performed.

		3. Install lighting for Project identification sign.

		4. Site Lighting conductors shall be installed underground.  No above grade aerial conductors or cabling shall be allowed.





		3.3 SUPPORT FACILITIES INSTALLATION

		A. General:  Comply with the following:

		1. Locate field offices, storage sheds, sanitary facilities, and other temporary construction and support facilities for easy access.

		2. Provide noncombustible construction for offices, shops, and sheds located within construction area or within 30 feet of building lines.

		a. Comply with NFPA 241.

		b. Battelle shall approve such structure.



		3. D/B Contractor shall provide and continuously maintain weed and nuisance ground cover vegetation control to maintain a 35-foot fire barrier from perimeter of all field offices, temporary parking lots, storage sheds, laydown yards, sanitary faciliti...

		4. Maintain support facilities until near Substantial Completion.  Remove before Substantial Completion.  Personnel remaining after Substantial Completion will be permitted to use permanent facilities, under conditions acceptable to Battelle.



		B. Temporary Roads and Paved Areas:  Construct and maintain temporary roads and paved areas adequate to support loads and to withstand exposure to traffic during construction period.  Locate temporary roads and paved areas within construction limits i...

		1. Provide a reasonably level, graded, well-drained sub-grade of satisfactory soil material, compacted to not less than 95 percent of maximum dry density in the top 6 inches.

		2. Provide gravel-paving course of sub-base material not less than 3 inches thick; roller compacted to a level, smooth, dense surface.

		3. Provide dust-control treatment that is nonpolluting and non-tracking.  Reapply treatment as required to minimize dust.



		C. Traffic Controls:  Provide temporary traffic controls at junction of temporary roads with public roads.  Include warning signs for public traffic and "STOP" signs for entrance onto public roads.  Comply with requirements of authorities having juris...

		D. Project Identification and Temporary Signs:  Prepare Project identification and other signs in sizes indicated.  Include location of signage on mobilization plan submittal.  Install signs to inform public and persons seeking entrance to Project.  S...

		E. Janitorial Services:  Provide janitorial services on a daily basis for temporary offices, first-aid stations, toilets, wash facilities, lunchrooms, and similar areas.

		F. Common-Use Field Office:

		1. A D/B Contractor onsite field office is required.  Sub-tier contractors may also provide and utilize onsite field offices as necessary.  Depict trailer layout on Mobilization Plan.

		2. D/B Contractor Field Office shall contain a conference room, with tables and chairs to accommodate weekly progress meetings between D/B Contractor, Designer-of-Record (DOR), sub-tier contractors, Battelle, and DOE.  Conference room shall accommodat...

		3. Provide insulated, weather tight, air-conditioned field office(s) for D/B Contractor, DOR Representative, and sub-tier contractor personnel engaged in construction activities.  Field offices shall be of sufficient size to accommodate required perso...

		4. Coordinate with the Battelle CM for availability of space and applicable requirements for field office setup.

		5. Depict all temporary and/or permanent utility connections utilized to serve the field offices on the mobilization plan.

		6. Contractor shall not utilize onsite facilities to support other contracts without Battelle approval.

		7. All field offices and anticipated utility installations shall be identified on the mobilization plan.  All field offices shall be sited on prepared gravel subgrade.

		8. Establish designated smoking area and provide butt can receptacles compliant with NFPA.



		G. Storage and Fabrication Sheds:  Provide sheds sized, furnished, and equipped to accommodate materials and equipment involved, including temporary utility services.  Sheds may be open shelters or fully enclosed spaces within building or elsewhere on...

		H. Lifts and Hoists:  Provide facilities for hoisting materials and personnel.  Truck cranes and similar devices used for hoisting materials are considered "tools and equipment" and not temporary facilities.

		I. Existing Stair Usage:  Use of Battelle's existing stairs will be permitted, as long as stairs are cleaned and maintained in a condition acceptable to Battelle.  At Substantial Completion, restore stairs to condition existing before initial use.



		3.4 SECURITY AND PROTECTION FACILITIES INSTALLATION

		A. Perimeter Fencing:   Install a combination of orange construction fence, galvanized chain link fencing, and silt fencing around the construction boundary.  Orange construction fence, and galvanized chain link fence shall be used where specified in ...

		1. Set fence posts in compacted mixture of gravel and earth or in concrete bases.

		2. Provide gates in sizes and at locations necessary to accommodate delivery vehicles and other construction operations.

		3. Perimeter fencing shall be maintained in a manner to adequately secure the site and prevent un-intended pedestrian and vehicle access to the site.



		B. Security Enclosure and Lockup:  Install substantial temporary enclosure around partially completed areas of construction.  Provide lockable entrances to prevent unauthorized entrance, vandalism, theft, and similar violations of security.

		C. Barricades, Warning Signs, and Lights:  Comply with standards and code requirements for erecting structurally adequate barricades.  Paint with appropriate colors, graphics, and warning signs to inform personnel and public of possible hazard.  Where...

		1. Orange construction fencing shall be used to control work locations outside the perimeter fencing boundary.



		D. Temporary Enclosures:  Provide temporary enclosures for protection of construction, in progress and completed, from exposure, foul weather, other construction operations, and similar activities.  Provide temporary weather tight enclosure for buildi...

		1. Where heating or cooling is needed and permanent enclosure is not complete, provide insulated temporary enclosures.  Coordinate enclosure with ventilating and material drying or curing requirements to avoid dangerous conditions and effects.

		3. Horizontal Openings:  Close openings in floor or roof decks and horizontal surfaces with load-bearing, wood-framed construction.

		4. Install fire retardant treated tarpaulins or fire retardant treated plastic sheeting securely using fire-retardant-treated wood framing and other materials.

		5. Where temporary wood or plywood enclosure exceeds 100 sq. ft. in area, use fire-retardant-treated material for framing and main sheathing.



		E. Temporary Partitions:  Erect and maintain fire retardant dust control partitions and temporary enclosures to limit dust and dirt migration and to separate areas from fumes and noise.

		F. Temporary Fire Protection:  Until fire-protection needs are supplied by permanent facilities, install and maintain temporary fire-protection facilities of types needed to protect against reasonably predictable and controllable fire losses.  Comply ...

		1. Provide fire extinguishers, installed on walls on mounting brackets, visible and accessible from space being served, some installations may require a sign mounted above.

		a. Locate fire extinguishers where convenient and effective for their intended purpose; provide one 10lb. ABC dry chemical fire extinguisher for every 3000 sf of floor area, but not less than one extinguisher on each floor at or near each usable exter...

		b. Additional extinguishers may be needed for locations where open flame, torch cutting, welding or grinding operations are performed to support Hot Work.



		2. Store combustible materials in containers in fire-safe locations.

		3. Maintain unobstructed access to fire extinguishers, fire hydrants, temporary fire-protection facilities, stairways, and other access routes for firefighting.  Prohibit smoking in any Battelle buildings.

		4. Supervise welding operations, combustion-type temporary heating units, and similar sources of fire ignition.

		5. Develop and supervise an overall fire-prevention and first-aid fire-protection program for personnel at Project site.  Review needs with local fire department and establish procedures to be followed.  Instruct personnel in methods and procedures.  ...





		3.5 OPERATION, TERMINATION, AND REMOVAL

		A. Maintenance:  Maintain facilities in good operating condition until removal.  Protect from damage caused by freezing temperatures and similar elements.

		1. Maintain operation of temporary enclosures, heating, cooling, humidity control, ventilation, and similar facilities on a 24-hour basis where required to achieve indicated results and to avoid possibility of damage.

		2. Prevent water-filled piping from freezing.  Maintain markers for underground lines.  Protect from damage during excavation operations.



		B. Temporary Facility Changeover:  Except for using permanent fire protections as soon as available, do not change over from using temporary security and protection facilities to permanent facilities until Substantial Completion.

		C. Termination and Removal:  Remove each temporary facility when need for its service has ended, when it has been replaced by authorized use of a permanent facility, or no later than Substantial Completion.  Complete or, if necessary, restore permanen...

		1. Materials and facilities that constitute temporary facilities are the property of Contractor.

		2. Remove temporary paving not intended for or acceptable for integration into permanent paving.  Where area is intended for landscape development, remove soil and aggregate fill that do not comply with requirements for fill or subsoil.  Remove materi...

		3. At Substantial Completion, clean and renovate permanent facilities used during construction period.









		S785272-SPEC-01; 016000 - ENVIRONMENTAL SAFETY AND HEALTH, Rev. 01

		PART 1 -  GENERAL

		1.1 D/B CONTRACTOR RESPONSIBILITY

		A. The D/B Contractor shall obtain all required permits for work to be performed.  The D/B Contractor shall assume full responsibility and liability for compliance with all applicable Codes, Standards, Regulations and Statutes pertaining to the enviro...

		B. DOE-approved Worker Safety and Health Program:  The D/B Contractor shall comply with Battelle’s 10 CFR 851 DOE approved Safety and Health Program or submit their own 10 CFR 851 DOE compliant program. The DB Contractor shall confirm in writing that ...

		1. The D/B contractor shall download and utilize the current revision of the CESH Manual located at http://www.pnnl.gov/contracts/Forms.aspx or their own compliant 10 CFR 851 safety program.  The D/B Contractor shall maintain one (1) copy at the job s...

		2. Hoisting and Rigging:  D/B Contractor shall comply with requirements of the approved U.S. Department of Energy Standard DOE-STD-1090 Hoisting and Rigging.  The D/B Contractor shall download and utilize the current, approved version of DOE-STD-1090 ...

		3. Procedures and Policies:  Located at http://www.pnnl.gov/contracts/Forms.aspx

		a. Controlling Hot Work

		b. Electrical Work Safety

		c. Environment Protection

		d. Lockout/Tagout

		e. Occupational Medicine

		f. Personal Protective Equipment

		g. Prejob Planning

		h. Program Policy



		4. Forms:  Located at http://www.pnnl.gov/contracts/Forms.aspx

		a. Class II Penetration Permit

		b. Competent Person Designation

		c. Construction Supervisor Safety Inspection Checklist

		d. Daily Excavations/Trenches Safety Inspection Checklist and Inspection Log

		e. Electrical Work Permit

		f. Fall Protection Work Plan

		g. Job Safety Analysis

		h. Lock and Tag Log sheet

		i. Lockout/Tagout Inspection Form

		j. Lockout/Tagout Safety Mastercard

		k. Lockout/Tagout Written Instruction Form

		l. Management Removal of Lock and Tag

		m. Orientation Checklist

		n. Orientation Record

		o. Battelle Contractor Employee Job Task Analysis Form

		p. Periodic Inspection Checklist

		q. Permit for Working with Open Flame, Welding, Cutting, or Grinding

		r. Prejob Safety Planning Signoff

		s. Preliminary Hazard Assessment Form

		t. Safety Meeting Sign-in Roster

		u. Scaffolds Inspection Checklist

		v. Subcontractor Electrical Worker Qualification Form

		w. Training Attendance Record

		x. Weekly Safety Meeting Agenda







		1.2 RELATED SECTION

		A. Section 01 7600 – Environmental Protection and Waste Management.



		1.3 COMPLIANCE WITH REGULATIONS

		A. References:  In addition to references in the Construction General Provisions, the following Codes, Standards, Regulations and Statutes designate and define hazardous materials and conditions and establish procedures for handling these materials an...

		1. Code of Federal Regulations (CFR)

		a. 10 CFR 851: Worker Safety and Health Program

		b. 10 CFR 850:  Chronic Beryllium Disease Prevention Program

		c. 29 CFR, Part 1910:  Occupational Safety and Health Administration (OSHA) General Industry and Health Standards.

		d. 29 CFR, Part 1926:  OSHA Construction Industry Standards.

		e. 40 CFR, Part 61:  National Emission Standards for Hazardous Air Pollutants.

		f. 40 CFR, Part 261:  Environmental Protection Agency (EPA) Characteristics of Hazardous Waste.

		g. 40 CFR, Part 761, EPA Polychlorinated Biphenyls (PCBs), Manufacturing, Processing, Distribution in Commerce and Use Prohibitions.

		h. 40 CFR, Part 763:  EPA Asbestos.



		2. Washington Administrative Code (WAC)

		a. Chapter 296-24 WAC, General Safety and Health Standards

		b. Chapter 296-27, Record Keeping and Reporting

		c. Chapter 296-36, Safety Standards – Compressed Air

		d. Chapter 296-45, Safety Standards for Electrical Workers

		e. Chapter 296-62, General Occupational Health Standards

		f. Chapter 296-67, Safety Standards for Process Safety Management of Highly Hazardous Chemicals

		g. Chapter 296-155, Safety Standards for Construction Work

		h. Chapter 296-800, Safety and Health Core Rules

		i. Chapter 173-303, Dangerous Waste Regulations



		3. National Fire Protection Association (NFPA)

		a. NFPA 70, National Electric Code

		b. NFPA 70E, Standard for Electrical Safety in the Work Place

		c. NFPA 241 Standard for Safeguarding Construction Alteration and Demolition







		1.4 SUBMITTALS

		A. Letter of Confirmation: 10-word days prior to mobilization, or performance of work onsite, D/B Contractor shall submit a letter for Battelle approval confirming it will adopt, and flow down to all sub-tiers, the Battelle CESH Program as its own for...

		B. Permits, Inspections, Tests, and Reports: The D/B Contractor will provide copies to Battelle for I/R of all permits, inspections, tests, and reports required by the Work, Codes, Standards, Regulations and Statutes or the Environmental Safety and He...

		C. Job Safety Analysis (JSA):  10-work days prior to mobilization, or performance of work onsite, D/B Contractor shall submit a JSA(s) for Battelle approval that addresses work to be performed before commencing any work activities on Site.

		D. Heavy Equipment: Prior to mobilizing heavy equipment on Site, submit a letter stating that Heavy Equipment brought on site meets all applicable federal and state safety codes and has been inspected by a qualified person. Articulating Dump Trucks (A...

		E. Declaration of Key Supervisor(s).  Key Supervisors include as a minimum the D/B Contractors Site Superintendent and Site Safety Supervisor.  10-work days prior to on-Site work, D/B Contractor shall declare its key supervisor(s) and submit for Batte...

		F. Crane Operator Certification:  10-work days prior to crane use onsite, submit copies for Battelle approval of crane operator(s) National Commission for the Certification of Crane Operators (NCCCO) issued by an accredited testing agency before allow...

		G. Hoisting and Rigging:  10-work days prior to use of riggers onsite, submit qualifications/training records for Battelle approval of individuals (rigger, signal person) that will be engaged in hoisting and rigging activities before allowing individu...

		H. Crane Assembly/Disassembly:  10-work days prior to use of crane onsite, submit for Battelle approval name of individual(s) who will be acting as the assembly/disassembly director and meets the criteria for both a competent person and qualified person.

		I. Lift Plan:  10-work days prior to initiating, submit Lift Plan(s) for Battelle approval as required prior to lifting.   Lift plans include; ordinary, critical, or multiple mobile cranes.

		J. Forklift Operator Qualifications: 10-work days prior to use of forklift onsite, submit qualifications/training records for Battelle approval of operators of forklifts prior to using forklifts on Site.  Each operator must be evaluated at least once ...

		K. Electrical Qualifications: 10-work days prior to initiation of electrical work onsite, submit a valid Washington State Electrician Journeyman Certificate and proof of NFPA 70E training for individuals performing electrical work for Battelle approva...

		L. Steel Erection Plan/Notification of Concrete Strengths:  Five (50) work days prior to initiation of steel erection D/B Contractor shall provide written notification to steel erector verifying concrete strengths in accordance with 29 CFR 1926.752.  ...

		M. Concrete Pump Truck Qualification:  10-work days prior to use onsite, submit copies of operator qualifications for Battelle approval before allowing operators to operate concrete pump trucks onsite.  Qualifications must meet WAC 296-155 Part O sect...

		N. Concrete Pump Truck Equipment Inspection:  Submit copies of equipment inspection meeting WAC 296-155 Part O section (8)(b)(xvii) before allowing concrete boom pump truck onsite. Equipment inspection must be conducted annually for the first 5 years ...

		O. Fall Protection Work Plans:  Submit copies of fall protection work plans for Battelle approval prior to commencing work activities that expose employees to falls 6 feet or greater.  The D/B Contractor shall be responsible for providing perimeter sa...

		P. Site Safety Orientation:  10-work days prior to mobilization to site, submit copies of site safety orientation for Battelle approval.  The employee orientation shall discuss the following topics; Point of contact, employer and employee responsibili...

		Q. Building Energization Plan:  10-work days prior to permanent power energization of facility, submit copies of means and methods to safely energize new switchboards, panelboards, motor control cabinets, VFD’s, and all downstream components for the f...

		R. Fire Watch Personnel: 10-work days prior to initiation of onsite hot work, submit copies for Battelle approval of personnel who will perform fire watch duties.  To be considered a qualified fire watch; employees must complete hot work fire watch co...



		1.5 KEY SUPERVISOR(s)

		A. Minimum Qualifications/Requirements

		1. Jobsite Superintendent

		a. The Jobsite Superintendent shall have a thorough knowledge of construction industry safety standards established by Federal and State regulations and shall provide documentation that they have completed OSHA 30-Hour Construction Safety Course withi...

		b. Jobsite Superintendent shall have a minimum of 10 years of experience as a construction superintendent responsible for supervising or managing similar size, scope, and complexity, of construction projects, from preconstruction through close-out, an...

		c. The Jobsite Superintendent shall be present on site during the performance of ALL fieldwork to oversee and coordinate the daily work activities. The Jobsite Superintendent shall be identified as the designated line management representative respons...

		d. The Jobsite Superintendent shall ensure that the Site Safety Supervisor is fully engaged and empowered to oversee and implement the CESH Program requirements.



		2. Site Safety Supervisor

		a. Minimum 5-years’ experience as a construction site safety supervisor.

		b. Completion of OSHA 30-Hour Construction Safety course within the last three years

		c. Knowledge of CFR, Title 29, Part 1910, Occupational Safety and Health Standards

		d. Knowledge of CFR, Title 29, Part 1926, Safety and Health Regulations for Construction

		e. Knowledge of CFR, Title 10, Part 851, Worker Safety and Health Program

		f. Safety training in construction through seminars, workshops, conferences, educational courses, etc.

		g. The D/B Contractor’s designated Site Safety Supervisor(s) must be on site during the performance of ALL fieldwork and shall be responsible for oversight of D/B Contractor’s and sub-tier contractor’s implementation of the CESH Program.

		h. D/B Contractor’s Site Safety Supervisor(s) shall be responsible for implementation of the CESH Program and ensuring job-site safety requirements and procedures are being accomplished, to include: conducting employee training; performing safety insp...

		i. The D/B Contractor’s Site Safety Supervisor shall be responsible for maintaining the following documents at the jobsite for Battelle review; safety inspections, employee orientations, employee training records, weekly and monthly safety meeting rec...





		B. The Site Safety Supervisor designation and responsibilities may NOT be shared with responsibilities and designation of the D/B Contractor’s Jobsite Superintendent, and/or Construction Project Manager.



		1.6 SAFE WORK COMMUNICATION

		A. The Division 1 may provide additional information regarding special hazards such as: asbestos, beryllium, lead, silica, gauss field, and specialty research equipment.  The D/B contractor shall incorporate these facility hazards into their Job Safet...

		B. Preconstruction Safety Meeting:  Prior to commencing construction, representatives of the D/B Contractor’s management, including the Jobsite Superintendent, Site Safety Supervisor, and the Subcontractors shall meet with Battelle to evaluate hazards...

		1. The CESH Manual shall be reviewed and applicable sections pertinent to the Work shall be discussed.

		2. The D/B Contractor shall advise Battelle of any special safety restrictions it has established so that Battelle and other Project or Site personnel can be notified of these restrictions.

		3. No later than three (3) calendar days after the Preconstruction Safety Meeting, the D/B Contractor shall distribute minutes of the meeting to Battelle for information and record.

		4. Battelle and the D/B Contractor shall walk down the construction site prior to commencing work.



		C. Pre-Job Briefing:  Prior to commencing construction, and as required throughout the period of performance, the Battelle Construction Manager and D/B Contractor’s Job Site Superintendent shall conduct a pre-job briefing.  The briefing shall incorpor...

		1. At a minimum the initial briefing shall include:

		a. Scope of the work to be performed.

		b. Hazards associated with daily work scope and mitigation of those hazards.

		c. Required work procedures.

		d. Emergency response, including communications and actions taken to confirm that emergency routes remain clear throughout the job.

		e. Personnel roles, responsibilities, required training and work restrictions.

		f. Documentation administration.



		2. When any of the following conditions exist, an additional briefing shall be conducted along with revisions to the JSA when applicable.  Only the items or activities affected need be discussed.

		a. A change in area or facility conditions that may affect the safety of employees, public or environment.

		b. Work scope has changed from the initial briefing.

		d. Personnel assignments have changed, or new personnel are added.

		e. Work has stopped long enough to create confusion when the work is resumed.

		f. Activity has stopped or has been paused for a period of greater than seven consecutive days.

		g. An additional briefing is requested by Battelle, the D/B Contractor or a sub-tier contractor.





		D. Monthly Safety Meeting:  D/B Contractor’s Site Safety Supervisor shall conduct a monthly meeting with D/B Contractor employees (including subcontractors) to review work hazards and controls, and to address particular requirements associated with wo...

		E. Weekly Safety Meeting:  Each Contractor (or Subcontractor) shall conduct a weekly safety meeting with their employees to review work hazards and controls, and to address particular requirements associated with work in progress and work upcoming.  T...

		F. Employee Orientation:  All new employees to the project shall be required to attend an initial orientation given by the D/B Contractor’s Site Safety Supervisor.  This orientation shall include the site-specific safety requirements (i.e. training, J...

		G. Tool Box Meeting:  D/B Contractor’s Jobsite Superintendent shall conduct and document a daily “Tool Box” meeting to review specific work operations to be performed that day, prior to initiating work.  The Site Safety Supervisor shall ensure that th...

		H. Stretch and Flex Program:  To promote employee wellness and an injury free work environment the D/B Contractor shall conduct daily stretching exercises to warm up muscles and help prevent soft tissue injuries.  The D/B Contractor shall require that...

		I. Housekeeping:  Good housekeeping is a necessary component for maintaining a safe work environment in construction.  The D/B contractor is responsible for establishing and maintaining good housekeeping practices. Practices including developing and i...

		J. Job Safety Analysis:  All work sequences, steps and processes shall be evaluated for the hazards the activity presents to employees, systems, services, buildings, structures and/or the environment, and shall provide tools, controls and adequate tra...

		1. Barricades and Signs

		2. Fire Prevention

		3. Hazardous Materials and Communication

		4. Concrete Health Hazards (Silica)

		5. Hoisting and Rigging

		6. Fall Protection

		7. Confined Space Entry

		8. Ladders

		9. Painting

		10. Power and Hand Tools

		11. Welding and Cutting

		12. Heat/Cold Stress

		13. Personal Protective Equipment

		14. Aerial Lifts

		15. Scaffolds

		16. Lockout/Tagout

		17. Electrical Safety

		18. Stop Work Authority

		19. System Outages (utilities, fire protection, & communications)

		20. Respiratory Protection

		21. Mechanized Equipment

		22. Excavation

		23. Pressure Testing

		24. Steel Erection

		25. Abrasive Blasting

		26. Housekeeping Requirements



		K. Daily Job Safety Analysis:  Each sub-contractor foreman/superintendent is responsible for completing the daily JSA each morning prior to commencing work. Each worker shall participate in the JSA meeting.  D/B Contractor shall ensure sub-contractors...



		1.7 GENERAL TRAINING (BY D/B CONTRACTOR)

		A. The D/B Contractor is required to provide proof of training/certification for employees whose work/job description would require the following safety training courses.  Required training is dependent on the D/B Contractor’s approach to executing th...

		1. Aerial Lift Operator Training

		2. Crane Operation (NCCCO Training)

		3. Rigging – Initial and Advanced

		4. Heavy Equipment Operation

		5. Electrical Worker Safety Training

		6. Fall Protection Training

		7. Forklift Training

		8. Scaffolding Erector

		9. Scaffolding Inspector

		10. Scaffolding User

		11. Ladder Safety

		12. Confined Space Training

		13. Powder Actuated Fastener Training

		14. Excavation Competent Person Training

		15. Hazard Communication

		16. Hot Work Fire Watch

		17. Hot Work Permit

		18. Fire Extinguisher

		19. First Aid Provider

		20. Hearing Protection

		21. Blood Borne Pathogens

		22. Personnel Protective Equipment

		23. Respiratory Protection

		24. Silica





		1.8 EMERGENCY NOTIFICATIONS

		A. Post emergency first aid information and Battelle and Hanford Site Emergency Telephone Numbers at the work site.

		ON-SITE Emergency (Police/Fire/Rescue/Hazmat)  (509) 375-2400



		1.9 MEDICAL FIRST AID

		A. D/B Contractor shall have on-site capability to treat minor first aid, non-emergency events.  D/B Contractor shall be responsible to coordinate with a qualified medical provider for any required first line medical attention, beyond minor first aid ...

		B. Medical Provider: The D/B Contractor will establish and provide comprehensive occupational medical services to its employees.  Sub-tier contractors shall be required to have the same level of occupational medical services for their employees.     T...



		1.10 EMERGENCY SUSPENSION OF WORK

		A. When notified of non-compliance with the safety or health provisions of the Contract, immediately correct the unsafe or unhealthy condition.

		1. If the D/B Contractor fails to comply promptly, all or part of the work will be stopped by notice from Battelle.

		2. When, in the opinion of and by notice given by Battelle, the D/B Contractor has taken satisfactory corrective action, work may resume.

		3. The D/B Contractor shall not be allowed any extension of time or compensation for damages in connection with a work stoppage for an unsafe or unhealthy condition.





		1.11 PROTECTION OF PERSONNEL AND EQUIPMENT

		A. Take all necessary precautions to prevent injury to D/B Contractor employees, Battelle, the public, or damage to property of others or the environment.  The public includes all persons not employed by the D/B Contractor or a subcontractor.





		PART 2 -  PRODUCTS (not used)

		PART 3 -  EXECUTION

		3.1 EMERGENCY RESPONSE

		A. Battelle will provide emergency response for situations arising on the Site as noted in paragraph 1.7.A above. All injuries, accidents and incidents shall be reported to Battelle’s Construction Manager, including fires that are extinguished without...



		3.2 INTEGRATED SAFETY MANAGEMENT

		A. Consistent with the requirements of 10 CFR 851, the D/B Contractor and each of their Subcontractors will plan and perform work in accordance with Integrated Safety Management core functions – define the scope of work, identify/analyze hazards, deve...



		3.3 DAILY WORK PLANNING

		A. The D/B Contractor is expected to brief all employees and subcontractor employees daily on the work activities and associated hazards planned for each day.  This is best accomplished by supervisors meeting prior to the morning pre-job briefing and ...

		B. The D/B Contractor shall develop a process to mitigate hazards associated with roof access.  All roofs present a fall hazard, slip, trip, or fall on the roof itself that needs to be addressed daily.  The process shall cover the inspection of existi...



		3.4 EXCAVATION

		A. Daily inspections of excavation, the adjacent areas, and protective systems will be made by a competent person for evidence of a situation that could result in possible cave-ins, indications of failure of protective systems, hazardous atmospheres, ...

		B. The location of utility installations, such as sewer, telephone, fuel, electric, water lines, or any other underground installations that reasonably may be expected to be encountered during excavation work, must be located prior to performing excav...

		C. The exact location(s) of the underground utilities must be determined by safe and acceptable means.

		D. Field markings that identify utility locations must be maintained throughout excavation activities.

		E. Excavate by hand within a 5-foot radius of a known or suspected underground utility. Use a non-conductive shovel or vacuum-excavation within a 5-foot radius of an energized, direct-buried cable. Wear protective, insulated gloves, rated for the pote...

		F. While the excavation is open, the underground utilities must be protected, supported, or removed as necessary.

		G. The area of the excavation shall be appropriately barricaded and controlled to prevent unauthorized or inadvertent access.  Barricades in pedestrian areas may include orange construction fencing or up to chain link fencing as required by Battelle.



		3.5 SAFETY INSPECTIONS

		A. Daily Safety Inspection:  The D/B Contractor Site Safety Supervisor shall document a daily walk-through safety inspection.

		B. Weekly Safety Inspection:  The D/B Contractor and its subcontractors shall conduct a weekly work site safety inspection. Participants for the walk-through include the Site Safety Supervisor, Jobsite Superintendent, other Subcontractor management an...



		3.6 WORKER SAFETY – WEATHER CONDITIONS

		A. To insure worker safety, work or portions of work may be temporarily and incrementally shut down due to high winds, lighting, or other inclement weather as determined by Battelle. D/B Contractor will not be additionally compensated in terms of cost...

		1. Contact 375-2124 and/or monitor local radio stations for inclement weather closure and delay information before reporting to site.  During inclement weather delay or closure conditions the D/B Contractor shall not proceed with the work without auth...

		2. Sustained winds greater than 15 mph – the necessity for crane operations will be closely scrutinized by qualified person and D/B Contractor’s Safety Representative.

		3. Sustained winds greater than 25 mph and/or gusts greater than 40 mph – all crane activities must cease and be secured.  All loose outdoor material shall be secured. The D/B Contractor’s safety representative shall evaluate work on roofs or elevated...

		4. Sustained winds greater than 30 mph and/or gusts greater than 45 mph – all outdoor work activities may be stopped.  Personnel may be directed to shelter.

		5. Sustained winds greater than 50 mph – all outdoor work activities will be stopped.  Any activity to secure work for safety purposes must be approved by Battelle and D/B Contractor’s Safety Representative.  Personnel will be directed to shelter.  Si...

		6. Thunderstorm/lighting advisory based on lighting activity within a 30-mile radius of the Site – D/B Contractor and Subcontractor personnel shall not work on roofs or elevated surfaces. Personnel shall stay away from equipment such as drilling rigs,...

		7. D/B Contractor shall be responsible to provide snow/ice removal and ensure safe walking and transfer conditions for walkways, roofs, scaffolds, and access points around all Site offices and work areas and the job-site within the project boundaries....

		8. In response to winter storm conditions, Battelle may close the Site.  If so, Battelle will make appropriate announcements and coordinate closures or early dismissals.





		3.7 HOISTING AND RIGGING/LOAD HANDLING ACTIVITIES

		A. D/B Contractor shall comply with requirements of the approved U.S. Department of Energy Standard DOE-STD-1090 Hoisting and Rigging and ASME P30 Planning for Load Handling Activities.

		B. Lift Plan Determination:  Battelle will make determinations as to when a “lift” requires a “Lift Plan”.  A lift would require a Lift Plan under any of the following circumstances:

		1. If the item being lifted were to be damaged or upset, it could result in a release of hazardous material to the environment which would exceed the established Permissible Environmental Limits (PEL).

		2. The item being lifted is unique and, if damaged, would be irreplaceable or not repairable and is vital to a system, facility, or project operation.

		3. The cost to replace or repair the item being lifted, or the delay in operations of having the item damaged would have a negative impact on facility, organizational, or budget to the extent that it would affect program commitments.

		4. The item, although non-critical, is to be lifted above or in close proximity to a critical item or component.

		5. The load being lifted is 95% or more of a crane’s chart rating for the maximum radius that will be experienced.

		6. Two mobile cranes are lifting the load and the load share equals more than 70% of one crane’s chart rating for the maximum radius that will be experienced.

		7. To ensure safe working conditions, Battelle may determine that any lift could require a Lift Plan.



		C. Load Handling Review Consideration shall include:

		1. Potential Hazards to Persons.

		2. Hazards in Proximity to Work Area.

		3. Complexity of Load Handling Activity

		4. Adverse Impact from Environmental Conditions

		5. Loading Handling Equipment and Rigging Capacity and/or Performance

		1. Silica:  Work activities involving exposure to crystalline silica containing building products are present and considered a foreseeable respiratory hazard during construction.  The D/B Contractor and its sub-tiers shall follow requirements found in...

		2. Welding Fumes:  Contractors shall evaluate welding fumes and identify control measures using the Job Safety Analysis (JSA) process outlined in section 8.4.  Welding fumes need to be assessed by type of metal along with a number of variables when de...

		Special emphasis on welding fume constituents, such as manganese, chromium, nickel, cadmium, due to either extremely low exposures limits and recent declaration as carcinogenic and must be a point of emphasis when evaluating welding tasks. Various met...

		Welding related exposures are tied to many variables, PNNL is requiring contractors to provide details of each welding task and when requested provide objective exposure data.

		1. COVID-19 Control Plan:  D/B Contractor shall develop a COVID-19 exposure control, mitigation, and recovery plan.  The plan shall include policies regarding; Covid-19 site supervisor, safety training, social distancing, PPE, sanitation/cleanliness, ...









		S785272-SPEC-01; 017000 - ENGINEERING, LAYOUT AND INSTALLATION, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes general procedural requirements governing execution of the Work including, but not limited to, the following:

		1. Submittals

		2. Quality Assurance

		3. Examination

		4. Preparation

		5. Construction layout

		6. Field engineering

		7. Installation





		1.2 SUBMITTALS

		A. Qualification Data:  For Land Surveyor / Professional Engineer to demonstrate their capabilities and experience for Battelle approval.  Include lists of completed projects with project names and addresses, names and addresses of architect and owner...

		B. Certificates:  Submit certificate signed by Land Surveyor / Professional Engineer certifying that location and elevation of improvements comply with requirements.

		C. City of Richland (COR) Utility and Waterline Easements:  Submit two (2) copies of the final COR Utility and Waterline easement surveys and legal descriptions signed by Land Surveyor / Professional Engineer. Provide electronic file in AutoCAD

		D. Final Property Survey (As-Built):  Submit two (2) copies of the final as built survey with final locations and elevations of buried utilities, vaults, valves, final roadway centerline and elevation, building pad elevations, and site improvements si...



		1.3 QUALITY ASSURANCE

		A. Land Surveyor Qualifications:  A professional land surveyor who is legally qualified to practice in jurisdiction where Project is located and who is experienced in providing land-surveying services of the kind indicated.





		PART 2 -  PRODUCTS (Not Used)

		PART 3 -  EXECUTION

		3.1 EXAMINATION

		A. Existing Conditions:  The existence and location of site improvements, utilities, and other construction indicated as existing are not guaranteed.  Before beginning work, investigate and verify the existence and location of mechanical and electrica...

		1. Before construction, verify the location and points of connection of utility services.



		B. Existing Utilities:  The existence and location of utilities and construction indicated as existing are not guaranteed.  Before beginning site-work, investigate and verify the existence and location of utilities and other construction affecting the...

		1. Before construction, verify the location and invert elevation at points of connection of sanitary sewer, storm sewer, and water-service piping; and underground electrical services.

		2. Furnish location data for work related to Project that must be performed by public utilities serving Project site.



		C. Acceptance of Conditions:  Examine substrates, areas, and conditions, with Installer or Applicator present where indicated, for compliance with requirements for installation tolerances and other conditions affecting performance.  Record observations.

		1. Written Report:  Where a written report listing conditions detrimental to performance of the Work is required by other Sections, include the following:

		a. Description of the Work.

		b. List of detrimental conditions, including substrates.

		c. List of unacceptable installation tolerances.

		d. Recommended corrections.



		2. Verify compatibility with and suitability of substrates, including compatibility with existing finishes or primers.

		3. Examine roughing-in for mechanical and electrical systems to verify actual locations of connections before equipment and fixture installation.

		4. Examine walls, floors, and roofs for suitable conditions where products and systems are to be installed.

		5. Proceed with installation only after unsatisfactory conditions have been corrected.

		6. Proceeding with the Work indicates acceptance of surfaces and conditions.





		3.2 PREPARATION

		A. Existing Utility Information:  Furnish information to Battelle that is necessary to adjust, move, or relocate existing utility structures, utility poles, lines, services, or other utility appurtenances located in or affected by construction.  Coord...

		B. Service Interruptions:  Do not interrupt utilities serving facilities occupied by Battelle or others unless permitted under the following conditions and then only after arranging to provide temporary utility services according to requirements indic...

		1. Notify Battelle not less than five (5) working days in advance of proposed utility interruptions.

		2. Do not proceed with utility interruptions without Battelle’s written permission.



		C. Field Measurements:  Take field measurements as required to fit the Work properly.  Recheck measurements before installing each product.  Where portions of the Work are indicated to fit to other construction, verify dimensions of other construction...

		D. Space Requirements:  Verify space requirements and dimensions of items shown diagrammatically on Drawings.

		E. Review of Contract Documents and Field Conditions:  Immediately on discovery of the need for clarification of the Contract Documents, submit a Request for Information to Battelle.  Include a detailed description of problem encountered, together wit...



		3.3 CONSTRUCTION LAYOUT

		A. Verification:  Before proceeding to lay out the Work, verify layout information shown on Drawings, in relation to the property survey and existing benchmarks.  If discrepancies are discovered, notify Battelle promptly.

		B. General:  D/B Contractor shall use accepted surveying practices.

		1. Establish benchmarks and control points to set lines and levels at each story of construction and elsewhere as needed to locate each element of Project.

		2. Establish dimensions within tolerances indicated.  Do not scale Drawings to obtain required dimensions.

		3. Inform installers of lines and levels to which they must comply.

		4. Check the location, level and plumb, of every major element as the Work progresses.

		5. Notify Battelle when deviations from required lines and levels exceed allowable tolerances.

		6. Close site surveys with an error of closure equal to or less than the standard established by authorities having jurisdiction.



		C. Site Improvements:  Locate and lay out site improvements, including pavements, grading, fill and topsoil placement, utility slopes, and invert elevations.

		D. Building Lines and Levels:  Locate and lay out control lines and levels for structures, building foundations, column grids, and floor levels, including those required for mechanical and electrical work.  Transfer survey markings and elevations for ...

		E. Record Log:  Maintain a log of layout control work.  Record deviations from required lines and levels.  Include beginning and ending dates and times of surveys, weather conditions, name and duty of each survey party member, and types of instruments...



		3.4 FIELD ENGINEERING

		A. Identification:  D/B Contractor shall identify existing benchmarks, control points, and property corners.

		B. Reference Points:  Locate existing permanent benchmarks, control points, and similar reference points before beginning the Work.  Preserve and protect permanent benchmarks and control points during construction operations.

		1. Do not change or relocate existing benchmarks or control points without prior written approval of Battelle.  Report lost or destroyed permanent benchmarks or control points promptly.  Report the need to relocate permanent benchmarks or control poin...

		2. Replace lost or destroyed permanent benchmarks and control points promptly.  Base replacements on the original survey control points.



		C. Benchmarks:  Establish and maintain a minimum of two (2) permanent benchmarks on Project site, referenced to data established by survey control points.  Comply with authorities having jurisdiction for type and size of benchmark.

		1. Record benchmark locations, with horizontal and vertical data, on Project Record Documents.

		2. Where the actual location or elevation of layout points cannot be marked, provide temporary reference points sufficient to locate the Work.

		3. Remove temporary reference points when no longer needed.  Restore marked construction to its original condition.



		D. City of Richland Utility and Waterline Easements:  Prepare a final COR Utility Easement survey, and legal description, and a separate Waterline Easement and legal description showing easement boundary lines, and centerline for all COR utilities (e....

		E. Final Property Survey (As-Built):  Prepare a final property survey showing significant features (real property) for Project.  Include on the survey a certification, signed by Land Surveyor / Professional Engineer, that principal metes, bounds, line...

		1. Show boundary lines, monuments, streets, site improvements and utilities, existing improvements and significant vegetation, adjoining properties, acreage, grade contours, and the distance and bearing from a site corner to a legal point.



		F. Recording:  At Substantial Completion, D/B Contractor shall have the final property survey recorded by or with authorities having jurisdiction as the official "property survey."



		3.5 INSTALLATION

		A. General:  Locate the Work and components of the Work accurately, in correct alignment and elevation, as indicated.

		1. Make vertical work plumb and make horizontal work level.

		2. Where space is limited, install components to maximize space available for maintenance and ease of removal for replacement.

		3. Conceal pipes, ducts, and wiring in finished areas, unless otherwise indicated.

		4. Maintain minimum headroom clearance of (8 feet) in spaces without a suspended ceiling.



		B. Comply with manufacturer's written instructions and recommendations for installing products in applications indicated.

		C. Install products at the time and under conditions that will ensure the best possible results.  Maintain conditions required for product performance until Substantial Completion.

		D. Conduct construction operations so no part of the Work is subjected to damaging operations or loading in excess of that expected during normal conditions of occupancy.

		E. Tools and Equipment:  Do not use tools or equipment that produce harmful noise levels.

		F. Anchors and Fasteners:  Provide anchors and fasteners as required to anchor each component securely in place, accurately located and aligned with other portions of the Work.

		1. Mounting Heights:  Where mounting heights are not indicated, mount components at heights directed by Battelle.

		2. Allow for building movement, including thermal expansion and contraction.



		G. Joints:  Make joints of uniform width.  Where joint locations in exposed work are not indicated, arrange joints for the best visual effect.  Fit exposed connections together to form hairline joints.







		S785272-SPEC-01; 017310 - CUTTING AND PATCHING, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes procedural requirements for cutting and patching within existing Battelle facilities or utility systems, and within the GSL facility.



		1.2 DEFINITIONS

		A. Cutting:  Removal of existing construction necessary to permit installation or performance of other Work.

		B. Patching:  Fitting and repair work required to restore surfaces to original conditions after installation of other Work.



		1.3 SUBMITTALS

		A. Cutting and Patching Proposal:  Submit a proposal for Battelle approval describing procedures at least 10 workdays before the time cutting and patching will be performed, requesting approval to proceed.  Include the following information:

		1. Extent:  Describe cutting and patching, show how they will be performed, and indicate why they cannot be avoided.

		2. Changes to Existing Construction:  Describe anticipated results.  Include changes to structural elements and operating components as well as changes in building's appearance and other significant visual elements.

		3. Products:  List products to be used and firms or entities that will perform the Work.

		4. Dates:  Indicate when cutting and patching will be performed.

		5. Utilities:  List utilities that cutting and patching procedures will disturb or affect.  List utilities that will be relocated and those that will be temporarily out of service.  Indicate how long service will be disrupted.

		6. Structural Elements:  Where cutting and patching involve adding reinforcement to structural elements, submit details and engineering calculations showing integration of reinforcement with original structure.

		7. Battelle Approval:  Obtain approval of cutting and patching proposal before cutting and patching.  Approval does not waive right to later require removal and replacement of unsatisfactory work.

		a. SUBSURFACE SCAN.  The D/B Contractor shall perform a subsurface scan of concrete walls and floors using penetrating radar, a minimum of two (2) feet each direction from the planned edge of the penetration.  D/B Contractor shall document the locatio...







		1.4 QUALITY ASSURANCE

		A. Structural Elements:  Do not cut and patch structural elements in a manner that could change their load-carrying capacity or load-deflection ratio.

		1. Rebar

		2. Concrete foundations

		3. Structural Steel

		4. Elevated slabs

		5. Pan decking



		B. Operational Elements:  Do not cut and patch operating elements and related components in a manner that results in reducing their capacity to perform as intended or that results in increased maintenance or decreased operational life or safety.

		1. Primary operational systems and equipment.

		2. Air or smoke barriers.

		3. Fire-protection systems.

		4. Control systems.

		5. Communication systems.

		6. Conveying systems.

		7. Electrical wiring systems.

		8. Operating systems of special construction.



		C. Miscellaneous Elements:  Do not cut and patch the following elements or related components in a manner that could change their load-carrying capacity, that results in reducing their capacity to perform as intended, or results in increased maintenan...

		1. Water, moisture, or vapor barriers.

		2. Membranes and flashings.

		3. Exterior curtain-wall construction.

		4. Equipment supports.

		5. Piping, ductwork, vessels, and equipment.

		6. Noise- and vibration-control elements and systems.



		D. Visual Requirements:  Do not cut and patch construction in a manner that results in visual evidence of cutting and patching.  Do not cut and patch construction exposed on the exterior or in occupied spaces in a manner that would, in Battelle's opin...

		1. If possible, retain original Installer or fabricator to cut and patch exposed Work listed below.  If it is impossible to engage original Installer or fabricator, engage another recognized, experienced, and specialized firm.

		a. Processed concrete finishes.

		b. Stonework and stone masonry.

		c. Ornamental metal.

		d. Matched-veneer woodwork.

		e. Preformed metal panels.

		f. Roofing.

		g. Firestopping.

		h. Window wall system.

		i. Stucco and ornamental plaster.

		j. Flooring.

		k. Fluid-applied flooring.

		l. Aggregate wall coating.

		m. Wall covering.

		n. HVAC enclosures, cabinets, or covers.





		E. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties involved in cutting and patching, including mechanical and electrical trades.  Review areas of potential interference and conflict.  Coordinate procedures and re...



		1.5 WARRANTY

		A. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or damaged during cutting and patching operations, by methods and with materials so as not to void existing warranties.





		PART 2 -  PRODUCTS

		2.1 MATERIALS

		A. General:  Comply with requirements specified in other Sections of these Specifications.

		B. Existing Materials:  Use materials identical to existing materials.  For exposed surfaces, use materials that visually match existing adjacent surfaces to the fullest extent possible.

		1. If identical materials are unavailable or cannot be used, use materials that, when installed, will match the visual and functional performance of existing materials.







		PART 3 -  EXECUTION

		3.1 EXAMINATION AND SCANNING

		A. Examine surfaces to be cut and patched and conditions under which cutting and patching are to be performed.

		1. Scanning: Prior to drilling or cutting perform GPR scan of building systems for conduit, structural reinforcement and other systems.

		3. Proceed with installation only after unsafe or unsatisfactory conditions have been corrected.





		3.2 PREPARATION

		A. Temporary Support:  Provide temporary support of Work to be cut.

		B. Protection:  Protect existing construction during cutting and patching to prevent damage.  Provide protection from adverse weather conditions for portions of Project that might be exposed during cutting and patching operations.

		C. Adjoining Areas:  Avoid interference with use of adjoining areas or interruption of free passage to adjoining areas.

		D. Existing Services:  Where existing services are required to be removed, relocated, or abandoned, bypass such services before cutting to avoid interruption of services to occupied areas.



		3.3 PERFORMANCE

		A. General:  Employ skilled workers to perform cutting and patching.  Proceed with cutting and patching at the earliest feasible time, and complete without delay.

		1. Cut existing construction to provide for installation of other components or performance of other construction, and subsequently patch as required to restore surfaces to their original condition.



		B. Cutting:  Cut existing construction by sawing, drilling, breaking, chipping, grinding, and similar operations, including excavation, using methods least likely to damage elements retained or adjoining construction.  If possible, review proposed pro...

		1. In general, use hand or small power tools designed for sawing and grinding, not hammering and chopping.  Cut holes and slots as small as possible, neatly to size required, and with minimum disturbance of adjacent surfaces.  Temporarily cover openin...

		2. Existing Finished Surfaces:  Cut or drill from the exposed or finished side into concealed surfaces.

		3. Concrete and/or Masonry:  Cut using a cutting machine, such as an abrasive saw or a diamond-core drill.

		4. Excavating and Backfilling:  Comply with requirements in applicable Division 2 Sections where required by cutting and patching operations.

		5. Mechanical and Electrical Services:  Cut off pipe or conduit in walls or partitions to be removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent entrance of moisture or other foreign matter after cutting.

		6. Proceed with patching after construction operations requiring cutting are complete.



		C. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar operations following performance of other Work.  Patch with durable seams that are as invisible as possible.  Provide materials and comply with installation r...

		1. Inspection:  Where feasible, test and inspect patched areas after completion to demonstrate integrity of installation.

		2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish restoration into retained adjoining construction in a manner that will eliminate evidence of patching and refinishing.

		3. Floors and Walls:  Where walls or partitions that are removed extend one finished area into another, patch and repair floor and wall surfaces in the new space.  Provide an even surface of uniform finish, color, texture, and appearance.  Remove exis...

		a. Where patching occurs in a painted surface, apply primer and intermediate paint coats over the patch and apply final paint coat over entire unbroken surface containing the patch.  Provide additional coats until patch blends with adjacent surfaces.



		4. Ceilings:  Patch, repair, or rehang existing ceilings as necessary to provide an even-plane surface of uniform appearance.

		5. Exterior Building Enclosure:  Patch components in a manner that restores enclosure to a weather tight condition.









		S785272-SPEC-01; 017320 - SELECTIVE DEMOLITION, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes the following:

		1. Definitions

		2. Material Ownership

		3. Submittals

		4. Quality Assurance

		5. Project Conditions

		6. Warranty

		7. Examination

		8. Utility Services and Mechanical/Electrical Systems

		9. Preparation

		10. Selective Demolition; General

		11. Selective Demolition Procedures for Specific Materials

		12. Disposal of Demolished Materials

		13. Cleaning





		1.2 DEFINITIONS

		A. Remove:  Detach items from existing construction and legally dispose of them off-site, unless indicated to be removed and salvaged or removed and reinstalled.

		B. Remove and Salvage:  Detach items from existing construction and deliver them to Battelle.

		C. Remove and Reinstall:  Detach items from existing construction, prepare them for reuse, and reinstall them where indicated.

		D. Existing to Remain:  Existing items of construction that are not to be removed and that are not otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.



		1.3 MATERIALS OWNERSHIP

		A. Historic and/or culturally significant items, relics, and similar objects including, but not limited to, cornerstones and their contents, commemorative plaques and tablets, Native American; artifacts, bones, tools, etc., antiques, and other items o...

		1. Coordinate with Battelle's archaeologist, who will establish special procedures for removal and salvage.



		B. All materials and equipment except as specified elsewhere shall be retained by the D/B Contractor for disposal and recycling.



		1.4 SUBMITTALS

		A. Qualification Data:  Submit qualifications for Battelle approval of demolition firm.

		B. Inventory:  After selective demolition is complete, submit a list of items that have been removed and salvaged.



		1.5 QUALITY ASSURANCE

		A. Demolition Firm Qualifications:  An experienced firm that has specialized in demolition work similar in material and extent to that indicated for this Project.

		B. Regulatory Requirements:  Comply with governing EPA notification regulations before beginning selective demolition.  Comply with hauling and disposal regulations of authorities having jurisdiction.

		C. Standards:  Comply with ANSI A10.6 and NFPA 241.

		D. Pre-demolition Conference:  Conduct conference at Project site to comply with requirements in Division 01.  Review methods and procedures related to selective demolition including, but not limited to, the following:

		1. Inspect and discuss condition of construction to be selectively demolished.

		2. Review structural load limitations of existing structure.

		3. Review and finalize selective demolition schedule and verify availability of materials, demolition personnel, equipment, and facilities needed to make progress and avoid delays.

		4. Review requirements of work performed by other trades that rely on substrates exposed by selective demolition operations.

		5. Review areas where existing construction is to remain and requires protection.





		1.6 PROJECT CONDITIONS

		A. Battelle will occupy the Energy Sciences Capability (ESC) building immediately adjacent to selective demolition area.  Conduct selective demolition so Battelle's operations will not be disrupted.

		1. Comply with requirements specified in Division 01 Section 01 1000 Summary of Work.



		B. Conditions existing at time of inspection for bidding purpose will be maintained by Battelle as far as practical.

		1. Before selective demolition, Battelle will remove the following items:

		a. None.





		C. Notify Battelle of discrepancies between existing conditions and Drawings before proceeding with selective demolition.

		D. Hazardous Materials:  Hazardous materials may be present in construction to be selectively demolished.

		1. Hazardous materials, or items suspected of containing hazardous materials, shall be handled and disposed of in strict accordance with Section 01 7600 Environmental Protection and Waste Management.

		2. Refrigerant and refrigerant contaminated oils will be removed by Battelle.

		3. If known or suspected hazardous materials are unexpectedly discovered do not disturb.  Immediately contact the Construction Manager for direction.  Do not proceed with the work.



		E. Storage or sale of removed items or materials on-site is not permitted.

		F. Utility Service:  Maintain existing utilities and building systems indicated to remain in service and protect them against damage during selective demolition operations.

		1. Maintain fire-protection facilities in service during selective demolition operations.

		2. Outages of fire-protection facilities necessary for demolition of specific items may be scheduled by contacting the Battelle 5 days in advance of needed outage.





		1.7 WARRANTY

		A. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or damaged during selective demolition, by methods and with materials so as not to void existing warranties.





		PART 2 -  PRODUCTS (Not Used)

		PART 3 -  EXECUTION

		3.1 EXAMINATION

		A. Verify that utilities have been disconnected and capped.

		B. Survey existing conditions and correlate with requirements indicated to determine extent of selective demolition required.

		C. Inventory and record the condition of items to be removed and reinstalled and items to be removed and salvaged.

		D. When unanticipated mechanical, electrical, or structural elements that conflict with intended function or design are encountered, investigate and measure the nature and extent of conflict.  Promptly submit a written report to Battelle.

		E. Survey of Existing Conditions:  Record existing conditions by use of Survey, measured drawings, and use of pre-construction photographs.

		1. Comply with requirements specified in Division 01 Section 01 3200 Progress Documentation.

		2. Before selective demolition or removal of existing building elements that will be reproduced or duplicated in final Work, make permanent record of measurements, materials, and construction details required to make exact reproduction.



		F. As the Work progresses implement controls to prevent hazards resulting from selective demolition activities.



		3.2 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS

		A. Existing Services/Systems:  Maintain services/systems indicated to remain and protect them against damage during selective demolition operations.

		1. Comply with requirements for existing services/systems isolations/outages specified in Division 01 Section 1000 Summary of Work.



		B. Service/System Requirements:  Locate, identify, disconnect, and seal or cap off indicated utility services and mechanical/electrical systems serving areas to be selectively demolished.

		1. Battelle will arrange to shut off indicated services/systems when requested by D/B Contractor.

		2. Arrange to shut off indicated utilities with utility companies and/or City of Richland.

		3. If services/systems are required to be removed, relocated, or abandoned, before proceeding with selective demolition provide temporary services/systems that bypass area of selective demolition and that maintain continuity of services/systems to oth...

		4. Cut off pipe or conduit in walls or partitions to be removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit after bypassing.

		a. Where entire wall is to be removed, existing services/systems may be removed with removal of the wall.







		3.3 PREPARATION

		A. Site Access and Temporary Controls:  Conduct selective demolition and debris-removal operations to ensure minimum interference with roads, streets, walks, walkways, and other adjacent occupied and used facilities.

		1. Comply with requirements for access and protection specified in Division 01 Section 5000 Temporary Facilities and Controls.



		B. Temporary Facilities:  Provide temporary barricades and other protection required to prevent injury to people and damage to adjacent buildings and facilities to remain.

		1. Provide protection to ensure safe passage of people around selective demolition area and to and from occupied portions of building.

		2. Provide temporary weather protection, during interval between selective demolition of existing construction on exterior surfaces and new construction, to prevent water leakage and damage to structure and interior areas.

		3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are exposed during selective demolition operations.

		4. Cover and protect furniture, furnishings, and equipment that have not been removed.

		5. Comply with requirements for temporary enclosures, dust control, heating, and cooling specified in Division 01 Section 5000 Temporary Facilities and Controls.



		C. Temporary Shoring:  Provide and maintain shoring, bracing, and structural supports as required to preserve stability and prevent movement, settlement, or collapse of construction and finishes to remain, and to prevent unexpected or uncontrolled mov...

		1. Strengthen or add new supports when required during progress of selective demolition.





		3.4 SELECTIVE DEMOLITION, GENERAL

		A. General:  Demolish and remove existing construction only to the extent required by new construction and as indicated.  Use methods required to complete the Work within limitations of governing regulations and as follows:

		1. Proceed with selective demolition systematically, from higher to lower level.  Complete selective demolition operations above each floor or tier before disturbing supporting members on the next lower level.

		2. Neatly cut openings and holes plumb, square, and true to dimensions required.  Use cutting methods least likely to damage construction to remain or adjoining construction.  Use hand tools or small power tools designed for sawing or grinding, not ha...

		3. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring existing finished surfaces.

		4. Do not use cutting torches until work area is cleared of flammable materials.  At concealed spaces, such as duct and pipe interiors, verify condition and contents of hidden space before starting flame-cutting operations.  Maintain fire watch and po...

		5. Maintain adequate ventilation when using cutting torches.

		6. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and promptly dispose of off-site.

		7. Remove structural framing members and lower to ground by method suitable to avoid free fall and to prevent ground impact or dust generation.

		8. Locate selective demolition equipment and remove debris and materials so as not to impose excessive loads on supporting walls, floors, or framing.

		9. Dispose of demolished items and materials promptly.



		B. Removed and Salvaged Items:

		1. Clean salvaged items.

		2. Pack or crate items after cleaning.  Identify contents of containers.

		3. Store items in a secure area until delivery to Battelle.

		4. Transport items to Battelle's storage area to be designated by Battelle.

		5. Protect items from damage during transport and storage.



		C. Removed and Reinstalled Items:

		1. Clean and repair items to functional condition adequate for intended reuse.  Paint equipment to match new equipment.

		2. Pack or crate items after cleaning and repairing.  Identify contents of containers.

		3. Protect items from damage during transport and storage.

		4. Reinstall items in locations indicated.  Comply with installation requirements for new materials and equipment.  Provide connections, supports, and miscellaneous materials necessary to make item functional for use indicated.



		D. Existing Items to Remain:  Protect construction indicated to remain against damage and soiling during selective demolition.  When permitted by Battelle, items may be removed to a suitable, protected storage location during selective demolition, cle...



		3.5 SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS

		A. Concrete:  Demolish in small sections.  Cut concrete to a depth of at least 30T3/4 inch30T at junctures with construction to remain, using power-driven saw.  Dislodge concrete from reinforcement at perimeter of areas being demolished, cut reinforce...

		B. Masonry:  Demolish in small sections.  Cut masonry at junctures with construction to remain, using power-driven saw, then remove masonry between saw cuts.

		C. Concrete Slabs-on-Grade:  Saw-cut perimeter of area to be demolished, then break up and remove.

		D. Asphalt Concrete Pavement:  Demolish in sections.  Saw-cut ACP full depth at junctures with construction to remain and at regular intervals, using power-driven saw, then remove ACP between saw cuts.



		3.6 DISPOSAL OF DEMOLISHED MATERIALS

		A. General:  Except for items or materials indicated to be reused, salvaged, reinstalled, or otherwise indicated to remain Battelle's property, remove demolished materials from Project site and legally dispose of them in accordance with Division 01, S...

		1. Do not allow demolished materials to accumulate on-site.

		2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas.

		3. Remove debris from elevated portions of building by chute, hoist, or other device that will convey debris to grade level in a controlled descent.



		B. Burning:  Do not burn demolished materials.

		C. Disposal:  Transport demolished materials off Battelle's property and legally dispose of them in accordance with Division 01, Section 7600.



		3.7 CLEANING

		A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective demolition operations.  Return adjacent areas to condition existing before selective demolition operations began.







		S785272-SPEC-01; 017500 - NUCLEAR DENSOMETRY AND RADIOGRAPHIC EQUIPMENT, Rev. 01

		PART 1 -  GENERAL

		A. SUMMARY

		1. This section includes the requirements for use of sealed radioactive sources in nuclear densometer instrumentation and radiographic nondestructive testing equipment by the D/B Contractor, inspection and testing agencies, and sub-tier contractors on...



		B. RADIOLOGICAL PROTECTION PROGRAM OVERVIEW

		1. The Battelle Radiation Protection Program (RPP), which is approved by the Department of Energy (DOE), implements the requirements of 10 CFR Part 835,"Occupational Radiation Protection; Final Rule," for all activities on the Site that cause, or coul...

		2. The D/B Contractor and all sub-tiers shall comply with the Battelle RPP requirements for bringing radioactive material on to PNNL facilities and properties.  Densometer activities performed by outside contractors will be performed in accordance wit...



		1.2 DEFINITIONS

		A. The following definitions are in addition to those provided in 10 CFR 835.2



		1.3 REFERENCES

		A. 10 CFR 835, Radiation Protection: Final Rule.

		B. Radiological Protection Plan (RPP).



		1.4 SUBMITTALS

		A. Submit for review and approval ten (10) workdays prior to arrival on site one (1) copy in PDF format for any radioactive material.  Submittal shall contain the following documentation;

		1. A copy of the contractor’s current and up-to-date license to possess radioactive material.

		2. A copy of the contractor’s radiation protection program.

		3. A copy of the radiological and training and/or qualification documentation for the device operator(s).

		4. A copy of the test/inspection equipment, e.g., densometer, radiographic x-ray, and training and/or qualification documentation for the device operator(s).

		5. A copy of the contractor’s operating procedures.

		6. A copy of the contractor’s emergency procedures.

		7. A copy of the most recent leak test results for the radioactive sealed source(s) to be used for testing or inspection purposes.



		Do not deliver radioactive material to site prior to Battelle approval.





		PART 2 -  PRODUCTS

		2.1 MATERIALS AND EQUIPMENT

		A. Battelle-Furnished Equipment

		1. Not used.



		B. Battelle Services

		1. Battelle will provide the following services:

		a. RPT to perform initial leak surveys at the D/B Contractor identified 2 mR in an hour boundary.









		PART 3 -  EXECUTION

		3.1 PREPARATION

		A. Radiological Worker Training

		1. See 1.4.A.



		B. Equipment Surveys

		1. The D/B Contractor is required to notify Battelle immediately if any of sealed radioactive source in their possession, or having been used at Battelle, is determined to be, or have, leaked.

		2. Battelle will survey equipment at their expense, if it is considered potentially contaminated, upon arrival at the site to ensure the equipment meets the standards for radioactivity and radioactive contamination before it is brought into the work a...

		3. Tools and equipment, which have been used in a radiological area established for the control of contamination (CA, HCA, ARA and RBA’s), including power equipment and temporary scaffolding, shall remain within the radiological area established for t...

		4. In situations where tools/equipment cannot be released in accordance with Battelle procedures, tools/equipment shall be transferred to the Government for disposition.

		5. Battelle will review and approve all survey results prior to authorizing free release of material.



		C. Internal and External Dosimetry

		1. Not Used.



		D. Radiological Work Permit (RWP)

		1. Not Used.



		E. Equipment Testing

		1. Not Used.





		3.2 ENTRY AND EXIT REQUIREMENTS

		A. Radiological workers must properly enter and exit radiological areas.  D/B Contractor staff will regulate access to their work zone and ensure boundary integrity.  Battelle will monitor radiological conditions outside of the Contractor work zone an...

		B. Waste Management

		1. Waste Disposal: In the event of generation of radiological waste dispose of in accordance with Section 017600 - Environmental Protection and Waste Management.





		3.3 FIELD QUALITY CONTROL

		A. Personnel Exposure Records: The contractor is responsible for dosimetry and ensuring dose results are maintained, saved and distributed per their license and the implementing regulations.







		S785272-SPEC-01; 017600 - ENVIRONMENTAL PROTECTION AND WASTE MANAGEMENT, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY



		A. This section provides requirements for environmental protection and waste management.  It also highlights key applicable requirements and best-management practices described in 40 CFR (Code of Federal Regulations), Washington Administrative Codes (...

		1.2 DEFINITIONS



		A. Construction Debris—solid waste, largely inert, resulting from the demolition or razing of buildings, roads, and other man-made structures.  Demolition waste consists of, but is not limited to, concrete, brick, bituminous concrete, wood and masonry...

		B. Battelle Representative—the primary Battelle representative at the construction or demolition site is the Construction Manager.  Other Battelle representatives may include the Environmental Compliance Representative (ECR) or the waste management Fi...

		C. Demolition—The wrecking or taking out of any load-supporting structural member of a facility together with any related handling operations or the intentional burning of any facility.

		D. Hazardous Material—a chemical or substance that is classified as a physical-hazard material or a health-hazard material.

		1. A physical-hazard material is a chemical or substance classified as a combustible liquid, explosive, flammable cryogen, flammable gas, flammable liquid, flammable solid, organic peroxide, oxidizer, oxidizing cryogen, pyrophoric substance, or unstab...

		2. A health-hazard material is a chemical or substance classified as a toxic, highly toxic, or corrosive material.

		3. Examples of hazardous materials include, but are not limited to, paints, solvents, adhesives, lead solder, asbestos and cadmium brazing material.



		E. Hazardous Waste or Dangerous Waste—Solid wastes designated by 40 CFR Part 261 or WAC 173-303 and regulated as hazardous and/or mixed waste by the U.S. Environmental Protection Agency (EPA) or the Washington State Department of Ecology).

		F. Other Regulated Waste—Waste that is regulated and managed per applicable regulations and U.S. Department of Energy (DOE) Orders.  This includes, but is not limited to, polychlorinated biphenyls (PCBs), asbestos, beryllium, and radiological wastes.

		G. Universal Waste – Dangerous wastes including batteries, thermostats, lamps and mercury containing equipment subject to the universal waste requirements of WAC 173-303-573

		1.3 REFERENCES



		A. Contemporary versions of the following as applicable:

		1. 29 CFR 1926.59.  2006.  “Hazard Communication.”  Code of Federal Regulations, U.S. Environmental Protection Agency.

		2. 33 CFR 330.  2002.  “Navigation and Navigable Waters: National Permit Program.” Code of Federal Regulations, U.S. Environmental Protection Agency

		3. 40 CFR 61.  2007.  “National Emission Standards for Hazardous Air Pollutants.”  Code of Federal Regulations, U.S. Environmental Protection Agency.

		4. 40 CFR 82.  2007.  “Protection of Stratospheric Ozone.”  Code of Federal Regulations, U.S. Environmental Protection Agency.

		5. 40 CFR 261.  2007.  “Identification and Listing of Hazardous Waste.”  Code of Federal Regulations, U.S. Environmental Protection Agency.

		6. 40 CFR 262.  2006.  “Standards applicable to Generators of Hazardous Waste.”  Code of Federal Regulations, U.S. Environmental Protection Agency.

		7. 40 CFR 279.  2006.  “Standards for Management of Used Oils.”  Code of Federal Regulations, U.S. Environmental Protection Agency.

		8. 40 CFR 761.  2006.  “PCB Manufacturing, Processing, Distribution in Commerce, and Use Prohibition.”  Code of Federal Regulations, U.S. Environmental Protection Agency.

		9. 49 CFR 172.  2010.  “Hazardous Materials Table, Special Provisions, Hazardous Materials Communications, Emergency Response Information, Training Requirements, and Security Plans.”  Code of Federal Regulations, U.S. Department of Transportation.

		10. 49 CFR 173.  2010.  Shippers-General Requirements for Shipments and Packagings.  Code of Federal Regulations, U.S. Department of Transportation.

		11. 49 CFR Part 177 - Carriage by Public Highway. Code of Federal Regulations, U.S. Department of Transportation.

		12. 49 CFR Federal Motor Carrier Safety Regulations, Code of Federal Regulations, U.S. Department of Transportation.

		13. WAC 173-303.  2004.  “Dangerous Waste Regulations.”  Washington Administrative Code, Olympia, Washington.

		14. WAC 173-200.  1990.  “Water Quality Standards for Ground Waters of the State of Washington”. Washington Administrative Code, Olympia, Washington.

		15. WAC 173-218.  2006.  “Washington State Department of Ecology Underground Injection Control Program”.  Washington Administrative Code, Olympia, Washington.

		16.  WAC 173-220.  2002.  “National Pollutant Discharge Elimination System Permit Program”.  Washington Administrative Code, Olympia, Washington.

		17. WAC 173-226.  2002.  “Waste Discharge General Permit Program.”  Washington Administrative Code, Olympia, Washington.

		18. WAC 173-350.  2005.  “Minimum Functional Standards for Solid Waste Handling.”  Washington Administrative Code, Olympia, Washington.

		19. WAC 173-400, 2009.  “General Regulations for Air Pollution Sources.” Washington Administrative Code, Olympia, Washington.

		20. WAC 173-460. 2009.  “Controls for New Sources of Toxic Air Pollutants.”  Washington Administrative Code, Olympia, Washington.

		21. Washington State Department of Transportation (WSDOT) M41-10 Standard Specifications for Road, Bridge, and Municipal Construction

		22. Washington State Department of Transportation (WSDOT) Standard Plans, Section I, Site Preservation and Erosion Control

		23. Benton County Clean Air Agency.  2017.  Regulation 1, Richland, Washington.

		24. National Fire Protection Association (NFPA) 5000.  2006.  Quincy, Massachusetts.

		25. Washington Department of Ecology.  2019.  Stormwater Management Manual for Eastern Washington, Chapter 7—“Construction Stormwater Pollution Prevention.”  Publication number 18-10-044.

		26. 16 USC 5A – Protection and Conservation of Wildlife

		27. 16 USC 7 – Protection of Migratory Game and Insectivorous Birds

		Title 42, Section 116, Emergency Planning and Community Right-to-Know Act

		1.4 TRAINING



		A. All D/B Contractor staff loading hazardous, dangerous, or radioactive wastes into Department of Transportation (DOT) specification packaging must be trained.  Refer to Division 01 Section 01 1000 Summary of Work for requirements.

		1.5 PERMITS



		A. Identify and obtain all required permits, and submit any required notices, for D/B Contractor activities in accordance with applicable federal, state, and local governing jurisdictions before any construction or demolition activities.  Provide copi...

		B. Conduct all work in accordance with requirements outlined in the issued permits and submitted notices.

		C. Immediately report to Battelle any non-compliances or potential non-compliances with the issued permits or notices.

		D. Immediately report any complaints by members of the public regarding air emissions to Battelle.

		1.6 SUBMITTALS



		A. For all work submit the following:

		1. 10 Work days prior to mobilizing to site, the D/B Contractor shall submit a written Construction Stormwater Pollution Prevention Plan (SWPPP) for Battelle review and approval. The plan shall describe the D/B Contractor’s methods to be in compliance...

		2. Dust Control Plan:  10 Work days prior to mobilizing to site, the D/B Contractor shall submit a written dust control plan for Battelle review and approval.  The plan shall address specific measures for reasonable precautions to be implemented to pr...

		3. Waste Management Plan:  10 Work days prior to mobilization to site, the D/B Contractor shall submit a written Waste Management Plan for Battelle review and approval.  The plan shall describe the anticipated recycle and waste streams and include the...

		4. Safety Data Sheets (SDS); Prior to arrival onsite, submit for Battelle approval SDS for all chemicals proposed to be utilized onsite.  D/B Contractor shall submit current copy of SDS for all chemical products proposed to be utilized onsite.  After ...

		5. Actual/Estimated Total Weights of demolition waste and recycled/reused materials; Submit for information to Battelle, upon Substantial Completion, estimated or actual total weights of demolition waste and recycled/reused materials.  Submit using Ba...



		B. When performing work requiring  Erosion and Sediment Control:

		1. Submit for information to Battelle on a monthly basis during construction erosion inspection records



		C. When performing work generating Other Regulated Waste other than Asbestos:

		1. Submit for information to Battelle, upon Substantial Completion, one (1) copy of waste disposal records for Other Regulated Waste.



		D. When performing work generating Universal Waste:

		1. Submit for approval to Battelle, no less than ten (10) work days prior to mobilization, the D/B D/B Contractor’s proposed Universal Waste disposal site.

		2. Submit for information to Battelle, upon Substantial Completion, one (1) copy of the disposal records for Universal Waste.



		E. When performing work with refrigerants:

		1. Submit for information to Battelle, no less than three (3) working days before performing the work, copies of all technicians EPA certification cards or wall certificates for D/B D/B Contractor technicians working on all Battelle facilities. This a...

		2. Submit for information to Battelle, no less than three (3) working days before performing the work, documentation that the recovery equipment to be used for contaminated oil/refrigerant recovery has been certified by ARL/UL to meet EPA’s minimum re...

		3. When removing contaminated oil or performing refrigerant recovery, document refrigerant removal and additions using the Contractor Refrigerant Tracking Form provided by Battelle.  The completed form shall be submitted to Battelle as part of the pro...



		PART 2 -  PRODUCT AND MATERIALS

		2.1 REQUIREMENT FOR SUSTAINABLE GOODS AND SERVICES



		A. Provide environmentally sustainable products in accordance with the General Provision Clause "Sustainable Acquisition Requirements." A request for an exception to the requirement to provide environmentally sustainable goods must be submitted and ap...

		2.2 Temporary Silt Fencing:



		A. Silt fence shall be black in color and used as a sediment control device to prevent sediment laden water from leaving project boundaries, to manage stormwater within the site, or to create small detention areas. Silt fence shall be installed at per...

		1. Post spacing and attachments shall be as shown in the WSDOT Standard Plans, Section I for silt fence, standard plan I-30.15-02 or approved equal.

		2. Geotextile material shall conform to WSDOT M41-10 Section 9-33 Table 6 and be sewn together at the point of manufacture, or at a location approved by the Engineer, to form geotextile lengths as required. All sewn seams and overlaps shall be located...

		3. Posts shall be either wood or steel. Wood posts shall have minimum dimensions of 1¼ by 1¼ inches by the minimum length shown in the Plans.

		4. Silt Fencing shall be installed and maintained in accordance with WSDOT Standard Plan I-30.15-02.  When sediment deposits reach approximately ⅓ the height of the silt fence, the deposits shall be removed and stabilized in accordance with WSDOT M41-...

		2.3 SPILL KIT



		A. Provide a spill kit at the job site to absorb spilled materials and properly manage spill-cleanup residues.  At a minimum, the spill kit will contain the following items: an appropriately sized container with lid, a spill kit identification sign on...

		2.4 HAZARDOUS MATERIAL STORAGE



		A. Manage hazardous materials and chemical products at the project site in accordance with applicable federal, state, and local laws, manufacturer instructions, fire codes, and general safe practices to prevent accidental discharges to the environment...

		PART 3 -  EXECUTION

		3.1 Excavation



		A. Excavated earth may be placed back into the original excavations or used as fill onsite if permitted by technical specifications.

		3.2 Cultural Resource Protection



		A. In order to prevent disturbance of culturally significant resources comply with the following:

		1. If culturally significant materials are encountered in the work area immediately stop work in the vicinity and notify the Battelle CM for archaeological assessment.  Culturally significant materials may include, but are not limited to, items such a...

		3.3 Biological Resource Protection



		A. In order to prevent disturbance of animal habitats and protected plant and animal species comply with the following:

		1. If nesting birds (e.g., bank swallows), a pair of birds of the same species or a single bird that will not leave the area when disturbed, defensive behaviors (such as flying at workers or strident vocalizations), animal dens, or other wildlife are ...

		2. Before disturbing native vegetation verify authorization to proceed with the Battelle CM.

		3.4 Temporary Erosion and Sediment Control (SWPPP)



		A. Implement temporary erosion and sedimentation control measures in accordance with approved SWPPP before land-disturbing activities.  SWPPP shall require D/B Contractor to install and maintain silt fencing around perimeter of project extents.  In ad...

		1. Minimize vehicles tracking sediments on to roads by limiting vehicle access and exit to one route and stabilize roadway at the access points.

		2. Access points shall be stabilized with quarry spall or crushed rock to minimize the tracking of sediment onto public roads.

		3. Design, construct, and cut and fill slopes in a manner that minimizes erosion through terracing, reducing slope steepness, roughening surfaces, or other methods.

		4. Soil stockpiles must be stabilized and protected with sediment-trapping measures.

		5. Perform erosion inspection and sediment controls on a weekly schedule before expected storm events and after each heavy rainfall event.  Document and provide to Battelle.

		6. Provide temporary or permanent modifications to surface-terrain gradient (soil or crushed stone berms, sediment retention basins, etc.) to minimize the flow of Stormwater into or out of excavated or otherwise disturbed areas.

		7. Maintain erosion and sediment-control measures throughout the course of the project and remove at completion of project.

		8. Remove accumulated sediment and repairs and/or replacement of storm-damaged or otherwise deteriorated structures.

		9. Stabilize disturbed areas as soon as practicable to minimize erosion from rain and wind.  Methods of soil stabilization include mulching, using nets or plastic covers, sodding, and surface roughening.

		3.5 Dust Control (Fugitive Dust)



		A. The D/B Contractor shall take reasonable precautions to prevent fugitive dust from becoming airborne and must maintain and operate the source of the fugitive dust to minimize emissions.  These reasonable precautions may include; but are not limited...

		B. The D/B Contractor shall be responsible for performance of activities that generate fugitive dust that has been identified as a significant contributor to a PM-10, or PM-2.5 nonattainment area and shall be required to use reasonably available contr...

		C. Project Notification.

		1. The D/B Contractor shall notify the Benton County Clean Air Agency (BCCAA) prior to the commencement of any work that destabilizes the soil via the agency website, www.bentoncleanair.org.

		2. The Notification shall include the following;

		a. Provide at least two contacts, including name and phone number, for those responsible for mitigating fugitive dust 24 hours a day.

		b. The Benton County Parcel ID of each parcel affected by the destabilization project.

		c. The owner and D/B Contractor of the site.

		d. Statement, electronically signed by the D/B Contractor, accepting responsibility for controlling fugitive dust emissions.

		e. Dust Control Plans.





		D. Dust Control Plan Requirements.

		1. Dust control plans must identify management practices and operational procedures which will effectively control fugitive dust emissions.

		2. Dust control plans must contain the following information:

		a. A detailed map or drawing of the site;

		b. A description of the water source to be made available to the site, if any;

		c. A description of preventive dust control measures to be implemented, specific to each area or process; and

		d. A description of contingency measures to be implemented in the event any of the preventive dust control measures become ineffective.





		E. The D/B Contractor shall implement effective dust control measures as outlined in the dust control plan.

		F. The D/B Contractor shall provide the BCCAA with a copy of the plan within two business days of it being requested.

		3.6 Equipment Air Emissions



		A. Comply with Benton Clean Air Agency regulations applicable to the operation of non-road engines and portable and temporary sources of regulated air emissions.

		3.7 Non-Hazardous Waste Accumulation



		A. Accumulate non-hazardous waste in appropriate containers to prevent nuisance, contamination, dispersal by wind or precipitation, or visual blight.

		B. Arrange for periodic collection of non-hazardous waste to prevent excessive accumulation.

		C. Refer to Section 3.12, “Waste Minimization and Pollution Prevention,” of this provision for management of recyclable material.

		3.8 Hazardous Waste Accumulation and Inspection



		A. Contact Battelle representative and obtain written approval before establishing an accumulation area for hazardous waste.

		3.9 Waste Disposal



		A. All hazardous wastes generated by the Subcontractors will be turned over to Battelle for subsequent disposal at D/B Contractor expense, unless other arrangements are authorized in writing by Battelle in advance.

		B. Recycle non-hazardous or non-dangerous waste or dispose of it in one of the following Battelle-approved landfills: City of Richland landfill in Richland, Washington (if meeting City of Richland Landfill’s waste acceptance criteria); the Finley Butt...

		C. Dispose of Other Regulated Wastes only at Battelle approved locations.

		D. No waste is to be disposed of on Battelle-owned, managed, or leased property unless directed within the contract documents or authorized in writing by Battelle.

		E. Comply with BCAA regulations regarding prohibitions on open-air burning.

		F. All Universal Waste shall be managed by the D/B Contractor in accordance with the requirements of WAC 173-303-573.   Dispose of at Battelle approved site and ensure segregation from the municipal waste stream.

		3.10 Spill Control and Management



		A. Report, immediately, any spill or leaks of materials such as oil, fuel, solvents, paints, coolants, acids, caustics, and equipment leaks to the Battelle Construction Manager.  Call 375-2400 if the Battelle Construction Manager is not immediately av...

		B. Prevent liquids such as gasoline, diesel fuel, lubricating oil, or antifreeze from entering the sanitary, process, or storm sewer systems, waterways, drainage ditches, or the ground.  Where necessary, implement appropriate control measures, includi...

		C. Waste from cleanup of spills may require being managed as a hazardous waste.  The Battelle representative will make this determination.

		1. All containerized hazardous cleanup waste will be turned over to Battelle for subsequent disposal at the D/B Contractor’s expense.  (Note: Cleanup waste from a gasoline spill is an example of hazardous waste.)

		2. The D/B Contractor may dispose of non-hazardous or non-dangerous cleanup waste, as determined by Battelle, at one of the facilities listed in Section 3.9.  (Note: Cleanup waste from a motor oil spill is an example of non-regulated waste.)

		3.11 Liquid Effluent Management



		A. Obtain prior written approval from Battelle for liquid effluent discharged to the ground, sanitary sewer, process sewer, storm sewer, or surface water.

		B. Requirements for managing wastewater generated from concrete, asphalt, or saw-cutting and surfacing operations are provided below.

		1. Concrete or Asphalt Wastewater:

		a. Wash out concrete truck chutes, pumps, and internals only into formed areas awaiting installation of concrete/asphalt or to lined areas designated for concrete rinseate.

		b. Return unused concrete remaining in the truck or in the pump to the originating batch plant for recycling.  For smaller projects, reuse, recycle, or dispose of solidified concrete in a dumpster.

		c. Wash hand tools including, but not limited to, screeds, shovels, rakes, floats, trowels, and wheelbarrows only into formed areas awaiting installation of concrete/ asphalt or to lined areas designated for concrete rinseate. .

		d. Wash equipment that cannot be easily moved, such as concrete pavers, only in areas that do not directly drain to natural or constructed storm-water conveyances.

		e. When no formed areas are available, contain the wash water and leftover product in a lined container.  Dispose of contained concrete in a manner that does not violate groundwater or surface-water quality standards.

		f. Do not discharge directly onto the ground, to a storm sewer, surface water, or sanitary sewer.



		2. Saw-cutting and Surfacing Operation:

		a. Collect material generated as part of a saw-cutting or surfacing operation and dispose of it in a Battelle-approved landfill (see Section 3.9).  Saw-cutting and surfacing operations include, but are not limited to, sawing, coring, grinding, roughen...

		1) Remove slurry and cuttings on the day they occur, as directed by the Battelle representative.

		2) Do not drain slurry, cuttings, or process water to any natural or constructed drainage conveyance including storm sewers, catch basins, or other underground injection control wells, trenches, or ditches.

		3) Collected slurry, cutting, or process water can also be placed in a “lined holding pond” for evaporation.  Dispose of the dried material as instructed by the Battelle representative.

		4) Handle and dispose of cleaning waste material and demolition debris in a manner that does not cause contamination of water.





		3.12 Waste Minimization and Pollution Prevention Program



		A. Examples of waste minimization and pollution prevention practices are provided below:

		1. Material Substitution: Minimize the number of chemicals used to perform the same or similar tasks.  Where practical, replace hazardous materials with non-hazardous or less hazardous substitutes.

		2. Inventory Reduction: Minimize product inventory to reduce accumulation of partially used and unused materials requiring disposal.  Remove partially used lots and unused materials from the worksite at contract completion.

		3. Packaging: Minimize packaging brought on worksite.  Whenever feasible, return empty containers to vendor.

		4. Waste Segregation: Separate wastes to avoid creating additional wastes and mixtures that cannot be recycled, or that would be more difficult to manage.

		5. Process Modification: Streamline processes for more efficient operation and less waste generation.



		B. Collect, package, and transport recyclable items to an offsite processing facility.  Typical recyclable items may include the following items:

		1. Aluminum

		2. Cardboard

		3. Scrap metal

		4. Empty Aerosol cans

		5. Light Bulbs

		6. Batteries

		7. Scrap wood

		8. Used oil

		9. Concrete

		10. Asphalt

		11. Carpet

		12. Shrubs and trees exceeding 2” caliper in size.

		3.13 Recycling and Construction Waste Management



		A. Refer to Specification Section 013520 as applicable for project requirements related to High Performance Sustainable Building requirements.

		3.14 Other Regulated Waste



		A. Not Used



		S785272-SPEC-01; 017800 - COMPLETION, ACCEPTANCE AND CLOSEOUT, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes administrative and procedural requirements for inspection and acceptance of the Work including obtaining Substantial Completion/Beneficial Occupancy/Use, and Final Acceptance and Close-Out of the contract.  The Acceptance of C...



		1.2 SUBSTANTIAL COMPLETION; BENEFICIAL OCCUPANCY (Section 1 of ACW Form)

		A. Work shall be substantially completed, as defined by Section H – Special Requirements of the contract, before requesting Battelle inspection for completion of Section 1 – Substantial Completion/Beneficial Occupancy of the ACW.  At a minimum, the fo...

		1. Prepare a list of items to be completed and/or corrected (Exceptions List aka. “punch list”) per Section 1.4, including deficiencies or corrections identified during the Commissioning process.

		2. Obtain and submit releases permitting Battelle unrestricted use of the Work and access to services and utilities.  City of Richland electrical power and water metering installation, operating certificates, and similar releases.

		3. Building is energized and Final NEC inspection is approved and complete authorizing Battelle Beneficial Occupancy and Use.  (submit report).

		4. Access control systems installed; proximity card readers are working, and temporary locks have been replaced with permanent locks.  Turnover ALL physical keys to Battelle.

		5. Submit test/adjust/balance records.

		6. Building utility systems are ready for turnover to Battelle.

		7. I.D. labels are installed at rooms, and on doors, equipment, valves, piping, panelboards, receptacles, etc. (See Reference Document ADM-CM-064, Equipment Identification and Labeling Requirements).

		8. Successfully complete startup/testing of all equipment, systems and services, and submit final reports.

		9. Commissioning is complete (report with identified exceptions issued by Battelle).

		10. Construction air filters are replaced with new permanent filters.

		11. Complete Demonstration, Training, and Instruct Battelle’s personnel in operation, adjustment, and maintenance of products, equipment, and systems.

		12. Submit Project Record Documents identified for Substantial Completion.

		13. Submit Operation, and Maintenance Manuals per Specification Section 017900

		14. Terminate and remove temporary facilities from Project site, along with mockups, construction tools, and similar elements.

		15. Perform Final Cleaning per section 3.2.

		16. Certification of Occupancy issued from Authority Having Jurisdiction (AHJ).



		B. D/B Contractor shall request an inspection of the Substantially Completed Work be performed.  On receipt of request, Battelle will either proceed with inspection or notify D/B Contractor of unfulfilled requirements.  If proceeding with inspection, ...

		C. Dependent upon the agreed to list of Exceptions, Battelle, at their discretion, may elect to accept the Work, declare that the Work is Substantially Complete, and transfer from D/B Contractor to Battelle for Beneficial Occupancy operation and use o...

		Note: The last signature date on the ACW form for Section 1 will initiate the start date for Warranties.

		D. The Battelle Contract Specialist will issue the signed ACW Section 1, to D/B Contractor indicating Acceptance of Work.



		1.3 FINAL ACCEPTANCE; CLOSEOUT OF CONTRACT (Section 2 of ACW form)

		A. Final Inspection:  Request Final Inspection when the Work identified on the Exceptions List is completed or corrected. The D/B Contractor shall provide Battelle with 5-work days advance notice of date and time for Final Inspection.  The D/B Contrac...

		1. Re-inspection:  Request re-inspection when the Work identified in previous inspections as incomplete is completed or corrected.

		B. Upon completion of all items on the Exceptions List, Battelle acknowledges from the D/B Contractor Final Acceptance of the Work as follows: 1) fully accepted without exceptions or, 2) all exceptions removed, or resolved.

		C. Before requesting Final Acceptance ensure the following items are complete:

		1. Complete all items on the Exceptions List.

		2. Submit As-Built Drawings, Specifications, and BIM Model identified in Project Record Documents for Final Acceptance.

		3. Submit Warranties

		4. Submit Miscellaneous Records per Section 2.2.

		5. Submit construction photographs, easement, damage or settlement surveys, property surveys, and similar final record information.

		6. Submit workmanship bonds, maintenance service agreements, final certifications, and similar documents.

		7. Deliver tools, spare parts, extra materials, and similar items to location designated by Battelle.  Label with manufacturer's name and model number where applicable.

		8. Submittals:  All outstanding submittals have been submitted, reviewed, and dispositioned.

		9. Complete final cleaning requirements, including touchup painting.  Repair and restore marred exposed finishes to eliminate visual defects.





		1.4 EXCEPTIONS LIST (PUNCH LIST)

		A. Preparation:  DOR shall Submit agreed to exceptions list based upon walk-down inspection.   Include name and identification of each space and area affected by construction operations for incomplete items and items needing correction including, if n...

		1. Organize list of spaces in sequential order, starting with exterior areas first and proceeding from lowest floor to highest floor.

		2. Organize items applying to each space by major CSI division/element, including categories for ceiling, individual walls, floors, equipment, and building systems.

		3. Include the following information at the top of each page:

		a. Project name.

		b. Date.

		c. Name of Contractor.

		d. Page number.







		1.5 PROJECT RECORD DOCUMENTS

		A. General:  Do not use Project Record Documents for construction purposes.  Protect Project Record Documents from deterioration and loss.  Provide access to Project Record Documents for Battelle's reference during normal working hours.

		B. Submittals:

		1. Record Drawings:  Submit one (1) set of marked-up Record Prints, including ECNs, Redline Changes, or other approved changes to the Issued for Construction drawings at Substantial Completion to support Battelle Beneficial Occupancy of the facility.

		2. Record Specifications:  Submit one (1) set of marked-up Project Specifications, including ECNs, redline changes, or other approved deviations to the Issued for Construction specifications at Substantial Completion to support Battelle Beneficial Occ...

		3. National Electric Code (NEC) Final Inspection Report:  Submit the Final, approved NEC inspection report.  The Final NEC inspection report shall be submitted prior to Substantial Completion and Battelle Beneficial Occupancy of the facility.

		4. Record Product Data:  Submit one copy of each redline change to approved Product Data submittals.  Where Record Product Data is required as part of operation and maintenance manuals, submit marked-up Product Data as an insert in the manual instead ...

		5. As-Built Drawings; Submit one (1) full size hard copy, and one (1) electronic copy of editable AutoCAD drawings revised to incorporate all ECNs, redline changes, or other approved changes to the Issued for Construction drawings.  As-Built drawings ...

		6. As-Built Specifications:  Submit one (1) printed hard copy set, and one (1) electronic set in Microsoft Word format of the project specifications incorporating all changes to the Issued for Construction project specifications.  As-Built specificati...

		7. As-Built BIM Model:  Submit one (1) electronic copy in native file format of the As-Built BIM model, including families and sheet sets incorporating all changes to the Issued for Construction design.  As-Built BIM model shall be submitted as a new ...





		1.6 WARRANTIES

		A. Submit written warranties, using Primavera Unifier, prior to the Request for Final Acceptance or Transfer for Beneficial Occupancy.  Organize warranty documents into an orderly sequence with a table of contents.





		PART 2 -  PRODUCTS

		2.1 RECORD DRAWINGS

		A. Record Prints:  Maintain one set of black-line white prints of the Contract Drawings and Shop Drawings.

		1. Preparation:  Mark Record Prints to show the actual installation where installation varies from that shown originally.

		a. Give particular attention to information on concealed elements that would be difficult to identify or measure and record later.

		b. Record data as soon as possible after obtaining it.  Record and check the markup before enclosing concealed installations.



		2. Content:  Types of items requiring marking include, but are not limited to, the following:

		a. Changes in dimensions or detail on Drawings.

		b. Locations and depths of underground and/or concealed utilities.

		c. Piping, duct and conduit routing.

		d. Revisions to electrical circuitry.

		e. Actual equipment locations.

		f. Redline changes

		g. ECN’s.

		h. Deviations from Issued for Construction drawings.



		3. Format:

		a. Mark the Contract Drawings or Shop Drawings, whichever is most capable of showing actual physical conditions, completely and accurately.  If Shop Drawings are marked, show cross-reference on the Contract Drawings.

		b. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish between changes for different categories of the Work at the same location.

		c. Note Change Order numbers, ECN numbers, CNCR, and other similar identification, documenting the deviation where applicable.





		B. Format:  Identify and date each Record Drawing; include the designation "PROJECT RECORD DRAWING" in a prominent location.

		1. Record Prints:  Organize Record Prints into manageable sets.  Bind each set with durable paper cover sheets.  Include identification on cover sheets.

		2. Identification:  As follows:

		a. Project name.

		b. Date.

		c. Designation "PROJECT RECORD DRAWINGS."

		d. Name of Contractor.







		2.2 MISCELLANEOUS RECORD SUBMITTALS

		A. Assemble miscellaneous records required by other Specification Sections for miscellaneous record keeping and submittal in connection with actual performance of the Work.  Bind or file miscellaneous records and identify each, ready for continued use...





		PART 3 -  EXECUTION

		3.1 DEMONSTRATION AND TRAINING

		A. Instruction:  Instruct Battelle's personnel to adjust, operate, and maintain systems, subsystems, and equipment not part of a system.

		1. Provide instructors experienced in operation and maintenance procedures, and qualified and competent to instruct in the operation and maintenance of the intended equipment.

		2. Provide information and instruction concerning preventative maintenance for equipment during construction, and for equipment that requires seasonal operation.

		3. Schedule training with Battelle and provide at least 10 work days' advance notice of date and time of scheduled training.



		B. Program Structure:  Develop an instruction program that includes individual training modules for each system and equipment not part of a system, as required by individual Specification Sections.  Training shall include specific information and inst...

		1. System design and operational philosophy.

		2. Review of documentation.

		3. Operations, Adjustments, Troubleshooting, Maintenance and Repair.





		3.2 FINAL CLEANING

		A. General:  Provide final cleaning.  Conduct cleaning and waste-removal operations to comply with local laws and ordinances and Federal and local environmental and antipollution regulations.

		B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each surface or unit to condition expected in an average commercial building cleaning and maintenance program.  Comply with manufacturers written instructions.

		1. Complete the following cleaning operations before requesting inspection for certification of Substantial Completion for entire Project or for a portion of Project:

		a. Clean Project site, yard, and grounds, in areas disturbed by construction activities, including landscape development areas, of rubbish, waste material, litter, and other foreign substances.

		1) Sweep paved areas broom clean.  Remove petrochemical spills, stains, and other foreign deposits.

		2) Rake grounds that are neither planted nor paved to a smooth, even-textured surface.

		3) Remove tools, construction equipment, machinery, and surplus material from Project site.



		b. Remove debris and surface dust from limited access spaces, including roofs, plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces.  Sweep concrete floors broom clean in unoccupied spaces.

		c. Clean exposed surfaces and finishes (exterior and interior) to a dirt-free condition, free of stains, films, and similar foreign substances.  Avoid disturbing natural weathering of exterior surfaces.  Restore reflective surfaces to their original c...

		1) Vacuum carpet and similar soft surfaces, removing debris and excess nap; shampoo if visible soil or stains remain.

		2) Clean transparent materials, including mirrors and glass in doors and windows.  Remove glazing compounds and other noticeable, vision-obscuring materials.  Replace chipped or broken glass and other damaged transparent materials.  Polish mirrors and...

		3) Touch up and otherwise repair and restore marred, exposed finishes and surfaces.  Replace finishes and surfaces that cannot be satisfactorily repaired or restored or that already show evidence of repair or restoration.  Do not paint over "UL" and s...

		4) Wipe surfaces of mechanical and electrical equipment, and similar equipment.  Remove excess lubrication, paint and mortar droppings, and other foreign substances.



		d. Clean plumbing, filters, ducts and fixtures

		1) Clean plumbing fixtures to a sanitary condition, free of stains, including stains resulting from water exposure.

		2) Replace disposable air filters and clean permanent air filters.  Clean exposed surfaces of diffusers, registers, and grills.

		3) Clean ducts, blowers, and coils if units were operated without filters during construction.

		4) Clean light fixtures, lamps, globes, and reflectors to function with full efficiency.  Replace burned-out bulbs, and those noticeably dimmed by hours of use, and defective and noisy starters in fluorescent and mercury vapor fixtures to comply with ...







		C. Comply with safety standards for cleaning.  Do not burn waste materials.  Do not bury debris or excess materials on Battelle's property.  Do not discharge volatile, harmful, or dangerous materials into drainage systems.  Remove waste materials from...



		3.3 RECORDING AND MAINTENANCE

		A. Recording:  Maintain one copy of each submittal during the construction period for Project Record Document purposes.  Post changes and modifications to Project Record Documents as they occur; do not wait until the end of Project.

		B. Maintenance of Record Documents and Samples:  Store Record Documents and Samples in the field office apart from the Contract Documents used for construction.  Do not use Project Record Documents for construction purposes.  Maintain Record Documents...

		EXAMPLE ACCEPTANCE OF COMPLETED WORK (ACW) FORM







		S785272-SPEC-01; 017900 - VENDOR INFORMATION, Rev. 01

		PART 1 -  GENERAL

		1.1 SUMMARY

		A. This Section includes administrative and procedural requirements for preparing Operations and Maintenance (O&M) manuals, including the following:

		1. Product data

		3. Maintenance data for the care and maintenance of equipment.

		Note: O&M manuals shall be marked with the associated Battelle equipment name/identification number found in the equipment tables on the Project Drawings.





		1.2 SUBMITTALS

		A. Draft O&M Manual(s):  Submit one (1) soft electronic copy of each draft O&M manual, inclusive of all required vendor information, in final form at least 10 workdays prior to D/B Contractor declaration of Substantial Completion.

		B. Final O&M Manual(s):  Submit two (2) hard copies, and one (1) soft electronic copy of the final O&M Manuals incorporating comments received from Battelle during the draft O&M review.  Submittal shall be received by Battelle within 10 workdays of D/...





		PART 2 -  PRODUCTS

		2.1 MANUALS, GENERAL “HARD COPY”

		A. Organization:  Unless otherwise indicated, organize each manual into a separate section for each piece of equipment.  Each manual shall contain the following materials, in the order listed:

		1. Title page

		2. Table of contents

		3. Manual contents



		B. Title Page:  Enclose title page in transparent plastic sleeve.  Include the following information:

		1. Battelle’s equipment name/number(s)

		2. Subject matter included in manual

		3. Name and address of Project

		4. Date of submittal

		5. Name, address, and telephone number of D/B Contractor



		C. Table of Contents:  List each product included in manual identified by product name and indexed to the content of the volume.

		D. Manual Contents:  Organize into sets of manageable size.  Arrange contents alphabetically by equipment.  If possible, assemble instructions for equipment into a single binder.

		1. Binders:  Heavy-duty, 3-ring, vinyl-covered, loose-leaf binders, in thickness necessary to accommodate contents, sized to hold 8-1/2-by-11-inchpaper; with clear plastic sleeve on spine to hold label describing contents and with pockets inside cover...

		a. Identify each binder on front and spine, with printed title "VENDOR INFORMATION – PRODUCT DATA, OPERATION AND MAINTENANCE MANUAL," Project title or name, and subject matter of contents.  Indicate volume number for multiple-volume sets.



		2. Dividers:  Heavy-paper dividers with integral tabs for each section.  Mark each tab to indicate contents, marking shall be typed or computer generated.  Include typed list of products and major components of equipment included in the section on eac...

		3. Subparagraph below provides protection for troubleshooting software diskettes used in some operation systems.  Delete requirements if unnecessary.

		4. Protective Plastic Sleeves:  Transparent plastic sleeves designed to enclose diagnostic software diskettes for computerized electronic equipment.

		5. Supplementary Text:  Prepared on 8-1/2-by-11-inch, 20 lb/sq. ft white bond paper.

		6. Drawings:  Attach reinforced, punched binder tabs on drawings and bind with text.

		a. If oversize drawings are necessary, fold drawings to same size as text pages and use as foldouts.

		b. If drawings are too large to be used as foldouts, fold and place drawings in labeled envelopes and bind envelopes in rear of manual.  At appropriate locations in manual, insert typewritten pages indicating drawing titles, descriptions of contents, ...







		2.2 MANUALS, GENERAL “SOFT COPY”

		A. Organization:  Unless otherwise indicated, organize and copy to compact disk (CD) in PDF format a separate section for each piece of equipment.  Each CD shall contain the following materials, in the order listed:

		1. Title page

		2. Table of contents

		3. Manual contents



		B. Title Page:  Include the following information:

		1. Battelle’s equipment name/number(s)

		2. Subject matter included in manual

		3. Name and address of Project

		4. Date of submittal

		5. Name, address, and telephone number of D/B Contractor

		6. Cross-reference to related systems in other operation and maintenance manuals



		C. Table of Contents:  List each product included in CD, identified by product name, indexed to the content of the volume, cross-referenced to Specification Section number in Project Manual and number of pages for each section.

		D. CD Contents:  Arrange contents alphabetically by system, subsystem, and equipment.

		1. CD label: Label each CD with a printer generated self-adhesive label.

		a. Identify each CD with a printed title " VENDOR INFORMATION – PRODUCT DATA, OPERATION AND MAINTENANCE MANUAL," Project title or name, and subject matter of contents.  Indicate volume number for multiple-volume sets.







		2.3 PRODUCT DATA

		A. All previously reviewed and approved Product Data shall be included in the Vendor Information Manuals.



		2.4 OPERATION MANUALS

		A. Content:  In addition to requirements in this Section, include the following information:

		1. Battelle’s equipment name/identification number(s)

		2. Equipment descriptions

		3. Operating standards

		4. Operating procedures

		5. Wiring diagrams

		6. Control diagrams

		7. Piped system diagrams

		8. Precautions against improper use

		9. License requirements including inspection and renewal dates



		B. Descriptions:  Include the following:

		1. Product name and model number

		2. Manufacturer's name

		3. Equipment identification with serial number of each component

		4. Equipment function

		5. Operating characteristics

		6. Limiting conditions

		7. Performance curves

		8. Engineering data and tests

		9. Complete nomenclature and number of replacement parts



		C. Operating Procedures:  Include the following, as applicable:

		1. Startup procedures

		2. Equipment or system break-in procedures

		3. Routine and normal operating instructions

		4. Regulation and control procedures

		5. Instructions on stopping

		6. Normal shutdown instructions

		7. Seasonal and weekend operating instructions

		8. Required sequences for electric or electronic systems

		9. Special operating instructions and procedures



		D. Equipment Controls:  Describe the sequence of operation, and diagram controls as installed.



		2.5 EQUIPMENT MAINTENANCE MANUAL

		A. Content:  For each piece of equipment include source information, manufacturers' maintenance documentation, maintenance procedures, maintenance and service schedules, spare parts list and source information, maintenance service contracts, and warra...

		B. Manufacturers' Maintenance Documentation:  Manufacturers' maintenance documentation including the following information for each component part or piece of equipment:

		1. Standard maintenance instructions and bulletins.

		2. Drawings, diagrams, and instructions required for maintenance, including disassembly and component removal, replacement, and assembly.

		3. Identification and nomenclature of parts and components.

		4. List of items recommended to be stocked as spare parts.



		C. Maintenance Procedures:  Include the following information and items that detail essential maintenance procedures:

		1. Test and inspection instructions.

		2. Troubleshooting guide.

		3. Precautions against improper maintenance.

		4. Disassembly; component removal, repair, and replacement; and reassembly instructions.

		5. Aligning, adjusting, and checking instructions.



		D. Maintenance and Service Schedules:  Include service and lubrication requirements, list of required lubricants for equipment, and separate schedules for preventive and routine maintenance and service with standard time allotment.

		1. Scheduled Maintenance and Service:  Tabulate actions for daily, weekly, monthly, quarterly, semiannual, and annual frequencies.

		2. Maintenance and Service Record:  Include manufacturers' forms for recording maintenance.



		E. Spare Parts List and Source Information:  Include lists of replacement and repair parts, with parts identified and cross-referenced to manufacturers' maintenance documentation and local sources of maintenance materials and related services.





		PART 3 -  EXECUTION

		3.1 MANUAL PREPARATION

		A. O&M Manuals:  Assemble a complete set of final product data, illustrative cuts, shop drawings, and operation and maintenance data for each piece of equipment.







		S785272-SPEC-01; 019113 - GENERAL COMMISSIONING REQUIREMENTS, Rev. 01

		PART 1 -  GENERAL

		1.1 COMMISSIONING

		A. Battelle shall be responsible for subcontracting and providing the services of a qualified Commissioning Agent (CxA) to perform Commissioning of the equipment and systems identified below, and as developed in the Technical Specifications issued for...

		B. Commissioning is a systematic process of ensuring by verification and documentation that all facility systems perform interactively in accordance with the design documentation and intent, and in accordance with Battelle’s operational and maintenanc...

		C. The CxA shall be involved during design of the facility and shall perform commissioning reviews of the design documents checking to ensure that the D/B Team is following requirements identified in the Performance Specification, that interdisciplina...

		D. Commissioning during the construction phase is intended to achieve the following specific objectives according to the Contract Documents:

		E. Commissioning Standard – Energy Independence and Security Act (EISA) section 432, and Federal Energy Management Program (FEMP) commissioning guidance.



		1.2 SUBMITTALS:

		A. Pre-functional checklists:  D/B Contractor and sub-tier contractors shall submit completed Installation and Start-Up Forms for equipment and systems to be tested for Battelle and CxA approval.



		1.3 RELATED SECTIONS

		A. The following sections provide specific information on the systems to be commissioned.

		1. To be determined upon D/B Contractor issuance of the Technical Specification applicable to the Work.





		1.4 COMMISSIONING PROCESS

		A. Kick-off Meeting:  All members of the design and construction team that will be involved in the commissioning process meet and agree on the scope of work, tasks, schedules, deliverables, and responsibilities for implementation of the Commissioning ...

		B. Commissioning Plan:  The commissioning plan provides guidance in the execution of the commissioning process.  Provides a brief overview of each start-up and functional test to be performed and shows the responsible contractor and/or supplier. Outli...

		C. Submittals:  Equipment documentation is submitted during normal submittals, including detailed start-up procedures.

		D. Start-Up/Pre-Functional Checklists:  Detailed factory supplied equipment start-up forms are given to the Commissioning Agent (CxA) by each division contractor.

		E. Installation Verification Audit: Includes the on-site inspection and review of related system components for conformance to the specifications. The CxA will check for proper systems installation and verify systems readiness for functional testing. ...

		F. Functional Performance Testing:  The CxA develops specific equipment and system functional performance test procedures.  The D/B Contractor and associated sub-tier contractors shall review the procedures.  The procedures are executed by the respons...

		G. Deficiencies and Resolution Test Report:  Items of non-compliance in material, installation or performance are documented by the CxA.  The items are corrected at no expense to Battelle and the equipment or systems are re-tested. The report also inc...

		H. Operations and Maintenance Documentation:  The CxA reviews the O&M documentation for completeness.  The CxA reviews and coordinates the training provided by the D/B Contractor and verifies that it was completed.

		I. Seasonal Testing:  Deferred or seasonal testing is conducted, as required.

		J. UFinal Commissioning ReportU: This includes the overall final commissioning document, prepared by the CxA, which details the actual commissioning procedures performed, inspection and testing results, and the final version of the deficiencies and re...

		K. Near Warranty End Testing:  Testing conducted prior to warranty expiration on identified systems.



		1.5 COMMISSIONING TEAM

		A. Members proposed by D/B Contractor/DOR, approved by Battelle:

		1. Individuals, each having the authority to act on behalf of the entity he or she represents, explicitly organized to implement the commissioning process through coordinated action. The commissioning team shall consist of, but not be limited to, repr...



		B. Members Appointed by Battelle:

		1. CxA: The designated person, company, or entity that plans, schedules, and coordinates the commissioning team to implement the commissioning process.

		2. Representatives of Battelle’s facility user and operation and maintenance personnel.

		3. Battelle Architect and Engineering design professionals.

		4. Battelle Project Manager

		5. Battelle Construction Manager

		6. Battelle Chief Engineer

		7. Battelle Authorities Having Jurisdiction





		1.6 RESPONSIBILITIES

		A. The responsibilities of various parties in the commissioning process are provided in this section.  The responsibilities of the D/B Contractor, and sub-tier contractors shall be identified in the technical specifications issued for construction.

		B. All Parties: Attend commissioning scoping meeting and additional meetings, as necessary.

		C. Commissioning Agent:

		1. Design Phase:

		a. Commissioning reviews of each D/B Contractor submitted Design Package as specified in the Performance Specification.

		b. Ensuring design is compliant with the Performance Specification, and Contract.

		c. Verifying that interdisciplinary coordination is occurring

		d. Working with D/B Team to develop commissioning specifications that will inform the D/B Contractor, Sub-tier contractors, vendors, etc. of their specific responsibilities will be during construction.



		2. The CxA is not responsible for compliance with codes, or general construction scheduling, cost estimating or construction management.  The CxA may assist with problem-solving non-conformance or deficiencies, but ultimately that responsibility resid...

		3. Construction and Acceptance Phase:

		a. Coordinates and directs all commissioning activities in a logical and efficient manner.  Work with the D/B Contractor and Battelle Project Manager (PM) to ensure that commissioning activities are being scheduled.

		b. Develop and submit for approval the Commissioning Plan, and any revisions necessary.

		c. Plan and conduct a commissioning scoping meeting, and other periodic meetings as necessary to ensure commissioning activities are fully coordinated with D/B Contractor and Battelle PM.

		d. Request and review additional information required to perform commissioning tasks, including O&M materials, contractor start-up and checkout procedures, and sequences of operation.

		e. Review D/B Contractor submittals applicable to systems being commissioned for compliance with commissioning needs.

		f. Perform site visits, as necessary, to observe component and system installations.  Attend selected planning and job-site meetings to obtain information on construction progress.

		g. Review completed pre-functional checklist and start-up reports.

		h. Coordinate any start-up requirements with TAB contractor.

		i. Write the functional performance test procedures for equipment and systems.  Submit to Battelle for review/approval.

		j. Coordinate, witness, and document functional performance tests performed by installing contractors.  Coordinate retesting as necessary until satisfactory performance is achieved.

		k. Maintain a master deficiency and resolution record.  Submit deficiency reports with written progress reports and test results with recommended actions to Battelle.

		l. Submit a final commissioning report to Battelle.





		D. Battelle:

		1. Design Phase:

		a. Manage the contract of the CxA.

		b. Provide and coordinate the CxA resources necessary to perform commissioning review of D/B Contractor developed and submitted Design Packages for conformance to Performance Specification and Contract requirements.

		c. Ensure that CxA identified review comments are provided to D/B Contractor and DOR.



		2. Construction, Acceptance, and near Warranty end Phase:

		a. Manage the contract of the D/B Contractor.

		b. Manage the contract of the CxA.

		c. Arrange for facility operating and maintenance personnel to attend various field commissioning activities and field training sessions according to the Commissioning Plan.

		d. Provide oversight of the Commissioning process.

		e. Provide final approval for the completion of the commissioning work.





		E. D/B Contractor:

		1. Design Phase:

		a. Manage and provide the design and DOR services necessary to coordinate with Battelle provided CxA.

		b. Ensure that requirements of Performance Specification, and Contract documents are driven into design.

		c. Manage DOR and sub-tier consultants and vendors during the design process.



		2. Construction, Acceptance, and near Warranty end Phase:

		a. Manage and provide the Design and DOR services necessary to support commissioning.

		b. Assist with coordination of the commissioning work by the CxA.

		c. Coordination of sub-tier contractors necessary to assist and support the commissioning process.

		d. Include the cost of support of, and assistance with coordinating the commissioning process in the contract price.

		e. Furnish a copy of all construction documents, addenda, change orders and approved submittals and shop drawings related to commissioned equipment to the CxA.

		f. In each purchase order or subcontract written, include requirements for submittal data, O&M data, commissioning tasks and training and coordination with the CxA as necessary.

		g. Ensure that all Sub-tier contractors execute their commissioning responsibilities according to the Contract Documents and schedule.

		h. Representatives of the D/B Contractor and DOR shall attend a commissioning scoping meeting and other necessary meetings scheduled by the CxA to facilitate the commissioning process.

		i. Coordinate the training of Battelle personnel.

		j. Prepare O&M manuals, according to the Contract Documents, including clarifying and updating the original sequences of operation to as-built conditions.





		F. Sub-Tier Contractors

		1. Provide labor, equipment, submittals and materials necessary to assist and support the CxA during the commissioning process for specific systems as identified in the technical specifications and drawings developed by the D/B Contractor.

		2. Attend the commissioning scoping meeting and other necessary meetings scheduled by the CxA to facilitate the commissioning process.



		G. Equipment Suppliers

		a. Provide all requested submittal data, including detailed start-up procedures and specific responsibilities of Battelle to keep warranties in force.

		b. Assist in equipment testing per agreements with Subs.

		c. Provide information requested by CxA regarding equipment sequence of operation and testing procedures.







		PART 2 -  PRODUCTS

		2.1 TEST EQUIPMENT

		A. All standard testing equipment required to perform startup and initial checkout and required functional performance testing shall be provided by the Division contractor for the equipment being tested.  For example, the mechanical contractor of Divi...





		PART 3 -  EXECUTION

		3.1 MEETINGS

		A. Scoping Meeting:  Within 60 to 90 days of commencement of construction, the CxA will schedule, plan and conduct a commissioning scoping meeting with the entire commissioning team in attendance.  Meeting minutes will be distributed to all parties by...

		B. Miscellaneous Meetings:  Other meetings will be planned and conducted by the CxA as construction progresses.  These meetings are anticipated to occur on a regular, monthly basis.  These meetings will cover coordination, deficiency resolution and pl...



		3.2 SPECIFIC D/B CONTRACTOR AND SUB-TIER CONTRACTOR RESPONSIBLITIES FOR COMMISSIONING

		A. The D/B Contractor, and each sub-tier contractor responsible for completion of the work within their section shall have specific responsibilities relating to demonstrating the equipment and systems provided have been installed and function per the ...

		B. In order for the commissioning process to proceed as smoothly as possible and to prevent interruption to the project schedule, the CxA will need information early in the project from the D/B Contractor in order to compile checklists and procedures ...

		C. It is the D/B Contractor’s specific responsibility to ensure that each sub-tier contractor complete their respective start-up and checkout procedures, and to insure the complete readiness of equipment and systems, prior to the start of the function...

		D. Assist the CxA in the development of specific functional performance test procedures relative to their scope of work.

		E. Provide written confirmation of system readiness for functional performance testing to the CxA. Schedule the actual date and times for the functional performance testing. Include time for commissioning in the master construction schedule. The sched...

		1. D/B Contractor review and comment on preliminary commissioning plan documents.

		2. Commissioning Plan Development.

		3. Start-up Plan Development.

		4. Start-up Activities by Equipment and Systems.

		5. Installation Verification Activities by Equipment and Systems.

		6. Functional Testing Activities by Equipment and Systems.

		7. Training.

		8. Operations and Maintenance.

		9. Seasonal Testing.



		F. Demonstrate system performance to the Commissioning Agent through completion of the functional performance testing process, per the procedures and acceptance criteria provided by the CxA.

		G. D/B Contractor and sub-tier contractors shall be responsible for ensuring that qualified representatives are provided for start-up and testing of equipment to be commissioned.

		H. D/B Contractor and sub-tier contractors will be responsible for providing material, equipment and their normal tools, required within the scope of their specialty, to facilitate successfully completing the functional performance testing process.

		I. D/B Contractor and sub-tier contractors shall budget and provide sufficient time and qualified personnel to participate onsite in this process until the process is successfully completed and all contractor related deficiencies have been corrected o...

		J. Provide training to Battelle. Specified training on related systems and equipment operation and maintenance shall only commence after final performance commissioning is successfully completed, and systems are verified by the Commissioning Agent to ...

		K. Off-Season Testing:

		1. Seasonal testing will be required to demonstrate that systems meet design conditions during seasonal extremes, typically at peak heating and cooling conditions.

		2. Seasonal testing may be required when ambient temperatures are such that equipment cannot be operated.

		3. Seasonal testing is required to prove performance for a fully occupied building, and for systems that are occupancy sensitive.

		4. It is the contractor’s responsibility to provide labor and material for seasonal testing and to make corrections to any contractor related issues discovered.



		L. Near Warranty End Review:

		1. Post-construction and at least one month prior to the end of warranty of the commissioned systems, the D/B Contractor, Battelle, and the CxA shall participate in a review of the commissioned systems to identify any operation or other outstanding is...

		2. The review shall consist of a site meeting with the D/B Contractor and appropriate sub-tier contractors. The D/B Contractor or sub-tier contractor may be required to test and inspect systems and equipment identified as potentially having warranty i...

		3. A list of warranty issues will be listed on a Near-Warranty-End Issues list by Battelle and the CxA and provided to the contractor. The contractor shall investigate, test and resolve all issues and sign off on each issue and return the list to the ...

		4. The D/B Contractor shall ensure the cooperation of all appropriate sub-tier contractors in follow-up meetings and any testing, inspections and resolution involving warranty issues prior to the end of the warranty period.





		3.3 SYSEMS TO BE COMMISSIONED

		A. The following systems and assemblies will be commissioned on the project:

		1. Facility Management Control System (FMCS).

		2. HVAC system equipment and components.

		3. Hydronic heating hot water, and chilled water systems.

		4. Potable Hot Water System.

		5. Scheduled or occupancy sensor lighting controls.

		6. Emergency Lighting Controls.

		7. UPS/Inverter System

		8. Standby Power System.

		9. Electrical Metering.

		10. Safety Systems (gas detection, leak detection, door interlocks, shunt trips/fuses, ac/dc interfaces), etc. within KW Test and Validation Lab Area.

		11. Exterior and interior Proximity Card entry systems.





		3.4 REPORTING

		A. The CxA will provide regular reports to the Battelle PM and D/B Contractor with increasing frequency as construction and commissioning progresses.

		B. The CxA will regularly communicate with all members of the commissioning team, keeping them apprised of commissioning progress and scheduling changes through memos, progress reports, etc.

		C. A final Commissioning Report is compiled which summarizes the procedures, findings, conclusions, and recommendations of the commissioning process.
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Acronyms and Abbreviations ii


Acronyms and Abbreviations 


ACS Access Control System 


ACM Aluminum Composite Material 


ADA Americans With Disabilities Act 


AEC Auto Echoing Cancellation  


AFF Above Finished Floor 


AHJ Authority Having Jurisdiction 


AHU Air Handling Unit 


AIA American Institute of Architects 


ASHRAE American Society of Heating Refrigerating and Air Conditioning Engineers 


AVIXA Audiovisual and Integrated Experience Association 


A/V Audio/Video


AWG American Wire Gauge 


BFCI Battelle Furnished, Contractor Installed 


BFBI  Battelle Furnished, Battelle Installed 


BIM Building Information Modeling 


BSF Biological Sciences Facility 


BSF/CSF Biological Sciences Facility/Computational Sciences Facility 


BLC Building Level Controls 


BMS Building Management System, Balanced Magnetic Switch, or Battery 
Management System 


CDR Conceptual Design Report


CMU Concrete Masonry Units  


COR City of Richland 


DAS Distributed Antenna System


D/B Design/Build(er)


DDC Direct Digital Controls 


DD Design Development, Definitive Design 


DOE U.S. Department of Energy 


ECM Energy Conservation Measures 


EMI Electromagnetic Interference


EMSL Environmental Molecular Sciences Laboratory 


EOR Engineer of Record 


ESC Energy Sciences Capability 


FACP Fire Alarm Control Panel  


ESS Energy Storage Systems 


FCU Fan Coil Unit 







 


Acronyms and Abbreviations iii 
 


FM Factory Mutual (FM Global) 


FMCS Facility Management Control System 


FPM Feet Per Minute 


FRB Facility Review Board 


GWB  Gypsum Wall Board 


GSL Grid Storage Launchpad 


HDMI High Definition Multimedia Interface 


HPSB High Performance Sustainable Building 


HTB Heat Transfer Building 


HVAC Heating, Ventilation and Air Conditioning 


IBC International Building Code 


IDF Intermediate Distribution Frame 


IESNA Illuminating Engineering Society of North America 


IFC International Fire Code 


IPC International Plumbing Code 


ISC Intelligent System Controllers 


IT Information Technology 


ITNS Information Technology Network Services 


kW Kilowatt (1,000 Watts, or 1,000 Joules Per Second) 


LCCA Life Cycle Cost Analysis  


LED Light-Emitting Diode 


MAQ Maximum Allowable Quantities  


MOA Memorandum of Agreement  


LFL  Lower Flammability Limit 


MEP Mechanical/Electrical/Plumbing 


MDF Main Distribution Frame 


mG Milligauss 


Na Sodium 


NEA Network Automation Engine 


NEC National Electrical Code (NFPA 70) 
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PM  Preventative Maintenance 







Acronyms and Abbreviations iv


PTZ Pan Tilt-Zoom


PNNL Pacific Northwest National Laboratory 


REX Request to Exit 


RPBA Reduced Pressure Backflow Assemblies 


PPA Property Protection Area 


PPE Personal Protective Equipment 


RFP Request for Proposal 


SATC Suspended Acoustical Tile Ceiling 


SEB Systems Engineering Building 


SEM Scanning Electron Microscope 


TBD To Be Determined 


TEM Transmission Electron Microscope


UC Unified Communication


UHD Ultra High Definition  


UIC Underground Injection Control 


UL Underwriter’s Laboratories Inc 


UPS Uninterrupted Power Supply 


VAV Variable Air Volume 


VFD Variable Frequency Drive 


VoIP Voice Over Internet Protocol 


VCT Vinyl Composition Tile 


Zn Zinc







Contents v


Contents 


Revision Table ............................................................................................................................... i 


Acronyms and Abbreviations ........................................................................................................ ii 


Contents ........................................................................................................................................ v 


1.0 Purpose ........................................................................................................................... 10 


2.0 Introduction ..................................................................................................................... 11 


3.0 Project Design Objectives ............................................................................................... 13 


3.1 Mission Need Requirements ............................................................................... 13 


3.2 PNNL Campus Development Strategic Objectives ............................................. 14 


3.2.1 Modern .................................................................................................. 14 


3.2.2 Collaborative ......................................................................................... 14 


3.2.3 Flexible ................................................................................................. 14 


3.2.4 Sustainable ........................................................................................... 14 


4.0 Goals for Transition from Concept Design to Subsequent Design Phases ..................... 18 


5.0 Design Requirements Narratives .................................................................................... 19 


5.1 General Description ............................................................................................. 19 


5.2 Codes and Standards .......................................................................................... 19 


5.2.1 Building Official ..................................................................................... 19 


5.2.2 Relevant Codes .................................................................................... 19 


5.2.3 Design Criteria References: .................................................................. 20 


5.2.4 Industry and Federal Standards, Latest Edition .................................... 21 


5.2.5 Other Standards and Practices ............................................................. 21 


5.3 Required Calculations ......................................................................................... 22 


5.4 Building Program ................................................................................................. 23 


5.5 Components and Systems Coordination and Constructability ............................ 25 


5.6 Heat Transfer Building ......................................................................................... 26 


5.7 Civil ...................................................................................................................... 26 


5.7.1 General ................................................................................................. 26 


5.7.2 Site Clearing ......................................................................................... 26 


5.7.3 Site Utility Infrastructure ........................................................................ 27 


5.7.4 Site Development and Site Grading ..................................................... 28 


5.7.5 West and South Entry Areas ................................................................ 28 


5.7.6 Landscape ............................................................................................ 29 


5.7.7 Roadways and Parking ......................................................................... 29 


5.7.8 Service Drive/Fire Truck Access ........................................................... 30 


5.7.9 Walkways .............................................................................................. 30 


5.7.10 Paving ................................................................................................... 30 


5.7.11 Site Furnishings .................................................................................... 31 







Contents vi


5.7.12 Sanitary and Process Sewer ................................................................ 31 


5.7.13 Storm Water System ............................................................................. 31 


5.7.14 Site Walls .............................................................................................. 32 


5.7.15 Site Lighting .......................................................................................... 32 


5.7.16 Irrigation System ................................................................................... 32 


5.8 Architectural ........................................................................................................ 33 


5.8.1 General ................................................................................................. 33 


5.8.2 Building Flexibility ................................................................................. 33 


5.8.3 Exterior Envelope ................................................................................. 34 


5.8.4 Interior Requirements ........................................................................... 35 


5.8.5 Exterior Signage ................................................................................... 48 


5.9 Structural ............................................................................................................. 49 


5.9.1 General ................................................................................................. 49 


5.9.2 Design Criteria ...................................................................................... 50 


5.9.3 Wind/Seismic Lateral Load System ...................................................... 51 


5.9.4 Floor Vibrations ..................................................................................... 51 


5.9.5 Exterior Cladding Support Conceptual Design ..................................... 51 


5.9.6 Design Loading Criteria ........................................................................ 51 


5.9.7 Deflections/Serviceability Limits ........................................................... 53 


5.9.8 Structural Testing and Special Inspections ........................................... 53 


5.9.9 Material Strengths ................................................................................. 53 


5.10 Mechanical .......................................................................................................... 54 


5.10.1 General ................................................................................................. 54 


5.10.2 Base Design Requirements .................................................................. 55 


5.10.3 Ventilation ............................................................................................. 55 


5.10.4 Plug loads (miscellaneous laboratory heat load) .................................. 56 


5.10.5 Vibration Isolation: ................................................................................ 56 


5.10.6 EMI Equipment Location ....................................................................... 56 


5.10.7 Energy Conservation Measures ........................................................... 56 


5.10.8 Acoustical Design Criteria ..................................................................... 57 


5.10.9 Laboratory Supply Air Ventilation and Distribution System .................. 57 


5.10.10 Office Supply Air Ventilation and Distribution System .......................... 58 


5.10.11 Lobby HVAC System ............................................................................ 59 


5.10.12 Additional Ventilation Requirements ..................................................... 59 


5.10.13 Humidification System .......................................................................... 60 


5.10.14 Lab Exhaust .......................................................................................... 60 


5.10.15 Non Lab Exhaust .................................................................................. 61 


5.10.16 Chilled Water Service ........................................................................... 61 


5.10.17 Heating Water ....................................................................................... 61 







 


Contents vii 
 


5.10.18 Laboratory Process Chilled Water ........................................................ 62 


5.10.19 Laboratory “House” Vacuum ................................................................. 62 


5.10.20 Laboratory “House” Compressed Air .................................................... 63 


5.10.21 Laboratory “House” Nitrogen Gas ......................................................... 63 


5.10.22 Laboratory “House” Argon .................................................................... 63 


5.10.23 Laboratory Liquid Nitrogen ................................................................... 63 


5.10.24 Natural Gas ........................................................................................... 63 


5.10.25 Specialty Gases .................................................................................... 64 


5.10.26 City Water Service ................................................................................ 64 


5.10.27 Potable (Domestic) Water System ........................................................ 64 


5.10.28 High Purity Water System ..................................................................... 65 


5.10.29 Process (Laboratory) Hot and Cold Water Supply System ................... 65 


5.10.30 Sanitary Sewer System (Drain, Waste, and Vent) ................................ 65 


5.10.31 Process Sewer System (Acid Resistant Drain, Waste, and Vent) ........ 65 


5.10.32 Facility Monitoring and Controls System .............................................. 66 


5.10.33 Energy Management ............................................................................ 68 


5.10.34 HVAC Equipment on Standby Power ................................................... 69 


5.10.35 Fire Sprinkler Systems .......................................................................... 69 


5.10.36 Mechanical/Electrical Support Areas .................................................... 70 


5.11 Electrical .............................................................................................................. 71 


5.11.1 Electrical Distribution System ............................................................... 71 


5.11.2 Standby Power and UPS Standby Power ............................................. 74 


5.11.3 Electrical Metering ................................................................................ 76 


5.11.4 Grounding System ................................................................................ 76 


5.11.5 Electric Vehicle Charging Stations ........................................................ 76 


5.11.6 Lightning Protection System ................................................................. 77 


5.11.7 Building Lighting Systems ..................................................................... 77 


5.11.8 Power System Study ............................................................................ 79 


5.11.9 Fire Alarm ............................................................................................. 79 


5.11.10 Public Address System ......................................................................... 80 


5.12 Audio / Video and Communications Systems...................................................... 80 


5.12.1 General ................................................................................................. 80 


5.12.2 Lobby and Visualization Laboratory A/V Requirements: ...................... 81 


5.12.3 Medium, Small, and “Huddle” Conference Room A/V 
Requirements ....................................................................................... 83 


5.12.4 Digital Signage ...................................................................................... 83 


5.12.5 kW Test Area Control Room A/V Requirements ................................... 83 


5.13 Network and Communications............................................................................. 84 


5.13.1 Telecommunications Service ................................................................ 84 







Contents viii


5.13.2 Backbone Cabling ................................................................................. 86 


5.13.3 Telecommunications Rooms ................................................................ 86 


5.13.4 General Construction of the Telecommunication Rooms ..................... 87 


5.13.5 Structural Requirements of Telecommunications Rooms: .................... 87 


5.13.6 Mechanical Construction Requirements of Telecommunication 
Rooms .................................................................................................. 87 


5.13.7 Electrical Construction Requirements of Telecommunication 
Rooms .................................................................................................. 88 


5.13.8 Telecommunication Racks .................................................................... 88 


5.13.9 Wire Management ................................................................................ 88 


5.13.10 Grounding ............................................................................................. 88 


5.13.11 Communication Pathways .................................................................... 88 


5.13.12 Telecommunications Outlets ................................................................ 89 


5.13.13 Special circuit requirements .................................................................. 89 


5.13.14 Wireless Access Points ........................................................................ 90 


5.13.15 Distributed Antenna System ................................................................. 90 


5.13.16 Public Address/Paging System ............................................................. 90 


5.13.17 Mass Notification/Distributed Antenna .................................................. 90 


5.13.18 Telecom Specifications and Drawings .................................................. 90 


5.14 Access Control, Physical Security and Campus Safety Systems ........................ 91 


5.15 Special Construction ........................................................................................... 94 


5.15.1 High Performance Instrument Laboratories .......................................... 94 


5.15.2 “Dry Rooms” within the Advanced Battery Facility Prototyping 
area ....................................................................................................... 97 


5.15.3 Less Than 100kW Battery Testing and Validation Laboratory 
(kW Test) ............................................................................................ 100 


5.15.4 Analytical Tools and Dedicated In-Operando Suite ............................ 110 


6.0 Schedule of Deliverables .............................................................................................. 112 


Appendix A – Concept Graphics ................................................................................................ A.1 


Appendix B –Standard Layouts ................................................................................................. B.1 


Appendix C – Excerpts from July 2019 Conceptual Design Report .......................................... C.1 


Appendix D – Equipment .......................................................................................................... D.1 


Appendix E – Checklist: High Performance Sustainable Buildings ............................................ E.1 


Appendix F – Room Data Sheets and Lab Layouts ................................................................... F.1 


Appendix G – Uniformat Specifications .................................................................................... G.1 


Appendix H – Power Systems Study ........................................................................................ H.1 


Appendix J –Equipment on Standby ......................................................................................... J.1 







 


Contents ix 
 


Figures 


Figure 1. PNNL Office Space Standard Design Criteria For PNNL Facility 
Construction ........................................................................................................ 40 


Figure 2. Six Workstation Configuration ............................................................................. 41 


Figure 3. Office Configuration ............................................................................................. 42 


Figure 4. Example Mechanical/Electrical Support Area...................................................... 71 


Figure 5. Site Drawings ...................................................................................................... 85 


Figure 6. Standard Telecommunication Symbols ............................................................... 91 


 


Tables 


Table 1. Tabular Space Program ...................................................................................... 24 


Table 2. Minimum Air Handler Capacity ............................................................................ 59 


Table 3. Drawing Guidelines ............................................................................................. 68 


Table 4. Lighting Level for Select Areas ............................................................................ 77 


Table 5. Telecommunication Room Sizes ......................................................................... 86 


Table 6. Quantity of Communication Outlets ..................................................................... 89 


Table 7. Drawing Requirements ........................................................................................ 91 


Table 8. Design Package 1 – Schematic Design ............................................................ 112 


Table 9. Design Package 2 – Definitive Design .............................................................. 115 


Table 10. Design Package 3 – 50% Construction Documents .......................................... 118 


Table 11. Design Package 4 – 95% Construction Documents .......................................... 122 


Table 12. Design Package 5 – 100% Issued for Construction Documents ....................... 126 


 
 







 


Purpose 10 
 


1.0 Purpose 


The performance specification document contains project requirements for spaces, functions, 
systems, characteristics, and materials and methods to design and build a high-performance 
laboratory building, including associated support spaces. 


A Conceptual Design Report (CDR) has been previously developed to establish a scope 
baseline, aligned with a conceptual level cost estimate, in accordance with the U.S. Department 
of Energy (DOE) Order 413.3B (Chg 5). 


Applicable portions of the CDR, experience gained from previous design/build projects, and 
relevant components of the PNNL design and other standards have been assembled into this 
single document to identify project requirements. These requirements have been established 
with minimal design completion and shall be used by the D/B as a performance requirement to 
complete preliminary design services (schematic design and design development or “definitive 
design”), and following approvals, develop the construction documents (drawings and 
specifications) required for permitting, AHJ approvals, and construction. 


Battelle will require a design commitment from the D/B. Design commitment means that the 
feature of work submitted in Design package #2 – Definitive Design, conforms to the 
Contractor’s budget, schedule, and the quality requirements of the contract and will be 
constructed as detailed and developed from the Basis of Design. 


Design Commitment occurs upon the submission, by the D/B Team, of Design Package #2 – 
Definitive Design, as detailed in this Performance Specification, and as approved by the Battelle 
Contracts Specialist. Reductions in scope, form, fit, finish or quality after Design Commitment 
has been achieved, shall not be permitted unless expressly approved, in writing, by the Battelle 
Contracts Specialist. 


The information put forth in this Performance Specification is the minimum understood and 
required of the D/B at the time of issue. As an experienced D/B team that specializes in the 
design and construction of laboratory/research facilities, it is understood that the team shall 
collaborate with Battelle throughout the design and construction process to successfully 
construct a high-performance facility with high quality finishes, components, systems, and 
features, as defined herein.  


The D/B team, with its extensive laboratory and/or research knowledge and expertise, shall use 
the technical requirements defined within this performance specification with the supporting 
information contained within the appendices to develop a complete facility design for Battelle 
approval.  


In the event of conflicting specification content, quantity, or code requirement, the D/B team 
shall use the most stringent criteria and/or the largest/greatest number specified. In case of 
conflicts, the order of precedence shall be as follows: Division 1 Specifications, UniFormat 
Specifications, Performance Specification Narrative, concept drawings. 


Conceptual drawings and graphics included in appendices are for reference only. The D/B team 
shall use this information to develop a complete and unique design for Battelle approval. 
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2.0 Introduction 


PNNL is widely recognized as a leader in conducting world class science. The Grid Storage 
Launchpad (GSL) shall provide high-performance laboratory infrastructure to support world-
class research. The facility shall be designed to enhance research collaboration using creative 
arrangement of spaces, allowing for increased advancements in scientific frontiers. The project 
includes a goal to provide modularity and flexibility to minimize design and construction costs for 
future changes in use or purpose, and for the possibility of expansion of the facility in the future. 


Collaboration, administrative, and support spaces shall be fully integrated into the design, 
creating a cohesive facility, thus providing an environment to promote scientific advancements 
across all included mission ready capabilities. 


The GSL facility shall be comprised of the following characteristics: 


1. A “signature” facility, an iconic PNNL landmark symbolic of world class science. 


2. Thirty laboratory module equivalents. A module is defined as a 22’-6” x 33’-6” structural 
grid and includes all infrastructure to have the module be convertible to other science 
capabilities in the future. 


3. A laboratory suite, or space dedicated to testing and validation of energy storage 
technologies, up to a threshold of 100kW [kilowatt] capacity. This space will be further 
subdivided into a <10kW testing and validation laboratory, and grid scale (<100 kW) 
testing and validation rooms. 


4. Within the 30 lab module laboratory component, an “In-Operando” group of suites  
containing Materials Characterization, Analytical Tools (including NMR), high-
performance imaging equipment (Quiet Suite), and Standard Instrument labs. 


5. Workstations, including a combination of hard walled office “executive suites”, hard 
walled individual offices, and open landscape partitioned spaces (105 total). 


6. Lobby and open collaboration spaces, including a second floor outdoor covered “terrace” 
area. 


7. A Visualization space; a multipurpose room for video observation, instruction, and 
conferencing. 


8. Two medium conference rooms. 


9. Four small conference rooms. 


10. Six “huddle” conference rooms. 


11. Four “phone booths” in the office areas, two per floor. 


12. Laboratory service corridors. 


13. Interstitial mechanical mezzanines. 


14. Mechanical, electrical, IT server and MDF/IDF rooms. 


15. Loading dock, and shipping/receiving areas. 


16. Chemical storage room. 







 


Introduction 12 
 


17. Waste storage room. 


18. Site improvements including required utility infrastructure, paved vehicular parking and 
access areas, pedestrian circulation, and landscaping. 


Refer to the tabular space program in Section 5.4 for more detailed information. 
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3.0 Project Design Objectives 


3.1 Mission Need Requirements 


Performance requirements for the project are based on the specific laboratory, office, and 
support space needed to appropriately house the critical technical capabilities required to meet 
the Mission Need Statement (MNS) objectives.  


The United States has long been a pioneer in the development of new battery technologies, but 
the lengthy maturation and validation process has often resulted in U.S. industry abandoning 
development prior to commercialization. Existing DOE capabilities have primarily focused on 
accelerating the development of lithium-ion technologies for commercial and electric vehicle 
applications. These capabilities benefit grid scale energy storage indirectly; however, a 
significant capability gap exists for conducting research in support of other battery technologies 
that are well suited for grid scale applications: Redox Flow, Na-ion, Na-metal halide, Zn, Pb-
acid, and other systems in the future. 


The goals of the project are to: 


Validate – Enable independent testing of next generation grid energy storage materials and 
systems under realistic grid operating conditions. 


Accelerate – From benchtop to systems, reduce risk and accelerate the development of new 
technologies by propagating rigorous grid performance requirements to all stages of storage 
development.  


Collaborate – By linking DOE and energy storage research and development communities in a 
new collaboration facility, the GSL shall lower barriers to solving key development challenges. 


Further adoption of grid scale energy storage, at levels to ensure the required resiliency and 
reliability of the future U.S. power grid, requires the accelerated development and testing of new 
energy storage technologies that are more cost effective, safer, and durable. Accelerating this 
development cycle is critical to enable the U.S. to maintain leadership in the next generation of 
energy storage technologies. To meet this need, a focused approach to grid scale energy 
storage research is needed to accelerate maturation of new technologies from U.S. research 
institutions by providing systematic and independent validation of new grid storage technologies 
from basic materials and components through prototyping. By systematically designing battery 
materials and architectures to support grid services and validating their performance under grid 
conditions at every step of the development cycle, the maturation of storage technologies can 
be accelerated and provide utilities with the confidence necessary to deploy these new 
technologies at a much greater scale.  


These new capabilities will fill an important gap and will integrate and complement existing 
demonstration and deployment capabilities located at other national laboratories and 
accommodate collaborative research with industry and universities. The GSL shall contain 
flexible laboratory space that can be rapidly and efficiently reconfigured to accommodate new 
types of battery materials and systems and to make sure that state of the art energy storage 
technology is advanced. 
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3.2 PNNL Campus Development Strategic Objectives 


3.2.1 Modern 


The GSL shall be a distinguished laboratory designed to include space and infrastructure that 
promotes creativity, develops technical leaders, and encourages staff members to be bold in 
their research. The design shall deliver a provocative exterior architecture integrating visually 
appealing forms, components and materials.  


The GSL shall be a “signature” facility in its building form and function. Signature attributes 
apply to the building architecture and to the building’s scientific mission. The building design 
shall include a distinct exterior building appearance evoking emotion, and a bold yet timeless 
interior design. Functionally, the design shall promote ease of long-term maintenance and 
operations and provide enhanced efficiency and sustainability.  


 “Signature” can be best described as a potentially award-winning building design with function 
and architecture that is recognized by a national organization judging process, such as the R&D 
Lab of the Year Award Program or the American Institute of Architects (AIA) various awards 
programs. Appendix A includes images of example facilities that convey designs that could 
meet those goals. 


3.2.2 Collaborative 


The GSL shall be arranged and configured to encourage and cause communication and 
collaboration. A central lobby, meeting rooms, and hallways that connect offices and 
laboratories shall allow for researcher “interactions” and allow for spaces that people want to 
occupy. Collaborative spaces should be of varying sizes and distributed throughout the building. 
They are private without being isolated, quiet without being enclosed, open without being 
exposed, and inviting. 


3.2.3 Flexible  


With a minimum life span goal of 50 years, the GSL shall be an adaptable laboratory facility 
providing state-of-the-art scientific capabilities required today and with anticipation of the future. 
The building shall be engineered with reliable and robust systems that are readily serviceable, 
maintainable, and reconfigurable to support evolving research needs. 


3.2.4 Sustainable  


The building shall be defined as “High Performance.”  PNNL’s contractually required method for 
achieving High Performance is through conformance with the Department of Energy Guiding 
Principles for Sustainable Federal Buildings (2016), in order to comply with Executive Order 
13834, signed May 2018.  


EO 13834, “Executive Order on Efficient Federal Operations”, provides the following goals for 
sustainable design and operations: 


1. Achieve and maintain annual reductions in building energy use and implement energy 
efficiency measures that reduce costs; 


2. Meet statutory requirements relating to the consumption of renewable energy and 
electricity; 
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3. Reduce potable and non-potable water consumption, and comply with stormwater 
management requirements; 


4. Utilize performance contracting to achieve energy, water, building modernization, and 
infrastructure goals; 


5. Ensure that new construction and major renovations conform to applicable building 
energy efficiency requirements and sustainable design principles; consider building 
efficiency when renewing or entering into leases; implement space utilization and 
optimization practices; and annually assess and report on building conformance to 
sustainability metrics; 


6. Implement waste prevention and recycling measures and comply with all Federal 
requirements with regard to solid, hazardous, and toxic waste management and 
disposal; 


7. Acquire, use, and dispose of products and services, including electronics, in accordance 
with statutory mandates for purchasing preference, Federal Acquisition Regulation 
requirements, and other applicable Federal procurement policies; and 


8. Track and, as required by section 7(b) of this order, report on energy management 
activities, performance improvements, cost reductions, greenhouse gas emissions, 
energy and water savings, and other appropriate performance measures. 


DOE’s Office of Energy Efficiency & Renewable Energy supports the Federal Energy 
Management Program (FEMP). The FEMP provides support services for design, compliance, 
and tracking progress to achieving the goals through the Guiding Principles. The Guiding 
Principles and Instructions for Compliance are found at the following link:  


https://www.sustainability.gov/pdfs/guiding_principles_for_sustainable_federal_buildings.pdf 


The FEMP has developed a “New Construction and Modernizations Checklist”. A copy of the 
checklist is included in Appendix E. 


The following Sustainability features shall be incorporated into the design and resulting 
operations of the GSL (refer to Division 1 Specifications for D/B Action Requirements): 


3.2.4.1 Employ Integrated Design Principles 


The D/B shall be part of a collaborative, integrated team that plans, programs, designs, 
constructs, commissions, and transitions the GSL to operations. The D/B shall follow goals 
outlined in other sections of this Performance Specification for energy, water, materials, indoor 
environmental quality, and daylighting.  
 
Commissioning shall be employed per requirements in the Division 1 Section. 


3.2.4.2 Optimize Energy Performance 


Comply with ASHRAE 90.1-2016, the baseline that DOE/FEMP requires.  Where life cycle cost 
effective, the design shall achieve a 30% reduction in energy consumption over the ASHRAE 
90.1 baseline. the following energy saving design elements shall be included: 


 Variable air volume laboratory exhaust systems 


 Lighting energy savings using daylighting design and controls and utilizing highly efficient 
lamps such as LEDs. 
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 High performance heating system capturing waste heat from the Heat Transfer Building 
(HTB). Refer to Section 5.10 for specific requirements. 


Systems shall be metered to optimize and track energy performance. Refer to Sections 5.10 
and 5.11 for requirements. 


Life Cycle Cost Analysis for Energy Conservation Measures shall be performed and 
incorporated in accordance with Section 5.10.7.  


Renewable and Clean Energy: In 2016, the National Renewable Energy Laboratory (NREL) 
completed an Assessment of Onsite Renewable Energy Opportunities at 17 DOE Facilities. The 
Technical report is NREL/TP-7A40-67068 available from the NREL website under 
“Publications.” PNNL was one of the 17 sites assessed. 


NREL concluded that the low cost of utility electricity and natural gas make it difficult for 
Renewable Energy technologies to compete with utility rates. One possible exception is the 
possibility of Solar Ventilation Preheat (SVP), also known as Transpired Collector technology. 
The D/B shall consider the technology as an Energy Conservation Measure to evaluate, per 
Section 5.10.7.2. 


3.2.4.3 Protect and Conserve Water 


Water efficiency measures include low flow shower fixtures and low flush volume water closets 
and urinals for indoor water use reductions. Refer to Section 5.10.26. 


Further water conservation measures shall include building level water meters for management, 
optimized cooling tower operations, and the elimination of single pass cooling. 


Provide water efficient landscape and irrigation systems per Section 5.7.6. 


3.2.4.4 Enhance Indoor Environmental Quality 


The GSL shall be a healthy environment for the building occupants, meeting or exceeding the 
ASHRAE thermal comfort, daylighting, and air quality standards as required in other sections of 
this Performance Specification. Natural daylighting for visual comfort and energy savings in the 
office space is a priority. Design shall leverage window placement, appropriate architectural 
finishes, and daylight dimming controls. 


3.2.4.5 Reduce the Environmental Impact of Materials 


The D/B shall procure construction materials and building supplies that have a lesser or reduced 
effect on human health and the environment over their life cycle when compared with competing 
products or services that serve the same purpose. Materials shall meet the Federal 
requirements of Guiding Principle #5 for: 


 Recycled Content 


 Biobased Content 


 “Other” Green Products 


 Ozone Depleting Compounds and High Global Warming Potential (GWP) Chemicals 
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D/B shall comply with Division 1 requirements for construction waste management and landfill 
diversion. 


3.2.4.6 Assess and Consider Climate Change Risks 


Determine key potential climate change impacts for the project location, identify projected 
climate changes, where feasible, during the useful life of the building, and incorporate those 
projections as performance targets for project design. Fire-resistant design and construction 
shall be incorporated to enhance resilience to the impacts of wildfires and reduce risks to the 
lives of occupants in the event of a wildfire. Balance options to address predicted climate 
change impacts against mission criticality, cost, and security to determine design parameters. At 
a minimum, include low and no cost resilience measures to address predicted climate 
conditions. 


The D/B shall meet minimum conformance requirements indicated on the 2016 Guiding 
Principles Checklist and shall provide Battelle with sustainability reports and concerns regarding 
conformance at each of the five required design progress submittals. The reports shall be 
organized according to the six Guiding Principles. Overall descriptions and reference 
information for High Performance Sustainable Federal Buildings are found at the following link: 


 
https://www.energy.gov/eere/femp/guiding-principles-sustainable-federal-buildings 
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4.0 Goals for Transition from Concept Design to 
Subsequent Design Phases 


The CDR and associated cost estimate completed in July 2019 formed a basis of design at that 
time. Following CDR approval, PNNL researchers, Subject Matter Experts, engineers, and 
operations staff continued to provide input and commentary for the design which resulted in the 
advanced concepts included in this document. Some project goals, desired spatial organization, 
and content of the building’s capabilities have been revised. A summary of those changes and 
revised goals are as follows: 


1. Increased laboratory modules from 29 to 30 and removed “laboratory equivalent” type 
space requirements from the kW battery test suite of the building. The kW Testing and 
Validation Laboratory component shall be designed outside of standard laboratory 
configuration; see requirements in Table 2, and further described in Section 5.15.3. 


2. Increased office capacity from 90 to 105. 


3. Continued refinement of the capability of the <10kW (Test Area #1) and <100kW Grid 
Scale (Test Area #2) Testing and Validation Laboratories. 


4. Orientation of the laboratory modules on the Concept Floor Plan to allow future 
expansion. 


5. Compacting the overall design for efficiency. 


6. Reduced solar heat gain potential due to excessive south facing glazing. 


7. Added requirements for an entry to the south or southwest of the facility for connection 
to existing PNNL facilities. 


8. Revised collaborative and non-assignable space distribution. 
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5.0 Design Requirements Narratives 


5.1 General Description 


The facility shall be sited on the PNNL campus in Richland, Washington. It shall be located on 
the south side of Horn Rapids Road, north of the Energy Sciences Capability building (currently 
under construction). The GSL building is required to be a minimum of 85,000 gross square feet 
in area. 


Laboratory spaces shall be a single-story component, with a service corridor between laboratory 
modules, and a personnel corridor at the perimeter of laboratory groupings. The service corridor 
shall have an interstitial space above for distribution of utilities, and for providing a dedicated 
area for maintenance without intrusion into working laboratories. 


The structure shall be of non-combustible (type II) construction, and with quality and materials 
equivalent or exceeding other PNNL buildings on campus.  


The building shall comply with design requirements set forth within this Performance 
Specification. The building maximum boundaries are affected by nearby utilities and existing 
roads and structures as shown on the Site Plan in Appendix A. 


The building shall have the presence of a landmark on the PNNL campus with appropriate way 
finding features to guide people to the main entrance. The siting and orientation shall reference 
the existing landscape and buildings to enhance the overall campus impression. Entry into the 
building should inspire a sense of arrival and assist wayfinding.  


The facility shall be designed with expansion capabilities anticipated; however, infrastructure 
and systems shall not be over-designed with any particular expansion strategy or plan in mind. 


5.2 Codes and Standards 
The GSL shall comply with and conform to the following codes and standards: 


5.2.1 Building Official 


 PNNL Fire Protection AHJ 


 PNNL Electrical Authority AHJ 


 PNNL Chief Engineer, Building Official 


 For City provided site utilities and site fire protection services only, The City of Richland Fire 
Marshal, Public Works, and Energy Services. 


5.2.2 Relevant Codes 


 2018 International Building Code (IBC) 


 2019 NFPA 101 Life Safety Code 


 Fire Code:  


– NFPA 1 


– City of Richland (COR) for fire protection service site features 
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 Accessibility Code:  


– Washington State Building Code, Chapter 11 with amendments; and portions of ICC 
A117.1, when referenced. 2010 ADA/ABA is also applicable with 2004 modified 
guidelines 


 Energy Code  


– ASHRAE 90.1-2016: Energy Standard for Buildings Except Low-Rise Residential 
Buildings 


 Mechanical Code 


– 2018 International Mechanical Code  


– ASHRAE Standard 62.1-2019 – Ventilation for Acceptable Indoor Air Quality 


 Electrical Code 


– NFPA 70, National Electrical Code 


– NFPA 70E, Standard for Electrical Safety in the Workplace 


– NFPA 72, National Fire Alarm Code 


 Plumbing Code 


– 2018 International Plumbing Code 


- Plumbing Fixtures: Minimum number of plumbing fixtures – refer to IBC Table 2902.1 
(or minimums as specified herein) 


5.2.3 Design Criteria References: 


 NFPA 1, Fire Code 


 NFPA 10, Standard for Portable Fire Extinguishers 


 NFPA 13, Standard for the Installation of Sprinkler Systems 


 NFPA 24, Installation of Private Fire Service Mains and Their Appurtenances 


 NFPA 30, Flammable and Combustible Liquids Code 


 NFPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas 
Turbines 


 NFPA 45, Standard on Fire Protection for Laboratories Using Chemicals 


 NFPA 54, Fuel Gas Code 


 NFPA 55, Compressed Gases and Cryogenic Fluids Code 


 NFPA 68 Standard on Explosion Protection by Deflagration Venting 


 NFPA 69 Standard on Explosion Prevention Systems 


 NFPA 80, Standard for Fire Doors and Other Opening Protectives 


 NFPA 90A, Standard for the Installation of Air-Conditioning and Ventilating Systems 


 NFPA 90B, Standard for the Installation of Warm Air Heating and Air-Conditioning Systems 
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 NFPA 91, Standard for Exhaust Systems for Air Conveying of Vapors, Gases, Mists, and 
Particulates. 


 NFPA 221, Standard for High Challenge Fire Walls, Fire Walls, and Fire Barrier Walls 


 NFPA 855, Installation of Stationary Energy Storage Systems 


5.2.4 Industry and Federal Standards, Latest Edition 


 DOE Standard 1020 – 2012, Section 2.1 


 DOE O 420.1C, Facility Safety, Chapters II and IV 


 DOE Standard 1066-2016 Fire Protection 


 ACI 318 (Building Code Requirements for Structural Concrete) 


 ACI 315 (Details and Detailing of Concrete Reinforcement) 


 ACI 315R (Manual of Engineering and Placing Drawings for Reinforced Concrete       
structures) 


 CRSI (Manual of Standard Practice and Placing Reinforcing Bars) 


 AISC 341 (Seismic Provisions for Structural Steel Buildings) 


 AISC 360 (Specifications for Structural Steel Buildings) 


 AISC Design Guide 11 (Floor Vibrations due to Human Activities) 


 AISI (Specifications for the Design of Cold-Formed Steel Structural Members) 


 AWS D1.1 (Structural Welding Code – Steel, referenced in AISC 360) 


 AWS D1.3 (Structural Welding Code – Sheet Steel) 


 AWS D1.4 (Structural Welding Code – Reinforcing Steel) 


 SDI (Design Manual for Composite Decks, Form Decks, and Roof Decks) 


 OSHA Guarding floor and wall openings and holes, 29 CFR 1910.28 


 OSHA Fixed Industrial Stairs, 29 CFR 1910.23 


 OSHA Emergency Shower and Eye Wash, 29 CFR 1910.151 


5.2.5 Other Standards and Practices 


 AMCA 201-02 (R2011), Fans and Systems 


 ANSI/ISEA Z358.1-2014, Emergency Shower and Eye Wash  


 ANSI/AIHA/ASSP Z9.5-2012, Laboratory Ventilation 


 ASHRAE Standard 55, Thermal Environmental Conditions for Human Occupancy 


 ASHRAE Handbooks 


 ASHRAE 110-2016, Method of Testing Performance of Laboratory Fume Hoods 


 CGA P-18-2006, and CGA P-9-2001: Standard for Bulk Inert Gas Systems 


 AMCA 204-05, Balance Quality and Vibration Levels for Fans 
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 IESNA: Illuminating Engineering Society of North America, Lighting Handbook, 10th Edition 


 ADA: Americans with Disabilities Act 


 DOE: Guiding Principles for Sustainable Federal Buildings, February 2016 


 FM Global: Loss Prevention Data Sheets as applicable to this facility 


 ASCE 7-16, Minimum Design Loads for Buildings and other Structures 


 UL Listing Directories 


 IES RP-1-12 Office Lighting  


 IES RP-5-13 Recommended Practice for Daylighting Buildings 


 Federal Energy Management Program 


 PNNL ADM-064 Equipment Identification and Labeling Requirements 


5.3 Required Calculations 
Civil/Structural: 
Storm water site drainage calculations 
Building structural framing and foundation calculations 
Building secondary structural framing calculations 
Snow drift calculations 
Stair and railing calculations 
Structural exhaust stack support calculations 
 
Plumbing: 
Natural gas pipe sizing calculations 
Water service size calculations 
Waste and Vent fixture calculations 
Hydraulic calculations for sizing the cold and hot water systems 
Storm water and roof drain calculations 
Safety shower and eye wash piping sizing calculations 
 
Compressed Gas:  
Air Compressor, tank, piping and system sizing 
Lab vacuum pump, tank, and system sizing 
Tubing and piping sizing  
Relief valve sizing 
Oxygen deficiency for spaces with inert gases  
Nitrogen system sizing 
Argon system sizing 
Specialty gas system sizing 
 
Electrical: 
Power systems studies calculations 
Lighting levels modeling 
Lighting levels modeling during loss of power 
Electrical load calculations 
Daylighting calculations 
Fire alarm system battery sizing 
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Mechanical: 
HVAC loads, calculated per ASHRAE standards 
Laboratory space supply and exhaust air flow calculations 
Pump sizing calculations 
Cooling tower calculations 
Cooling tower make-up water calculations 
Boiler sizing calculations 
Chiller calculations 
Simultaneous heating and cooling heat recovery chiller calculations 
Pipe sizing calculations, Per ASHRAE 90.1 
Heat exchanger calculations 
Expansion tank calculations 
Exhaust fan stack height and dilution calculations 
Generator exhaust re-entrainment analysis 
Fire sprinkler system hydraulic calculations 
Explosion prevention/mitigation calculations per NFPA 68 and 69 
 
ASHRAE 90.1 Energy Model 
ASHRAE 62.1 Outdoor Air Requirements 
ASHRAE 55 Room Comfort 
Life Cycle Cost Analysis per Section 5.10.7 


5.4 Building Program  


The program summary (Table 1) on the following page provides requirements for minimum net 
assignable (usable) space to be used for the GSL design. It is followed by a tabulation of the 
unassignable spaces, which make up the square footage difference between net and gross 
square feet. The actual size of each room (room area) shall be based upon the applicable 
requirements defined within this section and specific information in other sections of the 
Performance Specifications. 
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Table 1. Tabular Space Program 
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5.5 Components and Systems Coordination and Constructability 


The D/B team shall employ Building Information Modeling (BIM) modeling for GSL using three-
dimensional, real-time, parametric building modeling software to increase building construction 
quality and productivity. Throughout the BIM process the DB team shall review and coordinate 
their work and the work of subcontractors to enforce compliance with the model to achieve the 
project signature aesthetic, quality, serviceability requirements, and the conditions of Special 
Construction as described in Section 5.15 of this document. 


The comprehensive and detailed full-scale digital BIM model shall encompass building 
geometry, spatial relationships, material information, and quantities. The BIM model shall 
entirely detail routing and location of building architectural, structural, mechanical, and electrical 
systems with emphasis on personnel access, equipment access and serviceability zones along 
with constructability. The BIM model shall coordinate and optimize available facility space by 
grouping work such as piping, ductwork, and conduit into the most compact accessible 
arrangement. Interferences shall be noted and removed from the design through discipline 
coordination. 


For example, the BIM model shall locate electrical disconnects and conduit along with ductwork 
and piping system components and supports with orientation and dimensioned locations 
demonstrating ease of access. Throughout the GSL design process, viewer compatible files 
(e.g., Navisworks, Bluebeam, etc) shall be provided to Battelle for review and approval prior to 
beginning construction of effected building components or systems. At the beginning of 
construction, the BIM model including all design discipline components shall be provided. Upon 
project completion the as-built complete BIM model shall be submitted to Battelle for future 
operational use. Specific attributes and metadata required to be included in the parametric BIM 
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model are To Be Determined, and shall be included in a future Appendix to be issued by 
Battelle.  


The D/B shall convert plan, elevations, and section views to AutoCAD files, delivered at final 
acceptance, for Battelle’s future use in operations and facility management. 


5.6 Heat Transfer Building  


The Heat Transfer Building (HTB) is located east of the GSL, and north of the Environmental 
Molecular Science Laboratory (EMSL). The HTB houses heat transfer systems to provide pre-
heating and pre-cooling water to the facility air handling units and condenser water for the 
water-cooled chillers. The HTB water shall be utilized for GSL AHU pre-heat, pre-cool and 
condenser water systems. 


The GSL shall tie into HTB piping installed and terminated by a previous project. The HTB will 
provide water at a maximum of 75°F.  Heat rejection equipment within GSL utilizing water from 
the HTB shall be selected to operate with at a 20°F delta  T. 


5.7 Civil  


5.7.1 General 


The GSL site location conforms to the concepts stated in the PNNL Campus Master Plan by 
maintaining similar development patterns of building location, site circulation, parking, and 
integration with adjacent buildings on campus (ESC, BSF/CSF, and EMSL). This relationship 
allows a clear distinction of service versus staff traffic, efficiently utilizes existing utility runs, 
maintains high visibility from Stevens Drive, and promotes interaction with central campus 
facilities. 


5.7.2 Site Clearing 


Prior to beginning any construction-related demolition or site-work activities, the D/B shall be 
responsible for coordinating with the COR to meet the City’s requirements for water, sewer, 
power, fire safety, and other items within its jurisdiction. The portion of Federally owned land 
chosen for the GSL site is located south of Horn Rapids Road, between Stevens Drive and 
Einstein Avenue.  


Prior to beginning any demolition activities for construction operations, all required permits shall 
be obtained. 


The site has been continuously farmed (primarily alfalfa) for several decades until the spring of 
2017. The existing site conditions are relatively flat with a native grass seed mix applied after 
the final harvest. Excess topsoil from excavation should be stockpiled on site for project use, as 
needed. Monitoring for nesting birds during construction (particularly early March through 
mid-August) is required and, if found, are to be reported to Battelle. The D/B shall provide 
deterrents whenever possible, and removal of vegetation on the construction site prior to 
nesting season is encouraged.  


The construction site has been reviewed for cultural resources, resulting in a Memorandum of 
Agreement (MOA) with local Tribes for ground disturbing activities. The potential for 
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encountering cultural resources on the construction site is low, based on previous excavations 
for other facilities in the vicinity. As part of the MOA, excavations for GSL shall be required to be 
monitored by qualified archaeologists that will be supplied and coordinated by Battelle. 


The current plan for accessing the GSL site for service and freight is from Einstein Avenue, via 
Horn Rapids Road. A perimeter site roadway (NW Parcel Loop Access Road) parallel to 
Stevens Drive on the west and Horn Rapids Road on the north shall be available for primary 
access to parking for the new facility. Temporary access roads to the construction site are 
subject for negotiation between the prevailing D/B and PNNL. A construction staging area shall 
be available during the construction; however, the exact location for this laydown area shall be a 
subject for negotiation between the prevailing D/B and PNNL. It should also be noted that once 
known, the construction schedule shall need to be coordinated with various research 
organizations that could be impacted in neighboring buildings (e.g., compaction efforts affecting 
nearby sensitive equipment suites).. The Battelle construction manager will assist the D/B in this 
activity. 


5.7.3 Site Utility Infrastructure 


Utilities that shall serve the GSL are located near the proposed building site. Available utilities 
include electric power, telecommunications, potable water, natural gas and sanitary sewer. 
Protect utilities during site mobilization and construction. Relocate unaccounted for active 
utilities running through the site and remove abandoned utilities. The D/B is responsible for 
design and construction of asphalt parking areas to support the GSL. Site demolition backfill 
and finished grading necessary prior to landscape installation are the responsibility of the D/B. 


The DOE-owned GSL building site is an open area located north of the ESC facility. There are 
multiple associated utility lines, including electric power, telecommunications, potable water, 
natural gas, sanitary sewer, and storm sewer currently in use servicing existing PNNL buildings. 
Most of these utilities approximately follow the property lines bounding the east, north, and west 
borders of the site, and are within recorded easements. The remaining utilities shall be located 
and protected during site mobilization and construction of the building. 
All exterior equipment shall be organized in a common exterior utility yard on the east end of the 
facility, adjacent to the loading dock. Note the special requirements for the kW Test and 
Validation Laboratory spaces, as indicated in Section 5.15.3. 
 
As part of the ESC project, the HTB will be in an existing utility yard east of Einstein Avenue 
near the EMSL facility. Utility connections from HTB are extended to the GSL, as discussed in 
the mechanical narratives, and approximately shown on the site plan in Appendix A.  


Temporary site utilities, such as power and water, are likely to be needed by the D/B in support 
of the GSL construction activity. These shall be the responsibility of the contractor and shall be 
negotiated through the COR and PNNL. 


Potable water shall be provided for drinking, sanitary, process, make up, and fire suppression 
from the COR water distribution system. The proposed connection point for the new main 
supply line shall be from an existing 8-inch pipe located east of the GSL site running north-south 
along Einstein Avenue. The new main shall be extended in a loop around the GSL site with 
required fire hydrants and connection points for future extension of water service. A branch line 
off the new supply shall be installed for potable water to the GSL building. The branch line shall 
be provided with a metering system with premises isolation immediately after. New mains shall 
be sized by D/B per calculations created for fire water and domestic water needs.  
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The isolation system shall be housed above grade in a heated enclosure or “hotbox” structure. 
The enclosure shall house a backflow prevention system consisting of two parallel reduced 
pressure backflow assemblies (RPBA) sized to split the total flow to a ratio of approximately 
1/3-2/3. The RPBAs shall include a strainer section and valves to allow for maintenance of the 
system without a complete potable water outage. The enclosure shall be provided with electrical 
power for an integral heater and communication conduit for temperature monitoring by the 
Battelle building controls system Facility Management Control System.  


Branch lines shall be provided off the new supply line for fire protection sprinkler systems to the 
GSL. The branch line for the fire protection sprinkler system shall be 8-inch minimum. The lines 
shall be increased in size if needed to provide additional capacity for any identified future 
additions. 


Natural gas service shall be provided with metering for the GSL from a nearby existing line. It is 
anticipated that the existing natural gas line has adequate capacity to serve the GSL, however 
the designer of record shall verify this with the natural gas supplier after equipment 
requirements have been finalized. 


See Appendices A (concept Site Plan) and D (UniFormat Specification) for additional 
information. 


5.7.4 Site Development and Site Grading 


Construction staging areas shall be located to minimize vibration near both the EMSL and ESC 
buildings, and construction schedules must be coordinated with adjacent research. 


All exterior paving shall be accessible per ANSI 117.1, with minimum slopes of 1% and 
maximum slopes of 5%. Excess topsoil from building excavation may be used to create berms 
or landforms that provide visual interest and screen adjacent parking and service areas. 
Proposed project grading shall be designed to blend with existing topographic conditions in an 
efficient manner, according to design intent, existing site character, and project requirements.  


5.7.5 West and South Entry Areas 


The facility shall be designed with two entry points, the primary west side entry accommodating 
arrival and circulation by car and the south side entry primarily accommodating the campus 
pedestrian circulation, and a direct connection to the ESC. The entry locations shall heighten 
the sense of arrival, clearly identifying the building entry point. These locations shall serve as 
gathering areas for the facility, places that attract and retain people, and shall be equipped with 
site furnishings. 


The west entry shall have a hardscaped plaza that enhances wayfinding to the building. 
Overhangs and other features (including landscaping trees) shall coordinate with security 
camera installation so the camera’s view of the front door is not obstructed. Sizing of the 
outdoor entry spaces shall be based upon building siting and entry aesthetics. The entries shall 
be protected from the prevailing southwest winds.  


Specialty paving shall be explored and provided at entry plaza areas surrounding the facility. 
Stone paving, concrete unit paving, specialty concrete, or other similar finishes approved by 
Battelle shall be implemented and shall be consistent with architectural materials and 
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expression. Campus maintenance strategies and concerns shall be addressed in the selection 
of all site materials. 


Provide weatherproof 120V, 20A exterior electrical receptacles at two distributed locations to be 
determined (TBD) during design at each entry plaza.  


5.7.6 Landscape 


Landscape plantings shall be based on several factors such as climate, seasonal interest, 
drought tolerance, overall form, and consistency with existing plantings on campus. The 
landscape development shall minimize maintenance water consumption and the use of 
chemicals while maintaining aesthetic beauty throughout the year. The landscape shall be a mix 
of traditional landscape (lawn, shrubs, and trees) with small areas of native materials. 
Landscaping shall incorporate the native shrub steppe ecology typical in this region of 
Washington to emphasize PNNL’s unique setting. 


Landscaping shall be designed to provide emphasis at the west and south entry plazas. This 
consists of base plantings of shrubs and ornamental grasses and perennials, as well as canopy 
trees for shade. Other site areas shall be planted using irrigated lawn and rock groundcover 
(multiple color and sizes with selective boulder features) over fabrics with low water plantings to 
reduce long-term maintenance and irrigation requirements. To the greatest extent possible, the 
use of irrigation shall be via high-efficiency systems with climate-based controls to minimize 
water use. Landscape placement must coordinate with security camera installation such that 
landscape elements (e.g., trees) do not interfere with camera views upon installation or in the 
future.  


The use of shade trees near the building perimeter shall be included to mitigate environmental 
factors such as extreme wind and solar exposure. This strategy also reduces the rate of 
evapo-transpiration at lawn or landscaped areas, and therefore aids in the reduction of water 
consumption. A 2-inch concrete mow strip shall be provided in any instance where mowable 
lawn intersects the building edge. 


5.7.7 Roadways and Parking 


The existing BSF/CSF access drive from Stevens Drive shall be shared and indirectly serve the 
GSL Project. Northwest Parcel Road, parallel with Stevens Drive, shall be used to access the 
new parking lot. Provide a drop-off area near the main entry.  


The GSL parking shall be located west of the building similar to the BSF/CSF and ESC facilities, 
and the design shall integrate and complement those existing facilites. Access roads shall be 
created to connect vehicular circulation between the facilities. The facility shall need 
approximately 120 new parking stalls. A vehicular standoff distance of 25 meters (82 feet) shall 
be used for all proposed parking. Service access shall be via Einstein Avenue to the eastern 
edge of the site and shall be planned for occasional large truck traffic. 


Provide four standard and one van accessible parking spaces. Accessible parking shall be 
located near the west building entry in a location that minimizes walking distance and does not 
require pedestrian circulation to traverse roadways or drive lanes. 


Provide three dual charger/six parking stalls for electric vehicle charging stations, located near 
the building entry, near accessible parking stalls. See Section 5.11, Electrical. 
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Provide four fuel efficient vehicle parking stalls and two van pool parking stalls, located near the 
building entry, also near the accessible parking stalls. 


Provide sheltered/covered bicycle parking racks for a minimum of 10 bicycles at the south entry 
area. 


Provide parking lot lighting, see Section 5.11, Electrical.  


5.7.8 Service Drive/Fire Truck Access 


Fire apparatus access roads shall be provided for the GSL in accordance with NFPA 1 and 
COR Fire Department requirements. Streets or access roads are to be provided such that 
apparatus can reach all portions of the exterior wall at the ground floor level within 150 feet of 
the apparatus. Porous pavement and/or reinforced turf systems shall be used in areas for fire 
department access per NFPA 1 and COR requirements; asphalt paving for the fire truck access 
road between GSL and ESC shall not be utilized. The fire sprinkler system fire department 
connection shall be located within 100 feet of a fire hydrant and fire apparatus access road. 


5.7.9 Walkways 


The proposed project location is highly active with pedestrian traffic and has been planned to 
accommodate and enhance the efficiency of existing pedestrian circulation routes, while also 
introducing new routes. Pedestrian campus connectivity to other existing research facilities 
through PNNL’s south core campus is also a key consideration in the design of GSL. The 
design of walkway circulation systems shall facilitate the flow of pedestrians from central 
campus buildings to the southeast, and connections to the Systems Engineering Building (SEB), 
General Purpose Chemistry Laboratory, Discovery Hall, and Physical Sciences Facility to the 
north and northeast. Focused entry locations are intended for both the southern and western 
entries to clearly delineate pedestrian and vehicular routes. 


An existing pedestrian system developed as part of the EMSL, BSF/CSF, ESC, campus 
commons, and other existing central core campus buildings will tie the facilities together. The 
D/B shall coordinate design with the existing plan, and master planned designs for areas within 
the GSL boundary. Lighted walkways shall be provided with a minimum of 2-foot candles.  


5.7.10 Paving 


Standard walkways shall be 6 foot wide and 4 inch thick unreinforced concrete placed over 4-
inch minimum compacted crushed rock base course and feature a light broom finish. Color and 
texture shall be added at specific areas, such as the entry plazas, to highlight circulation 
patterns and gathering areas. 


Heavy duty 6-inch reinforced concrete pavement at the vehicular drop-off area shall be light 
broom finish over 6-inch compacted crushed rock base course. The sub-grade below shall be 
scarified to a depth of 12-inches and re-compacted to 95% std. proctor density. The compaction 
testing shall be verified by a third party subcontracted testing agency, retained by the D/B. 


Porous pavement and/or reinforced turf systems may be used in areas for fire department 
access per COR requirements. 







 


Design Requirements Narratives 31 
 


Standard and heavy-duty asphalt paving depths, with a minimum thickness of 2-inches, shall be 
established by the project geotechnical report. 


5.7.11 Site Furnishings 


Site furnishings shall consist of benches (minimum of 12, 6-feet long) and bike racks. Bike racks 
shall be under building cover or freestanding canopy. Landscape forms “Parc Vue” bench with 
back shall be considered the basis of design, with finishes from the manufacturer’s standard 
range. In order to maintain a consistent aesthetic at the GSL site, all site furnishings shall have 
similar form, color, and finish. 


5.7.12 Sanitary and Process Sewer 


Sanitary/process sewer shall be connected to an existing stub at the southeast property corner 
and shall gravity flow to the newly constructed ESC lift station. 


Sanitary sewer (restrooms) and process sewer (e.g., lab sinks, floor drains, and hood 
discharges from laboratory areas) shall be segregated inside the facility. A manhole on the 
process sewer line shall be installed to accommodate compliance sampling in accordance with 
COR wastewater permit requirements. The manhole shall have 15-feet of straight pipe run on 
either side to enable laminar flow.  


The manhole shall contain an ultrasonic meter, similar to Teledyne Isco TIENet 360 LaserFlow 
Non-contacting Area Velocity Sensor in the bottom of the manhole to accommodate ISCO 4230 
flow measurement instrumentation that shall be installed as part of the project. 


An ISCO 5800 (or newer) sampling system shall need to be installed at ground level to enable 
collection of samples. Provide power to the manhole area to operate the ISCO sampler and flow 
instrumentation. Provide a communication line for BMS/Metasys connection at the manhole 
surface to transmit data. At the top of access ladder, provide an extendable safety post. 


5.7.13 Storm Water System 


Provide storm drainage system (complete with primary roof drains, primary piping, downspouts, 
etc.) as required by the International Plumbing Code. All storm water shall be controlled within 
the project boundaries. Storm water from parking areas and roadways shall be routed to swales 
or site underground injection control (UIC) drain systems. Sheet flow from parking spaces to 
swales or to a catch basin to an UIC is allowed. Rainwater from roof systems shall be routed 
onsite to swales, or to below-grade stormwater infiltration systems. To prevent surface drainage 
from entering the building’s first floor or ponding adjacent to the structure, finished floor 
elevations shall be set sufficiently above the final ground gradient or the adjacent roadway 
grade, and the finished grade shall slope away from the building. Stormwater systems shall be 
designed and constructed in accordance with the Eastern Washington Stormwater Management 
Manual. The storm sewer system shall be designed for not less than the Washington, Region 2, 
Benton County; SCS Type 1A – 24 Hour storm for storm volume with a 25-year return period. 
Limited annual rainfall (7 inches per year) renders storm water collection and reclamation 
options infeasible.  
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5.7.14 Site Walls 


Site walls shall be used near building entry plazas to provide elevated planting areas, screen 
exterior equipment, and shape exterior space. Site walls and associated copings shall consist of 
masonry cladding or natural stone to match or compliment the building exterior finishes. 


5.7.15 Site Lighting 


High-efficiency LED fixtures shall be used to increase energy efficiency and reduce 
maintenance. Fixtures shall be in manufacturer’s standard range of finish. To maintain a 
consistent aesthetic at the GSL site, site lighting fixtures should have similar form, color, finish, 
and light quality. Bollard light fixtures are discouraged, however may be acceptable under 
certain conditions. For areas with lower height pedestrian type lighting, Battelle prefers Eaton 
MSA Mesa LED light fixtures, or an equivalent performing fixture. See Section 5.11 for more 
information. 


5.7.16 Irrigation System 


Provide a complete commercial landscape irrigation system. The system shall be designed by a 
licensed landscape architect or Battelle approved design/build irrigation contractor with not less 
than 10 years of experience designing and installing systems of equal size and complexity, 
within this geographic area.  


The irrigation system shall be designed for an eight hour duration watering period (Battelle 
waters at night) utilizing moisture sensors and soak cycles. System design pressure: 50 pounds 
per square inch (psi) at inlet. Single facility water supply connection from campus main irrigation 
pipe (no loops) with isolation valve, two aluminum y-strainers in series with 80 and 200 mesh 
screens (removable, cleanable and replaceable) followed by an irrigation master valve and flow 
meter. Master valve and flow meter shall communicate with irrigation controller.  


Basis of design shall be BaseLine Irrigation Inc. in Boise, Idaho. The irrigation controller shall be 
the BaseStation 3200 controller with ethernet card connected to building network and two-wire 
control of devices. System shall also have master valve, flow meter, pressure sensor and 
moisture sensors connected to the BaseStation 3200 controller. Wire shall be installed in 
electrical PVC schedule 40 conduit at NEC burial depths. Two wire systems shall have 
lightning/surge protection and grounding on decoder/communication cable per manufactures 
instructions. Provide irrigation controller surge protection grounded per NEC. Battery operated 
control valves are prohibited. Minimum wire size of #14 American Wire Gauge (AWG) for valve 
and decoder wiring rated for direct burial with high-density polyethylene outer jacket (irrigation 
control only). Use 3M #DBY-6, DBR-6 direct bury splice kit or equivalent and shall be UL 486D 
listed for direct burial in damp or wet locations, 600V. Although rated for direct burial, all 
irrigation control and power conductors shall be in conduit due to the prevalence of burrowing 
rodents. 


Irrigation piping shall be a minimum PVC Class 200 for pipe sizes larger than 2-inches and 
Schedule 40 for pipe sizes 2-inches and smaller; approximately 12-inches to 18-inches in depth; 
with “swing joint risers” (KBI PVC or equal) to sprinklers and popups. Irrigation valve boxes shall 
be provided with mole guards manufactured by Box Guard or equivalent. Irrigation water meter 
shall be connected to FMCS, this is separate from the flow meter. 
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Battelle standard rotor sprinklers: Hunter i20, i25, i40 – 4 inch size. Battelle standard popups: 
Hunter Pro spray PR830 Model # PROf-04-PRf30. Battelle standard control valves: Rain bird 
PEF-B series. 


Design of the system shall provide evidence that the sprinklers shall not spray onto buildings, 
considering prevailing winds. A minimum 10' offset is required from the building, and the offset 
shall contain no landscape materials that require spray irrigation. Any turf grass shall be 
separated from rock or other mulching materials by a concrete mow strip. 


5.8 Architectural 


5.8.1 General 


The GSL project shall provide a facility that houses research capabilities currently performed in 
several buildings spread across campus. This new building shall contain consolidated mission 
specific laboratories and staff offices to promote research collaboration by arrangement of 
space, allowing for increased advancements in scientific frontiers. The planned configuration of 
the GSL concept shall maximize the potential of the project’s strategic location on the PNNL 
campus. 


The new facility must integrate into the PNNL campus yet provide a unique identity. It shall 
provide research and technologies that have strong relationships with at least three other 
buildings on campus: the SEB, ESC, and EMSL. It shall also provide connection to the facilities 
north of Horn Rapids Road, including Discovery Hall, and the Physical Sciences Facilities 
Complex. 


5.8.2 Building Flexibility 


The needs of research programs evolve and change several times during the life of a building. 
Laboratories must be flexible to accommodate this change. The GSL shall be designed to have 
future alteration potential. Common infrastructure, along with serviceable and maintainable 
components, shall not be located above the lab ceilings. Service corridors and interstitial spaces 
shall be designed to allow for easy infrastructure access for maintenance and future 
modification. 


The labs and offices shall be designed with a robust modularity concept that minimizes 
customized laboratory and office layouts. Labs shall be designed to have a universal capability. 
This goal shall minimize the potential for complex and expensive building/lab footprint 
alterations and/or systems infrastructure modifications in the future as research changes. The 
GSL shall be designed for a minimum 50-year life span, therefore the design shall allow for 
future changes in the way the research will be performed and managed. Standardized 
laboratory design, mobile casework systems, and upgradeable HVAC systems can provide 
minimal reconfiguration effort for research space in the future. 


This laboratory and office standardization concepts shall minimize building modifications as 
research changes and is re-assigned. The use of flexible components (mobile tables, carts, etc.) 
allows for easy reconfiguration options. Spaces become easily adaptable to accommodate 
future program changes and research requirements. The new spaces shall improve efficiency 
and productivity by co-locating project teams; creating synergies between laboratories and 
offices with formal and informal collaboration spaces.  
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Because of the possibility of changing research needs even before the building is 
commissioned, the design shall be able to accommodate future changes in the detailed 
program.  


5.8.3 Exterior Envelope 


5.8.3.1 Walls 


In keeping with the palette established by PNNL’s campus architecture, the exterior wall 
cladding for GSL shall consist of modern and highly durable materials. The exterior materials 
and finishes of the GSL should complement and help visually tie adjacent facilities together. The 
proposed exterior wall materials of the GSL shall use a combination of brick veneer, metal 
panels, metal screen walls and solar control, glazed aluminum storefront systems, and glazed 
aluminum curtain wall systems. Other durable materials will be considered with Battelle 
approval, however Exterior Insulation and Finish Systems (EIFS) are not permitted. 
Conceptually, the solid expression shall generally enclose the lab portions of the building, while 
the open, glazed expression shall primarily enclose the office zones and commons/collaboration 
space, providing an inviting, daylit interior with views to the exterior. 


For initial design requirements, each façade shall utilize a minimum of three material options. To 
achieve the goal for a “Signature” building and an architectural design that incorporates a mix of 
materials, colors, textures, each façade shall be clad with not more than 50% in area of any one 
material nor less than 10% in area of any one material. 


5.8.3.2 Roof 


A mechanically attached membrane type roof system over rigid insulation shall be provided at 
all low-slope roofing areas. This roofing system must provide a solar reflective index of not less 
than 78, and a minimum insulation value of R-50. A minimum value of R-38 shall be utilized 
over the laboratory block of rooms and interstitial spaces.  


All roof penetrations must be flashed in accordance with the guidelines established by the 
National Roofing Contractors Association. Primary and secondary overflow roof drains shall 
collect rainwater and piping through wall cavities and shall distribute water to underground 
infiltrators or swales at grade. Roof traffic walkway pads shall be provided wherever there is a 
need to protect the integrity of the roofing system from maintenance traffic. 


All roofs with serviceable components other than roof drains, shall be surrounded by a 4-foot 
high parapet. Any sloped roof areas greater than 1” per foot shall not have any serviceable 
components. Sloped roofs do not require a parapet, although minimum code-related fall 
protection devices such as a tie-off system or a protective roof fall protection railing shall still 
apply and be provided. 


An exterior “gathering area” or deck shall be provided for outdoor access on the second floor 
adjacent to and accessed from the main lobby area. The covered outdoor area shall be 
provided with a railing material allowing visual access, a fully weather proof and durable level 
surface, shall accommodate views, and be protected from weather elements, including the 
prevailing winds. 
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5.8.3.3 Exterior Doors 


Main exterior entrance doors shall be pre-finished aluminum glazed doors with low-E, insulated, 
and tempered glazing fitted with the appropriate egress hardware. Egress doors located at 
service and/or receiving areas shall be pre-finished insulated hollow metal doors and frames. 
For security purposes, all exterior doors are to be equipped with access controls with proximity 
card reader hardware. Americans with Disabilities Act (ADA) compliant auto-door operators 
shall be provided at main entrances and be fully coordinated with proximity card reader controls. 


5.8.3.4 Fenestration 


The exterior glazing systems shall use thermally broken aluminum framing systems in response 
to varying environmental, daylighting, and building configuration/orientation demands. Vision 
glass shall consist of a high-performance low-E coated insulated units. A minimum U value of 
0.25, solar heat gain coefficient of minimum 0.25, with low-E (LoE-272) argon-filled glazing shall 
be used in storefront and curtain wall window systems. Glazing systems shall be Energy Star® 
qualified.  


Aluminum storefront systems shall be used in locations where the vertical heights do not exceed 
12 feet. In locations where vertical span heights exceed 12 feet, an aluminum curtainwall 
system shall be used. 


Translucent glazing units are used in locations where diffuse daylighting is mandatory, to meet 
daylighting requirements, yet vision glass is not desirable. Translucent glazing may be vertical 
or horizontal. Translucent glazing units shall be equivalent to Kalwall 2 ¾-foot panel unit wall 
system, and Kalwall 2 ¾-foot skylight system. Translucent panels may also be used for 
explosion venting, as described in section 5.15.3. 


5.8.4 Interior Requirements 


5.8.4.1 Lobby/Collaboration Space 


The lobby shall be a dynamic, multi-purpose feature of the building that not only serves as the 
entry to the facility but connects researchers to their office and laboratory spaces. The lobby 
shall be used as a gathering space for research presentations and after-hour social gatherings. 
The design shall create an architectural statement that imparts a sense of arrival, evoking 
emotion, and be perceived as a high-quality space. It shall be visually appealing with a 
significant amount of daylighting.  


The lobby will provide vestibules for major entries/exits with multiple stage walk-off mat systems 
that reduce contaminates from entering the building. 


An acoustic consultant shall be retained to propose design and materials that shall be 
implemented to maximize acoustic performance and to improve the audible experience in the 
lobby. Reverberation time shall be targeted at not more than one second. Impact Insulation 
Class Ratings of perimeter walls adjacent to occupied spaces shall be a minimum of 65. The 
ceiling shall contain sound absorptive materials, with an overall noise reduction coefficient 
(NRC) of 0.90. 


Electronic signage shall be available in the lobby that identifies locations and activities 
happening in the facility. Other identification includes the building layout, directions to 
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conference rooms, offices, and restrooms. There shall be one LED flat screen, 55-inch diagonal 
(30” x 48”), at each of the two main entries (west and south) that serve as a building information 
kiosk (building directory, employee directory, GSL capabilities, etc.). 


The lobby shall provide a location with power, local area network, and audio/video (A/V) 
connectivity for a visual “science wall”. The science wall shall be integrated with the 
Visualization room described in other sections of this performance specification. The science 
wall is conceptualized as LED flat screens, mounted information panels, and artifact displays. 
The science wall shall be approximately 12’x16’ in size.  


The lobby floor shall be hard, decorative, and durable. Examples of materials include ground 
polished concrete, terrazzo, high quality porcelain/ceramic tiles, or variations of epoxy finishes. 
The floor will include hard surfaces in major traffic areas to minimize wear and tear. Inclusion of 
carpet tile in strategic locations is required to enhance the space and improve acoustics at 
collaboration alcoves.  


The lobby shall be equipped with high performance A/V capabilities. Refer to the A/V section 
herein for details.  


5.8.4.2 General Laboratories (Chemistry, Instrument, Computational) 


Refer to conceptual design drawings and room data sheets within Appendix C for quantities of 
components and general arrangements. 


For over 50 years, Battelle has designed, maintained and operated research and support space 
at PNNL, now totaling over 2,000,000 square feet. This invaluable and extensive knowledge has 
allowed in-house architects and engineers to develop a lab module standard that is proven to 
provide world class space for a constantly changing research climate. This module was 
successfully used recently at the General Purpose Chemistry Laboratory (3850 Building), ESC, 
and shall also be employed at the GSL. Some research groups will occupy a single lab module, 
while other research groups use equipment that requires multiple lab modules combined to 
create a larger lab footprints, suites, or laboratory area.  


PNNL will not allow significant modifications to the basic lab module size or configuration. The 
D/B shall use the provided lab designs to continue design development to propose and develop 
improvements to the design completed to date. The D/B team has latitude to arrange the lab 
modules to maximize efficiency to improve the building plan. 


Flexibility of the lab unit is a key component to the future ability of the building to meet the 
changing needs of the research. The utilities to serve the labs shall be installed to match the lab 
planning modules, thus permitting reconfiguration of the lab and reducing future renovation 
costs. Each lab module shall be setup with mechanical/electrical/plumbing (MEP) infrastructure 
for four fume hoods and multiple local exhausts. Piped lab gas services shall be available 
throughout the space and at fume hoods; electrical power and communications shall also be 
available. Overhead service carriers shall be utilized to keep the laboratory floor open to 
rearrangement. Multi-outlet assemblies along wall over casework shall be utilized for power and 
LAN communication distribution. Laboratory sinks shall be located near the front of the labs 
adjacent to the pedestrian corridor. Utilities serving the lab sinks (including safety showers and 
high purity water) shall be routed in a manner that is most efficient, and in such a manner that 
any planned maintenance or future revisions minimize interruptions to lab capabilities. 
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Labs shall have painted gypsum wallboard clad, insulated, steel stud framed walls. Walls shall 
extend to the structure above, creating a solid barrier between labs above the finished ceiling 
line. Welded sheet vinyl healthcare grade flooring with an integral cove base shall finish the 
floor. The ceiling height of each lab shall be 10′-0″ unless noted otherwise. The ceiling shall be a 
laboratory grade (scrubbable and microbe resistant) suspended acoustical tile ceiling system. 
Above the ceiling within each lab, a 12’-0”x22’-0”x4’-0” high clear zone shall be provided that is 
free of fixed infrastructure (ductwork, piping, plumbing, structure, conduit, etc.) to allow the 
ceiling height to be increased in the future, without other facility modifications, to accommodate 
taller research requirements. Doors shall have lockable hardware with proximity card access.  


Transparency is achieved with glass on portions of the front walls and transom (same wall as 
door). Any exterior windows shall have manually operated roller shading devices.  
 
D/B provided and installed mobile casework within the laboratories shall allow for easy 
reconfiguration. Mobile tables shall be modular, powder coated, welded steel construction, 
adjustable height, 60” in width standard (unless required to be other configurations as 
determined in detailed design), and in various configurations. Tables shall have integral frame to 
support shelving (3 high, 30” in width at lab center islands) or upper cabinets (glass swing 
doors, 30” in width, 36” in height at perimeter lab walls). Center island tables can be single or 
double sided, single sided at perimeter lab walls. Tables shall set on feet and shall not be 
equipped with casters. Mobile cabinets/carts shall be provided for each lab module (726 square 
feet) according to the quantities noted on Room Data Sheets. The mobile carts shall be located 
below the mobile tables and shall be modular (24-inch widths) in up to four configurations 
(doors, drawers, combination drawer/door). The work surfaces of mobile tables and mobile 
cabinet/carts shall be ¾” to 1” thick epoxy resin tops (thickness depending on mobile furniture 
manufacturer standards). Work surfaces of tables shall be 30 inches in depth.  
 
Fixed casework shall be minimized, limited to base units with sinks and metal cabinets 
supporting benchtop fume hoods. Lab sinks shall be located near the laboratory office side exit 
to limit the drain line requirements and penetrations through the floor. Lab sinks shall be 
provided with hot and cold water and high purity de-ionized water. See room data sheets in the 
Appendix for labs requiring further water refinement, or “polishing”. Compressed gas services 
are defined in Section 5.10 (e.g., lab vacuum, nitrogen, argon, and specialty gases).  
 
Emergency safety or chemical showers shall be located near lab entry door, typical within each 
laboratory room (28 lab modules)., excepting for High Performance Instrument labs. Provide an 
emergency safety shower within Test Area 1 of the kW Test and Validation laboratory. 
 
The casework system shall be constructed from powder coated steel, be welded construction, 
with a 28-inch interior working depth. Work surfaces shall be 1-inch thick epoxy resin, black in 
color and be 30-inches in depth.  
 
Bench top fume hoods shall be variable air volume (VAV), general purpose chemical hoods, 
poly-resin interior, 27-inch clear interior depth, vertical sash models, unless noted otherwise. 
Each hood shall be supported by a 30-inch wide flammable liquid storage cabinet (vented to 
exhaust duct downstream of hood collar connection) and a 30-inch wide corrosives (chem or 
acid) cabinet (vented to back of hood). Floor mounted fume hoods shall be VAV, general 
purpose chemical hoods, poly-resin interior with stainless steel floor pan, 39-inch clear interior 
depth, vertical sash models, unless noted otherwise. Hoods shall contain electrical power (two 
duplex receptacles at each side), data communication, and piped services such as lab 
compressed air, lab vacuum, nitrogen, argon and process chilled water (supply and return), as 







 


Design Requirements Narratives 38 
 


noted on room data sheets and in Section 5.10. Provide two duplex 120V, 20-amp receptacles 
on each side of hood with two circuits, one to each side. Provide dimmable LED lighting with 
100-foot candle at work surface. Hoods shall be UL1805 listed and labeled.  
 
Each lab shall have a minimum of two articulating snorkel exhausts and two vacuum exhaust 
“pots”, unless noted otherwise. See Lab Plans and Room Data Sheets in the Appendix and 
Section 5.15 for labs requiring additional features. 
 
Lab utilities shall serve the center island casework areas via cabling and flexible piping from 
overhead service panels, service carrier, or utility drops that shall contain electrical power 
(two duplex receptacles at each side), data, and piped services such as lab air, lab vacuum, 
nitrogen, process chilled water (supply and return), and specialty gases. Electrical receptacles 
shall be located over center island from overhead service carrier with multi-outlet assembly for 
power and LAN communication. 


Refer to Section 5.15 for descriptions and requirements for highly specialized research spaces 
and components intended for this facility. 


Within the laboratory block of rooms, provide an informal gathering or collaboration area. This 
area shall provide approximately 800 square feet of space. Provide four sets of furniture 
groupings, each consisting of a rectangular table, 30”x60”, and four conference room style 
chairs. 


Provide one adjustable height padded lab stool per each of the 30 laboratory modules, and four 
stools in kW scale test and validation “Test Area 1.” 


The D/B shall coordinate the design and provide all required space, services, and utilities 
necessary to operate equipment and fulfill the requirements of this performance specification. 


5.8.4.3 Offices  


Refer to the space program, conceptual design drawings within Appendix A, and Figures 2 and 
3 for quantities of components. 


Offices within the GSL building shall be a combination of enclosed executive suites and private 
(hard walled) and open workspaces, per the PNNL office standard. The standard defines and 
assigns the office workstation configuration and size by job classification. These sizes are 
consistent with most modern research organizations. For planning purposes, assume a 50-50 
mix of hard walled offices to cubicles. High quality and energy efficient lighting, acoustic and 
environmental control, high ceilings, daylight, and views to the horizon for all office areas 
contribute to occupant comfort and well-being in office workplaces, in accordance with High 
Performance Sustainable Building (HPSB) Guidelines.  


Office areas shall be placed for convenience of access to the research laboratory spaces. 
Daylight to interior spaces of offices areas shall be maximized without an overabundance of 
south and west facing exposure, which causes extreme solar heat gain. Views to the exterior 
shall be maximized. 


A prerequisite for HPSB compliance is daylighting for office type spaces. Specifically, the 2016 
HPSB Guiding Principle VI, A. 4. b, states; “Maximize opportunities for daylighting in regularly 
occupied space, except where not appropriate because of building function, mission, or 
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structural constraints. The intent is to daylight office spaces and the lobby to the greatest extent 
possible. Maximize the use of automatic dimming controls or accessible manual lighting 
controls, task lighting, and appropriate shade and glare control”. 


To achieve the daylight requirements, significant amounts of glazed wall area are anticipated. 
However, local environmental conditions can yield glare and thermal performance design 
challenges. The D/B team shall minimize the amount of glazing on the south and west façades. 
Glazing on the south façades shall be protected by a large roof overhangs, by integrated 
shading devices, or the use of translucent glazing systems. Large amounts of glazing on the 
west side (entry) shall be optimized and protected by integrated shading devices. All east, west, 
and south glazing storefront/curtainwall systems and punched openings (windows) shall be 
provided with integrated shading devices. 


The D/B shall strive to provide daylight to not less than 75 percent of all spaces occupied for 
critical visual tasks. Automatic dimming controls or accessible manual lighting controls and 
appropriate glare control are required. (see Section 5.11 for additional building lighting system 
requirements). Battelle endeavors to achieve these daylighting goals for 100% of offices in new 
facilities. The D/B team shall propose design solutions that group the office spaces together. 
The solution would ideally be a two-story block adjacent to the laboratory spaces to increase 
efficiency, yet in a manner that maximizes daylighting to all offices (open and enclosed).  


The use of standard office types, configurations, and furnishings, coupled with reconfigurable 
flexible components to meet the needs of teams of researchers, shall be utilized to enhance 
performance and appearance within the facility. 


Offices shall have painted gypsum wallboard clad, insulated, steel stud framed walls. Walls shall 
extend a minimum of 6-inches above the finished ceiling line. Carpet shall finish the floor and 
the ceiling shall be a tegular tile suspended acoustical tile system with a minimum NRC of 0.55, 
and minimum ceiling attenuation class of 35. The door shall have key lockable hardware. Like 
the laboratories, transparency is achieved with glass on a portion of the front walls and transom 
(same wall as door). Exterior windows shall have manually operated roller shading devices.  


Open office areas shall be high quality landscape partition systems furniture (cubicles); quality is 
to be similar to Haworth Compose, with a final height to be determined in advanced 
programming phases. For proposal purposes, an initial height of 66 inches shall be utilized. 
Cubicles shall be organized such that there are no groupings greater than 4 cubicle modules 
combined in a row, i.e., a group of 8 modules. 


Cubicles shall have a mix of cantilevered work surfaces and mobile tables with mobile pedestal 
storage carts to provide a highly efficient and flexible work space. Hard office and cubicle 
furniture systems shall include adaptable overhead storage units with LED task lighting.  


Hard-walled offices shall be furnished with a standard compliment of free standing Mayline 
C/S II workstations (PNNL standard) and steel bookshelves. Hard-walled office and cubicle 
furniture systems shall include adaptable overhead storage units with LED task lighting. 


Color palettes for the systems have been predetermined by PNNL and will be provided to the 
prevailing D/B team. 
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Figure 1 indicates PNNL’s Standard Design Criteria for office space sizes, per employee 
category, Figures 2 and 3 indicate workstation and office configurations.. 
 


 


 


 


 


Figure 1. PNNL Office Space Standard Design Criteria for PNNL Facility Construction 
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Figure 2. Six Workstation Configuration 
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Figure 3. Office Configuration 
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5.8.4.4 Pedestrian Corridor 


The pedestrian corridor shall provide primary circulation and access to each lab. The pedestrian 
corridor shall be finished with painted GWB walls, composition tile flooring with rubber base, and 
a Suspended Acoustical Tile Ceiling (SATC) system. The ceiling shall not be less than 9’-0” in 
height.  


5.8.4.5 Service Corridor  


The service corridor is a lab support zone and shall be adjacent to and accessible from the back 
(rear) side of each lab. The service corridor shall serve as a second means of egress for each 
lab. The service corridor shall not be less than 14’-0” in width. A clear zone not less than 6’-0” in 
width and 8’-0” in height, continuous for the length of the corridor, shall be maintained for 
circulation and egress. The remaining spaces on each side of the circulation lane, adjacent to 
the back of each lab, shall be used to house lab support equipment. At a minimum, each 
laboratory module shall have one (3 bottle) flammable gas cylinder cabinet (ventilated and 
sprinklered), one each 4-cylinder bottle rack, one flammable liquids cabinet, one vacuum pot 
and one general storage cabinet. Provide one floor sink, electrical power, and data. Provide wall 
racks, pipe routing and terminations for specialty gases. Refer to the room data sheets, 
individual lab plans in Appendix F, and other sections within this document for any additional 
required services, or unique requirements differing from these standards. 


The service corridor shall be a semi-finished space with painted gypsum board walls, sealed 
concrete floors, and no ceiling (exposed structure above). The service corridor shall have a pair 
of 3’-0x8’-0” proximity card-controlled access doors at each end.  


5.8.4.6 Interstitial  


The interstitial space provides the necessary space to meet the PNNL requirements for a 
serviceable and maintainable facility. This space is directly above the service corridor, and 
houses infrastructure and components that are regularly serviced and maintained. The 
interstitial space shall maintain a 5’-0” wide by 7’-0” high clear circulation pathway the entire 
length of the space. This pathway shall be located down the middle of the interstitial space. 


The interstitial space shall have roof access at a minimum of one end of each laboratory 
grouping to allow for equipment maintenance. “Dead end corridors” shall be limited to 50’ 
maximum. 


Access control to interstitial shall be by proximity card-controlled access at each entry door.  
Access control to interstitial from roof area shall also be by proximity card-controlled access at 
each door. 


A Type A (equipment ride only) Material Lift shall be installed in the Central Utility Plant, 
adjacent to access to an interstitial space. The lift shall facilitate equipment/material transport to 
both the interstitial space and the roof. The roof access shall be enclosed with a roof assembly, 
and a pair of 3’-0”x7’-0” doors at the roof finish level. The lift shall have a minimum deck 
footprint of 36 square feet and provide a 2,500-lb. weight rating. The lift shall meet or exceed 
ASME 17.1, Safety Code for Elevators and Escalators. 
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5.8.4.7 Building Maintenance Support Areas 


These support areas shall be sized to accommodate, and include a mop sink and utility faucet, 
shelving, storage cabinet, cart storage, and floor cleaning equipment and supplies.  


5.8.4.8 Conference Rooms 


Include a minimum of two medium conference rooms, each sized to seat 49 people in lecture 
style seating (no tables, seating rows at 42-inches). The room shall be rectangular in shape with 
video capabilities on the short dimension width wall, one for each floor in the office area. Each 
conference room shall include six 30″×72″ conference tables on casters and 40 chairs.  


Conference rooms shall have a chair rail at room perimeter. The chair rail shall be a durable non 
marring material with a profile, i.e., a strip of plastic laminate is not acceptable. 


Include a minimum of four small conference rooms, each sized to seat 10 people at a 
conference table. The room shall be rectangular in shape with video capabilities on the short 
dimension width wall. One for each floor in the office area and two located in the lab wing off of 
the main corridor/hall and adjacent to open collaboration space. Each conference room shall 
include one 36″x84″ conference table on casters and 10 chairs.  


Conference rooms shall be equipped with high performance A/V capabilities. Refer to the A/V 
Section 4.12 for details.  


Dimmable LED lighting shall be included to support variable uses of the space; lighting shall be 
designed to optimize visual presentations. 


5.8.4.9 Huddle Rooms 


Provide a minimum of six huddle rooms, sized to seat six people at a conference table, four 
located within the office areas, and two within the laboratory section of the facility. Each huddle 
room shall include one 30″x72″ conference table on casters and six chairs. Huddle rooms shall 
also have a chair rail at room perimeter. 


Dimmable LED lighting shall be included to support variable uses of the space. 


Conference rooms shall be equipped with high performance A/V capabilities. Refer to the A/V 
Section 4.12 for details. 


Provide four free standing modular phone booths, two on each floor of the office areas. Phone 
booths shall be UL listed for the use and be provided with 120v 15a power for integral lighting 
and convenience power in the booth. Phone booths shall contain integral seating and a work 
table. The basis of design shall be Steelcase SnapCab Pod S, or a unit with equivalent 
performance and features. 


5.8.4.10 Restrooms 


The restrooms shall include high quality, energy efficient, and sustainable components and 
finishes. The floors and wainscoting (full height at plumbing walls, 5’-0” height at all other walls) 
shall be a hard surface that is easily cleanable, similar to 12”x24” porcelain tile. Lavatories 
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and/or countertops shall be quartz or other low maintenance solid surface materials. Include 
automatic dispensing fixtures that meet current codes and standards.  


Restrooms shall be ADA compliant. A single gender-neutral restroom is required in the office 
wing and a second gender neutral restroom shall be in close proximity to the “back of the 
house” building services workspace. Restrooms shall not be designed to the minimum size or 
fixture quantity (count) required by code. Restroom clear width (measured perpendicular to 
plumbing wall) shall not be less than 10’-0”. Total fixture quantity (count) for the building shall 
exceed code by at least 10%. Restrooms shall be distributed throughout the building. 
Restrooms in the laboratory space shall be located adjacent to the shower rooms. All building 
floors, except the interstitial space, shall have a men’s and women’s restroom facility. Restroom 
partitions shall be floor and ceiling braced, made from phenolic resin, premium painted metal, or 
aluminum panels. Lavatories, water closets, and urinals shall be wall hung. Provide required 
structure to support wall and ceiling components.  


Outside the office men’s and women’s restrooms, provide dual height electric water coolers with 
water bottle fill station. All fixtures, soap dispensers, and waste dispensers shall have touch free 
operation with manual override. Include shelving for temporary placement of items within an 
alcove in the restrooms and coat hooks on stall doors. Provide electrical power (120v or any 
required stepdown to lower voltage AC or DC power) for automatic faucets, towel dispensers, 
and soap dispensers. Battery operated devices are not permitted. 


Provide a single, private “mothering” or lactation room, with faucet and lavatory and residential 
style upholstered chair, adjacent to offices areas within an appropriate private location. 


Provide two gender neutral shower rooms, each with a 36”x36” gel coat shower and dry 
dress/change area, and 16 locking lockers (12”x36” each, double stacked), changing bench, 
shower curtains/rod and towel hooks. One shower room shall be ADA compliant. Shower rooms 
shall be located on main floor and in close proximity to an exterior door, preferably in the 
laboratory wing of the facility.  


5.8.4.11 Dock/Shipping/Receiving 


Size and configure the shipping/receiving area and loading dock to accommodate movement of 
research equipment, laboratory utilities (e.g., gas cylinders and dewars), fill stations for liquid 
nitrogen cylinders or dewars, and maintenance tools and components into and out of the facility. 
The receiving area shall be a large open space that connects the “back-of-house” spaces and 
functions. Exterior access shall be by an 8′×10′ insulated overhead coiling door with electrical 
motor operator and a 3′-0″×7′-0″ locking door with proximity card access. The shipping/receiving 
dock space shall have interior access with doors leading to the pedestrian corridor. 


The dock bay shall be not less than 26′-0″ wide to allow for two trucks. A 10,000 lb. dock lift 
(electrically powered hydraulic) in a concrete pit with protective bollards and bumpers shall be 
provided. The loading dock shall be level in grade, raised 6-inch (curb height) above roadway. 


See Section 5.10 for requirements for exterior laboratory gas storage. 


See Section 5.15.3 for requirements for a separate loading dock area for battery energy storage 
systems shipping and receiving. 
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General building refuse shall be collected in/near this location and transported to a COR 
compliant trash enclosure.  


The trash enclosure shall be made from split faced concrete masonry units (CMU), or from a 
similar masonry building system. The walls shall be 7 feet high, and surround all sides of the 
enclosure, except for gates. Chain link fencing is not permitted. A steel stair shall be constructed 
for accessing the containers from above. Gates shall be made from a tubular steel frame, with 
metal panels as face material. Each gate shall swing on heavy duty exterior grade pivot hinges 
and shall have a cane bolt system to keep doors closed. 
 
The entire enclosure shall be sized to contain two 6-yard containers. Gates shall be configured 
such that either container may be removed separately.  
 
The interior of the enclosure shall have a 6-inch perimeter concrete curb. The floor shall be 
5-inch thick reinforced concrete, sloped to the exterior. The concrete shall extend 4 feet beyond 
the gate side of the enclosure.  


5.8.4.12 Stairs and Elevators 


Interior open stair or stairs: This stair is not a portion of the required egress system, eliminating 
fire rated construction and protection requirements. This stair shall be nearest the main building 
entry and serve as the “grand” vertical circulation component that is visible, appealing, and 
inviting to users. The stair shall be constructed from quality, durable materials in an open, 
modern design, creating an architectural statement that contributes to the “signature” goal. The 
primary structure of the stair shall be steel or concrete (wood is not permitted). . Treads shall be 
precast terrazzo, stone, or similar material. Stair rise shall not exceed 7-inches and stair run 
(treads) shall be not be less than 12-inches. Railing shall be glass wall systems with modesty 
panel/film, stainless steel railing systems, combinations of the two or similar high quality, 
durable systems. Handrails shall be stainless steel (painted handrails are not permitted). Stair 
treads and risers shall be designed such that there is not clear vision through the stairs. 


Interior enclosed stairs: These stairs serve as exit enclosures as a part of the means of egress 
system and shall follow NFPA 101 Life Safety Code for design and construction requirements. 
Stair rise shall not exceed 7-inches and stair run (treads) shall be not be less than 11-inches. 
Treads and risers shall be finished in rubber tread/riser components. Handrails shall be powder 
coated steel.  


Interstitial and roof access stairs: Access from interior to the interstitial space or the roof by 
means of ladders or similar components is not permitted. Roof access shall be by a stair 
system. Stair shall be all metal construction, with concrete filled pans and be Life Safety Code 
compliant for an industrial occupancy stair. Stair rise shall not exceed 9-inches and stair run 
(treads) shall be not be less than 10-inches. 


Roof stairs: Circulation at the roof level and to other levels of roofs by means of ladders or 
similar components is not permitted. Stair shall be provided to all areas of the roof. Stairs shall 
be pre-fabricated stair units constructed from aluminum or galvanized steel and be NFPA 101 
Life Safety Code compliant for an industrial occupancy stair. Treads shall be a minimum of 10-
inches in depth, risers shall be a maximum of 8-inches high. 


Elevator: Elevator shall be compliant with the Washington Administrative Code (WAC) 296-96, 
and Washington State Labor and Industries requirements.  
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Equipment/material lift: Refer to Section 5.8.4.6 for material lift requirements. 


5.8.4.13 Fire Ratings 


Fire rated barriers due to the occupancy, construction type, control areas related to hazardous 
material use and/or storage, mechanical/electrical equipment, etc. shall be provided as required 
by codes. Per NFPA 101, laboratories shall be separated from office spaces by a 2-hour fire 
barrier or wall, however this requirement is reduced to a 1-hour fire barrier wall when an 
approved automatic sprinkler system is installed. The building shall be divided into control 
areas, separated by 1-hour fire barriers, limiting hazardous material types and quantities to the 
maximum allowable quantities as defined in the codes. Where possible, combine occupancy 
separations with laboratory and control unit separations. Maximum allowable quantities of 
hazardous materials for laboratories of this type shall not be exceeded. 


Fire barrier separations for occupancy and hazards shall be constructed to listed or approved 
details for the required rating.  


5.8.4.14 Occupancy Category  


The occupancy shall be Group B (for both office and lab areas) per the IBC for determining 
compliance with the building code for building areas, heights, number of stories, and for other 
construction/special inspection provisions of the building code.  


The building shall be a mixed occupancy with both new business and industrial occupancies per 
NFPA 101. As specified in NFPA 45, per Section 5.2., the laboratory units of Class C shall be 
classified as an industrial occupancy in accordance with NFPA 101, Chapter 40, industrial 
occupancies, for life safety features. Labs shall be sub-classified as “general” industrial 
occupancy. The mechanical room shall be “special-purpose” industrial occupancy. A fire barrier 
separating the laboratory areas from the lobby/office area is required per NFPA 101 (2018), 
Table 6.1.14.4.1. 


5.8.4.15 Flammable/Chemical Storage, Flammable/Chemical Waste Storage and Staging 


Provide a dedicated storage room inside the building for new and used chemicals near or within 
the loading dock area. New and used storage spaces shall be separated from each other, each 
within a 1-hour rated room or enclosure (including the roof/ceiling structure). Access to these 
storage rooms shall be near the interior pedestrian corridor allowing for easy researcher access. 


The 90-day chemical waste storage area shall incorporate the following features: chemical 
storage cabinets (corrosive and flammable), bench top fume hood, chemical resistant epoxy 
flooring with integral coved base and door threshold (continue epoxy from floor up edges so the 
waste room is capable of holding a 55-gallon spill), 4-foot doorway so drums can be rolled 
in/out, Internet and phone service, and handwash sink. Locate an emergency shower and 
eyewash within this room. 


 
5.8.4.16 Gas Bottle Storage 


Exterior gas cylinder distribution and storage shall be provided in two separate fenced 
enclosures with locking gates. These spaces shall be located under cover with protection from a 
roof and shall be separated from the building, by 1-hour fire rated construction. Incompatible 







 


Design Requirements Narratives 48 
 


gases shall be separated as required by NFPA 55, Chapter 7. Each area shall be able to house 
a minimum of two 240-liter dewars, four gas cylinder racks (that contain four cylinders each) and 
one-cylinder cabinet (with a minimum 34-cylinder capacity, similar to Gilmore Cramer 
HP34423DAWXD). 


For interior storage, incompatible gases shall be separated as required by NFPA 55, Chapter 7, 
Laboratory Units and Control Areas 
 
5.8.4.17 Laboratory “Units” and Control Areas 
 
The GSL laboratory units shall be designed to Class C criteria per NFPA 45.  Control area 
MAQs for flammable and combustible liquids are those specified for Class C laboratory units.  
Control area MAQs for other hazardous materials are specified in NFPA 400.  Laboratory units 
and control areas should be arranged to meet the projected chemical use and distribution while 
minimizing the number of fire separation barriers (see the room datasheets).  In cases of conflict 
between laboratory units and control areas requirements, the more stringent shall be met. 
 
Each block of laboratories shall be considered a laboratory unit and a control area. If the 
quantity survey of probable hazardous materials exceeds the MAQs allowed by NFPA 45 or 
NFPA 400 (2019) Tables 5.2.1.1.3 and 5.2.1.2.1, additional control areas are needed unless 
projected material quantities are reduced. The allowable number of control areas by floor is 
established in NFPA 400. The <100kW Battery Testing and Validation Laboratory (Test Area #1 
and #2) shall be designed to the separation requirements of NFPA 855 in addition to any 
applicable control area requirements.  


5.8.4.18 Portable Fire Extinguishers 


Fire extinguishers shall be provided in accordance with NFPA 10 and NFPA 45. Provide fire 
extinguishers in corridors and lab service corridors outside of laboratories. Provide 10 -lb. 
minimum multipurpose 4A:80B:C type dry chemical fire extinguishers throughout the building in 
accordance with the travel distance requirements in the codes. Mount fire extinguishers in 
semi-recessed metal fire extinguisher cabinets in corridors and other areas with finished walls. 
Locate fire extinguisher at the end of corridors and adjacent to fire alarm pull boxes whenever 
possible. Fire extinguishers shall be wall mounted in interstitial spaces, mechanical rooms, 
elevator equipment rooms, electrical rooms, and similar locations.  


Provide high performance instrument laboratories including Nuclear Magnetic Resonance 
Imaging (NMR), Quiet Suite, and the kW test lab with a clean agent type, UL-rated 1A:10B:C 
extinguisher, with a 12-lb. minimum capacity of a proprietary blend of HCFC-123 (or equal clean 
agent by comparable manufacturers), in enameled-steel container with pressure-indicating 
gage. Provide extinguisher with wall mounting bracket and install in the labs adjacent to the 
main lab entrance, in quantities per NFPA 1.  


Two Class D fire extinguishers are required in the kW Test Lab #2 vicinity, as reactive sodium 
metal battery technologies may be present. Class D fire extinguishers are also to be located in 
specific individual labs as noted on room data sheets in the Appendix. 


5.8.5 Exterior Signage 


Provide custom exterior architectural and wayfinding signage at multiple locations, both on and 
near the constructed facility. One sign to be a two-sided freestanding illuminated architectural 
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building monument, not less than 12′-0″ in height, that includes a reinforced concrete foundation 
and electrical power, located on the west side of the proposed site. Provide two wrap-around 
style building name signs, designed and sized (~9′-0′×1′-6″×1′-0″) to match similar existing 
building signs located on the PNNL Discovery Hall (3400) facility, installed at two main entry 
points. All signs shall incorporate PNNL branded graphics, colors, and typography to support 
visual consistency across the campus. The actual permanent name of the facility will be 
finalized before the completion of construction.  


5.9 Structural 


5.9.1 General 


The following structural information presents the design parameters, design loads, material 
strengths, and governing codes for the GSL. This structural information shall serve as the basis 
for continuing structural development and refinement. 


An interior interstitial walkable space is planned above the lab service corridor at the laboratory 
module to facilitate utility maintenance. Rooftop mechanical units shall also be located over the 
laboratory module. 


Although no specific expansion plans are anticipated, he structural design shall not be created 
to preclude potential expansion in directions that are deemed feasible during the detailed design 
phases of the project. 


Based on DOE Standard 1020-2012 categorization, this building is not a Category 1, 2, or 3 
nuclear facility and ASCE 7-16, Minimum Design Loads for Buildings and other Structures, shall 
govern the structural design of this building. 


No portion of the facility is three stories or taller; Progressive Collapse Design Criteria specified 
in U.S. Department of Defense UFC 4-023-03, 2016 edition is therefore not applicable. 
The laboratory buildings shall be a one-story steel framed structure with an interstitial 
mezzanine. The office building shall be a two story steel framed structure. The facility shall 
contain a variety of connected conference and support areas with floor to floor heights or floor to 
roof heights as required that meet functional requirements. Diagonally braced structural frames 
are permitted; however these shall not be located in wall framing separating labs (preventing 
future wall removal to create larger labs of multiple modules) or at exterior office window walls 
(obscuring views to the exterior). Mechanical units shall be accommodated in screened roof-top 
areas and within designated interior mechanical spaces.  
 
A staircase, internal to the facility, is required to access the rooftop. The door shall be protected 
from the elements in order to prevent water intrusion and shall be proximity card access 
controlled.  


The south end of the facility shall house the Quiet Suite. Isolated thick mat foundation, solid 
grouted CMU wall, and precast concrete planks are planned to provide necessary vibration, 
Electromagnetic Interference (EMI) and acoustic isolation. Additional studies shall be performed 
by the acoustic/EMI/vibration consultant to determine the most effective way to achieve this 
objective. 


Refer to Section 5.15.3 for structural requirements in the <100kW Test and Validation 
Laboratory area. 
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5.9.2 Design Criteria  


Foundation system: No site-specific geotechnical information for the building site is available at 
this time. A geotechnical investigation and report have been compiled for the ESC and are 
available to the D/B team. The site conditions for nearby existing buildings suggest that 
conventional spread footings will be the most economical foundation system for the proposed 
facility. The D/B team shall be responsible for obtaining geotechnical testing and reporting 
sufficient to design the structure to meet the IBC, as well as provide information for the design of 
storm drainage facilities. 


The perimeter foundation walls shall be cast-in-place reinforced concrete walls extending at a 
minimum down to the frost depth. The wall shall be supported by a continuous concrete strip 
footing. 


At the Quiet Suite, a reinforced concrete mat foundation reinforced with epoxy coated bars shall 
be adopted to provide required isolation. Additional measures, such as subgrade preparation 
and reinforcing bar material, shall be taken based on the recommendations of the vibration 
consultant. 


Ground floor: At the lab modules a 6-inch thick concrete slab-on-grade reinforced with deformed 
reinforcing bars shall be used at the ground floor to accommodate general laboratory functions. 
A typical 22’x6” by 33’x6” bay has been created for the lab module to accommodate laboratory 
functions on the ground floor. 


See Section 5.15 for floor slab and foundation requirements for High Performance Instrument 
Laboratory (Quiet Suite) and <100kW Testing and Validation Laboratory area. 


At the office wing, a reinforced concrete slab-on-grade shall be used to support general office 
functions. Thickness shall be as calculated per code requirements for office and circulation 
uses. 


Thickened and/or isolated slabs shall be used in areas that house electron microscopes, 
spectroscopy, and other high-performance instruments. in accordance with the 
recommendations of the vibration consultants. 


Conduit, plumbing, and similar infrastructure shall not be placed within the concrete slabs 


Elevated floor: A 1-1/2-inch deep composite metal deck with 3-1/2-inch thick concrete topping 
shall span between the wide flange floor beams to frame the interstitial level.  


Bay spacing in the office area shall be maximized to the extent feasible to accommodate open 
landscaped office partitions. A 2-inch deep composite metal deck with 4-1/2-inch thick concrete 
topping shall span between the wide flange floor beams to frame the elevated floors. 


Roof framing: A 1-1/2-inch deep galvanized roof metal deck shall span between the open web 
steel joists spaced at 4’-6” to frame the lab module roof where there are no rooftop units 
present. 


A system of 1-1/2-inch deep composite metal deck with 3-1/2-inch thick normal weight concrete 
topping spanning between the wide flange steel beams is to frame the lab module roof where 
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the rooftop mechanical equipment is located. Actual system thickness shall be adjusted, if 
necessary, when the mechanical equipment weight and layout information is further defined.  


A 1-1/2-inch deep galvanized roof metal deck shall span between the open web steel joists 
spaced at 5’- 0” to frame the office wing roof. 


Interstitial Framing: 2-inch deep composite galvanized floor metal deck with 4 ½-inch concrete 
fill over shallow wide flange beams shall frame the interstitial level to facilitate utility 
maintenance. Actual system thickness shall be adjusted, if necessary, when the mechanical 
equipment weight and layout information is further developed. 


Specialized laboratory construction: The GSL contains laboratory units intended for special use, 
as described more fully in the architectural narrative. Concept structural section diagrams for the 
Quiet Suite and the kW Testing Laboratories are included in the Appendices. These section 
diagrams are only a concept, the D/B shall be responsible for final design based on calculated 
input. 


5.9.3 Wind/Seismic Lateral Load System  


To achieve efficient building lateral stiffness and deformation performance objectives, special 
concentrated braced frames with hollow structural steel braces shall be used and their locations 
and configurations shall be selected in the next phase of the project to accommodate the 
functionality of the facility, and to meet architectural aesthetic expectations. 


5.9.4 Floor Vibrations 


The floor vibration characteristics of the typical structural framing systems shall meet or exceed 
the following walking acceleration and velocity criteria: 


 Elevated floor systems for the office wing shall be limited to an acceleration of 0.5%g for 
occupant comfort. These values shall be quantified using calculation methods developed in 
AISC Design Guide 11.  


 The thickened, isolated floor system at the Quiet Suite shall be designed to a maximum 
velocity of 150 micro-inches/sec. A specialty vibration consultant shall be engaged for this 
effort. 


5.9.5 Exterior Cladding Support Conceptual Design 


A combination of brick veneer, glazed curtain wall, and metal or other panel systems shall clad 
the building exterior. They shall be supported by the floor structure for gravity and/or lateral 
loads and, where required, supplemental structural backup framing shall be provided. Vertical 
and lateral deflections of the structural framing members shall be limited to the magnitude that 
works with the specific system. 


5.9.6 Design Loading Criteria 


Governing Building Codes: 


 2018 International Building Code 


 NFPA 101, 2018 Edition 
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 ASCE 7-16, Minimum Design Loads for Buildings and other Structures 


 Underwriters Laboratory Listing Directories 


 Industry Reference Standards, latest edition: 
– ACI 318 (Building Code Requirements for Structural Concrete) 
– ACI 315 (Details and Detailing of Concrete Reinforcement) 
– ACI 315R (Manual of Engineering and Placing Drawings for Reinforced 


Concrete structures) 
– CRSI (Manual of Standard Practice and Placing Reinforcing Bars) 
– AISC 341 (Seismic Provisions for Structural Steel Buildings) 
– AISC 360 (Specifications for Structural Steel Buildings) 
– AISC Design Guide 11 (Floor Vibrations due to Human Activities) 
–  AISI (Specifications for the Design of Cold-Formed Steel Structural 


Members) 
– AWS D1.1 (Structural Welding Code – Steel, referenced in AISC 360) 
– AWS D1.4 (Structural Welding Code – Reinforcing Steel) 
– SDI (Design Manual for Composite Decks, Form Decks, and Roof Decks) 


Roof Live Load 
Minimum live load ....................................................................................................  20 psf 
Ground snow load (Pg)  ............................................................................................ 15 psf 
Snow load importance factor  ......................................................................................... 1.0 
(Modify for drifting as applicable) 
Guardrails and parapets used for fall protection ……………………………200lb or 50lb/ft 
(load applied at the top rail) 
Rooftop MEP equipment weight  .................................................................................. TBD 
Roof Dead Load 
Roofing, insulation, ceiling, lighting ........................................................................... 20 psf 
Mechanical piping, ductwork, conduit ....................................................................... 10 psf 
Wind Loads 
Wind speed ........................................................................................................... 110 mph 
Wind load Importance Factor  ........................................................................................ 1.0 
Exposure  ......................................................................................................................... C 
Internal pressure coefficient  ..................................................................................... ± 0.18 
Seismic Loads 
Site class (assumed) ........................................................................................................ C 
Seismic Importance Factor ............................................................................................ 1.0 
Seismic design category (assumed)  ............................................................................... C 
Mapped Spectral Response Acceleration at short period  ......................................... 0.41g 
Mapped Spectral Response Acceleration at long period  .......................................... 0.16g 
Design Spectral Acceleration – short period (Sds)  ................................................... 0.50g 
Design Spectral Acceleration – long period (Sd1)  ..................................................... 0.20g 
(Seismic values to be verified by the Geotechnical Investigation) 
Floor Live Loads 
Laboratories and service corridors .......................................................................... 250 psf 
Office, stairs, lobbies, conference rooms ................................................................ 100 psf 
Interstitial catwalks and platforms ............................................................................. 50 psf 
Enclosed floor mechanical area .............................................................................. 150 psf 
Floor Dead Load 
Ceiling, lighting .......................................................................................................... 10 psf 
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Mechanical piping, ductwork, conduit ....................................................................... 10 psf 


5.9.7 Deflections/Serviceability Limits 
Live Load Deflections: 
Interior floor beams  ............................................................................... span/360 (1″ max) 
Interior roof beams  .......................................................................... span/240 (1 1/2″ max) 
(Assuming not supporting plaster or stucco ceiling) 
Building Lateral Drift: 
Maximum story drift induced by wind load ......................................................... height/400 
Maximum story drift induced by seismic force  .............................................. 0.02 × height 


5.9.8 Structural Testing and Special Inspections 
Structural special inspections and documentation shall conform to Chapter 17 of the 
IBC. Refer to Division 1 of the Specifications. 


5.9.9 Material Strengths 
Concrete (Fc’ at 28 days) 
All concrete, U.N.O.  ............................................................................................ 4,000 psi 
Footings  .............................................................................................................. 4,000 psi 
Foundation walls  ................................................................................................. 4,000 psi 
Slab-on-grade  ..................................................................................................... 4,000 psi 
Slab-on-metal deck  ............................................................................................. 4,000 psi 
Site concrete ........................................................................................................ 4,000 psi 
Reinforcing Steels (Fy) 
Rebar  ................................................................................................................ 60,000 psi 
Welded wire fabric  ............................................................................................. 65,000 psi 
Structural Steel (Fy) 
Wide flange sections (A992) .............................................................................. 50,000 psi 
All other steel shapes, U.N. (A36)  ..................................................................... 36,000 psi 
Hollow structural sections (A500, Grade C) ....................................................... 50,000 psi 
Steel pipes (A53, Grade B) ................................................................................ 35,000 psi 
All bolts, U.N.  ...................................................................................................... A-3125-N 
Anchor rods (ASTM F1554) ................................................................................. Grade 36 
Welding electrodes  .................................................................................................. E70XX 
Welded studs .............................................................................. ASTM A108, Grade 1020 
Light Gauge Steel (Fy) 
Roof deck-galvanized.G60 ................................................................................. 33,000 psi 
Composite metal deck-galvanized G60 ............................................................. 33,000 psi 
Studs and joists  ................................................................................................. 50,000 psi 
Tracks, studs or joists, 18 gauge or lighter ........................................................ 33,000 psi 
Masonry (Minimum Compressive Strength) 
Concrete masonry units (Fm)  .............................................................................. 1,500 psi 
Clay masonry units (Fm)  ..................................................................................... 3,000 psi 
Mortar Type S ...................................................................................................... 1,500 psi 
Grout (Fc)  ............................................................................................................ 3,000 psi 
 
Foundation Soils 
Allowable soil bearing pressure ........................................................................... 2,500 psf 
(assumed; to be verified by the Geotechnical Investigation) 
Minimum Footing Depth (frost line)  ....................................................................  24 inches 
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5.10 Mechanical  


5.10.1 General 


Engineer and design the mechanical systems for reliability, maintainability, energy conservation, 
and future flexibility in keeping with the overall project and sustainability goals utilizing facility 
lifecycle operations and maintenance costs with an emphasis on service and access while 
meeting the requirements specified herein.  The mechanical systems shall be arranged, located, 
and routed to provide for ready access to systems and components that require routine service 
repair, or replacement.  The building automation and operating systems shall provide electronic 
service and maintenance feedback on facility systems and equipment.  Selection of mechanical 
systems and equipment shall emphasize redundancy and sizing to allow for isolation of systems 
and equipment such that the laboratories remain fully functional while normal maintenance work 
is performed by Battelle staff within an operating research facility.  Mechanical systems and 
equipment shall be institutional/industrial grade, capable of supporting the 50-year facility design 
life-expectancy. 


Optimize the building’s overall space efficiency, flexibility, and expandability through the 
effective use of mechanical equipment rooms and locations, equipment sizing, equipment 
placement, systems layout, and service, maintenance and access provisions.  House the 
building’s wet and laboratory utility mechanical systems in central common mechanical room(s).  
Where primary HVAC equipment is located on the roof, provide means to protect hydronic coils 
from freezing. 


Integrate heating and air-cooling systems to include optimization of the building envelope to 
minimize the size of the heating and chilled water plant while serving the architectural aesthetic.  
Optimize the use of integrated exterior shading to reduce the size of the cooling plant and 
ensure thermal comfort for occupants.  


Achieve an energy savings of 30% less than the base building using ASHRAE 90.1-2016 as the 
baseline, where life cycle cost effective.  Energy savings shall include use of HTB condenser 
water for pre-heating and pre-cooling.  The mechanical system, however, shall include all 
components necessary to heat GSL without condenser water from the HTB should the HTB be 
offline. 


Final heating and cooling loads and equipment sizes shall be determined by the D/B but shall 
not be less than the minimum capacities specified herein.  Also, heating system equipment and 
components shall be sized to meet the entire envelope and HVAC heating loads without HTB 
condenser water capacity, should the HTB be offline.  Cooling loads for heat gain from 
occupants shall be based on ASHRAE data for moderately active office work/conference rooms. 
Heat gain from lighting shall be based on actual installed fixtures. Size primary heating, cooling 
and ventilation equipment and system components to include loads imposed by the installation 
of Battelle’s research equipment. 


Design systems and equipment to ensure accessibility for operation, maintenance, and eventual 
replacement as described herein and in accordance with manufacturer’s recommendations and 
applicable codes. Access provisions shall include stairs, walkways, platforms, roll up doors, and 
catwalks to facilitate service work via these permanent building features.  Arrange mechanical 
equipment so that routine maintenance activities do not require the use of ladders or other like 
devices. Clear space for maintenance access around equipment shall be shown on design 
drawings with physical boundaries located on the adjacent floors via high visibility permanent 
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paint, or equal.  Select mechanical equipment to minimize routine maintenance such as 
permanently lubricated bearings (no “zerks”) and direct drive fans to avoid belt maintenance.  


Develop an hourly energy model in accordance with DOE Guiding Principles for Sustainable 
Federal Buildings and ASHRAE Standard 90.1.  The energy model along with cost estimating 
and life cycle cost analysis shall be used select equipment and building envelope components 
and to demonstrate compliance with the energy use reduction requirements.  


A Life Cycle Cost Analysis (LCCA) is required for this project. It shall conform to the DOE’s 
BLCC5 program (https://energy.gov/eere/femp/building-life-cycle-cost-programs) and comply 
with the requirements of Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 
436, Subpart A. The LCCA shall be submitted to Battelle for review and approval with the 
design package #3 submittal. 


Provide 4” (minimum) concrete housekeeping pads for all base mounted mechanical equipment 
e.g. chillers, boilers, pumps, etc. 


An acoustic engineer shall perform an evaluation of central and terminal equipment and 
distribution piping and air duct systems to ensure that interior areas and adjacent exterior areas 
meet the specified noise design criteria listed herein (see Section 5.10.8).  


These general requirements are supplemented by engineering and design requirements 
continued within the UniFormat specifications and drawings included in the Appendixes. 
Mechanical systems shall be provided in accordance with the Codes and Standards in Section 
5.2. 
 
Where redundant equipment is a requirement (e.g. pumps, fans, electric motors, compressors, 
etc.), redundant equipment shall not share components such as VFDs, electrical disconnects 
and breakers, etc. Additionally, redundant equipment shall be fed from breakers located in 
separate electrical panels allowing the facility to isolate and repair equipment without affecting 
other systems and equipment.  Power for controls in mechanical rooms and the interstitial space 
shall be supplied from a single electrical panel on backup power. 
 
Hydronic, potable and process water piping located within Mechanical rooms, interstitial areas 
and areas in which routine maintenance occurs shall have a PVC pipe jacketing system. 


5.10.2 Base Design Requirements 


Temperature design criteria used for HVAC system design basis. 


 Winter Outside:  5°F 


 Summer Outside Dry bulb: 101°F 


 Summer Outside Wet bulb: 71°F 


5.10.3 Ventilation 


Lab spaces (including the 90-Day Chemical storage room) and adjoining service corridors shall 
have a minimum exhaust air flow rate of six air changes per hour minimum during occupied 
mode and four air changes per hour minimum during unoccupied mode.  Size supply and 
exhaust systems to support a minimum of four 5-foot fume hoods with 18-inch sash operating 
height, two snorkels, two vacuum pots, and general exhaust in each lab module. 
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 Refer to the individual room data sheets for exact quantity and size of fume hoods, snorkels 
and vacuum pots in each lab to determine if additional capacity is required above the 
minimum indicated. 


 Provide additional equipment and systems necessary to support Special Construction 
laboratory areas detailed in Section 5.15. 


Non-Laboratory Ventilation:  Per ASHRAE 62.1-2016 


5.10.4 Plug loads (miscellaneous laboratory heat load) 


The design value for each laboratory module shall be a minimum of 10 Watts per square foot.  
The exact heat load in each laboratory module shall be validated with the information included 
in the room data sheets, with 10 watts per square foot as the minimum design value. 


5.10.5 Vibration Isolation:  


Provide seismically restrained spring isolation on all motor driven mechanical equipment, even 
where the equipment is installed in a slab-on-grade manner.  Provide inertia bases for all floor-
mounted hydronic pumps.  Static deflection on all isolators should be a minimum of 2-inch, 
yielding an isolation effectiveness of approximately 99%.  Hydronic or other similar piping 
greater than 2” diameter shall be suspended with spring isolators incorporating rubber damping.  
Mechanical equipment support structure and frames shall have a stiffness of ten times the 
isolation stiffness. 


5.10.6 EMI Equipment Location  


Layout of mechanical systems equipment shall be coordinated to prevent conflicts with or 
impact to research equipment that is sensitive to electromagnetic fields/interference.  


5.10.7 Energy Conservation Measures 


5.10.7.1 The following Energy Conservation Measures (ECM’s) are required 


 VAV fume exhaust hoods to reduce laboratory supply and exhaust quantities and related 
heating and cooling loads. 


 Low temperature heating and high temperature cooling systems to minimize energy 
consumption used to condition air. 


 Water-side economizers for the laboratory and office/support air handling units.  


 Variable Frequency Drives for air supply/exhaust and pump motors, with control strategies 
that reset static pressure setpoints as low as possible during off-peak periods.  Motors 10 
horsepower and smaller shall be ECM type. 


 Fan-coil units dedicated to each lab, where sensible loads are high and exhaust flows are 
low. 


 High-efficiency magnetic bearing centrifugal chillers. 


 Modular heat recovery chiller. 


 Control strategies shall include air handling unit coil bypass dampers to modulate and reduce 
airflow as demand decreases to accommodate maximum turn-down and energy savings. 
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 Static pressure reduction strategies, which includes use of dual temperature zone coils for 
both heating and cooling, allowing the omission of one or more coils 


 LED lighting. 


5.10.7.2 The following Energy Conservation Measures shall be evaluated:  


Provide a LCCA using DOE’s BLCC5 program (https://energy.gov/eere/femp/building-life-cycle-
cost-programs) for each of the following ECM’s.  Each ECM with a payback of 12-years or less 
shall be implemented and provided as part of the project. Provide the LCCA with the 50% DD 
submittal for review and approval by Battelle. 


 Enhanced Daylighting Controls. 


 Workstation plug load management using intelligent power strips. 


 Solar wall ventilation preheat, specifically Unglazed Transpired Collector Technology, 
commonly known as “Solar Wall” or Trombe Wall. 


 Other ECMs as developed by the D/B during the design process and as required to meet the 
project sustainability goals. 


5.10.8 Acoustical Design Criteria 


Design the mechanical system to achieve the following ASHRAE recommendations for each 
space type. 


 
  Commons/Collaboration Area: NC-30 
  Open office:    NC-40 
  Private Office:    NC-35 
  Conference Rooms:   NC-25 
  Visualization Area:   NC-25 
  Laboratories:    NC-40 
  High Performance Instrument Labs:  NC-40 for 50-250Hz  
        NC-30 for 250-1,000 Hz and 1,000-20,000 Hz 


5.10.9 Laboratory Supply Air Ventilation and Distribution System 


The laboratory ventilation system shall be designed in accordance with the requirements of 
NFPA 45, 90A, 90B and 91, the International Mechanical Code, and ASHRAE standards.  The 
laboratory air distribution system shall be variable airflow, 100 percent outdoor air, with 
differential volumetric supply and exhaust air tracking controls using venturi type supply air 
control valves with combination zone heat/cool coils and sound attenuators.  Configure the lab 
zone coils for both heating and cooling via a piping changeover valve connection to the chilled 
water system to minimize energy consumption through optimization of central system discharge 
air temperature.  Select the coils to provide a 10-15 deg F air side temperature drop at peak 
cooling demand, while limiting the air pressure drop at peak air flow.  In lab spaces with high 
internal heat gain, and where the space air flow is not driven by fume hoods, provide a fan-coil 
unit to handle the cooling load.  Where a separate fan-coil unit is provided in the lab, cooling 
and heating shall be staged with the laboratory supply makeup air valve and laboratory zone 
reheat/re-cool coil. 
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Provide each individual lab with independent zone temperature controls.  Each lab module, 
including modules combined into a single larger lab, shall have the full complement of supply 
valves, zone coils, and general and snorkel exhaust valves to allow the multi-module research 
space to be readily divided into individual module research spaces if required in the future.   
 
Configure each lab so that supply air patterns do not disrupt or impact fume hood performance.  
Use of radial or critical environment diffusers is required as high velocity airflow (over 100 FPM) 
within six feet of hoods is prohibited.  Provide a supply to exhaust airflow volumetric offset to 
maintain directional airflow from areas of lower hazard to spaces with higher hazard, e.g. Office 
to corridor to research space (note: there are no clean/low particulate count lab spaces requiring 
positive pressure with respect to their surroundings).  Air distribution within the building shall be 
designed so that air always travels from “clean” to “less clean”.  Cascading direction airflow 
zones (accomplished via supply to exhaust volumetric offsets) within the building shall be 
arranged to account for partition leakage and probability of providing effective control barriers.   
 
Provide a minimum of two air handlers, with each air handler sized for not less than 2/3 of the 
design supply airflow, and 33% overall system redundancy.  In addition, size fan motors to 
include a 15% safety factor for static pressure.  The AHUs shall supply air to a common duct 
plenum.  Provide for isolation of the conjoined air handling units so that either unit can be 
completely isolated from the common supply plenum and shut down for maintenance.  Supply 
air ductwork shall be galvanized sheet metal, entering the interstitial space from the roof.  
Locate supply ducts in the interstitial space with supply air valves, heating/cooling coils and 
controllers arranged for ease of service.  See drawings in Appendix B. 
 
Air handler configuration is shown in Appendix A.  Provide MERV 8 pre-filters, MERV 14 final 
filters, preheat coils, heating/precool coils and cooling coils (arranged in that order), and multiple 
supply fans in a fanwall array with individual fan isolation dampers.  Provide sound and vibration 
attenuation for air handlers using concrete pads, spring isolated curbs, or other suitable method 
determined by the D/B. Provide a minimum clear space of six feet on all sides of the air handling 
units complete with durable walking pads or other method to protect the roof surface.  Final air 
handler configuration and arrangement shall locate components, such as coils and filters, in 
support of research criteria and PNNL standards.  Each coil shall have bypass dampers that 
allow 100% of the air to bypass the coil when it is not in use. 


5.10.10 Office Supply Air Ventilation and Distribution System 


Provide one air handling unit with variable air volume (VAV) fan-wall/fan-array with isolation 
dampers for each fan, MERV 8 pre-filters, MERV 14 final filters, a heat recovery wheel, cooling 
coil, heating coil, acoustic silencer, and 100% economizer capacity with return fan(s) (relief fan 
prohibited).  Provide the unit with redundant fan capacity such that the air handling unit can 
provide full design air flow upon failure of any individual supply or return fan in the fan-wall 
array.  Modulate the outside air using demand-controlled ventilation. 


The system shall be a high-efficiency VAV system in accordance with ASHRAE Standard 36 
and the Washington State Energy Code.  Provide exterior zones with fan-powered terminal units 
with hot water reheat coils and VAV terminal units for interior zones with hot water reheat coils.  
Provide hot water reheat coils in VAV boxes located on the second level.  Zoning shall be as 
follows: 


 No interior zones larger than 1,600 SF. 
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 No exterior zones larger than 800 SF. Exterior zones are defined as areas within 10-12 
feet of an exterior wall. 


 Maximum of four individual private offices per zone. 


 Offices with more than one exterior exposure shall be zoned individually. 


 Conference rooms and Huddle rooms shall be zoned individually. 


 Return air to the air handling unit using a ceiling return air plenum. Provide air ducts with 
multiple elbows and 1-inch thick acoustical insulation to transfer air across full height 
walls while preventing noise transfer. 


5.10.11 Lobby HVAC System 


The lobby HVAC system shall be a high-end system to complement the overall aesthetics, feel 
and comfort of the lobby.  The lobby HVAC system shall be a combination of hydronic radiant 
floor heating, perimeter hydronic baseboard heating and an air system for ventilation, cooling 
and supplemental heating.  Coordinate any exposed ductwork (color and routing) in the space 
with the architecture. The D/B shall evaluate and consider the use of chilled beams or similar 
technology in the lobby. 


Provide a dedicated VAV air handling unit or packaged VAV rooftop unit to serve the Lobby.  
The unit shall have MERV 14 filtration, a heat recovery wheel, cooling coil, heating coil, 100% 
economizer and demand-controlled ventilation. 


5.10.12 Additional Ventilation Requirements  


Distribute supply and return air through a central shaft to serve the two floors of office space. 
Supply ductwork shall be galvanized sheet metal. Provide ceiling mounted and/or sidewall air 
diffusers, depending on the architecture. Minimize exposed supply, return, and exhaust 
ductwork within the building. Depending on final calculated heating loads, some finned tube may 
be necessary at large expanses of glass. 


The following table lists the minimum capacity for air handlers serving various areas of the 
building. Final capacity to be determined by the D/B. 


 


Table 2. Minimum Air Handler Capacity 


Air Handler Serving Minimum Design Air Flow 


1A Labs 75,000 CFM 


1B Labs 75,000 CFM 


2 Offices Per EOR 


3* Lobby Per EOR 
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Coordinate the location of AHU outdoor ventilation air intakes with chemical exhausts to prevent 
exhaust re-entrainment and maintain acceptable quality of ventilation air. Design and locate 
exhaust discharges to prevent re-entrainment. 


Provide heating and cooling to the Interstitial spaces using multiple fan/coil units or other 
suitable method to satisfy calculated loads. 


5.10.13 Humidification System 


Building level humidification and dehumidification is not required. The D/B shall evaluate 
humidity requirements for research spaces (e.g., NMR spaces, dry labs, High Performance 
Instrument labs) and provide means to humidity control as needed. Refer to research equipment 
literature in the Appendix and Special Construction sections, 5.15. 


5.10.14 Lab Exhaust 


Provide a central laboratory exhaust system.  General laboratory (room) exhaust, fume hood, 
specialty snorkel, and storage cabinet exhaust shall be combined in a single system. The 
exhaust system shall use fast-acting venturi air valves to maintain hood face velocity of 100 feet 
per minute regardless of hood sash position and to maintain volumetric air flow offsets.  Provide 
a separate exhaust air valve for each hood.  Provide at least one separate valve for the room 
general exhaust and one separate valve for the constant volume snorkel/vacuum pot exhaust.  
The general laboratory exhaust valves shall each be variable air volume to respond to changing 
fume hood and laboratory airflow requirements and shall be sized to ensure room air change 
rates and peak cooling supply air flow are maintained, including when fume hood exhaust air 
flow is at minimum.  Locate all air valves in the interstitial space to facilitate service.  Provide 
sound attenuators at venturi valves where required to meet specified NC ratings. 


Design all labs for a current or future buildout of a minimum of (4) fume hoods, 2 snorkels, and 2 
local exhaust points.  Refer to the Room Data Sheets for additional lab-specific requirements.  
Where Room Data Sheets indicate fewer than four fume hoods for a particular lab, and/or where 
labs are combined into multi-module spaces, provide a capped 12” diameter branch duct off the 
main exhaust for each future hood.      


Provide one ventilated and sprinklered gas cabinet (three gas bottles per cabinet) with internal 
mounting and pressure regulators, located in the service corridor adjacent to each lab module 
including dry rooms, high performance equipment (30 units), and Test Area 1 of the battery 
testing & validation space (4 units).  Provide venturi exhaust air valves for the cabinets; multiple 
cabinets may be served by a single air valve.  Design, install, and test the gas cabinet for 
housing toxic gases. 


The central exhaust system shall have a minimum airflow capacity of 140,000 CFM.  Provide a 
minimum of three exhaust fans.  Size each fan so that if any one fan fails, the remaining fans 
will satisfy the design airflow, and include a 25% safety factor on static pressure.  Provide 
variable frequency drives (VFDs) for all fans. The exhaust system shall maintain a minimum 
exhaust stack discharge velocity of 3000 fpm, provide required components. 


Provide high-dilution, high-plume up-blast type laboratory exhaust fans or centrifugal utility-type 
fans with exhaust discharge stacks to exhaust air above and away from the roof level, to avoid 
air handler ventilation air intakes and limit air re-entrainment into the building.  The exhaust fans 
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and fume hood exhaust air valves shall be coated with a chemical-resistant material such as 
Heresite®.   


Where utility fans with discharge stacks are used, stacks shall be designed and constructed in 
accordance with SMACNA Guide for Free Standing Steel Stack Construction manual, SMACNA 
Guyed Steel Stacks manual, or other approved method, by a licensed professional engineer.  
Submit structural and plume height design calculations for review.  Exhaust plume/stack height 
shall comply with ASSE/ANSI/AIHA Z9.5-2012 and ASHRAE guidelines.  The exhaust system 
shall maintain a minimum exhaust stack discharge velocity of 3000 fpm. Provide required 
components to ensure the discharge velocity is maintained throughout the complete operating 
range (minimum to maximum design air flow rate). 


Size exhaust ducts in accordance with the UniFormat specifications in Appendix F.  Exercise 
special care to avoid excessive pressure drop; use low loss fittings. 


Laboratory exhaust ductwork shall be constructed of 304L stainless steel and shall be of all 
welded construction.  Flanges are allowed at equipment connections and other limited locations 
when approved by Battelle.  Provide shop drawings for review and approval by Battelle.   


5.10.15 Non Lab Exhaust 


Size fans to provide a minimum exhaust airflow of 3 CFM/SF for toilet rooms. 


5.10.16 Chilled Water Service 


Chilled water service shall be provided from two high-efficiency magnetic bearing centrifugal 
chillers of not less than 200 tons each, and one modular simultaneous heating and cooling heat 
recovery chiller of not less than 200 tons capacity.  The water-cooled chillers shall utilize the 
HTB water for the condenser water with an EWT of 75°F and an LWT of 95°F.  The chillers shall 
be piped in a variable flow arrangement with a minimum flow bypass at each remote end of the 
distribution piping. The heat recovery chiller shall be provided with a dedicated evaporator and 
condenser pump to maintain a constant pressure and circulate water through heating water and 
chilled water storage tanks.  The storage tanks shall provide buffering to maintain stable control 
of the heat recovery chillers.  Tank capacity shall be not less than 1,000 gallons each.  Primary 
chilled water pumps VFD’s shall operate to maintain a constant differential pressure in the 
system serving the cooling loads.  Provide two pumps and a spare pump as standby. Pumps 
shall be sized for 115 percent of the calculated load, pressure and flow. The entire chilled water 
system shall be filled with a solution of chemical inhibitors. Condenser water for the water-
cooled chillers and source water for the simultaneous heating and cooling chiller will be 
provided by the HTB, the HTB has available capacity required for this cooling system. 


The pre-cooling system / loop shall be separate from the pre-heat loop. The pre-cool coils shall 
be selected with an EWT of 75°F and an LWT of 95°F.  The coil arrangement within the AHU’s 
shall be Pre-heat coil, followed by a combination pre-cool / re-heat coil, followed by the chilled 
water coil.   


5.10.17 Heating Water  


Heating hot water shall be generated for building heating applications. The building heating 
system shall be capable of heating the building without the use of the HTB water.  The heat 
shall come preferentially based on efficiency from three sources.  The primary source (1st 
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stage) of heating shall be piped from the HTB piping mains to the AHU pre-heat coils.  The pre-
heat loop shall be 30% propylene glycol. Pre-heat coils shall be selected for a LAT of 55°F 
minimum with an EWT of 70°F. 


The second source (2nd stage) of heat shall be the modular simultaneous heating and cooling 
heat recovery chiller.  This chiller shall produce chilled water and heating hot water 
simultaneously and contain a minimum of (4) modules for a total of 200 tons minimum.  Piping 
connected to the heat recovery chiller shall also reject heat to the HTB loop or draw heat from it 
should chilled water loads within the building not be enough for the heating loads.   


Should the HTB water and the heat recovery chiller not be capable of handling the building 
heating demand, final trim (3rd stage of heating) shall be from three (minimum) high efficiency 
condensing gas fired boilers.  The total heating capacity of the natural gas boilers system shall 
not be less than 10,000 MBH with 125% redundancy for a total of 12,500 MBH. The boilers shall 
be sized to provide heating to GSL should the HTB be unavailable.   


The boiler heating system shall be a low temperature system (Leaving Water Temperature of 
130°F and return water temperature of 95°F). A minimum of two circulating pumps shall be 
provided for each heating system, each sized for 115% of the load (flow and head capacity) for 
redundancy.  Provide VFDs for the pumps to modulate speed to match hot heating water supply 
with the building demand.  Standby power shall be provided to the pumps. 


5.10.18 Laboratory Process Chilled Water 


Laboratories and the laboratory service corridors shall be provided with a process chilled water 
loop piping system for equipment cooling.  Copper distribution piping for the laboratory shall be 
routed on laboratory service piping racks to each laboratory with supply and return process 
cooling water quick-connection outlets with valves below the ceiling for extension and 
connection to laboratory equipment.  This system shall be designed to allow for future 
connection to domestic water to provide emergency backup.  Emergency operation drains the 
once through water to sanitary.  This backup shall be sized to serve only critical equipment that 
could be damaged in the event of loss of cooling water flow.  Provide two pumps each sized for 
115 percent of the load but not less than 300 GPM each.  Provide independent connection to 
the building chilled water system using heat exchangers, with a process side LWT of 60°F. Size 
the process chilled water system to provide 36,000 BTU/hr cooling capacity for each lab 
module, with the flow rate based on a 10 deg F temperature rise. Include an additional capacity 
of 400 MBH for the kW Test and Validation Lab suite. Use corrosion-inhibited clear water as the 
process cooling fluid. 


5.10.19 Laboratory “House” Vacuum  


A central laboratory vacuum system with N +1 redundancy shall be provided for laboratories.  A 
minimum of (2) simplex rotary type vacuum pumps fed from separate electrical panel feeds shall 
be provided to serve the facility.  The vacuum equipment shall be located in the main 
mechanical room and copper distribution piping shall be extended on the laboratory service 
piping rack through the building.  Vacuum pump systems for imaging lab/cells will be provided 
by imaging equipment manufacturers.  Laboratory vacuum pumps shall be provided with 
separate electrical connections for each pump.  
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Provide laboratory vacuum at each fume hood, ceiling mounted service panels, and at locations   
indicated on the room data sheets and individual lab plans.  Refer to the Typical Lab Service 
Piping sketch in the Appendix.      


5.10.20 Laboratory “House” Compressed Air 


A central laboratory compressed air system with N+1 redundancy shall be provided for 
laboratories from the building compressed air distribution equipment in the equipment room 
(120 psi adjustable). A minimum of (2) simplex unit fed from separate electrical panels shall be 
provided to serve the facility.  The laboratory compressed air shall be stored, filtered (0.1 micro 
meter) and dried with desiccant air dryer systems to maintain a -40°C pressure dew point of 
clean, dry, oil-free air.  Locate the compressed air equipment in the mechanical equipment room 
and extend copper distribution piping via laboratory service piping racks through the building.   


Provide laboratory “house” compressed air at each fume hood, ceiling mounted service panels, 
and at locations indicated on the room data sheets and individual lab plans.  Refer to the Typical 
Lab Service Piping sketch in the Appendix. 


5.10.21 Laboratory “House” Nitrogen Gas 


A laboratory nitrogen gas manifold shall be provided to service laboratories (100 psi adjustable).  
Copper distribution piping shall be extended via laboratory service piping racks through the 
building.  . Provide a concrete pad for a bulk tank and associated vaporizer that will be leased 
by PNNL. 


Provide laboratory “house” nitrogen at each fume hood, ceiling mounted service panels, and at 
locations indicated on the room data sheets and individual lab plans.  Refer to the Typical Lab 
Service Piping sketch in the Appendix.    


5.10.22 Laboratory “House” Argon 


A laboratory Argon gas manifold shall be provided to service laboratories (100 psi adjustable).  
Copper distribution piping shall be extended via laboratory service piping racks through the 
building.  Provide a concrete pad for a bulk tank and associated vaporizer that will be leased by 
PNNL. 


Provide laboratory “house” compressed Argon at each fume hood, ceiling mounted service 
panels, and at locations indicated on the room data sheets and individual lab plans.  Refer to 
the Typical Lab Service Piping sketch in the appendices.    


5.10.23 Laboratory Liquid Nitrogen 


A laboratory liquid nitrogen manifold/fill station shall be provided to service the laboratory.  The 
fill station shall be located near the loading dock, inside the building, in a location accessible to 
research and PNNL craft staff. Two configurations shall be provided, one with low (atmospheric 
delivery), and one with high pressure (approximately 22 psig) fill. 


5.10.24 Natural Gas 


Natural gas is available on the campus from Cascade Natural Gas Corporation. Extend natural 
gas to the GSL and locate the gas meter/regulator and seismic shut-off valve assembly near the 
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end of the building serving the mechanical equipment boilers and water heaters. Natural gas 
distribution to the laboratories is not required. 


5.10.25 Specialty Gases 


Provide locations for specialty gases for use in each laboratory in the service corridor just 
outside each lab.   Provide each lab with (4) specialty gas manifolds and associated distribution 
piping unless otherwise noted on the room data sheets.  They shall be cleaned for oxygen 
service.   The distribution systems shall be stainless steel with Swagelok tube fittings rated for 
2,500 PSIG.  Alternative fittings shall meet requirements of ASME B31.3.  For example, orbital 
welding to ASME B31.3 approved procedures is acceptable.  Other products with a documented 
pedigree that proves strict compliance with the requirements in ASME B31.3 for “Unlisted 
Components” (ASME B31.3 paragraph 302.2.3) may be submitted to Battelle for potential 
acceptance as an equivalent.   


5.10.26 City Water Service 


Provide water service from the COR water distribution system located on the PNNL campus. 
The Designer of Record shall determine the required water pressure based on the final height of 
the facility and determine if a pressure booster pump is required. The water service shall enter 
the mechanical room and split to supply both the process water system and potable water 
system. The process water system shall be provided with RPBA’s in parallel sized to split the 
total flow to a ratio of approximately 1/3-2/3. 


5.10.27 Potable (Domestic) Water System 


Potable water shall be provided for drinking, sanitary, and make up water needs. Potable water 
heating shall be accomplished by high-efficiency natural gas heaters sized in accordance with 
ASHRAE or ASPE recommendations. Point-of-use water heaters may be considered for remote 
restroom lavatories only. Tank type water shall store hot water at 140°F, which is then tempered 
to 110°F maximum in distribution piping to fixtures. Potable hot water system shall include 
recirculation pump and hot water return piping with a self-actuating thermostatic balancing valve 
similar to ThermOmegaTeck’s circuit solver located at the end of each hot water supply line. 


Plumbing fixtures shall be of vitreous china with 1/8-gallon per flush urinals, 1.6-gallon water 
closets, 1.5 gal/min showers, and 0.5 gal/min faucet aerators. Flush valves and lavatory faucets 
shall be electronic sensor activation type, hard wired (battery operated not permitted).  


Hose bibs shall be provided in the mechanical room, on the roof at roof-mounted air handling 
units, on the perimeter of the building at intervals not exceeding 80 feet (one per side, 
minimum), and other indicated locations determined during design. Exterior hose bibs shall be 
freeze-proof and equipped with integral vacuum breakers. 


Potable hot and cold water shall be distributed to service non-laboratory fixtures via copper 
piping mains.  Safety stations shall be serviced by tempered water as controlled by a central 
three-way mixing valve located in the main mechanical room with dedicated piping serving 
these fixtures only. Water in the piping will reach room temperature in a steady state condition.  
Upon use of one station, the mixing valve shall temper the makeup water to 80F.  In this 
manner, a recirculating system is avoided. Design of safety shower and eyewash water supplies 
shall conform to ANSI Z358.1. The system shall be designed such that main line drain valves 
are installed to achieve the weekly flush requirement. 
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5.10.28 High Purity Water System 


A system producing high purity water (15-17 M ohm-cm) shall be located in the main 
mechanical room.  The system shall consist of multi-media and carbon filters, water softeners, 
dual reverse osmosis skids, a production storage tank, reverse osmosis pumps, and deionized 
bed tanks.  Production capability shall be not less than 500 gallons/day. The system shall be 
fully recirculating and provide a minimum of 25 PSI at each point-of- use location. Piping shall 
be virgin, non-pigmented polypropylene with mechanical joints. Refer to Appendix for 
mechanical room layout and components. The unit is to be delivered complete with operating 
controls and require only plumbing and electrical service connections. Provide monitoring of 
system including individual pump status, water quality, alarms, and any additional points 
required to monitoring and troubleshoot system from FMCS. See Facility Monitoring and Control 
System section for additional requirements.    


Laboratories requiring further treatment of the water shall be performed with a local point-of-use 
water polisher.  Provide 6 water polishers distributed throughout the lab spaces.  The locations 
shall be determined during space programming.  Refer to the room data sheets in the 
appendices for further information. 


5.10.29 Process (Laboratory) Hot and Cold Water Supply System 


A process water system consisting of cold and hot water shall be provided to serve laboratory 
fixtures in the GSL building. Extend the laboratory water system in copper piping on laboratory 
service piping racks through the building.  Feed cold process water to a dedicated high-
efficiency condensing gas heater, located in the main mechanical room, for laboratory hot water. 
The process hot water system shall include recirculation pump and process hot water return 
piping with a self-actuating thermostatic balancing valve similar to ThermOmegaTeck’s circuit 
solver located at the end of each process hot water supply line. Laboratory sinks shall be drop-
in epoxy type.  Provide emergency eyewash with pull-out drench hose at each lab sink.  Water 
faucets shall be coated with acid resistant epoxy coating.   


5.10.30 Sanitary Sewer System (Drain, Waste, and Vent) 


Provide gravity sanitary sewer service. Provide floor drains in toilet rooms, mechanical room, 
and elsewhere as required. Floor drain traps shall be protected with a floor drain trap seal 
(instead of trap primers).  Floor drains necessary in areas where spills may enter the system, 
such as mechanical spaces and service corridors, shall have raised rims. ABS piping is 
acceptable in office areas, provide cast iron sewer pipe in sound sensitive areas from the first 
floor SATC up, through fire rated assemblies, and cast iron sewer piping with MG fittings below 
grade. Design and install the vent system per the IPC to minimize the number of plumbing vents 
thru the roof (VTR).  At a maximum there shall be (1) VTR for the sanitary sewer vent for every 
(6) laboratories 


5.10.31 Process Sewer System (Acid Resistant Drain, Waste, and Vent) 


Provide an independent process sewer system to serve the building’s laboratory wastewater.  
Pipe material shall be polypropylene, with electrofusion joints similar to Rionfuse CF.  Fittings 
above grade at equipment and under sinks shall use Orion no-hub clamp jointing system. Pipe 
material shall be Schedule 80 below grade and Schedule 40 above grade.  Route the process 
sewer system east outside the building to a monitoring manhole before connecting into the 
sanitary sewer.  Do not connect floor drains to this system.  Design and install the vent system 
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per the IPC to minimize the number of plumbing vents thru the roof (VTR).  At a maximum there 
shall be (1) VTR process sewer vent for every (6) laboratories 


5.10.32 Facility Monitoring and Controls System 


The building shall be monitored and controlled by a FMCS consisting of direct digital controls 
(DDC) that includes microprocessor-based controllers, operator’s workstation (located in the
mechanical room), instrumentation, end control devices, wiring, raceway, software, and related
systems to provide a complete and operable system.


The system shall interface with the existing PNNL campus supervisory data network which is a 
web browser-based, ethernet/IP network, Johnson Controls Metasys system that uses Johnson 
Controls Network Automation Engine (NAE) servers as building network controllers. The 
Metasys system provides a web browser based graphical interface for HVAC controls, energy 
management data, utility controls, metering, and other functions. The Metasys system provides 
monitoring and control services to tenants at PNNL. The building level controls (BLC) provided 
shall consist of a peer-to-peer networked, stand-alone, distributed control system for building 
mechanical and electrical systems. Approved control vendors are Automated Logic Corp, 
Alerton, and Johnson Control Inc. The BLC shall be native BACnet in accordance with 
ANSI/ASHRAE Standard 135. The BLC shall have capability for operator interface from remote 
stations via internet access, be open protocol and entirely non-proprietary. Building network 
controller(s) (Johnson Controls NAE) shall be provided to ensure the BLC is fully integrated with 
the existing Johnson Controls Metasys system. Provide each NAE with a dedicated control 
panel that requires an uninterrupted power supply (UPS) (approximately 1500W) connected to a 
make before break switch. All network cables from the controllers shall route to the IT 
equipment room(s) via conduit and terminate in locked controller boxes.  


HVAC equipment, UPS, generators, transfer switches, and metering shall be integrated into 
FMCS system for control, monitoring, setpoint adjustment, alarms, trending, and energy 
management. DDC controllers shall utilize distributed architecture and shall not rely on 
“front-end” or higher level controller to perform required control sequences. Lighting systems 
shall be connected for monitoring only. This includes occupancy control of individual rooms and 
buildings, energy consumption monitoring, and space condition optimization. Small equipment 
including dedicated Fan Coil Units (FCUs), wall heaters, and unit heaters that are cost 
prohibitive to installing full DDC controllers shall, at a minimum, include a space temperature, 
on/off control, status, and a general alarm.  


Provide an operator’s workstation located in the mechanical room and programming at the 
PNNL supervisory network to include: 


 Multilevel user access control, password protected


 Data logging and reports


 Alarm presentation and routing


 Time scheduling algorithms


 Graphical representation of floor plan and HVAC systems


 Trending of all DDC points and setpoints using change of value and/or time frequency


 Graphical link to equipment Sequence of Operation documentation


 Adjustment of application parameters (i.e., set points, alarms)
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 Energy management: Totalizing and trending of building energy consumption, water 
consumption, heating and cooling loads, etc. (see below). 


 Performance metrics: Boilers, energy input vs. load output; fans, watts/1000 cfm; pumps, 
watts/gpm 


 Ability to override instrumentation and end control devices, including temperature and 
pressure sensors, control valves, motor speeds, etc. 


 Maintenance scheduling of equipment 


 Interface with space occupancy sensors to control the occupied/unoccupied mode of 
operation for HVAC equipment 


Programmable controllers shall have a minimum of 25% of their input functions as spare 
capacity for both binary and analog points. Use of additional controllers or expansion modules 
for providing the additional capacity is acceptable. Network, supervisory, and programmable 
controllers shall have 50% spare memory when fully loaded with operational code. Provide 
additional TCP/IP networking connections in control panels where network controller and r 
programmable controllers serving AHU, chilled water, and heating hot water are located with a 
minimum of 100 Mbps data transfer rate. Controllers, instrumentation, and end control devices 
requiring power shall be 24 VAC/VDC or less. Provide 24V power supplies with their own 
(separate) enclosure   allowing only 24V to be run inside of control panels.  


Meters shall be provided for building natural gas, electricity and water (potable, make up, 
irrigation). BTU meters shall be provided on the chilled water system, and on both heating hot 
water and chilled water coils serving each air handling unit. Provide airflow measuring stations 
for the outside air, exhaust air, and supply air at each air handling unit. All meters provided shall 
be monitored by the FMCS. 


Systems shall be fully implemented with control sensors including but not limited to discharge 
air sensors on each coil (preheat, heating, cooling, reheat, etc), differential pressure transmitters 
on each filter in a system, current transducers for equipment status including fans, pumps, 
energy recovery systems and condensers, monitoring of freeze stats, High pressure switches 
and smoke detector, venturi valve airflow, terminal units serving more than one space shall be 
equipped with multiple space sensors (one for each room minimum) and averaged for space 
control, sensors required for calculation of efficiency of the energy recovery system, flow meter 
on task exhaust (snorkels, etc) that utilize manual Venturi Valves, and any other sensor required 
to complete the sequence of operation specified.  


Energy management shall include monitoring of building electricity demand (kW, 
daily/monthly/annual kW-hr), heating and cooling loads (BTU/hr), natural gas usage (therms per 
day/month/year), water consumption (gallons per day/month/year). Energy management 
strategies shall include those that are required to ensure compliance with ASHRAE 90.1 (and 
HPSB), and shall include peak load shedding (total building kW load vs. individual system kW), 
energy recovery (BTU recovered), economizer control (airflow, outside and mixed air 
temperatures, damper position), discharge air temperature setpoint reset, night setback, duct 
static pressure reset, heating hot water setpoint reset (based on outside air temperature or 
actual building load). Provide discharge air temperature sensors on all VAV terminal units for 
calculating energy usage with air temperature and flow rate. Data shall be totalized and trended 
in both instantaneous and time-based increments for air handling units, chilled water system, 
boilers, and pumps. 
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Sensors, devices, controllers, etc. shall be labeled to match the controls system drawings. 
Network wiring and control wiring shall be labeled at termination points, (i.e., at the controllers 
as well as at end devices such as sensors). Refer to the Table 3 below for drawing guidelines. 


Table 3. Drawing Guidelines 


Sheet Title 
Description 


MC-0xx 
Floor Plans Floorplan indicating temperature/humidity sensor and 


pressure sensor locations. Include as-built control panel 
locations.  


MC-1xx 
Network Diagram  A riser diagram that shows both Ethernet and fieldbus 


devices.  


MC-2xx 
System Flow Diagrams A two-dimensional cross-section diagram showing key 


components such as fans, coils, dampers, pump, control 
sensors, and control points. Indicate control point type 
(AO, DO, AI, DI). Include sequence of operation with 
associated flow diagram. Drawings to include list of any 
typical equipment that is associated to the diagram. Any 
system connected to FMCS shall be shown in drawings.  


5.10.33 Energy Management 


The BAS monitors the following metered locations:  


 Main Service Switchboard (Total Building Power) 


 Power consumed on each lab 208/120V panel 


 Total Power consumed by the labs in Special Construction section 


 HVAC system power consumption 


 Lighting system power consumption 


 Building level HTB energy usage 


 Pre-Heat Loop 


 Pre-Cooling Loop 


 Potable water 


 Natural gas 


 Total supply and exhaust air flow from the HVAC system 


 Chilled water supply and return temperatures and flows 


 Process cooling water supply and return temperatures and flows 


 Heating water supply and return temperatures and flows 
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Metering shall provide a report of the power consumption at each metered location for possible 
revenue lease space adjustments on a square footage basis, energy use monitoring, and to 
allow users and facilities to examine the power utilized by each system 


5.10.34 HVAC Equipment on Standby Power 
The following equipment shall be provided with standby power: 


 Boilers 
 Two heating hot water pumps. 
 Two processed chilled water pumps 
 Two chilled water pumps 
 Two central exhaust fans 
 FMCS and selected associated appurtenances 
 Two pre-heat pumps 


See Sections 5.11.2 and 5.15 for further requirements for Standby Power  


5.10.35 Fire Sprinkler Systems 


New underground water mains and fire hydrants shall be installed in accordance with NFPA 24, 
DOE Standard 1066-2016 and COR water requirements. Water supply piping shall be installed 
to extend the existing distribution system to provide fire hydrants around the GSL and to supply 
the fire sprinkler systems in the buildings. A water main shall be extended from the distribution 
system into the building to feed the fire sprinkler systems in the building riser room. The valve 
on the fire water main shall be installed with an indicator post. A fire department connection 
(FDC) to each fire sprinkler system shall be provided either on the building or in the yard, per 
COR requirements. 


Fire sprinkler systems shall be in accordance with NFPA 13, NFPA 24, NFPA 45, NFPA 101, 
DOE Standard 1066-2016, and FM Global Loss Prevention Data Sheets. Special requirements 
specifically related to the GSL building include: 


1. Quick response sprinklers shall be provided throughout the facility.  


2. Unless otherwise required by code, the design of the fire sprinkler system shall be 
ordinary hazard group 1 throughout, based on a hydraulic design that utilizes 90% of 
available pressure, and shall include interior and underground pipe to the location of the 
hydrant flow test. The hydraulically designed sprinkler systems shall be designed for a 
supply pressure of at least 10%, but not less than 10 psi, below the water supply curve 
per DOE Standard 1066. 


3. The sprinkler system for energy storage systems in GSL, including the <100kW test 
laboratory shall meet the requirements of NFPA 855. 


4. Black steel piping with grooved couplings and fittings shall be utilized. Piping shall be 
concealed above finished ceilings and within walls except for areas exposed to structure 
and shall be coordinated with architectural features. Complete sprinkler coverage for all 
rooms, combustible concealed spaces, and overhangs shall be provided. 


5. Provide main and auxiliary drains to drain the entire system, with discharge to the 
exterior of the building. 


6. Provide electrical connections and wiring between the fire sprinkler system and the fire 
alarm system for a complete and operable fire protection system, including, but not 
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limited to valve supervisory switches, flow alarms, etc. Provide audible electric sprinkler 
flow alarms on the exterior of the building. 


7. Provide seismic sway bracing and branch line restraints for the sprinkler system.  


8. Fire department connections shall meet the requirements of NFPA 13 as well as the IFC 
and municipal code as required by the COR. 


9. If required, a fire pump shall be provided for where the water supply system is not 
adequate to provide the required flow and pressure for the fire sprinkler systems. The 
fire pump and appurtenances shall be installed in accordance with NFPA 20. The fire 
pump shall be provided with a test header located within 100 feet of a storm water catch 
basin. 


10. Valves controlling water supplies to the sprinkler system shall be provided with valve 
supervisory switches. Position indicating type valves supervised by the fire alarm system 
shall be provided for isolation of the fire water supply to the GSL sprinkler system.  


11. Sprinkler systems, including water supplies should be designed to minimize the impact 
to facility operations when sprinkler systems or water supply components must be 
removed from service for maintenance, modification, or repair. The design should allow 
maintenance, modification or repair without impacting multiple sprinkler zones. 


12. Double-check valve backflow preventers shall be installed between the distribution main 
and the fire sprinkler risers as required by the State of Washington.  


13. Test connections shall allow for full forward flow testing at the minimum fire system 
demand per NFPA 13.  


14. Fire hydrants shall be provided so hose runs to all exterior areas of the GLS are within 
300 feet per DOE-STD-1066-2016, Section 4.2.7.3.2. They shall also meet the IFC.  


15. The adequacy of the water system to provide needed flow and duration to supply the 
greatest fire suppression system demand and hose streams shall be determined and 
confirmed by testing. Testing should be performed under winter season pressure and 
flow conditions, which are limiting for the City of Richland water supply system. 


16. Dry pipe sprinkler systems or dry sprinklers shall be installed in outdoor areas 
(e.g., loading docks) where temperatures may drop below 40°F. 


5.10.36 Mechanical/Electrical Support Areas 


Size the areas to support equipment installation with clearances that readily facilitate service 
and maintenance. Equipment includes, but is not limited to, electrical main service, electrical 
panels, boilers, chillers, fire riser, pumps, piping, expansion tanks, VFDs, and their associated 
electrical equipment, housekeeping pads, and support structures.  


Provide internet access and power for location of FMCS operation station in the mechanical 
area (furniture to be BFBI). Internal staircases shall be provided to mechanical spaces. Include 
provisions in the facility and mechanical rooms for change out of all mechanical equipment, 
such as exterior doors or removable panels. The below illustrates similar installation at PNNL: 
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Figure 4. Example Mechanical/Electrical Support Area 


5.11 Electrical 


The COR Energy Services is the local utility providing electrical service to the PNNL campus. 
Coordinate with the utility for design, installation requirements and utility/contractor 
responsibilities pertaining to providing a new building electrical service, including but not limited 
to the following: extending existing 12.47kV underground conductors, transformer vault (east 
side of property), setting utility transformer, termination cabinet, vaults, underground conduit and 
utility metering. The electrical service shall be 480Y/277VAC, 3 phase, 4-wire system tentatively 
sized at 3000 amps based on preliminary load calculations from the conceptual design electrical 
engineer. 


COR shall also be consulted regarding the potential to back feed power to the COR utility grid. 
The electrical system shall be configured with the ability to discharge excess (not utilized by the 
building) power from the energy storage systems (batteries) to the utility grid. This shall be in 
accordance with COR requirements. 


Provide a complete and operational system design, division 26 AIA master specifications and 
drawings sealed by a professional engineer. Design shall meet High Performance Sustainable 
Building, ASHRAE 90.1, and any other codes, standards mentioned in this document. The 
specifications shall include testing and start-up for all components that follow InterNational 
Electrical Testing Association (NETA) or similar requirements as approved by the Battelle 
electrical engineer. 
This electrical section is the basis for the building’s electrical system design. Additional electrical 
requirements will be noted in other sections of this document including the Special Construction 
sections, 5.15. 


GSL electrical design shall be reviewed by Battelle electrical safety AHJ.  


Refer to the Uniformat specification, room data sheets, power system study specification and 
any other sections or appendixes of this document for more information. 


5.11.1 Electrical Distribution System 


The building’s electrical service shall consist of an incoming switchboard section or similar with 
service 100% rated main breaker that includes long time, short time, instantaneous, ground-fault 
and reduced energy breaker settings. This incoming section shall be a stand-alone section 
separated from the switchboard. The service main breaker shall feed a main lug switchboard 
with surge protection device sized. 
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Utilize 480V, 3-phase, 3-Wire and 480/277V 3-phase, 4-wire panelboards for power and 
lighting. Lighting panels shall be dedicated for lighting only and feed the lighting inverters 
mentioned in the lighting section.  


Utilize 208/120V, 3-phase, 4-wire distribution panel(s) located in electrical room to feed 
laboratory and other panelboards with surge protection device sized.  


Utilize at a minimum, 208/120V, 150A, 3-phase, 54 circuit panelboard for power distribution per 
each lab module. Locate lab panels in the service corridor. Where labs are designed using 
multiple modules, provide panelboard and conductors such that in the future if this space is 
remodeled back to a single lab module there shall be an electrical panel dedicated for each lab 
module. 


Provide dedicated 208/120V, 3-phase, 4 wire panel for audio and visual room with Surge 
Protective Device. 


Locate panels in electrical room, service corridor or interstitial space close to the area to be 
serviced but not in common space areas to efficiently and effectively serve the building loads. 


Switchboards/Distribution Boards/Panelboards shall be provided with one spare breaker for 
each size feeder or branch breaker. Provide bussing for an additional 20% of breakers. 


Switchboards, distribution panels and panelboards shall be fully rated with copper bus. Series 
rating is not permitted. 


The available fault current calculated in the power system study shall not exceed 90% of the 
short circuit current rating (SCCR) for switchboards, distribution panels, panelboards stand-
alone breakers, fuses, combination starters and VFDs. 


Surge protective device shall be sized for surge current based on industry standards. 


Breakers that feed switchboards, distribution panels and panelboards shall have a minimum of 
long time, short time and instantaneous trip settings. 


Utilize branch circuit panelboards with a minimum of 42 bussed spaces. 


Breakers shall be equipped with breaker lockout device hardware. 


Use dry type distribution transformers to step down voltage from 480V. Locate in the electrical 
room, service corridor or interstitial space. Bond the transformer X0 to ground bus bar per NEC 
for separately derived systems. 


Special voltage equipment shall be supplies from buck/boost transformers. 


Provide stand-alone main breaker with enclosure and minimum of breaker long time, short time,  
and instantaneous settings on secondary side of transformers located before panelboard.  


Disconnect/safety switches shall be heavy duty capable of being locked in the “off” position. 
Where connected to equipment fed from VFDs, provide with electrical interlock connected to 
shut down VFD. 
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Double pole disconnect switches shall be heavy duty, capable of being locked in the “off” 
position. 
 
Class H fuses are not permitted. 


Standard Testing Suite shall contain DC ground bus on each wall connected to the building 
grounding system. 


Feeder and branch circuit conductors shall be stranded copper, minimum size of #12 AWG. 


Multi-wire branch circuits with shared neutral are not permitted.  


General use of type MC or AC cable is not permitted, except at grid mounted fixtures with solid 
or stranded conductors and chain or cable hung fixtures with stranded conductors. Nominal 
length not to exceed 10 feet. 


Fume hoods shall have a minimum of two, 120V, 20A dedicated circuits.  


There shall be no more than 5 receptacles on a 120V, 20A circuit.  


Receptacles that require ground fault circuit interruption shall be installed on a GFCI breaker.  


Provide gray receptacles with stainless-steel face plate in ceiling service panels service carriers.  


Ceiling service panels are a metal ceiling service lay-in tile with mechanical, electrical and 
communication services. Service carriers are a horizontal framing with two channel multi-outlet 
assembly located just below the SATC. 


Laboratory receptacles shall be in installed in two channel multi-outlet assemblies for power and 
data communication with gray outlets for center island on overhead service carrier and along 
walls over casework. Receptacle spacing shall be every 2 feet on center. 


Convenience receptacles in areas other than multi-outlet assemblies, service columns and 
service carriers shall be black in color with stainless steel faceplate.  


Provide at least 1 non-switched receptacle on 2 separate walls in hard walled offices, offices 
shall have a minimum of one receptacle per wall.   


Provide one additional 208V, 20A, L6-20R receptacle and one 208V, 30A, 3-phase with neutral, 
L21-30R receptacle located in service carrier, and the multi-outlet assembly (one on each long 
length of lab wall). Three each, total of six receptacles, each laboratory module, except for the 
Quiet Suite and kW test Area #2, where no additional receptacles are required. 


Provide four-foot length of two channel multi-outlet assembly in the service corridor with a 
standard 120V, 20A duplex receptacle and a L21-30R receptacle.  


Provide dedicated outlets for janitorial equipment in hallways and aisles maximum 50 feet apart 
and segregate from other receptacles.  


Receptacle control shall comply with ASHRAE 90.1. 


General receptacles shall be 125V, 20-amp specification grade. 
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Light switches shall be 277/120V, 20-amp specification grade. 


Light switches shall be gray for lab space with a stainless-steel faceplate, all other locations 
shall be black with stainless-steel faceplate. 


Provide circuit identification on faceplate of receptacles and switches. 


Provide detectable plastic sheet marker tape over buried electrical conduit. 


Conductor color codes as follows:  


 480V, 3-Phase, 4-Wire Phase, A, B, C colors red, yellow, and blue. Neutral white or gray 
except when installed in conduit shared with 120V to ground. 


 208/120V, 3-Phase, 4-Wire, A, B, C colors black, purple and brown. Note: black and brown 
colors in 240/120V or 208/120V systems are 120V to ground in both cases and orange wild 
leg is 208V to ground. 


 240V, 3 Phase, 4 Wire, A, B, C colors black, orange and brown with B Phase the high or 
"wild" leg. Orange color identification is also required for feeders in this configuration (article 
215.8). Neutral color white or gray. 


Acceptable manufacturers for electrical equipment (switchboard, distribution panel, 
panelboards, disconnects) shall be Square D, Eaton or Siemens with preference in that order. 
 
Meet NFPA 70 requirements 
 
Provide UL Listed equipment 


Comply with PNNL F&O Administrative Procedure ADM-064 for Equipment Identification and 
Labeling Requirements. 


5.11.2 Standby Power and UPS Standby Power 


Standby power system is defined as using standby generator and automatic transfer switch to 
provide generator power during utility power loss while only sustaining a short power outage 
during the time it takes for the generator to transfer load. 


UPS standby power system is defined as using a combination of standby generator, automatic 
transfer switch, uninterruptable power supply (UPS) such that there will be no interruption to 
power upon loss of utility power. This shall not be an emergency power system. 


Provide optional standby generator (per NFPA 70 article 702) with minimum size of 
937kVA/750kW and all-weather package.  Due to past history on the PNNL campus with re-
entrainment of generator exhaust, the DB contractor shall perform an analysis of the generator 
exhaust discharge and it’s potential to penetrate the intake for GSL and adjacent facilities.  If it 
is necessary to prevent re-entrainment, the DB contractor shall provide generator exhaust 
control measures.   


Provide generator OutTap distribution unit with breaker and cam style female receptacles for 
PNNL to connect a load bank for generator testing. This shall be set up to perform generator 
load testing without impact to facility operations. 
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Provide utility to generator automatic transfer switch. 


Substitutions are not permitted without Battelle Engineer and AHJ approval. Utilize a standby 
480Y/277VAC, 3-phase, 4-wire main distribution panelboard located in the electrical room with 
surge protective device. 


Utilize a standby 208Y/120VAC, 3-phase, 4-wire, panelboards. 


Known equipment or items for connection to the standby power system as follows: 


1. Two pre-heat pumps, each of the two pumps shall have a double pole disconnect switch 
fed from standby power and fed from normal building power. Only one pump will be on 
standby at a time while the other is on normal building power. This will be controlled by 
PNNL configuration management 


2. Boilers 


3. Two heated hot water pumps, each of the two pumps shall have a double pole 
disconnect switch fed from standby power and fed from normal building power. Only one 
pump will be on standby at a time while the other is on normal building power. This will 
be controlled by PNNL configuration management 


4. Two processed chilled water pumps, each of the two pumps shall have a double pole 
disconnect switch fed from standby power and fed from normal building power. Only one 
pump will be on standby at a time while the other is on normal building power. This will 
be controlled by PNNL configuration management 


5. Two chilled water pumps, each of the two pumps shall have a double pole disconnect 
switch fed from standby power and fed from normal building power. Only one pump will 
be on standby at a time while the other is on normal building power. This will be 
controlled by PNNL configuration management 


6. Two central exhaust fans, each of the two fans shall have a double pole disconnect 
switch fed from standby power and fed from normal building power. Only one pump will 
be on standby at a time while the other is on normal building power. This will be 
controlled by PNNL configuration management 


7. IT Equipment (see Network and Communications section) 


8. See Special Construction Section 5.15.3 
 


Known equipment or items for connection to the UPS standby power system as follows: 


1. Safety systems including fire alarm control panel (FACP) 


2. FMCS and selected associated appurtenances 


3. Standard Cell Test lab: 


a. LANDT battery cyclers (120V) and associated computer 


b. ARBIN (or other mfr) battery cyclers and associated computer 


c. Test Chambers 


4. All general lab spaces, one-120V, 20A dedicated circuit per lab space with receptacles 
on two opposite walls unless noted otherwise 


5. High Performance Instrument Laboratories (see Special Construction Section 5.15.1) 
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6. Dry Rooms (see Special Construction Section 5.15.2) 


7. Less Than 100 kW Battery Testing and Validation Lab (see Special Construction Section 
5.15.3) 


8. Analytical Tools and Dedicated In-Operando Suite(see Special Construction Section 
5.15.4) 


5.11.3 Electrical Metering 


Switchboard power quality metering shall meter the incoming feed, individual breakers 
(including spares), provide provisioning, or capability for future breakers and communicate via 
BACnet with the building FMCS. The power quality metering shall be capable of metering and 
logging RMS voltage, current, frequency, power factor, peak power, harmonics, kWh as well as 
waveform capture and event logging.  


Main standby distribution panel, main UPS standby distribution panel, and main normal power 
distribution panel(s) power metering shall meter the incoming feed, individual MDP breakers 
(including spares), provide provisioning or capability for future breakers and communicate via 
BACnet with the building FMCS. 


Provide additional metering per requirements of ASHRAE 90.1. 


The power distribution to office locations shall be monitored via a digital power monitoring 
system that monitors groups of circuits serving office and open furniture stations. The digital 
monitoring system shall collect power consumption information on the user areas and provide 
reports on utilization and power consumption for each area. Station occupancy sensors to shut 
off office workstation power to select devices when not occupied are anticipated to be functional 
in this space. The station occupancy sensors have the ability to keep uninterrupted normal 
power to the computer tower to ensure information is not inadvertently lost upon unexpected 
shutdown. Office power consumption shall be transmitted to the building management system 
for consolidation with other facility power measurements and totalizers. 


5.11.4 Grounding System  


Provide a complete building grounding system in accordance with the NEC incorporating a Ufer 
ground, ground rods with bonding to building steel and incoming water pipe. Connect grounding 
system to copper ground bus 10”x4”x1/4” minimum in the main electrical room and in the 
interstitial or service corridor spaces next to the panels. See Communications section for ground 
bus bars requirements for MDF and IDF rooms. Connect grounding conductors for separately 
derived systems.  


Bond the transformer X0 to ground bus bar per NEC for separately derived systems. 


Provide an equipment ground conductor with each conduit containing feeder or branch circuit 
conductors. 


5.11.5 Electric Vehicle Charging Stations 


Provide electric vehicle charging stations, see civil roadway and parking section. Charging 
stations shall be CT4000 series manufactured by Charge Point. Stations include two 18′-0″ 







 


Design Requirements Narratives 77 
 


cords and utilize industry standard SAE J1772 connectors. All stations to include wireless 
connectivity to an integral gateway modem connected to the Charge Point global network. 


5.11.6 Lightning Protection System 


Lightning protection is not required per the Conceptual Design lightning risk assessment. 
Typically, lightning protection has not been provided on the PNNL campus. 


5.11.7 Building Lighting Systems 


Lighting shall be designed to recommended levels set by IESNA. The following summarizes the 
foot-candle (FC) levels for select areas: 


Table 4. Lighting Level for Select Areas 


Area 


Ambient  
Light Levels 


(avg foot-candles) 


Task 
Light Levels 


(avg foot-candles) 


Private Office  40 50 


Open Office 40 50 


Conference/Meeting 30 50 


Commons/Collaboration Area 40 -- 


Restrooms 20 -- 


Stairs 10 -- 


Research Laboratories 60 80 


Active Storage/Lab Support 30 -- 


Inactive Storage 15 -- 


Electrical/Mechanical/Technology 20 -- 


Walkways 5 -- 


Parking Areas 2 -- 


Equipment and material: Where possible, luminaires and controls shall not be proprietary, and 
shall have at least three manufactures that meet the project requirements. The indoor lighting 
system shall consist of high-efficiency LED light fixtures to minimize energy consumption and 
reduce maintenance. Incandescent lighting shall only be allowed as requested by Battelle to 
serve special research needs. Supplemental task lighting in labs and offices shall also 
incorporate LED lighting systems. Lighting in the research hoods shall be dimmable LED where 
approved by the equipment supplier and available.  


The color temperature of lamps shall be 4100 Kelvin with a minimum color rendering index 
(CRI) of 85, except where function of the space dictates a higher color temperature lamp. 
Lighting circuits shall be 277V. LED lights shall employ an electronic driver capable of 0-10VDC 
dimming. Dimming shall have a range from 100% to 1% of the measured light output. Lab 
spaces shall have dimmable lights. Offices, open work spaces, and lab support areas shall 
utilize either ceiling-mounted, recessed or volumetric lighting to provide even lighting throughout 
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the space. Supplemental task lighting shall be provided to allow for increased light levels on the 
work surface on as needed basis.  


Supplemental task lighting shall be provided to allow for increased light levels on the work 
surface on an as needed basis, figure for 30% of all supplied laboratory work benches. Exterior 
lighting shall be high-efficiency LED with backlight, uplight, and glare ratings appropriate for 
lighting zone LZ2 (moderate ambient lighting) as defined by the Model Lighting Ordinance. The 
Model Lighting Ordinance was established by the IESNA and International Dark-Sky 
Association to reduce light trespass, skyglow, and glare. The Lighting Zone LZ2 applies to areas 
of activity where the vision of users is adapted to moderate light levels.  


Lighting controls: The interior lighting system shall utilize a networked digital lighting control 
system to provide both energy savings and flexibility. The system shall integrate time schedules, 
occupancy/vacancy sensors, photocells, and manual controls cost effectively into one solution. 
Passive infrared, ultrasonic, and dual-technology occupancy sensors shall be installed where 
most appropriate. Combination sensor/switches are permitted to be installed in smaller enclosed 
spaces provided there are not areas outside of the sensors detection. 


Design of the occupancy sensors shall ensure complete coverage and illumination during 
occupancy. Additional contacts shall be provided within the occupancy sensors or occupancy 
sensor switch pack to transmit data to FMCS for FMCS control of HVAC in spaces based on 
occupancy. Manual and override switches for the lighting system shall be digital, addressable 
type to minimize wiring and maximize flexibility. Utility spaces shall incorporate line voltage 
switching with integral occupancy sensor where the sensor provided there are not areas outside 
of the sensor detection where code allowed. Electronic digital timer switches shall be used for 
storage locations.  


Exterior pole-mounted site lighting shall be controlled via integral combination 
photocell/occupancy sensors. Photocells shall turn lights on at dusk and off at dawn. While 
lights are in operation, occupancy sensors shall reduce light levels by 50% during periods of 
inactivity. This allows for energy savings without compromising the security of staff and visitors. 
Building mounted luminaires shall provide additional lighting at entry doors and building 
perimeter and shall be controlled by a single switched photocell located on the roof. A manual 
timer switch shall be installed to bypass the exterior lighting controls to allow for testing of the 
exterior lighting during the day. 


Daylighting controls: Maximizing daylight in the interior environment (both work areas and public 
space) is a primary goal of this project. Coordination of ceiling shapes and finishes to maximize 
daylight and maintain a minimum light reflection coefficient of 80%. Care shall be taken to 
minimize glare particularly in the commons/collaboration areas. Closed loop photocells shall be 
installed in areas that are task oriented (offices, conference rooms, etc.). This allows the 
photocell to monitor a specific work surface only and adjust the lighting level to maintain the 
desired amount of light. Open loop photocells shall be installed in common areas (commons, 
corridors, etc.).  


These photocells shall monitor the amount of daylight available and adjust the lighting level 
accordingly. Common and work areas shall employ a dimmable photocell approach, meaning 
lights shall dim with the amount of light present causing less disruption to staff with nuisance 
switching. Dimming shall be accomplished using 0-10V controls. 
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Lighting controls in areas where electrical panels are located shall not be controlled via sensors 
per NFPA 70. 


Emergency egress lighting: Emergency egress lighting that meets NFPA 45 and NFPA 101 
shall be provided throughout the facility to illuminate egress corridors, lobbies, and laboratories 
utilizing inverters as the backup source. Emergency lighting inverters shall not have battery 
systems that exceed 50 VDC and shall be fed from normal building power. Emergency lighting 
levels shall comply with NFPA 101. Fire alarm activation shall force the emergency egress 
luminaires to 100% illumination. 


Corridor egress lighting circuits shall be constant “on” with no manual control. Where required, 
UL 924 relays shall be provided to bypass manual controls in the event of an emergency in 
spaces requiring control of egress lighting. 


Exit signs shall be provided throughout the building to indicate the path of egress in accordance 
with NFPA 101. Exit signs shall be the photo-luminescent type or LED and photo-luminescent 
hybrid type where there is not sufficient light to charge the exit sign. These exit signs shall be 
listed for the specific lighting application. 


5.11.8 Power System Study 


See appendix H for power system study specification. It should be noted that some of the 
requirements in this study may be unique compared to accepted industry practices. Compliance 
with all sections of the power system study specification is mandatory. Deviations from the 
parameters and requirements specified requires PNNL’s approval or the study will be rejected. 
The professional engineer that generates this study shall be employed directly by the MEP 
consultant and shall not be affiliated with the electrical equipment manufacturer. PNNL shall 
have the ability to directly communicate with the professional engineer to ensure the 
requirements and assumptions made as part of the study are reasonable and approved.  


Modeling of the power system study shall be performed in parallel with electrical design. 
Available fault current calculated from the model shall be used to properly size electrical and 
utilization equipment SCCR. The model shall also be used to determine ways to minimize arc 
flash incident energy and improve coordination through breaker and trip unit selection.  


5.11.9 Fire Alarm 


An automatic, addressable, programmable, fire alarm system shall be provided to meet the 
requirements of the adopted editions of NFPA 72, NFPA 101, and the COR requirements. 


The system shall be a Notifier NFS2-3030 microprocessor type fire alarm system with digital 
voice evacuation or manufacturers equivalent future model available at the time of construction. 
The fire alarm system shall provide alarm, supervisory and trouble signal monitoring, and alarm 
notification for the building. A Notifier HWF2-COM communicator transmitter or manufacturers 
equivalent future model available at the time of construction shall facilitate monitoring of fire 
alarms by a UL listed central station via a LAN network connection and cellular telephone. The 
system shall tie to the PNNL ONYXWorks stations located in the PNNL Operations Center and 
LSB via a LAN connection. The fire alarm system shall have standby batteries to provide a UL 
approved life safety rated secondary power source in case of primary power loss to the control 
panel. The batteries shall be sized to provide a 24-hour quiescent load, followed by 15 minutes 
at the maximum emergency alarm load. 







 


Design Requirements Narratives 80 
 


Activation of system smoke detectors, manual pull stations, sprinkler water flow switches, and 
fire suppression systems shall initiate alarm signals on the FACP and fire alarm annunciator and 
activate the audible and visible notification appliances throughout the building. Activation of 
valve tamper switches and HVAC duct mounted smoke detectors shall initiate supervisory 
signals, which shall annunciate on the FACP and fire alarm annunciator. All fire alarms are 
reported to Central Station and PNNL ONYXWorks stations. Trouble and supervisory signals 
are reported to the PNNL ONYXWorks stations. 


Manual pull stations shall be provided at each building exit and other locations as required by 
NFPA 72 and 101 to meet travel distance requirements. 


Automatic fire detection devices shall be provided where required by code and in labs with high 
value electronic equipment. Smoke detectors shall be programmed with automatic alarm 
verification for a 30-second timeout to verify the presence of smoke prior to actuation of FACP 
alarm. Duct smoke detectors shall be installed in accordance with NFPA 90A. Duct smoke 
detectors shall be photoelectric type detectors and shall be programmed to provide a latch type 
supervisory type alarm along with HVAC equipment shutdown. Smoke detectors in rooms 
containing high value electronic equipment ($1 million or greater) shall be provided with early 
warning spot type detectors, the spacing of photoelectric smoke detectors shall be per their 
listing, and the detectors shall be programmed to provide two alarm points; pre-alarm and fire 
alarm. 


The system shall provide voice evacuation and mass notification capability. An emergency 
voice/alarm communications (EVAC) system shall be provided throughout the building for 
audible notification, and visible alarm devices shall be provided in public and common use 
areas. Provide a microphone in the fire alarm control panel. Activation of the fire alarm system 
shall override the digital lighting controls and audible sound systems in assembly areas (rooms/ 
spaces with 50 or more occupants). 


Exterior water flow alarms for the fire sprinkler system shall be 8-inch 24 VDC electric bells. The 
bells shall be powered from the fire alarm system and programmed to activate when a sprinkler 
waterflow switch is activated. 


Control outputs shall be provided for fire safety functions, such as air handler shut down, fire 
door release, emergency light activation, and elevator control. 


Provide a Notifier LCD-160 annunciator in the main building entrance vestibule for fire 
department use. 


Provide Corbin Cat 60 keys on fire alarm equipment control cabinets. 


5.11.10 Public Address System 


No separate system required. The A/V system shall have this capability, if necessary.  


5.12 Audio / Video and Communications Systems 


5.12.1 General 


A/V and Communication Systems audio/visual designer shall be part of the design/build 
contractor team.  The audio/visual designer will provide a system design which is developed 







 


Design Requirements Narratives 81 
 


based upon the recommendations below.  Variations from the performance specification shall 
be documented and approved by Battelle.  Audio/visual systems shall be high quality, but not 
necessarily state of the art, and based upon current industry standards (ANSI/AVIXA is 
recommended).  The A/V designer shall be a current Certified Technology Specialist with 
designer or installation certification. 


The A/V support infrastructure shall be installed as part of the building construction. This 
infrastructure includes mounts, mount backing where needed, floor boxes, wall back boxes, 
power, racks, cable trays, cable management, data and A/V distribution wiring for A/V control 
and signaling.  


The peripheral A/V equipment shall be procured and installed by the D/B team towards the end 
of the project as a modification to the Contract, and shall be finalized by product brand, model, 
type and quantity based upon funds allocated. Product choice and best suited technology 
features change rapidly with the trends in the A/V industry as time progresses.  The A/V 
equipment model types shall be selected to fit the currently common industry standard at the 
time of delivery and approved by Battelle. For example, today we may specify a 4K resolution 
display which is a common criterion in today’s A/V market.  By the time this project comes 
towards completion, the common 4K display of today could become an 8K or other benchmark 
display type. 


Technology should be considered that incorporates Dante, AoE, HDBaseT and A/V over IP by 
A/V industry leaders (e.g., Crestron, Biamp, Christie, Planar, JBL, Samsung, LG, FLIR, Shure, 
Epiphan, Panasonic, Peerless, Chief Mounts, and other industrial A/V product leaders). 


5.12.2 Lobby and Visualization Laboratory A/V Requirements:  


The overall A/V Design in the lobby space should coordinate with the facility acoustic design to 
control reverberation and to improve the audible experience in the main lobby.  The design in 
this space should be able to support a portable sound reinforcement system.   


Provide a large format direct-view seamless LED video wall mounted on the exterior face of the 
Visualization Laboratory facing the lobby.  The LED video wall will be minimum 1.5mm pixel 
pitch or other acceptable by Battelle.  It will have front service panel access and easy access to 
power supplies or other components for maintenance.  The video wall will need to provide a 
minimum of HD quality video in a 16:9 or wider aspect ratio, acceptable by Battelle. The 
mounting will need to fit the finishes of the exterior wall acceptable by Battelle.  The video wall 
will be designed to allow one externally connected input source available at a lobby wall plate or 
recessed floor box for a laptop connection. Content to the video wall shall be controlled by a 
network attached video processor and controller allowing remote administration and switching.  
Digital signage inputs to the controller will come from digital signage media player(s) such as an 
EnPlug device. 


The overall design of the Visualization Laboratory shall incorporate A/V technology that is “plug 
and play” and utilize Unified Communications (UC) technology (Microsoft Teams or current 
PNNL conference room UC standard).  The operation of the A/V equipment in this space will be 
designed to be “user friendly” by non-technical users. 


The interior of the Visualization Laboratory will be designed to accommodate high-profile visitors 
with appropriate technology that enhances collaboration.  The acoustic design should be such 
that room reverberation times are at an acceptable level to allow human speech to be 
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understood clearly across the space.  Room acoustics shall also be designed to accommodate 
reinforced audio within the space to reduce echoes, feedback and audio anomalies.  Interior 
noise levels from HVAC and other exterior ambient transmissive noise shall be minimized and 
be considered in the overall room design.  Ideally reverberation time (RT 60) should be between 
0.5 and less than 1 second.  Noise Criteria should be rated for NC-25.   


The interior will accommodate a large format video wall mounted on the long wall and a large 
UHD display on the short end wall.  The video wall will be clearly viewable at a minimum 
distance of 3 feet to the full distances of the space.  It will have front service panel access and 
easy access to power supplies or other components for maintenance.  The video wall will need 
to provide a minimum of HD quality video with a minimum 16:9 aspect ratio. The mounting will 
need to fit the finishes of the interior wall and acceptable by Battelle.  A video matrix switch will 
be used to select switchable remote mobile A/V collaboration systems from selectable lab 
spaces.  The video matrix switch will also allow selecting external HDMI/USB-C video input 
sources at the conference room table.  The video matrix switch controller should be user friendly 
by non-technical users.  Flexible matrixed video layouts need to be available with the ability to 
select any or a group of mobile A/V collaboration systems for viewing.  


A large format UHD display will be mounted on the short wall to display content from a laptop 
connected at the conference room table. Display size shall accommodate good viewing angles 
to all meeting room participants. 


All wall mounted displays shall require proper support backing for mounting. All display locations 
shall require power and data near to the display mount locations. 


 A recessed floor box(es) shall be provided to allow laptop and UC devices to interface with 
room audio, microphone arrays, recessed PTZ camera, large video wall and end of room UHD 
video display. A spare conduit shall run from floor box(es) to back of wall displays for future use. 
Floor box placement shall be at head of table closest to display location. This location will have 
a cable cubby towards the head of conference room table for a presenter to have the closest 
access to video/audio inputs and power connections for laptops. 


Power distribution and USB Power with IT LAN shall be available on the conference room table 
for multiple laptop users around the table. 


The Unified Communications (UC) endpoint shall support Auto Echoing Cancellation (AEC). 
Microphones will be sourced using beam forming/beam tracking microphone arrays.  Audio 
output will be sent to room speakers with evenly splayed audio to all room participants. The 
sound system will accept inputs from a connected laptop using HDMI audio and/or USB audio.  
A recessed PTZ camera used for videoconferencing will be located at the end of room UHD 
location connected to the UC endpoint.  


Conference room scheduler signage will be next to the exterior of the Visualization Laboratory 
entry. The scheduler will be compatible with scheduler systems used in other PNNL campus 
locations (ESC and Discovery Hall). The room scheduler will be remotely administered and 
connect with Microsoft Exchange (Current on premise or cloud based, O365) calendaring 
system to get current meeting time and event data. The room scheduler display shall be a 
minimum of a 7″ tablet in a recessed wall mount or if mounted on glass be affixed with limited 
cable dress and easily read outside of conference room exterior door. The tablet display shall 
match finishes into an acceptable mounting.  
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5.12.3 Medium, Small, and “Huddle” Conference Room A/V Requirements 


The overall design of conference and huddle rooms shall incorporate A/V technology that is 
“plug and play” and utilize Unified Communications (UC) technology supporting Microsoft 
Teams or current conference room UC standard acceptable by Battelle. The UC endpoint will 
support Auto Echo Cancellation and provide a camera and external content from a PC laptop.   
 
Provide a UHD video display for each room location. Wall mounted displays for each room 
location shall require proper support backing for mounting. All display locations shall require 
power and data closest to display mount location. Video inputs with scaling shall be provided to 
show content from laptop and UC devices to display. Display size shall accommodate good 
viewing angles to all meeting room participants. 
 
A recessed floor box for each room shall be provided to allow laptop and UC devices to 
interface with room audio, microphone, camera and video displays. Conference room table 
laptop connectivity is required for connections to UC device and scaled video to displays with 
audio output to room audio. A spare conduit shall run from floor box to back of wall displays for 
future use. Floor box placement shall be at head of table closest to display location. This 
location shall help accommodate a cable cubby towards the head of conference room table for a 
presenter to have the closest access to video inputs and power connections for laptops.  
 
Power distribution and USB Power with IT LAN shall be available on conference room table(s) 
for multiple laptop users across the table(s). 


Conference room scheduler signage will be installed by the exterior of each conference room 
entry. The scheduler will be compatible with scheduler systems used in other campus locations 
(ESC and Discovery Hall). The room scheduler will be remotely administered and connect with 
Microsoft Exchange (Current on premise or cloud based, O365) calendaring system to get 
current meeting time and event data. Room scheduler display shall be a minimum of 7″ tablet in 
a recessed wall mount location or if mounted on glass be affixed with limited cable dress and 
easily read outside of conference room exterior close to entry door. The tablet display shall 
match finishes into an acceptable mounting. 


5.12.4 Digital Signage 


There shall be a minimum of two digital signage locations on each office floor and three in the 
lobby located in strategic locations which allows best viewing experience from lobby, hallways 
or corridor locations. Digital signage locations shall be configured for power, data and mount 
backing for displays (55″- 60″).  Mounting area will be required for EnPlug or similar digital 
signage player and hidden behind displays. 
 
There shall be two floor boxes installed in the lobby entrances with power and data to 
accommodate portable kiosk style signage displays in portrait configuration.  The displays will 
be used to communicate events of the day or other general communications information.  The 
LED displays will have a minimum 65” diagonal and must have the capability to be relocated 
when floor space is needed for other activities. 


5.12.5 kW Test Area Control Room A/V Requirements 


Control room operators will have multiple displays for video camera access via switchable 
remote PTZ cameras from Test Area 1 and Larger Scale Test Rooms Area 2.  A user friendly, 
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video switch/controller will be used to select and control PTZ camera sources for all operator 
displays.  Flexible matrixed video layouts need to be available on the displays with the ability to 
select from one to four cameras per display at any given time.  


Test Area 1 will have two PTZ cameras to view activity in this space.  One camera will face 
each long end of the area and one camera will have full sight lines from each short wall. 


The grid scale Test Area 2 rooms will each have an HD wide angle PTZ camera and an Infrared 
camera for monitoring the interior of each battery test room.  A video display will be mounted on 
the exterior of each test room for switchable live local feeds of HD PTZ and Infrared camera 
monitoring. Shielded protection for camera optics, mounts and cabling will be installed for all 
cameras inside battery test rooms. In the workspace of Test Area 2, external to battery test 
rooms, two HD PTZ cameras will have access to the full work area.  One camera mounted on 
each long end and one camera mounted on short end to observe the wall of the battery test 
chambers. 


Each camera video output will be fed into a digital video recording system for 24x7 recording 
capability.  The video recording system will have the ability to be network attached for control 
and downloading of recorded content.  Recording options should include the ability to add 
SMPTE or other digital time code embedded into the video file. 


5.13    Network and Communications 


In the design of telecommunications systems in PNNL facilities, the overall consideration should 
be to understand and treat telecom as a utility. It should be assumed that all new offices shall be 
equipped with one or more computer/VoIP [voice over internet protocol] workstations. Lab 
spaces shall have multiple computer/VoIP workstations.  


VoIP special telephone circuits, including dedicated 2-wire and 4-wire, security, elevators, etc. 
operate on a copper backbone. The data/VoIP network operates on copper from the workstation 
to the telecommunication room and then is connected via fiber optic cable to the PNNL fiber 
optic backbone.  


The design team and construction team shall include a Building Industry Consulting Service 
International Certified Registered Communications Distribution Designer with 5-years of 
experience. The communication cabling infrastructure shall be a complete NetConnect system 
and installed by a NetConnect authorized Design and Installation contractor. A 25-year 
NetConnect performance and component warranty is required. 


5.13.1 Telecommunications Service 


Outside connections for telecommunication fiber and copper shall be from the existing campus 
communication system. There shall be three separate connections provided. Provide one fiber 
connection from the GSL building Communications Room to the adjacent EMSL building Data 
Center to establish network connectivity. Provide a second fiber connection from the GSL 
building Communications Room to the ISB II building Data Center to establish redundant 
network connectivity. Provide a third copper connection between the GSL building 
Communications Room to the SEB building Frontier Telco Demarc. There shall be two 4-inch 
conduits, each equipped with one 3 inch, 3-cell Maxcell innerduct with pull strings and 
detectable tape extended to the building into the main distribution frame three 1 ¼-inch rigid 
innerducts with pull strings and detectable tape extended to the building into the MDF from the 
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existing communication duct bank west of the EMSL building. Preferred method is to install 
conduits below grade to the MDF room. Note: 1 ¼-inch plenum rated rigid innerduct shall be 
required for internal routes through EMSL and ISB II Data Centers 


See Site Figure 5 below for cable routing. 


 


 


Figure 5. Site Drawings 


No more than 180° of total bends are allowed between pulling points when installing 
underground entrances. All bends must be long, sweeping bends with a radius of no less than 
10 times the internal diameter of the conduits.  
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Service cable quantities shall be finalized during design, but should consist of the following: 


 Copper: Outdoor-rated 50-pair, 100-ohm, Category 3, 24 AWG, multi-pair copper cable 
terminated on wall-mounted 66 blocks in the MDF and SEB building. Entrance protection shall 
be provided to transition from outdoor-rated cable to indoor-rated cable. 


 Fiber: 96-strand, single-mode, 9/125, indoor/outdoor plenum rated fiber optic cable terminated 
in patch panels in MDF, EMSL, and ISB II Data Centers.  


5.13.2 Backbone Cabling 


Three 4-inch conduits shall be extended from the MDF to each IDF. Backbone cable quantities 
between the MDF and IDF rooms shall be finalized during design, but should consist of the 
following: 


 100-ohm, Category 6, 25 pair copper cable. 


 24-strand, multi-mode, OM4 fiber optic cable. 


 24-strand, single-mode, 9/125, fiber optic cable. 


The recommended termination method for the copper riser cable is on patch panels within 
equipment racks to simplify cross-connects to the horizontal cable infrastructure. Fiber optic 
cables shall terminate within rack mount fiber distribution unit patch panels on fusion spliced LC 
type manufacture polished fiber connectors.  


5.13.3 Telecommunications Rooms 


The MDF shall be located at grade level in proximity to the Central Utility Plant. It may operate 
as both an MDF and IDF for distribution to the building. The MDF must be located within the 
building at or near the point where the facilities enter the building, not to exceed 50-feet from 
service entrance location. MDF must be accessible directly from a hallway; access through a 
mechanical room or other space is not permitted. A proximity card reader is required for access. 


Additional IDFs shall be provided at grade level to maintain the horizontal cabling distances. 
The second floor office spaces shall be fed from an IDF located on the same floor. IDF rooms 
shall be located so that every new or future communication outlet is by wire length within 90 
meters (approx. 300′-0″) of its distribution point in the IDF room. This includes areas where 
communication outlets are not currently designed to be installed but may be installed in the 
future (i.e., far ends of the building, mechanical rooms, etc.). 


Table 5. Telecommunication Room Sizes 


MDF and IDF Room Sizes Based 


Serving Area Telecommunication Room Size 


MDF 10’ x 18’ minimum 


IDF 10’ X 12’ minimum 


Multiple telecommunications rooms per floor required if wire length to any 
new or future communication outlet shall exceed 90 meters. 
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5.13.4 General Construction of the Telecommunication Rooms  


All telecommunication room walls shall have an added layer of 3/4-inch plywood, B-B ext. grade 
5. On a minimum of two walls per room. Plywood must be fire retardant. Install the plywood 
horizontally on walls from 2′-0″ to 6′-0″ above finished floor from corner to corner.  


All walls shall be painted with a light-colored paint.  


All MDF and IDF telecommunication rooms shall have ladder type cable tray installed around 
the perimeter of the room. (Typical elevation is 7′-2″ above finished floor or per direction from 
PNNL ITNS [Information Technology Network Services] Department). 


Suspended acoustical type ceilings are not permitted in telecommunications rooms, the design 
shall inhibit the ability to enter the room with force. Minimum ceiling height shall be 8′-6″.  


Doors shall be lockable, opening 90° or greater and 36″ wide × 80″ minimum height. Hinge 
doors to open outward unless corridor width shall not accommodate reducing egress. If door 
must swing in, then assure that MDF room size is increased to accommodate in-swinging door. 
Fire rating of doors and fire sprinklers shall be as required by code. Proximity card access as 
noted in Section 6.14, Access Control, Physical Security and Campus Safety Systems.  


5.13.5 Structural Requirements of Telecommunications Rooms: 


The floor rating under distributed loading shall be greater than 100lbf/ft².  


Walls may be of concrete block or stud wall construction. In stud wall construction, studs should 
be 20 GA galvanized channel type sheathed in 5/8-inch Type X gypsum board. Walls shall be 
finished full height to underside of deck and deck painted to match labs/offices.  


5.13.6 Mechanical Construction Requirements of Telecommunication Rooms  


Provide heating, ventilation, and air conditioning to maintain space temperature of 50°80°F. 
Dedicated FCU are preferred since the telecommunications rooms operate 24/7. Locate FCUs 
just outside of the telecommunications rooms with ducted supply and return air into the room. 
Equip FCUs with economizers where possible.  


No mechanical equipment shall be installed on or in front of the plywood or impair the routing of 
telecommunication cables.  


It is not permissible to route any mechanical systems through the room, including HVAC ducts, 
plumbing, gas lines, air lines, clean outs, etc. that do not directly serve the telecommunications 
room.  


Mechanical designers shall work with telecommunications designers to ensure that space is 
available for access to cable tray in corridors. No utilities other than telecommunications shall be 
installed within 6-inches of either side of the tray or 12-inches above the tray. Cable tray shall be 
installed a minimum of 3-inches above ceiling in corridors. 
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5.13.7 Electrical Construction Requirements of Telecommunication Rooms  


Provide a minimum lighting level of 50 foot-candles measured 1 meter above the finished floor 
level.  
Provide a minimum of one dedicated, 120V, 20A double-duplex electrical outlets with 20A 
faceplates located above each equipment rack, each on separate circuits.  
 
Provide a minimum of one dedicated, 208V, 30A, with dual twist lock (NEMA L6-30R), single 
phase electrical outlet above each equipment rack housing UPS in each MDF and IDF. These 
outlets shall be connected to building standby electrical system. Each to be phased as follows; 
first outlet on AB, second on BC, and third on CA.  
 
Separate duplex 120V, 20A outlets shall be provided within the telecommunication room for 
securities systems, tools, test sets, etc.  
 
No electrical panel boards are permitted within the telecommunication room.  


5.13.8 Telecommunication Racks 


Each telecommunication room shall be provided with sufficient quantity of 7-feet high by 19-
inches wide 2-post equipment racks to support backbone and horizontal cable installation and 
installation of Owner-provided network equipment. The MDF shall also be provided with 2-post 
equipment racks of sufficient quantity to support backbone and horizontal cable installation and 
installation of Owner-provided network equipment and UPS. 


All racks shall be seismically braced with overhead ladder racking and properly anchored floor 
hardware, as well as ladder racking for cabling routing within each room 


5.13.9 Wire Management  


All equipment racks have one 6-inch wide vertical wire manager on each end and one 6-inch in 
between each equipment rack. All equipment racks have one single unit horizontal wire 
manager at the top and bottom of each column of patch panels and one double unit horizontal 
wire manager in between each patch panel. The finish for all telecommunication racks and wire 
management is black. 


5.13.10 Grounding 


The MDF and IDFs shall have a copper ground bus bar, minimum ¼-inch thick by 5-inch wide 
with 9/32-inch holes spaced 1 1/8-inches apart with a #6 ground wire. 


5.13.11 Communication Pathways  


Communications pathways shall be easily accessible and designed for flexibility and relative 
ease of modification.  


Pathways shall be designed for voice, data, and owner approved low voltage cabling.  


Provide cable basket/tray system, properly designed to handle required cable loading for 
building plus 50% expansion for future applications, above the ceilings in the corridors and 
elsewhere, as required.  
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Design a distribution cable basket/tray system within the corridors that allows 3-inches of 
clearance between the basket/tray and the ceiling, 6-inches of clearance in front of the 
basket/tray, and 12-inches of clearance above the basket/tray. No systems shall pass through 
the cable tray. Basket type cable tray is recommended and may be center hung or wall hung on 
each side of the corridor.  


Additional attention to cable tray design and installation in the Special High Performance 
Instrument Labs is required. Cable tray trapeze attachments and right angle supports attached 
to the wall are needed to reduce any sway in the tray. Rubber mount damping systems on the 
right angle supports shall be needed to minimize vibration. 


5.13.12 Telecommunications Outlets  


Each standard telecommunications outlet (TO) shall consist of two Category 6 ports. Each port 
shall be capable of delivering voice or data as selected by the Owner. 


Table 6. Quantity of Communication Outlets 


Room Quantity Description 


Offices For one staff member 1 standard outlet 
2 copper Cat 6 data, minimum 


 For multiple staff members 1 standard outlet per person 
2 copper Cat 6 data, minimum 


Conference, Huddle 
Rooms, Visualization Room 


 1 floor box with 2 copper Cat 6 data, 
minimum. 


Labs 
 
See Individual Lab Plans 
for further location detail 


1 center island from service 
carrier and 2 locations from 
ceiling above benches at walls 
without doors 


3 over head outlets, minimum 2 copper 
Cat 6 data, minimum 


Lobby, Commons, 
Collaboration Areas, and 
Telephone Booths 


 Wall mount data cable to support VoIP 
wall phones and wall mount video 
equipment. (1) copper cable, minimum.  


Communication outlet inserts are to be color coded and the same color layout is to be mirrored 
at the patch panel. Colors are almond and gray. Faceplate is almond. 


Note: It is not recommended that communication outlets be installed in modular furniture. 
Outlets shall be installed in walls where furniture is in close proximity to the wall. Floor boxes 
and poke-throughs may be installed next to furniture that is not in close proximity to a wall to 
service the required locations. Owner furnished jumpers can be installed from the floor boxes or 
poke-throughs through the furniture to provide connectivity to customer equipment. Exceptions 
shall be considered during the design phase on a case-by-case basis and shall be reviewed by 
the PNNL Information Technology Networks Department. 


5.13.13 Special circuit requirements 


 Every FACP requires two data cables to be installed from the nearest IDF.  


 Every environmental control cabinet requires two data cables, terminated per telecom 
specifications, to be installed from the nearest IDF.  
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 Every building meter requires two data cables, terminated in an enclosure outside of the 
metering cabinet per telecom specifications, and to be installed from the nearest IDF. 


 Every elevator requires two data cables, terminated per telecom specifications, to be installed 
from the nearest IDF.  


 Every Prox Macro location requires two data cables terminated inside Macro cabinet and 
routed to nearest IDF. 


 Every camera location requires either two data cables routed to the nearest IDF or two OM4 
MM fiber cables routed to the nearest IDF. If fiber is required to meet distance limitations, 
fiber to copper media converters shall also be required. 


5.13.14 Wireless Access Points 


Wireless access points shall have two Category 6 cables per location. Building shall be provided 
with adequate quantities of wireless units to provide complete coverage. Minimum requirements 
are one wireless unit per 1500 ft2. Final locations shall be determined during design based on 
software modeling by PNNL’s Information Technology Networks Department for their preferred 
manufacturer’s system. 


The contractor shall be responsible for installing the cabling and jack terminations to support the 
wireless system as part of the project. The wireless system equipment will be Battelle furnished 
and Battelle installed.   


5.13.15 Distributed Antenna System 


Distributed Antenna System (DAS) shall have one Coaxial 50 ohm cable (part # RFS Clearfill 
Line 1CA12-50JPL) pe. Building shall be provided with adequate quantity of DAS locations to 
provide complete coverage. Final locations shall be determined during design based on 
software modeling by PNNL’s Information Technology Networks Department for their preferred 
manufacturer’s system. The contractor shall be responsible for installing the cabling and 
connections to support the DAS as part of the project. The DAS antennas shall be provided and 
installed by PNNL Information Technology Network Services. 


5.13.16 Public Address/Paging System 


No separate public address system shall be provided. The building shall not include a paging 
system. 


5.13.17 Mass Notification/Distributed Antenna 


The fire alarm system shall provide mass notification capabilities for the building. It is assumed 
that first responder coverage is adequate, and no distributed antenna system is required. 


5.13.18 Telecom Specifications and Drawings 


Telecom drawings should have their own “T” series, numbered as outlined in Chapter 2, 
General Requirements & Communication as shown on the following page. Drawings are to 
include no less than the following:  


 







 


Design Requirements Narratives 91 
 


Table 7. Drawing Requirements 


Drawing Requirements 


Sheet Title Description 


T-0xx Site Plans Exterior pathways and interbuilding backbones 


T-1xx Floor Plans IDF/MDF distribution zones and backbone riser system complete for 
each floor. Include symbols legend. 


T-2xx MDF and IDF 
Distribution Zones 


All telecommunications drop locations and cable IDs. 


T-3xx Equipment Rooms Plan view: MDF/IDF details, wall elevations, equipment frame layout, 
etc. for all communication rooms. 


T-4xx Typical Drawings Faceplate configurations, labeling, grounding, risers, firestopping, ADA, 
etc. 


T-5xx Schedules Cable wiring schedule 


The design team shall use the following PNNL standard telecommunication symbols on the floor 
plans:  


 


Figure 6. Standard Telecommunication Symbols 


 
 


5.14 Access Control, Physical Security and Campus Safety Systems 
The GSL systems shall consist of integrated access control, video surveillance, and alarm 
monitoring systems. Alarm monitoring shall be an adjunct to the site’s existing Access Control 
System (ACS). 
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Facility design shall reduce the ability for vehicles to approach perpendicular to the facility with 
parallel approaches to the façade.  Features may include berms, high curbs, trees, bollards, or 
other similar obstructions to enhance security. 


The GSL shall require several levels of security within the facility. The GSL shall be established 
as a Property Protection Area (PPA) per DOE Order 473.3A “Protection Program Operations, 
Attachment 3, Chapter II. Security Areas”; however, during normal business hours, 6am – 6pm, 
M – F, the lobby and connected conference room space along with the main restrooms shall be 
designated as a General Access Area (GAA) and shall require additional proximity card access 
at office and lab entry points to maintain PPA protection requirements at the GAA boundaries. 
The building shall require security credentials and proximity card readers for access. All exterior 
perimeter doors shall have restricted proximity card access so only those with a legitimate need 
to have unescorted access shall be able to access the building.    


Doors within the building requiring controlled or proximity card access: 


1. Exterior perimeter doors.  Not less than 10 locations 


2. Exterior doors on roof leading into the Interstitial and interior doors in Interstitial leading 
to the roof. Not less than 4 locations. 


3. Doors leading to and serving Laboratories (from Pedestrian Corridors and Service 
Corridors).  Not less than 66 locations. 


4. Doors leading into and serving Service Corridors.  Not less than 8 locations 


5. Doors leading into and serving Mechanical and all Electrical Rooms. Not less than 4 
locations.   


6. Doors serving IDF, MDF and LAN (phone/data) Rooms. Not less than 4 locations. 


7. Door serving Access Control System (ACS) Intelligent System Controllers (ISC) Room.  


8. Doors from the lobby accessing office wing and laboratory wing entry points. Not less 
than 2 locations.   


9. Exterior Doors to Fire Sprinkler Riser Room and Fire Command Center. 


10. Provide an allowance for 5 additional proximity card reader entry locations which are not 
currently identified. 


The ACS equipment shall be located in a dedicated room and utilize proximity card readers and 
ISC’s that are fully compatible with Lenel OnGuard (Integrated) access control system.  ISC and 
ACS equipment shall be mounted on a fire-treated plywood backboard in a secured space 
controlled by card reader. Cabinets shall be lockable with tamper sensors installed. Final design 
location to be approved by PNNL Safeguards and Security.  A maximum of 16 readers shall be 
allowed per ISC.  Each ISC shall utilize a combination of readers from differing floors and 
interior/exterior locations so as not to facilitate a complete loss of area access due to equipment 
failure. 


Communications from the ISC’s shall be transmitted to the existing Host Computer via PNNL 
provided network equipment.  Each ISC shall be assigned an individual primary IP address and 
individually connected to the network equipment.  Termination of the Card Access Equipment to 
PNNL communications circuits and network equipment shall be done under the supervision or 
direction of PNNL.  Each ISC shall utilize an approved firewall to connect to the PNNL network.  
Network cabling shall not exceed 300′ or functional maximum lengths of Ethernet cabling. 
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All doors requiring access control shall be equipped with the following: flush mounted door 
contact switch, passive-infra-red (PIR) request to exit (REX) device, mortise or quiet electric 
latch retraction card reader, reader interface module or security junction box, unless noted 
otherwise.  Equipment shall be mounted on the secure side of the area and above the door, 
unless noted otherwise. 


The ACS shall monitor and control ingress and egress of authorized personnel as well as 
monitoring digital input alarm points.  The ACS shall, upon receiving a signal from a reader 
activated by an authorized card, activate an electronic opening device (i.e., electric lock) to 
allow access.  Should an attempt be made to enter with an unauthorized card, the electronic 
device shall not be activated.  A door forced alarm shall be available to indicate the opening of a 
monitored door without the use of an authorized access card.  If the door is held open longer 
than the programmed period allocated, a door held signal shall be sent to the appropriate 
control hardware as an alarm until the door is closed. A REX device shall be incorporated to 
shunt alarms and allow exiting from the secured side without generating an alarm.  All card 
readers shall be configured to allow access through its respective door only when a valid access 
code is presented, and the card identification number is authorized for that location and time 
period.  If all conditions are met, a signal shall be sent to the appropriate ISC, the associated 
alarm contact(s) (if any) shall be shunted and the electric locking device shall be deactivated.  


Doors that serve as Emergency Exits Only (EOO) or Exit Only (EO) shall not be operable from 
the non-secure side. The (EOO) doors shall not be used unless it is an emergency egress.  The 
doors shall be alarmed 24/7 and are to have signage stating, “EMERGENCY EXIT ONLY, 
DOOR ALARMED” on the secure side and shall be equipped with a flush mounted door contact 
switch for monitoring.  The Exit Only (EO) doors shall use a Request to Exit (REX) device to 
allow exiting from the secured side without generating an alarm.  If the door is held open longer 
than the programmed period allocated, a signal shall be sent to the appropriate control 
hardware as an alarm until the door is closed.  In addition, doors that serve as exit only or 
emergency exits from spaces shall not open into spaces of greater security. It is also important 
to note that for all building exterior perimeter doors, BMS contact switches shall be required so 
they can be monitored when in use.  


All security area perimeter doors/jambs and hardware shall meet NFPA 730, Guide for 
Premises Security and the following: Doors shall act as a barrier delay. Where wood doors are 
used, they shall be solid core.  


In addition to security requirements, one pair of doors on the west and south entry vestibules 
shall have automatic door closers and ADA door opener.  When entering the building, one leaf 
of the ADA door pair shall automatically open when the ADA button is activated.  When exiting 
the building, the other leaf of the ADA door pair shall automatically open when the ADA button is 
activated.  


An astragal or mullion shall be used at vertical jamb where door pairs come together (interior 
doors can use vertical rods as an option on the secure side). Door louvers, baffle plates, or 
astragals, when used, shall be reinforced and immovable from outside the area being protected. 
Doors shall have their hinges peened, spot welded or otherwise secured by use of tamper 
resistant hardware from the non-secure side. Doors shall be supplied and installed per PNNL 
standard Medeco keyway with non-removable core construction cylinders. Final keying shall be 
performed by PNNL Safeguards and Security Division (SASD).   
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The hardware on all GSL prox access controlled doors shall fail in the secure (locked) position. 
These doors shall be equipped with exit devices to provide necessary egress avenues for all 
staff during an emergency.  
Windows: When windows are used as physical barriers within secure perimeter walls, they shall 
be secured from the inside or installed in fixed non-operable frames, such that the frames 
cannot be removed from outside the area being protected. In addition, they shall offer 
penetration resistance to and evidence of, unauthorized entry into the secure area. 
Roll-up doors, gates, or other similar entry methods with motorized actuators shall be installed 
such that the actuators are located within the secured area and cannot be accessed from the 
non-secure area and shall be equipped with door contact switches when accessible to the 
exterior of the facility.    


An Acceptance Test Procedure (ATP) that captures all access controlled doors and alarm points 
for proper operation, i.e. door hardware operates properly with valid badge read, hardware 
operates properly and door opens with valid badge read, “Door Held Alarm,” “Door Forced 
Alarm,” “Granted Access,”  “Granted No Entry,” “Alarm Active,” Alarm Restored,’ etc. shall be 
developed and submitted prior to testing by the installer. 
Final security system choices need to be clarified during the design phase of the design/build 
contract.  A complete security system meeting PNNL specifications shall be included in GSL 
design. 


As part of the PNNL Campus Master Safety Plan, safety cameras shall be required on the 
interior and exterior of the facility and shall be connected to PNNL’s Campus Camera System 
(CCS).   The system shall require as a minimum:  eight (8) 30’ dedicated outdoor mounting 
poles with (10) ten exterior/outdoor pan/tilt/zoom cameras, (4) four telescopic parapet mounts, 
(1) one VMS server, (1) one VMS failover server, (8) six interior cameras and associated 
camera licenses.  


Power over Ethernet (PoE), AXIS IP-based video cameras shall utilize an existing wired or 
wireless virtual local area network (VLAN) network for transporting digital video and other data 
to an existing Milestone Video Management System (VMS) to be monitored and recorded.  Final 
camera locations, camera types (fixed, PTZ, multi-head, Indoor, outdoor or special purpose), 
models and model number shall to be clarified during the design phase of the design/build 
contract.  Coverage areas include lobby, interior hallways, interior or exterior gathering spaces, 
exterior entries, loading dock, parking lots, and emergency exits.  Various mounting means and 
methods (pole mounted, parapet mounted, wall mounted, ceiling mounted, pendant mounted 
etc.) shall be required to meet coverage. Final camera locations shall be evaluated to ensure 
clear camera fields-of-view are not obstructed by landscaping design as determined by PNNL 
Safeguards and Security Division.  A complete camera system meeting PNNL specifications 
shall be included in GSL design.  


5.15 Special Construction 


The D/B shall coordinate the design and provide all required space, services, and utilities 
necessary to operate equipment and fulfill the requirements of these sections. 


5.15.1 High Performance Instrument Laboratories  


Refer to room data sheets and notional lab layouts in Appendix C for quantities of components. 
Refer to Appendix E for the Helios Hydra and Spectra 300 Pre-Installation Manuals.  
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The High Performance Instrument Lab (Quiet Suite) consists of two lab modules with personnel 
corridors and utility corridor. These spaces shall contain electron microscopy and other imaging 
equipment that require special attention to vibration isolation, acoustic noise pollution, EMI 
shielding, and DC field isolation. These labs are highly specialized and shall require 
extraordinary design and construction considerations to allow the high-resolution imaging 
equipment to operate to specification.  


These labs shall be located away from electrical rooms, elevators, loading docks, and 
mechanical HVAC equipment. Specialty EMF/EMI and vibration/acoustic engineering 
consultants shall be retained and included as an integral member of the design team, to ensure 
these lab spaces are designed and constructed to allow equipment to operate within specified 
criteria listed herein. Depending on the D/B team’s final design and criteria established by the 
EMF/EMI and vibration/acoustic engineering consultants, passive and active shielding 
technologies may be required and shall be installed to achieve equipment specifications.  


Isolation is the key for these laboratory spaces. The design shall provide distinct zones of 
separation. The modules may be combined into a single structural unit or building. This 
“building” shall be isolated from, but connected to, the main GSL building. The connections shall 
be made with expansion joints, flexible flashings, and other means to separate, but remain 
connected. 


The concrete floor structures of these two modules must be separated from the general building 
structure and concrete floor structure. All utilities routed thru the building isolation planes shall 
have isolation “breaks” preventing vibration and acoustic noise. The ceiling height within the 
cells shall be 16’-0”. Each cell shall be constructed from solid grouted reinforced CMU with 
precast concrete roof panel construction. The height at the bottom of the precast concrete roof 
panel shall be 20’-0” above finished floor. Suspended acoustical ceiling tiles shall have a 
minimum NRC value of 0.80.  


A 3’-0”x7’-0” locking, solid core wood door in a hollow metal frame shall be provided from the 
pedestrian corridor. Two pairs of 3’x8’ locking solid core wood doors shall be provided to the 
service corridor. Each of the door pairs shall be within its own hollow metal frame. The two 
frames shall not be connected in any way. 


The separation walls between the service corridor and pedestrian corridor and the Focused Ion 
Beam (FIB)Transmission Electron Microscope (TEM) labs shall have a combined minimum 
sound transmission class rating of 55, or as indicated by an acoustic consultant utilizing criteria 
within the pre-installation manuals, whichever rating is the most restrictive. The noise 
contribution of the chiller in the microscope room should not be higher than 30 dB(A) in the 
frequency range 2501000 Hz and in the lower and higher frequency ranges of not more than 
40 dB(A). 


The interior lab walls shall be clad “sound soak” panels over furring channels fastened with high 
performance resilient channels. Walls shall have a minimum NRC rating of 0.75. The walls 
outside the lab shall be furred with steel studs and high performance sound dampening gypsum 
board and sound attenuation insulation.  


A partial depressed slab area is required 18-inches below the surrounding finish floor, which 
shall support the equipment on an active base isolation system. The area immediately 
surrounding the equipment shall be finished with a raised computer room type floor system. 
Note that this is the preliminary floor system concept, which shall require confirmation with the 
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equipment supplier and results from vibration, acoustic, and other required analysis. A utility 
trench (1’-4” wide x 1’- 4” deep) shall run from the center of the room to the service corridor and 
span perpendicular across the center of the room. The trench shall be covered with modular 
fiber glass trench covers, 1’-6” 4’-0” in length, to allow access to the trench. 


It is anticipated that due to geologic and proximity relationships, that an Active Vibration 
Isolation System shall be utilized. The facility shall be designed to conform with VC-F guidelines 
for floor thickness, structural isolation, and separation from vibration sources. 


The interstitial framing above the service corridor for mounting mechanical equipment shall be a 
fully independent structure, self-supported from the service corridor floor system. The interstitial 
floor shall not be secured to or touch the cells or the separated building in any way.  


The labs shall be designed to comply with specification requirements for the Thermo Fisher 
Scientific Helios Hydra and Spectra 300 TEMs. For technical installation guidance, refer to the 
manufacturer’s pre-installation manual, included in the Appendix. The equipment manufacturer 
shall supply hoisting equipment for installation and maintenance.  


The floor of the room shall have a maximum flatness deviation of 3mm/m, or 1/8-inch over 10 
feet. 


A clean and properly ventilated environment is required for effectiveness. Air supply shall be 
near the floor in the room corners and return near center in the ceiling. The preferred dust class 
is ISO 8, or FED STD 209E Class 100,000. Preferred air speed is less than 83 mm/s, or 180 cu 
ft/minute. Room humidity shall be maintained at less than 80%. 


Temperature shall be maintained between 65˚F and 73˚F. Temperature drift shall be maintained 
at a maximum of 1.8˚F per hour, with a maximum fluctuation of 0.5˚F over 20 minutes. 


Provide 1” process chilled water piping to the High Performance Laboratories service corridor. 
Provide (4) sets of ¾” valves and caps evenly distributed in corridor.  Terminate at 4’ AFF. 


The electrical system shall be modeled to minimize electrical interferences.  The Semiconductor 
for Manufacturing Facility Electromagnetic Compatibility (SEMI-E33-1012) provides threshold 
requirements for standard scientific tools (TEM, SEM, FIB, I-Beam, etc.) as 1.0 mG (MilliGauss) 
and for high resolution scientific tools as 0.1 to 0.3 mG.   
The pre-installation manuals indicate the following restrictions for magnetic fields: 


 The Stray magnetic fields must be < 100 nT (1 mGauss) a-synchronous (peak to peak value 
for x,y,z directions)  


 The Stray magnetic fields must be < 300 nT (3 mGauss) synchronous (peak to peak value for 
x,y,z directions) for the Line times > 20ms (50 Hz mains) or > 17ms (60 Hz mains)  


 The lower limit for Mains asynchronous frequencies starting from Near DC. The higher limit 
for Mains synchronous frequencies for Line times > 20ms (50Hz Mains) or > 17ms (60Hz 
Mains). The same limits apply for all 3 axes.  


In order to achieve these values, specific design considerations and construction practices shall 
be adhered to. These specifications shall be created by the D/B and required specialty 
consultants.  


Electrical in this section is in addition to the requirements in section 5.11. 
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Each High Performance Instrument Laboratory shall have a dedicated 208/120V, 3-phase, 100 
amp minimum, 42 circuit minimum UPS standby panelboard fed from the GSL main UPS 
standby distribution panelboard. Power in each lab space including equipment and receptacles, 
other than lighting shall be fed from its dedicated UPS standby panelboard, no normal power. 
Lighting shall be fed from building lighting panelboard. 


Provide dedicated 480/277V, 3-phase UPS standby panelboard to feed both labs as required 
per research equipment power requirements. 


Electrical panels within the service corridor shall be shielded. Other electrical requirements 
based on results from the electrical system modeling. 


Provide a DC ground bus on each wall in lab connected to the building grounding system. 


5.15.2  “Dry Rooms” within the Advanced Battery Facility Prototyping area 


5.15.2.1 General 


Provide two pre-manufactured, site assembled atmospherically controlled independent room 
structures. Each shall be capable of providing an ultra-low humidity environment and be set up 
as “dry rooms”. One dry room shall be constructed within a standard lab module, or 
approximately 650700 square feet, the other shall be assembled within two lab modules, or 
approximately 1,300 to 1400 square feet, both with a minimum 10-foot finished ceiling height. 
The HVAC system for these rooms shall be independent of any other facility system, with 
exception of room exhaust. De-humidification systems shall be connected to the facility standby 
power. 


An airlock vestibule shall be constructed between the two dry rooms, as a transition from normal 
atmosphere, and also to provide space for donning and doffing of cleanroom coveralls and other 
personal protective equipment.  


The dry rooms shall be outfitted with infrastructure, utilities, and equipment for standard labs per 
Section 5.8.4.2, and per room data sheets in Appendix C. 


See Appendix D for a similar example set of Dry Room shop drawings 


Electrical in this section is in addition to the requirements in Section 5.11. 


5.15.2.2 Dry Room Components: 


Acceptable manufacturers: Scientific Climate Systems (SCS) or Battelle approved equal. 


The perimeter walls shall consist of an interlocking, sealed, vapor tight insulated metal clad 
non-bearing system. Provide 4-inch thick (R-32 minimum) polyurethane foam-in-place insulation 
to assist in maintaining humidity levels. Condensation control shall be implemented using 
perimeter and penetration sealants and flashings. Condensate drainage systems shall be 
provided.  


Provide a suspended acoustical grid ceiling system, with moisture resistant lay in tiles. The area 
or plenum above the tiles shall contain mechanical and electrical systems within the dry room 
enclosure. Electrical distribution, lighting, and piping for the base enclosure shell are to be 
pre-fabricated. All conduit and piping systems added for equipment and laboratory services are 
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to be surface mounted to maintain a minimum of penetrations through the dry room enclosure 
envelope 


Dry room entry doors shall contain a vision lite and be constructed of similar materials as the 
Dry room shell. Doors shall be self-closing with weather stripping, and lever latching hardware. 


Provide a pair of 3’-0” access doors at the utility corridor side of each dry room for equipment 
access. The doors shall contain minimum 24” wide x 36” tall insulated vision lites, have weather 
stripping, removable astragal, and be self-closing with a cypher combination lock with lever 
hardware. 


Flooring shall be an anti-static discharge system, connected to building grounding system. 
Provide a vinyl composition tile system with copper grounding connections, meeting ASTM 
F-150, ANSI 97.1 and 97.2. Flooring shall meet Class A Flame Spread 0-25, and Smoke 
Developed 0-450 requirements per NFPA 101. 


Provide manufacturer’s alarm and room performance display panels at airlock vestibule. Provide 
interconnection to facility Building Automation System. Provide alarms for humidity.  


Independent roof top mounted HVAC system shall consist of: (a) Rotary wheel desiccant 
dehumidifier, (b) air- or water-cooled condensing unit(s) utilizing semi-hermetic compressors, 
(c) cooling coils, (d) centrifugal airfoil fans, (e) filters, (f) ductwork and distribution system with 
registers and diffusers, (g) control system intertied with FMCS. 
Lighting shall be LED type troffers. 


5.15.2.3 Performance Criteria  


Dry Room Performance: 


 Temperature: 20° C, tolerance +/- 2˚C 


 Humidity: < 0.5 % RH (-40° dew point) 


 Load 


– Occupants: one room 4 occupants, 1 room 8 occupants 


– Equipment Ventilation (D/B to confirm) outside air load: 2350 cfm max. – 2125 cfm min. 


– Door openings per day: 8 


Dry Room Construction: 


 Wall and ceiling panels: Modular 4-inch insulated urethane, painted white inside and outside. 
Wall and ceiling panels shall be fire retardant construction with a UL listed flame spread rating 
of 25 or less and a smoke developed rating of 50 or less. Supporting construction materials 
shall be noncombustible. 


 Doors (each dry room) 


– One equipment door: 6’ x 8‘  


– One Personnel airlock door: 5’ x 8’ high 


○ All doors shall include a glass observation window 


○ All doors shall have an inside safety release 
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 Floor: Epoxy vapor barrier coating, below anti-static sheet vinyl. The dry room floor shall be
sufficiently cleaned, all cracks and holes filled prior to epoxy coating


 Lights: LED


 Fire sprinklers: The ceiling panels shall be provided with openings for the fire sprinkler piping
into the dry room. Fire sprinkler heads shall be spaced in accordance with NFPA 13 for
ordinary hazard protection coverage. Fire sprinkler protection shall be installed in the dry
room and in the airlock.


Dry Room Mechanical Equipment 


 Dehumidification System: Shall be remotely mounted on roof top capable of handling load
described in dry room performance specification above. See vibration isolation requirements
above.


 Duct: Supply and return from dry room to dehumidification system, weather proof. Ducting
materials shall be metal construction.


 Duct insulation: Exterior duct insulating materials shall be noncombustible with a UL listed fire
hazard classification FHC 25/50. Duct lining materials shall be UL listed and tested to comply
with NFPA 90A requirements for fire resistance.


 Natural Gas Reactivation: 10-14 in. W.C.


Dry Room Control Panel 


 Hi/low audio visual alarms


 Door open/close sequence


 Digital display of temperature and RH


 Remote computer interface


 Sensors


– One humidity/temperature sensor located in return air duct


– One humidity/temperature sensor located in supply air duct


Electrical 


 Equipment Power: 460/3/60


 Control Power: 120


 LED light Power: Universal driver 120v-277v, 60hz


 Emergency lighting: At least two light fixture per room shall be emergency lights capable of
operating on loss of normal power for 90 minutes.


 Standby power for de-humidification unit.


 UPS standby power for de-humidification control panel


 One 120v, 20amp UPS standby receptacle circuit


 Provide a DC ground bus on each wall connected to building grounding system.
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5.15.3 Less Than 100kW Battery Testing and Validation Laboratory (kW Test) 


5.15.3.1 General 


The <100kW Battery Testing and Validation Laboratory (kW Test Lab) is a specialized 
laboratory space for non-destructive testing of battery cells, modules, and packs either made 
within the facility or obtained from industry to be tested in a manner simulating a grid storage 
application. The battery chemistries intended to be utilized include Lithium-ion, redox flow, 
sodium based, zinc based, and lead acid.  
 
The kW Test Lab shall be comprised of several rooms or areas: 


 (Test Area 1): An open space, with minimum 14’ high ceilings open to structure, for placement 
of equipment and testing of battery assemblies, on the order of 10kW, using manufactured 
test chambers. 


 (Test Area 2): An array of six site built test rooms for several battery types. Four of the rooms 
are conceptualized dimensionally as 12’x15’ inside dimension with a 15-foot ceiling height, 
and two rooms are conceptualized dimensionally as 15’x15’ inside dimension, with a 15-foot 
ceiling height. Actual heights and dimensions shall be developed based upon battery 
chemistry, stored energy, pressure wave calculations, and DC arc flash considerations. 
These rooms shall be equipped to accommodate any battery type noted above, any test 
condition except abuse testing, and conform to the strictest code and safety requirements for 
any battery type, for optimum flexibility. The intent is to contain an “off normal” event (off-gas, 
smoke, fire), providing for a minimal effect to surrounding test rooms and the rest of the 
building. 


 A control room separate from the testing areas, with direct visibility into Test Area 1, and of 
the battery cyclers for Test Area 2. The control room shall be accessible from a pedestrian 
corridor and Test Area 1. The control room shall contain a finished 30-inch high work surface, 
suitable for three technicians. The control room shall contain a separate sub-room for battery 
management system infrastructure, which consists of IT infrastructure, such as servers on 
racks, cable management, connection to overhead cable tray system, and a dedicated 
computer room air conditioner. The Battery Management IT room shall be a minimum of 
6’x10’. The HVAC system shall accommodate a cooling load of 60,000 BTU/hr, minimum. The 
control room shall have a dedicated screen for displaying an energy baseboard of the energy 
used for charging the batteries vs energy discharged to the facility, see Controls section and 
AV section for additional requirements. 


 A storage room for cabling, tools, and miscellaneous hardware.  


 KW Test Lab loading dock: Provide an outside covered loading dock dedicated for shipping 
and receiving of packaged battery systems. The dock bay shall be not less than 15′-0″ wide. 
A 6,000 lb. dock lift (electrically powered hydraulic) in a concrete pit with protective bollards 
and bumpers shall be provided. The loading dock shall be level in grade, raised 6-inches 
(curb height) above adjacent roadway. 


 A shipping and receiving area: This enclosed area is separate but strongly related to the 
facility shipping/receiving area. The battery ship/receive area shall have an 8’x12’ overhead 
coiling door assembly, and an adjacent 3’-0” x 7’-0” personnel door. Overhead doors and 
personnel doors shall also connect this area to Test Area 1, and to the exterior battery loading 
area. An 8’ wide x 8’ tall double door assembly shall connect this area to the Central Utility 
Plant. Batteries and other materials will be handled through this room to Test Area 1, Test 
Area 2, and from the Loading Dock. A 3 ton monorail crane shall be provided to 
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accommodate materials handling between spaces accessed through shipping/receiving. The 
crane shall have an electric trolley and remote button operated electric hoist. 


 Two dedicated storage or Holding Rooms for newly received batteries off the dock, and for 
undamaged batteries following test. The design shall follow applicable standards stated in 
NFPA 855 for stored battery energy storage systems. At a minimum the rooms shall be 
separated from adjacent spaces and each other with 2 hour fire rated wall assemblies and be 
provided with gas detection, smoke detection, and fire suppression. Room HVAC and exhaust 
systems shall as per Section 5.15.3.7 for Test Area 2. The rooms shall be sized to 
accommodate potential DC Arc flash hazards (e.g., stand-off distances) associated with 
performing “zero-energy checks” on received batteries. 


 An exterior battery loading area. A concrete or CMU, 8-foot high protective wall with three 8-
foot wide access gates shall be constructed a minimum of 20 feet offset from the exterior wall 
of the test rooms. The distance shall be further informed following the required calculations for 
pressure relief venting based on stored energy and battery chemistry.  


Construction documents shall include, at a minimum, those items listed in NFPA 855 
Section 4.1.2. 


5.15.3.2 Codes and Standards 


The kW Test area shall conform to all applicable codes mentioned in Section 5.2, however the 
D/B is directed to become knowledgable of any codes applicable specifically to Energy Storage 
Systems, some of which are listed here:  


 NFPA 1, Chapter 52, Energy Storage Systems 


 NFPA 2, Hydrogen Safety Code 


 NFPA 68, Standard on Explosion Protection by Deflagration Venting, 2018 Edition 


 NFPA 69, Standard on Explosion Prevention Systems 


 UL 1642, Lithium Batteries 


 UL 1741, Inverters, Converters, Controllers and Interconnection System Equipment for Use 
with Distributed Energy Resources 


 UL 1973, Batteries for Use in Light Electric Rail and Stationary Applications 


 UL 9540, Energy Storage Systems and Equipment  


Of particular relevance is a newer standard introduced in September of 2019: 


NFPA 855 (2020) Standard for Installation of Stationary Energy Storage Systems 


This standard is directed towards permanently installed Energy Storage Systems, however, the 
design requirements for this research facility are expected to adhere to NFPA 855 as much as is 
practicable for this application. Items of particular NFPA 855 focus are described on concept 
plans, and in this Performance Specification (Section 5.15.3). The D/B shall be cognizant of any 
addendums, corrections, or subsequent revisions (NFPA Tentative Interim Amendments) to this 
standard. 


The design standards of NFPA 855 shall be utilized for the design, as the aggregate capacity of 
energy storage systems is expected to exceed the thresholds of Table 1.3 of NFPA 855 (2020). 
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Laboratory design shall provide the required level of protection specified in NFPA 855 for the 
hazards associated with each type of planned energy storage technology 


Fire areas shall be designed as required to maintain the maximum stored energy per fire area 
below the thresholds in NFPA 855, Table 4.8. Fire barrier and area design shall meet DOE-
STD-1066-2016, NFPA, and IBC standards 


NFPA 855, Section 4.3.10, Means of Egress, shall be per NFPA 101, Life Safety Code 


The following reference documents shall be consulted during design development: 


 FM Global Loss Prevention Data Sheet 5-33: Electrical Energy Storage Systems 


5.15.3.3 Required Calculations 


The following calculations shall be required to be performed in order to inform the design and 
provide a basis for design and engineering of the kW test areas: 


 Stored energy release for battery off-gassing for specific battery chemistries, and room 
volumes.. Provide calculations or modeling data to determine compliance with NFPA 68 and 
NFPA 69. 


 Wall and ceiling assemblies for Test Area 2 rooms based on data derived from NFPA 68 and 
NFPA 69 calculations. 


 Pressure value per square foot for door or panels to be released in an over-pressurization 
event, based on data derived from NFPA 68 and NFPA 69. 


 Fire suppression system hydraulics. 


 HVAC exhaust air flows for demand exhaust systems in Test Area 2 rooms. 


 Exhaust fan stack height and dilution calculations. 


5.15.3.4 Civil 


The grade of the battery loading area shall slope a minimum of 1% to a collection sump.  The 
sump shall be covered by a removable traffic rated grate and shall be configured such that 
effluent can be pumped to containers or a tank truck for removal.   


The test rooms shall have a staged approach for spill containment and sprinkler water discharge 
handling.  Each room shall have a trench with a drain connected to a covered (e.g. grate) sump 
located in the battery loading area.  The sump shall be sized to accommodate one sprinkler 
discharging for 30 min (~2000 ft3).  In the event a sprinkler discharges for longer than 30 
minutes, the battery loading area shall act as an effluent retention area.  Design the battery 
loading area to accommodate an additional 90 minutes of sprinkler water (~6000 ft3).  An 
exterior collection swale shall be included in the landscape to collect water in the event both the 
sump and battery loading area overflow.  


The loading area shall be at least partially covered for weather protection with fire resistive 
construction, and be open on at least two sides  


Areas within 10 feet of each exterior side of the kW Test Laboratory wing shall be designed to 
be maintained clear of combustible vegetation and other combustible growth or materials. 
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5.15.3.5 Structural 


The floor slab throughout kW test areas shall be suitable for portable gantry crane, fork lift, and 
pallet jack traffic. Reinforced concrete shall be suitable for rolling loads of forklift plus loaded 
battery components. 
 
The walls and ceilings of Test Area 2 shall be of a material able to withstand the over-
pressurization caused by thermal runaway or other events due to an unanticipated abnormality 
of the battery assembly off-gas ignition, or other testing anomaly. NFPA 69 shall be consulted 
and utilized in the design of the wall and ceiling systems. Ideally the wall and ceiling assembly 
shall withstand the event such that adjacent rooms and the remainder of the building are not 
affected by the event. The materials shall also be such that permanent damage is avoided, and 
minimal effort and expense is required to bring the battery test rooms back to an operable 
condition. 


5.15.3.6 Architectural 


Floors in Test Area 1 shall have a penetrating, concrete hardening sealed concrete finish, with a 
thickness suitable for the rolling loads mentioned in Section 5.15.3.4. 


Ceilings shall be open to structure above. All ceilings, piping (except fire sprinklers), ductwork 
and paintable fixed equipment shall be painted. 


Interior walls in all areas except Test Area 2 shall be painted GWB over cold formed framing 
(metal studs). 


Test Area 2 Large Scale Test Room:  


 Walls and ceilings of the rooms shall be constructed of a minimum 2-hour fire resistive 
assembly.  


 Each of the large-scale test rooms shall have a pressure relief system calculated in 
accordance with NFPA 68, based upon the calculated over-pressure potential for the 
presented battery chemistries and associated ignition of flammable off-gassing. Pressure 
relief panels shall be accommodated with a dedicated panel system, doors, or a combination 
thereof. Roof located pressure venting may be acceptable but is not preferred. Hinged 
systems shall be utilized unless calculations or other specific requirements dictate a tethered 
system.  


 Exterior access to the test rooms shall consist of an 8’ wide x 10’ tall overhead door and a 
personnel door, both suitable for the pressure and pressure venting conditions to be 
calculated. Exterior overhead door jambs shall be protected with concrete filled steel bollards 
or similarly functioning steel guards. 


 The large-scale test rooms shall include a concrete floor, smooth finish with a sealer that 
meets flame spread and smoke development requirements. A trench drain shall be located 
interior adjacent to the overhead coiling door in each room, which drains below grade to a 
sump pit in the outer side of the exterior loading area.  


 All intersections of walls, floors, and ceilings shall be sealed with no visible gaps.  


 Access ports for cabling shall be provided through the ceiling and interior facing wall. Ports 
shall be 6-inch diameter, with integrated fire resistant “pillow” seals at interior wall and through 
ceiling (if any equipment is located above) to maintain fire resistive integrity. 
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 Provide one infrared camera in each room, viewable at the control room, and on a monitor 
outside the room. Provide one camera in each room with wide angle lens capable of entire 
room viewing, viewable at the control room, and on a monitor outside the room. Cameras 
shall be provided with shields to prevent damage from projectile materials and combustion. 
Refer to A/V section for recording capabilities and equipment specification requirements. 


 Consider implementing walls that protrude beyond the exterior to direct a possible over-
pressure event in a controlled method.  


 The forklift loading pathway shall eliminate or reduce blind-spots to the extent practical.  


 Provide anchor points inside the rooms to prevent overturning of research equipment during 
testing. For example, multiple channel strut assemblies or female anchors could be 
embedded in the floors, walls, and ceiling. Space and number of anchor points shall be 
selected allow for flexibility. 


 Provide visual indication that displays the room activity level (e.g. test-in-progress, safe-to-
enter) outside the entry door, at the control station, and outside the test chamber in Test Area 
1 for each Test Area 2 test room.  


Provide Signage per NFPA 855 at entry doors to rooms or main entries to spaces containing 
Energy Storage Systems: 


1. Doors to rooms (laboratories, storage, preparation areas) or main entries to 
laboratory suites containing Energy Storage Systems shall indicate the following: 


a. “Energy Storage System” with a symbol of lightning bolt within a triangle 


b. The type of technology associated with the Energy Storage Systems 


c. Special hazards as identified in NFPA 855 Chapter 9 through 15 


d. Type of fire suppression system installed 


e. Emergency contact information 


f. Sample sign:  


 


 


 


2. Provide permanent plaque per requirements of NFPA 855 4.3.5.3  


3. Provide supplemental information indicating the location of emergency power        
shut-off locations, e.g., emergency power shut off buttons, or applicable beaker 
assemblies. 
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5.15.3.7 HVAC 


Test Area 1: 


The primary lab supply and exhaust systems shall serve this area. Provide exhaust ventilation 
at a minimum rate of six air changes per hour during occupied mode and four air changes per 
hour during unoccupied mode.  


Provide a canopy type hood at each battery manufactured test chamber for the removal of heat 
and fumes. Size the hoods to capture exhaust from both the pressure relief vent and exhaust 
port of each chamber and to maintain a minimum velocity of 50100 fpm across the hood face 
area. The exhaust flowrate and canopy design shall be per ACGIH Industrial Ventilation Manual.   


Provide ducted exhaust connected to each flow battery enclosure, approximately 100 cfm each, 
continuous flow.  


Provide exhaust at the ventilated chambers with air flow sufficient to provide 100 fpm face 
velocity across the opening. Provide each chamber with a dedicated VAV venturi air valve. 


Include the exhaust air flow through the canopy hoods, flow batteries, and ventilated chambers 
in the required six AC/hr room air change rate. 


To meet the calculated peak cooling load, provide supplemental cooling using fan-coil units or 
other local cooling unit(s) that re-circulate air within the lab space in lieu of using the central 
supply and exhaust systems to meet the entire cooling load through increased total air change 
rate. 


Test Area 2: 


Provide a ventilation system in accordance with NFPA 855 (Section 4.9.2 and Section 4.9.3). 
Provide continuous exhaust ventilation in the test rooms, during testing, at a minimum rate of 1 
cfm/ft2 and as necessary to limit the maximum concentration of flammable gas to 25% of the 
Lower Flammable Limit (LFL) of the test room volume. Air shall be exhausted from high and low 
locations in each room to ensure evacuation of contaminants that are both lighter and heavier 
than air. Make-up air shall be provided in a way the precludes cross contamination into Test 
Area 1 during an upset condition.  
 
Provide a separate emergency exhaust system for the test room. The exhaust rate shall be 
determined by the DB analysis and in compliance with NPFA 855. It is anticipated that this will 
result in an air flow rate between 40 and 60 air changes per hour in each room; however, higher 
air flow rates shall be deployed if determined by analysis.  The exhaust system shall also be 
capable of full redundancy so that an event in one room does not preclude operation in the 
other rooms The emergency exhaust shall have the ability to activate upon detection of smoke, 
heat, or one of any of the identified gases (see gas detection, below). The ventilation system 
shall be isolatable from other rooms such that if an event (e.g. pressure, fire) occurs in one 
room, other rooms will remain operable. System isolation shall prevent cross contamination in 
an upset condition, shall be reliable, robust, and shall be able to withstand a rapid pressure 
event.  


 
Make-up air for the emergency exhaust shall be un-conditioned outside air introduced through 
opening(s) in the exterior room wall, with motorized dampers. 
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Provide a separate four-pipe FCU for each test room to provide heating and cooling. Locate the 
FCUs adjacent to the test rooms at a location that ensures ready access for maintenance, with 
supply and return air ducted into the rooms. Size air flow, heating and cooling coil capacities to 
maintain the interior of each room at a constant temperature of 55°F minimum for cooling and 
85°F maximum for heating. 
 
Provide a gas detection system for control of the Test Area 2 emergency exhaust system that 
detects both heavier and lighter than air contaminants. The detector shall monitor the levels of 
oxygen, carbon monoxide, hydrogen, and other flammable gases as determined by the D/B and 
known to be generated from the proposed battery chemistries and operate in accordance with 
NFPA 855, Section 4.9.3.2. Provide multiple detectors if a single detector type is unable to 
sense all of the gases anticipated to be present. The gas detector and emergency exhaust 
system shall be on standby power. 
 
Provide process chilled water to Test Area 1 and 2, sized to provide 100 kW of process cooling. 
Provide processed chilled water service, terminate with a 1-inch ball valve and cap for each test 
room/chamber and each battery cycler. Route piping on bottom of cable tray 


5.15.3.8 Plumbing 


Provide two 18” deep by 36” wide stainless steel utility sinks with hot/cold process water, high 
purity water, and spray handle safety eye wash, within Test Area 1 boundary.  


Provide a safety shower within Test Area 1 boundary. 


Provide equally spaced wall hydrants (frost free) outside of Test Area 2 rooms, quantity 2. 


Provide house nitrogen and compressed air to each battery test chamber in Test Area 1 
(21 locations). Provide compressed air to each test room (six locations) in Test Area 2.  


5.15.3.9 Electrical 


This section is in addition to the requirements in Section 5.11. 


Electrical system design for the building shall be able to handle a full discharge of power from all 
“maximum of” 100kW battery systems in Test Area 2 rooms simultaneously.  


Provide dedicated normal, standby (if required) and UPS standby electrical distribution panels to 
service this space including Test Area 1, Test Area 2, and control room for Test Area 1 and Test 
Area 2. Lighting is an exception and shall be fed from building lighting panelboard and test area 
2 exhaust for rooms is another exception that shall be fed from building standby power. This 
normal, standby and UPS standby distribution panels shall be able to disconnect all power for 
T&V area 1 and area 2 except for exceptions above. This allows research in T&V area 1 and 
area 2 to perform outages without interruption to the rest of the building. 


Utilize 480/277V, 3-phase panelboard fed from GSL main switchboard for normal power. Utilize 
stepdown transformers to feed 208/120V, 3-phase panelboards for space. 
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Utilize 480/277V, 3-phase UPS standby panelboard fed from GSL main UPS standby 
distribution panelboard. Utilize stepdown transformers to feed 208/120V, 3-phase UPS standby 
panelboards for space. 


Utilize 480/277V, 3-phase standby panelboard fed from GSL main standby distribution 
panelboard as required. Utilize stepdown transformers to feed 208/120V, 3-phase standby 
panelboards for space. 


Provide 208/120V, ~200 amp, 3-phase, 4 wire panelboard near Test Area 2 rooms to feed sub 
panels and room ancillary equipment fed from normal power. 


Provide dedicated 480/277V and 208/120V electrical panel(s) to feed battery cyclers. Panel 
shall have lockable main breaker to prevent power from being back-fed to upstream panel. Each 
circuit within each panel shall be metered for kW and kWh for delivered power/energy, received 
power/energy and net power/energy. Each of these (delivered, received and net) shall be 
metered and recorded separately. See FMCS section for creating a graphical dashboard to 
display metering results. 


For each room in Test Area 2:  Provide one 480V circuit to DC battery cycler via fusible 
disconnect. Provide one 480V circuit to AC Grid simulation battery cycler via fusible disconnect. 
These two circuits are non-coincident load. 


Provide local lockable disconnecting means for battery cyclers in Test Area 2 such that power 
cannot be back-fed to upstream panel. 


Panels and transformers shall be located to maximize research space while maintaining the 
ability to simplify reconfiguration of equipment or space in the future, overhead bus duct 
systems are discouraged. 


Utilize overhead cable tray for cable distribution in Test Area 1. 


Utilize overhead power distribution in Test Area 1 to maximize flexibility of space. Design to 
simplify reconfiguring of equipment or space in the future.  


Provide a DC ground bus with minimum of 1 on each wall in Test Area 1 connected to building 
grounding system. 


Exhaust fans for Test Area 2 rooms shall be fed from building standby power. 


Additional equipment or spaces required to be on UPS standby: 


 ARBIN (or similar) battery cyclers, Test Area 2 battery cyclers shall be on normal power


 All Battery cycler computers


 Test Area 1 and 2 control room other than lighting


 Receptacle near battery cyclers for Test Area 2 for future computer use


 Safety systems in Test Area 1 and Test Area 2


5.15.3.10 Fire Protection 


Provide automatic NFPA 13 fire sprinkler system in Test Area 1, Control Room, storage areas, 
outdoor loading area, and Battery IT Room in accordance with NFPA 13.  
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Test Area 2 fire protection features are intended to:  
 


 mitigate the effects of a potential battery failure by detecting an event (smoke, 
heat, gas detection), 


 initiate evacuation (smoke and fire alarm), and  
 suppress or control the fire 
 allow continued operation in active test rooms if sprinklers are activated in any 


other test room. 
 


Fire systems are to provide a level of safety in accordance with NFPA 855, NFPA 13, DOE 
Order O 420.1C, and DOE-STD-1066-2016.  Provide a level of safety protection consistent with 
the graded approach for “highly protected risk” (HPR) class of industrial risks.  HPR is an 
insurance term used by the DOE to define a facility where both the frequency and the severity of 
a fire-related loss (risk) has been addressed by fire protection features, such as, but not limited 
to, noncombustible construction, the installation of fire suppression and detection systems, 
redundant water supplies, fire alarm systems, and specific measures and procedures to address 
special hazards. Compliance with national codes and standards relative to property protection is 
required to be judged an HPR property. A graded approach and experience in the application of 
insurance industry standards is necessary in determining the appropriate HPR provisions for the 
specific hazards in Test Area 2.  When national codes and standards are lacking relative to a 
hazard at a DOE site, FM Global Datasheets and recognized experts are used to address the 
potential risk.  The fire protection objective shall be defined to appropriately minimize the 
mission impact of a battery failure.  HPR relates primarily to property protection and mission 
impact, rather than life safety or protection of the public from an accident.  


 
Fire Suppression: Primary NFPA 13 sprinkler system, min 0.30 gpm/ft² over room area or 
2,500 ft² whichever is smaller, in Test Area 2, per NFPA 855, including any Tentative Interim 
Amendments. 
 
Provide an access port in each test room that allows for installation of a future secondary fire 
system in the event water reactive technologies are tested in the room, and water based fire 
suppression is deemed inappropriate.   


Provide a Fire Command Center near the building main entry, accommodating the requirements 
in Section 5.11.8 of this document, and conforming to requirements of NFPA 855 4.3.12.  


Fire suppression shall be compatible with water-reactive battery technologies or materials, 
where applicable. 


Fire alarm in this section is in addition to the requirements in Section 5.11. Provide fire alarm 
smoke and heat detectors in battery test rooms in Test Area 2 to activate the emergency 
exhaust system for that room when a smoke or heat detector is activated. 


Fire suppression for Test Area 2 rooms shall be isolatable at each test room.  Provide each 
room fire suppression supply with a supervised valve, with a tamper switch, that is monitored by 
the Fire Alarm system.   


5.15.3.11 Controls 


Provide the following controls for Test Area 2: 
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Provide a continuous gas detection system, placed to monitor both lighter than air and heavier 
than air contaminants, which shall activate the emergency mechanical exhaust system when the 
level of flammable or hazardous gas detected exceeds 25% of the Lower Flammability Limit and 
shall disable the FCU, via a hardwired connection, serving the test room in which the alarm 
condition is reported. The gas detection system shall be on standby power, with a minimum of 
2-hours reserve capacity. Failure of the gas system shall be annunciated at the room control 
panel and control room, and at an approved continuously attended location. 


Provide smoke detection in accordance with NFPA 72 and NFPA 855. 


Provide leak detection sensing at the floor level, within each test room, with annunciation 
combined with other monitoring alarms outside of each room. 


Provide single or multiple control panels within visual line of sight of the Control Room, for 
monitoring of Test Area 2.  The panel(s) shall be sized such that each test room has a unique 
display and be legible and visible for each alarm/monitor feature for each room. The panel shall 
provide a graphical display for each room, indicating the camera data, room in use, 
audible/visual alarms for overtemperature, gas detection, leak detection, emergency shut-off 
status, and shall be connected to smoke and fire alarms, in accordance with NFPA 72. The 
control panel shall include a minimum of 6 AIs, 4 AOs, 4 DOs, 4 DIs of additional capacity for 
each test room to allow for additional growth and connection to the Battery Management 
System. The control panel shall include a minimum of one combination strobe/horn per test area 
for a general alarm that can be seen from Test Area 1.  


Provide visual indication (strobe) that indicates an “alarm condition” of each room. Provide 
lighted visual indication of “Test in Progress”; both indicators shall be outside of each test room 
adjacent to entry doors     


Provide emergency shut-off buttons located at outside of each test room adjacent to entry doors 
which activate shutdown of battery test systems through the Battery Management System. 


The detectors and monitors shall be a standalone system but shall be integrated to the FMCS. 
Provide a FMCS graphic that displays the current conditions with appropriate alerts and alarms.   


Ethernet capability shall be provided to remotely monitor and control the six test Area 2 rooms 
at the Control Room. An Energy dashboard shall be provided in the control room with graphical 
representation of the battery system to show batteries charging, discharging, etc. Controls 
contractor to coordinate with Battelle Design Engineer and Battelle researchers for exact 
information needed on dashboard and graphic layout requirements. Dashboard software shall 
interface to Building Automation system and battery monitoring to allow trending and display of 
additional facility data.  The Energy dashboard shall provide at a minimum realistic 
representation of the battery system, automated scrolling of screens, interactive screens, real 
time energy data, and engaging visual displays of charts and graphics. 


5.15.3.12 Access Control, Physical Security  


Refer to Section 5.14 for specific access control equipment descriptions and requirements.  


Provide proximity card access at entries into overall kW test area perimeter, at exterior loading 
dock personnel door, and each of the six Test Area 2 test rooms. 
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Overhead roll up doors from battery rooms shall be locked with the motorized door opening 
system. Coordination of any explosion venting system is required with hardware systems. 
Personnel doors from battery testing rooms to exterior shall be interlocked with the Battery 
Management System and have rim exit devices at the interior set to override the interlock, such 
that egress from inside the room can be maintained regardless of the state of other systems.  


The rooms are intended to prevent entry and be unoccupied during test. 


Provide proximity card access to the Battery Holding Room. 


Exterior “emergency egress only" doors are not proximity card controlled, however shall have 
intrusion detection hardware per Section 5.14. 


5.15.3.13  Subject Matter Expert or Consultant 


It is required that due to the uniqueness and complexity of the kW test lab facilities, that a 
subject matter expert or an experienced energy storage systems consultant be retained as a 
source to assist with the code conformance, design, and construction of a proper functioning 
and compliant facility. In addition, it is required that a DC Arc Flash subject matter expert be 
retained as a source to assist with code conformance, design, and construction of Test and 
Validation (e.g. test rooms, shipping and receiving, holding cells). 


5.15.4 Analytical Tools and Dedicated In-Operando Suite 


5.15.4.1 General 


In-operando material characterization is a method wherein electrochemistry can be coupled with 
another analytical technique, such as spectroscopy, imaging, or diffraction while the device is 
operating; therefore, the insight gained into materials function is enhanced. 


Among the instruments to be located in this area of the facility are: 


 SEM–focused ion beam  


 Advanced NMR spectrometer 


 X-ray photoelectron spectrometer (XPS) with integrated Raman spectroscopy 


 X-ray absorption spectrometer 


These spaces will contain imaging equipment that require special attention to vibration isolation, 
acoustic noise pollution, EMI shielding, and DC field isolation. These labs are highly specialized 
and shall require extraordinary design and construction considerations to allow the high-
resolution imaging equipment to operate to specification.  


These labs shall be located away from electrical rooms, elevators, loading docks, and 
mechanical HVAC equipment. Specialty EMF/EMI and vibration/acoustic engineering 
consultants shall be retained and included as an integral member of the design team, to ensure 
these lab spaces are designed and constructed to allow equipment to operate within specified 
criteria listed herein, and as described in the manufacturer’s pre-Installation Manuals.  


Incorporate engineering controls for NMR equipment such as appropriate set-back distances 
due to high magnetism from equipment and monitors (approximately 1 meter) and the 
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specification of non-magnetic materials or non-metallic materials located in or around the 
magnetic field, including but not limited to concrete reinforcement, framing, building materials 
and other equipment.  


5.15.4.2 Structural 


Thickened slabs shall be used in areas that house NMR in accordance with the 
recommendations of the vibration, or other specialized consultants. Non-ferrous reinforcing bars 
shall be used in the slab supporting NMR to mitigate magnetic field interference. Structure over 
NMR shall be designed and positioned to not interfere with the NMR performance. 


5.15.4.3     Electrical 


 Provide a DC ground bus on each wall for NMR lab connected to building grounding system. 


Additional UPS standby requirements: 


 Analytical Lab: Two 120v, 20 amp dedicated UPS standby receptacle circuits in lab space, 
one receptacle circuit on one wall, the other circuit on the opposite wall 


 Materials Characterization Lab: One 120v, 20 amp dedicated UPS standby receptacle circuit 
in lab space on two opposing walls 


 NMR Lab: One 120v, 20 amp dedicated UPS standby receptacle circuit in lab space on two 
opposing walls. NMR equipment shall be on UPS standby power 


5.15.4.4 Additional Hazard Mitigation 


Provide quench ducts, oxygen monitors, and other hazard mitigation where required by 
manufacturer’s requirements, applicable codes, standards, and industrial hygiene calculations 
and evaluations. 


Provide the NMR laboratory space with clean agent type, UL-rated 1A:10B:C extinguisher, with 
a 12-lb. minimum capacity of a proprietary blend of HCFC-123 (or equal clean agent by 
comparable manufacturers), in enameled-steel container with pressure-indicating gage.  
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6.0 Schedule of Deliverables 


The DB contractor shall deliver five distinct design packages after project award. The contents 
of each package are outlined below.  


For each design package the D/B shall submit for approval, a complete set of electronic .pdf 
files. Ideally, the D/B will have a secure shared access file storage site for project data retention. 
Comment recording and disposition are preferred to be undertaken in a digital format, such as 
with Bluebeam Revu, or a similar software product that utilizes .pdf commenting. Each review 
“set” shall include dimensioned drawings, specifications, catalog cuts, and product data as 
outlined in the requirements for each package. Each package shall be dispositioned based upon 
the level of completeness and compliance with the requirements. The disposition shall clearly 
indicate if the comments can be incorporated as part of the next submittal, or if they need to be 
re-submitted to Battelle prior to proceeding to the next design package. 


Design Package 4 (95% complete construction documents) requires concurrence by Battelle’s 
Facility Review Board (FRB) prior to project execution. The 95% package is intended to be 
complete and consist of fully executed construction documents, suitable for final review by AHJ. 
The 100% package shall be stamped by responsible architects/engineers, within their 
respective discipline, and shall be “approved for construction.” 
 
The D/B contractor may submit, for review and approval by Battelle, an alternative design 
package schedule (e.g. fast track design approach), or modifications to the design package 
schedule identified below, if deemed necessary to support the contractors schedule. There are 
no guarantees that Battelle will accept an amended schedule.  The GSL jobsite is adjacent to 
the ESC project site and early mobilization efforts will be constrained by ESC demobilization 
efforts and in no way will GSL mobilization efforts be allowed to hamper or impact completion of 
ESC.  ESC demobilization is expected to be complete by no later than October 15, 2021. 


The contents of each package are defined below: 


 


Table 8. Design Package 1 – Schematic Design 


Description: This is a pre-construction package and shall not require PNNL Facilities Review Board 
(FRB) review. This review represents approximately 30% design progress. 
Design Package 1 will include preliminary renderings of the facility showing the building exterior from 
opposite sides (2 views), and interior views (3 views minimum) of the main lobby and 2 other significant 
descriptive scenes. Submittal shall also include product data and catalog cut sheets related to major 
design attributes, along with an associated deliverable description 


Design Attribute Deliverable Description 


Sustainability Design 


1. HPSB Guiding Principles 
a) Provide First Draft of 2016 Checklist for New 
Construction v2.0 
b) Highlight areas where compliance is of concern within 
the Note/Comments Column 
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Table 8. Design Package 1 – Schematic Design 


Cost Estimate 1. Preliminary cost estimate validating the cost of the design based 
on a schematic level of design. 


Specification 


1. The Outline Specifications shall adopt the Construction 
Specifications Institute’s (CSI) MasterFormat. 
2. Provide a complete outline of the specification sections that are 
to be used. 


Site Design 


1. Show general site utility awareness in both interior and exterior 
schematic design site and building concepts.  
2. Preliminary schematic site design showing general parking 
areas as well as vehicle, bike and pedestrian circulation (including 
ADA considerations).  
3. Preliminary on-site drainage system. 
4. Provide Geotechnical report 
5. Provide site survey and scanning maps 
6. Indicate emergency access fire lanes 


Landscape Design 1. Preliminary site hardscape/landscape areas. 


Service Facilities 1. Preliminary waste container and recycling area locations. 


Building Exterior Envelope 


1. Preliminary wall sections indicating wall make-up and general 
materials proposed (windows, curtain wall, glazing systems, veneer, 
corrugated metal, decorative CMU, etc.). 
2. Exterior elevations. 
3. Preliminary roof plan showing roof slopes and edge conditions. 


Structural Design 1. Preliminary structural grid layout within schematic design plans. 
2. Preliminary foundation plans. 


Building Interior Design 


1. Preliminary building plan indicating layout and arrangement of 
labs, lobby, office concept, and circulation. 
2. Preliminary interior sketches (renderings)/design studies 
detailing: 


a. General building adjacencies, connectivity, and rooms  
b. Lobby 
c. Lab arrangements 
d. Office arrangements 
e. Restrooms 
f. Mechanical/electrical rooms 


Accessibility 1. Preliminary interior handicapped accessible route design. 
2. Preliminary handicapped accessible restroom design. 


Plumbing & Piping 1. Preliminary potable and process water diagrams. 
2. Preliminary piping plans, fixture list and equipment schedules. 


HVAC 
1. Preliminary calculations.  
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Table 8. Design Package 1 – Schematic Design 


2. Preliminary one-line ductwork, and one-line hydronic heating 
and cooling piping diagram(s), if used.  
3. Preliminary equipment schedules and equipment locations. 
4. Preliminary mechanical room layout, including interior stairs. 


Fire Sprinkler 1. Preliminary fire riser location shown on floor plan. 
2. Preliminary fire alarm location shown on floor plan. 


Fire Alarm 1. None for this package. 


Lighting 2. Proposed light levels by area and room. 
3. Show lighting as part of any interior rendering or design study. 


Electric Power Distribution 
1. Preliminary equipment layout, panel locations. 
2. Preliminary one-line power diagram(s). 
3. Preliminary load calculations. 


Voice/Data Communications 1. Preliminary riser diagrams. 
2. Preliminary site utility connections. 


Audio Visual 
1. Identification of A/V consultant. 
2. Preliminary equipment list. 
3. Preliminary layout of A/V equipment. 


Access/Security Systems 1. Preliminary access/security locations within the building. 


Special Construction 1. Energy Storage Systems consultant outline of deliverables  
2. Preliminary analysis of Test Area 1 and 2 design constraints 


Schematic Design Review Process: 


1. This submission shall form the project Basis of Design and conform to the Battelle 
project requirements and the D/B team’s budget, schedule, and quality requirements.  
2. The review process at a minimum, shall be a video/teleconference set up by the D/B 
contractor to share the final SD product to date with the Battelle project design team. 
3. The D/B contractor shall be responsible for documentation of all Battelle SD comments 
during the video/teleconference. The entire team shall strive to resolve as many comments as 
possible during this review. 
4. Following the video/teleconference, the D/B contractor shall send out an SD comment 
resolution list with a response to each comment acknowledging why it was or was not 
incorporated into the design. 
5. The updated SD package, once approved by Battelle, shall be published and then used 
as the basis for the DD phase kickoff. 
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Table 9. Design Package 2 – Definitive Design 


Description: The Definitive Design (Design Development) package is a pre-construction package and 
will not require FRB review. This review represents approximately 60% of the overall design progress. 
Design Package 2 shall be submitted after approval of Design Package 1. It shall include updated 
renderings of the GSL facility, plans, building elevations/section drawings, and product data catalog cuts 
related to the design attributes and their associated deliverable description.  
Design Package #2 shall be considered the Basis of Design (BOD). 
Submission and subsequent approval by Battelle constitute Design Commitment by the term of the 
Contract and any changes to the Design Commitment shall require approval by Battelle. 


Design Attribute Deliverable Description 


Sustainability Design 


1. Energy-use analysis calculations and modeling using approved 
software models, and ASHRAE 90.1-2016 building baseline 
compared to the proposed energy consumption of this facility to 
establish the building energy design goals. 
2. HPSB Guiding Principles: 


a) More refined draft of the 2016 Checklist for New 
Construction v2.0. 


Include in-depth discussion by the D/B contractor about specific 
areas where the GSL building design may be challenged to attain 
compliance and reasons for those challenges.  


Building Commissioning 1. Initial Commissioning Plan; preliminary schedule of 
commissioning activities  


Cost Estimate 


1. Cost estimate validating the cost of the current design. 
2. Detailed estimate per CSI division with detailed quantity take 
offs including labor and materials, appropriate for Design 
Development. 


Specification 1. Preliminary specifications updated and expanded from SD 
outline. 


Site Design 


1. Proposed building utility exit points, utility routing and utility tie-
ins to existing utility locations. Plans.  
2. Proposed DD site design showing defined parking area with 
pedestrian sidewalks, bike rack locations and ADA accessible route 
into the building. 
3. Refined site drainage system layout (can be shown on Civil). 
4. Proposed site lighting (building, vehicular, and pedestrian) per 
electrical. 
5. Proposed stair and any ramp design sketches.  
6. Proposed service drive, loading area, bulk tank and gas storage 
areas, trash enclosure, and other major site components 


Landscape Design 1. Proposed site and landscaped area layout with preliminary 
irrigation plan. 


Service Facilities 1. Proposed waste containers, recycling holding areas at or near 
off-loading area and within the GSL building. 
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Table 9. Design Package 2 – Definitive Design 


2. Proposed special waste handling locations. 


Building Exterior Envelope 


1. Proposed preliminary wall sections. 
2. Proposed window and/or curtain wall preliminary details, 
including all exterior doors. 
3. Refined roof and roof drainage plans, including preliminary 
typical flashing details. 


Structural Design 


1. Proposed structural system sizing with preliminary structural 
sections through building (E-W, N-S). 
2. Preliminary calculations. 
3. Foundation plan with typical details. 


Building Interior Design 


1. Proposed floor plans with preliminary wall/partition types noted. 
Preliminary wall/partition types schedule/sheet.  
2. Preliminary Code Plan showing primary exiting with exit widths 
and exit distances noted. 
3. Preliminary furniture and equipment plan showing all furnishings 
and equipment to be provided within the D/B contract.  
4. Preliminary finish schedule, with finish material presentation 
boards. 
5. Preliminary door schedule with door types identified. Include 
hardware groupings listing general hardware components within 
each group.  
6. Proposed interior elevations and reflected ceiling plans. 


Accessibility 
1. Proposed interior handicapped accessible route design. 
2. Proposed handicapped accessible restroom/plumbing fixture 
design. 


Plumbing & Piping 1. Proposed sanitary water diagram and plans. 
2. Proposed fixture list, equipment schedules and cut sheets.  


HVAC 


1. Proposed heating and cooling load calculations.  
2. Proposed ductwork, hydronic piping, and refrigerant piping 
plans.  
3. Proposed equipment schedules and equipment locations. 
4. Control diagrams and sequence of operation. 
5. Proposed mechanical room layout (scale: ½″ = 1′-0″ minimum) 
and section(s). 
6. Proposed equipment cut sheets. 


Fire Sprinkler 1. Proposed Riser Diagram, one-line layout. 


Fire Alarm 


1. Proposed fire alarm riser diagram showing initiating devices, and 
other fire alarm peripherals. 
2. Proposed floor plans showing fire alarm panel and device 
locations. 
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Table 9. Design Package 2 – Definitive Design 


Lighting 
1. Proposed fixture schedule and switching locations. 
2. Proposed light levels by area and room. 
3. Proposed fixture types, lighting fixture cut sheets. 


Electric Power Distribution 


1. Proposed equipment layout, panel locations. 
2. Proposed one-line power diagram(s).  
3. Proposed load calculations. 
4. Proposed receptacle locations. 
5. Provide credentials and name of power systems study 
professional engineer. See Appendix H. 


Voice/Data Communications 
1. Proposed riser diagrams. 
2. Proposed voice/data/video outlet locations. 
3. Proposed equipment and material cut sheets. 


Audio Visual 1. Refine A/V design and equipment list 
2. Identify preliminary A/V cable/conduit routing. 


Access/Security Systems 
1. Proposed riser diagrams. 
2. Proposed access/security locations. 
3. Proposed equipment/material cut sheets. 


GSL Design Package 2 - Design Development Package Review 


1. The review process shall be a comprehensive review that takes place on-site at PNNL. 
The D/B contractor shall present the completed DD package to the Battelle project team. 
2. The D/B contractor shall be responsible for documentation of all Battelle DD comments 
during the on-site review as well as any follow-up that takes place. The entire team will strive to 
resolve as many comments as possible during this review.  
3. Battelle shall have one week, following the DD review, to provide any additional design 
comments internally and a Battelle representative shall then relate these comments to the 
contractor no later than 15 working days following the DD review. 
4. The D/B contractor shall then resolve these comments and incorporate them into the 
final DD report. 
5. In the event that there are unresolved comments due to a modification of the scope of 
the work by Battelle, the work may proceed to the next phase without full resolution, upon a 
formalized agreement between Battelle and the D/B regarding the timing of the resolution. 
6. The updated DD report, with Battelle comments resolved and/or incorporated, shall be 
considered approved. The D/B contractor shall issue the approved DD package for publication. 
This package shall be the basis for the Construction Documents phases for the GSL project. 
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Table 10. Design Package 3 – 50% Construction Documents 


Description: Design Package 3 is intended to show all of the project scope, with most, but not all details 
of construction included. 
Design Package 3 shall be submitted only after approval of Design Package 2. It shall include updated 
renderings of the facility, and all plans, building elevations/section drawings, and developed 
specifications for all scope. All specialized consultants for the work shall provide draft reports of their 
findings and calculations, and the design shall reflect those recommendations and findings. 
A general outline of what shall be included, as a minimum within this design package, are as follows: 


Design Attribute Deliverable Description 


Sustainability Design 1. HPSB Guiding Principles documentation updates.
2. Update Energy modeling calculations and monitoring plan.


Specification 1. 50% complete CSI specification sections for all disciplines, as
required to describe the work included in this package.


Cost Estimate 1. Detailed cost estimate per CSI division with detailed quantity
take offs including labor and materials.


Site Design  


50% Construction Documents, drawings, and cut sheets related to:  


1. Utilities: Building utility entry/exit points, utility routing and
building utility tie-ins to existing site utility locations.
2. Site: Defined parking area with pedestrian sidewalks, bike rack
locations and ADA accessible route into the building.
3. Drainage: Drainage system layout (discipline: Civil). 50% Storm
Drainage calculations.
4. Building Access: Exterior stair and ramp design related to
building access.
5. Service/Fire Truck Access: Roadway to service entrance,
exterior waste containers/recycling locations, fire truck access to
PSF.


Landscape Design 


50% Construction Documents, drawings, and cut sheets related to:  


1. Soil/planting: Soil preparation and planting.
2. Entry plaza/walkways: Hardscape and landscape plans.
3. Irrigation: Design calculations, main line pipe sizing, and layout.


Accessibility 


50% Construction Documents, drawings, and cut sheets related to: 


1. Code requirements related to exterior exit door hardware to be
completed.
2. 50% Accessibility Plans and details


Structural Design 


50% Construction Documents, drawings, and cut sheets related to: 


1. Foundation plan showing all walls and footings.
2. Column schedules.
3. Structural specifications and notes.
4. Beam & column schedules, structural elevations, and
details.
5. 50% Design Calculations
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Table 10. Design Package 3 – 50% Construction Documents 


6. Structural design notes. 


Building Exterior Envelope 


50% Construction Documents, drawings, and cut sheets related to: 


1. Building exterior wall sections and details.  
2. Roof design slope and drainage. Roof-mounted equipment 
curbs and pipe/duct penetration details, etc. 
3. Wall flashing and roofing details. 


Preliminary Finish hardware schedule for all building exterior doors 
only. 


Building Interior Design 


50% Construction Documents, drawings, and cut sheets related to: 


1. Floor plans showing dimensioned structural core elements, 
vertical circulation, chase spaces, and related details. 
2. Floor plans showing interior development integrated with 
previous design package elements and related details. 


Service Facilities 
50% Construction Documents, drawings, and cut sheets related to: 


1. Details for accessory and support apparatus. 


HVAC 


50% Construction Documents related to: 


1. Ductwork plans (all ductwork larger than 10-inch diameter to be 
drawn double-line).  
2. Mechanical Room plan and section(s), mechanical roof plan.  
3. Installation details.  
4. Connections to fire alarm.  
5. Design calculations. 90% Complete. 
6. FMCS control drawings and specifications, and Sequence of 
Operations. 
7. Equipment cut sheets. 
8. Energy Modeling Calculations In Progress. 
9. LCCA Developed to level of completion to use for design 
optimization. 


Plumbing & Piping 


50% Construction Documents, drawings, and cut sheets related to: 


1. In-ground piping plan with sizes.  
2. In-slab piping plan. 
3. Piping plans, all sizes indicated. 
4. Riser diagrams.  
5. Chilled water and heating water piping diagrams.  
6. Refrigerant piping diagrams, if used.  
7. System details, design calculations 50% complete 


Fire Sprinklers 


50% Construction Documents, drawings, and cut sheets related to: 


1. In-ground fire water line design.  
2. Design calculations with flow test data  
3. Fire riser location and diagram.  
4. Final sprinkler line design. 
5. Sprinkler valve details.  
6. 50% Complete Specifications 
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Table 10. Design Package 3 – 50% Construction Documents 


Fire Alarm 


50% Construction Documents, drawings, and cut sheets related to: 


1. Connection details. 
2. Connection to FMCS and HVAC systems. 
3.  Riser diagram. 


Lighting 


50% Construction Documents, drawings, and cut sheets related to: 


1. Exterior building lighting. 
2. Exterior lighting for parking and pedestrian walkways.  
3. Lighting levels by area or room. 
4. Interior and Exterior Fixture schedules. 
5. Control diagram. 
6. Installation details. 
7. Lighting plans. 
8. Energy code calculations. 


Electric Power Distribution 


50% Construction Documents, drawings, and cut sheets related to: 


1. In-ground site utility conduits and connection details. 
2. In-slab electrical conduit plan 
3. Termination details. 
4. Utility transformer and metering cabinet location. 
5. Panel schedules.  
6. Load calculations. 
7. Power plan drawings. 
8. One-line diagram. 
9. Provide Preliminary Power System Study, see Appendix H. 


Voice/Data Communications 


50% Construction Documents, drawings, and cut sheets related to: 


1. In-ground site utility conduits and connection details. 
2. In-slab voice/data conduit plan. 
3. Raceway plan. 
4. Raceway details. 
5. Termination details. 
6. Final hook-up and connection diagrams 
7. MDF elevation details. 
8. A/V room rack details and elevations. 
9. Equipment schedules. 


Audio Visual 


50% Construction Documents, drawings, and cut sheets related to: 


1. In-slab A/V conduit plan. 
2. Equipment schedule. 
3. Final hook-up and connection diagrams. 
4. Termination details. 
5. Testing and documentation plan. 


Access/Security Systems 


50% Construction Documents, drawings, and cut sheets related to: 


1. In-ground security system conduits and connection 
details. 
2. Raceway plan.  
3. Raceway details.  
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Table 10. Design Package 3 – 50% Construction Documents 


4. Operation sequences.  
5. Final hook-up and connection details. 


GSL Design Package 3 – Site/Utility Construction Package Review 


1. The review process shall include a comprehensive review that takes place on-site at 
PNNL and a follow-up formal review of the package by third party reviewers. 
2. The D/B contractor shall present the completed package to the Battelle project team. 
3. The D/B contractor shall be responsible for documentation of all Battelle Design 
Package 3 comments during the on-site review as well as any follow-up updates that take place.  
4. Battelle shall have a week, following the Design Package 3 review, to turn in any 
additional design comments internally and a Battelle representative shall then turn over these 
comments to the contractor no later than 15 working days following the review, unless this date 
falls on a weekend. If this happens, comments will be submitted on the following Monday before 
close of business (COB). 
5. The D/B contractor shall then resolve these comments and incorporate them, as 
necessary, into the final Construction Documents package. 
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Table 11. Design Package 4 – 95% Construction Documents 


Description: Design Package 4 is intended to reflect a complete construction document package for 
submission to PNNL Facilities Review Board (FRB), and further PNNL review and comment. 
Design Package 4 shall be submitted only after approval of Design Package 3. It shall include updated 
renderings of the facility, all calculations and reports, and all plans and specifications complete as 
required to initiate construction.  
A general outline of what shall be included, as a minimum within this design package, are as follows: 


Sustainability Design 
1. HPSB Guiding Principles Checklist, complete with all supporting
documentation.
2. Complete energy modeling calculations and monitoring plan.


Specification 1. Final CSI specifications for all disciplines.


Cost Estimate 1. Detailed estimate per CSI division with detailed quantity take
offs including labor and materials.


Site Design  


Complete Construction Documents:  


1. Utilities: Building utility entry/exit points, utility routing and
building utility tie-ins to existing site utility locations.
2. Site: Defined parking area with pedestrian sidewalks, bike rack
locations and ADA accessible route into the building. 
3. Drainage: Drainage system layouts and details.
4. Building Access: Exterior stair and ramp design related to
building access.
5. Service/Fire Truck Access: Roadway to service entrance,
exterior waste containers/recycling locations, fire truck access.


Landscape Design 


Complete Construction Documents:  


1. Planting locations and schedules.
2. Hardscape and landscape plans with details.
3. Spray direction and distance plans.
4. Sprinkler head schedules and details.
5. Irrigation: Design calculations, pipe sizing and detailed layouts.


Accessibility 


Complete Construction Documents: 


1. Interior and exterior door hardware, schedules, and mfr
data.
2. Accessibility compliance plans.


Structural Design 


Complete Construction Documents: 


1. Foundation plan showing all walls, footings, and details.
2. Column schedules.
3. Structural specifications and notes.
4. Beam & column schedules, structural elevations and
details.


5. All seismic and lateral design calculations, plans, elevations, and
details.


6. Structural design notes.
7. Provide all Structural calculations.
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Building Exterior Envelope 


Complete Construction Documents: 


1. Building exterior wall sections and details.  
2. Roof design slope and drainage. Roof-mounted equipment 
curbs and pipe/duct penetration details, etc. 
3. Wall flashing and roofing details. 
4. Finish hardware schedule for all building exterior doors, 
including all physical security components coordinated with electrical 
design. 


Building Interior Design 


Complete Construction Documents: 


1. 100% final floor plans showing dimensioned structural core 
elements, vertical circulation, chase spaces and related details. 
2. Floor plans showing interior development integrated with 
previous design package elements and related details. 
3. Floor plans showing proposed final interior development of the 
entire facility. 


Service Facilities 
Complete Construction Documents: 


1. Details for accessory and support apparatus. 


HVAC 


Complete Construction Documents: 


1. Ductwork plans (all ductwork larger than 10-inch diameter to be 
drawn double-line).  
2. Mechanical room plan and section(s), mechanical roof plan.  
3. Installation details.  
4. Connections to fire alarm.  
5. Design calculations. 100% Complete 
6. FMCS control drawings and specifications, and sequence of 
operations 
7. Equipment cut sheets. 
8. Energy Modeling Calculations Complete. 
9. Final Energy code calculations. 


Plumbing & Piping 


Complete Construction Documents: 


1. In-ground piping plan with sizes.  
2. In-slab piping plan. 
3. Piping plans, all sizes indicated. 
4. Riser diagrams.  
5. Chilled water and heating water piping diagrams.  
6. Refrigerant piping diagrams, if used.  
7. All system details, design calculations. 100% complete 


Fire Sprinklers 


Complete Construction Documents: 


1. In-ground fire water line design.  
2. Design calculations with flow test data.  
3. Fire riser location and diagram.  
4. Final sprinkler line design. 
5. Sprinkler valve details.  
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Table 11. Design Package 4 – 95% Construction Documents 


6. Complete Specifications 


Fire Alarm 


Complete Construction Documents: 


1. Connection details. 
2. Connection to FMCS and HVAC systems.  
3. Riser diagram. 


 


Lighting 


Complete Construction Documents: 


1. Exterior building lighting. 
2. Exterior lighting for parking and pedestrian walkways.  
3. Lighting levels by area or room. 
4. Interior and Exterior Fixture schedules. 
5. Control diagram. 
6. Installation details. 
7. Lighting plans. 


Energy code calculations. 


Electric Power Distribution 


Complete Construction Documents: 


1. In-ground site utility conduits and connection details. 
2. Below-slab electrical conduit plan. 
3. Termination details. 
4. Utility transformer and metering cabinet location. 
5. Panel schedules.  
6. Load calculations. 
7. Power plan drawings. 
8. One-line diagram. 
9. Power system study including short circuit current calculations, 
equipment evaluations, overcurrent protection coordination study 
and arc flash incident energy calculation. 


Voice/Data Communications 


Complete Construction Documents: 


1. In-ground site utility conduits and connection details. 
2. In-slab voice/data conduit plan. 
3. Raceway plan. 
4. Raceway details. 
5. Termination details. 
6. Final hook-up and connection diagrams. 
7. MDF Elevation details. 
8. A/V room rack details and elevations. 
9. Equipment schedule. 
10. Testing and documentation plan 


Audio Visual 


Complete Construction Documents: 


1. In-slab A/V conduit plan. 
2. Equipment Schedule 
3. Final hook-up and connection diagrams 
4. Termination details 
5. Testing and documentation plan 
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Table 11. Design Package 4 – 95% Construction Documents 


Access/Security Systems 


Complete Construction Documents: 


1. In-ground security system conduits and connection details.
2. Raceway plan.
3. Raceway details.
4. Operation sequences.
5. Final hook-up and connection details.
6. Testing and documentation plan.


GSL Design Package 4 – 95% Construction Documents Review 


1. The review process shall include a comprehensive review that takes place on-site at
PNNL and a follow-up formal review of the package through the Battelle FRB process (the FRB
review will be executed by the Battelle subject matter experts and AHJs and will take
approximately two weeks.
2. The D/B contractor shall present the completed package to the Battelle GSL project
team.
3. The D/B contractor shall be responsible for documentation of all Battelle Design
Package 4 comments during the on-site review as well as any follow-up updates that take place.
4. Battelle shall have a week, following the Design Package 4 review, to turn in any
additional design comments internally and a Battelle representative shall then turn over these
comments to the contractor no later than 15 working days following the review, unless this date
falls on a weekend. If this happens, comments will be submitted on the following Monday before
COB.
5. The D/B contractor shall then resolve these comments and incorporate them, as
necessary, into the final Construction Documents package.
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Table 12. Design Package 5 – 100% Issued for Construction Documents 


Description: Design package 5 shall include all comments received from the Package #4 review 
incorporated into the Construction Documents, including any conditional approval comments from the 
FRB. 
A complete set of stamped “Approved for Construction” Documents (plans, specifications, calculations, 
and reports) is the deliverable. The BIM model and all associated families and components for each 
discipline shall be made available to Battelle.  
In addition, a commissioning plan shall be submitted: 
  


Commissioning Plan. 
Completed specifications, including test procedures, performance 
verification, checklists and training program. 


  
GSL Design Package 5 – 100% Issued for Construction Documents  


1. The review process shall include a comprehensive review that takes place on-site at 
PNNL. 
2. The D/B contractor shall present the completed package to the Battelle project team. 
3. The D/B contractor shall be responsible for documentation of all Battelle Design 
Package 4 comments during the on-site review as well as any follow-up updates that take place.  
4. Following final approval by Battelle (through the internal PNNL FRB signature process), 
the D/B contractor shall provide a full set of approved Design Package 5 Construction 
Documents.  
5. Any unresolved or outstanding items that do not preclude issuance of the 100% 
stamped 100% submittal shall be provided in a list format to Battelle. Resolution of items shall 
only occur upon concurrence by Battelle. 


 


 


 


End of Performance Specification 
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Appendix A – Concept Graphics 


 Site Circulation Concept


 Site Plan Concept


 Exterior Camera Locations


 First Floor Plan Schematic


 Enlarged Floor Plan Schematic


 Laboratory Block Section


 Office Block Section


 Quiet Suite Section


 Exterior and Interior Design Examples
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Characterization Lab Equipment Length Quantity Airflow Total NMR Lab Equipment Length Quantity Airflow Total


723 SF Fume Hood 6 ft 1 800 0 739 SF Fume Hood 6 ft 1 800 0


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 1 50 50 Snorkel - 1 50 50


Gas Cabinet - 0 450 0 Gas Cabinet - 0 450 0


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1050 1050 SA 6 ACH - 1050 1050


SA 4 ACH - 700 700 SA 4 ACH - 700 700


Total Required Lab Air Flow 1050 Total Required Lab Air Flow 1050


Analytical Lab Equipment Length Quantity Airflow Total KW Scale Testing Lab Equipment Length Quantity Airflow Total


1474 SF Fume Hood 6 ft 0 800 0 6045 SF Fume Hood 6 ft 0 800 0


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 3 50 150 Snorkel - 8 50 400


Gas Cabinet - 3 450 1350 Gas Cabinet - 0 450 0


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 2100 2100 SA 6 ACH - 8500 8500


SA 4 ACH - 1400 1400 SA 4 ACH - 5650 5650


Total Required Lab Air Flow 2100 Total Required Lab Air Flow 8500


Materials - Flow Battery Lab Equipment Length Quantity Airflow Total Materials - Lithium Ion Lab Equipment Length Quantity Airflow Total


5236 SF Fume Hood 6 ft 1 800 800 722 SF Fume Hood 6 ft 2 800 1600


Fume Hood 8ft 2 1050 2100 Fume Hood 8ft 0 1050 0


Snorkel - 1 50 50 Snorkel - 2 50 100


Gas Cabinet - 2 450 900 Gas Cabinet - 2 450 900


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 7350 7350 SA 6 ACH - 1050 1050


SA 4 ACH - 4900 4900 SA 4 ACH - 700 700


Total Required Lab Air Flow 7350 Total Required Lab Air Flow 2690


Materials - Lithium Metal Lab Equipment Length Quantity Airflow Total Materials - Lithium Oxygen Lab Equipment Length Quantity Airflow Total


729 SF Fume Hood 6 ft 0 800 0 729 SF Fume Hood 6 ft 4 800 3200


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 1 50 50 Snorkel - 3 50 150


Gas Cabinet - 2 450 900 Gas Cabinet - 2 450 900


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1050 1050 SA 6 ACH - 1050 1050


SA 4 ACH - 700 700 SA 4 ACH - 700 700


Total Required Lab Air Flow 1050 Total Required Lab Air Flow 4340


Materials - Lithium Sulfur Lab Equipment Length Quantity Airflow Total Materials - Sodium Ion Lab Equipment Length Quantity Airflow Total


716 SF Fume Hood 6 ft 2 800 1600 725 SF Fume Hood 6 ft 3 800 2400


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 2 50 100 Snorkel - 2 50 100


Gas Cabinet - 2 450 900 Gas Cabinet - 2 450 900


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1050 1050 SA 6 ACH - 1050 1050


SA 4 ACH - 700 700 SA 4 ACH - 700 700


Total Required Lab Air Flow 2690 Total Required Lab Air Flow 3490


Materials - Sodium Metal Lab Equipment Length Quantity Airflow Total Materials - Zinc Lab Equipment Length Quantity Airflow Total


729 SF Fume Hood 6 ft 3 800 2400 729 SF Fume Hood 6 ft 3 800 2400


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 2 50 100 Snorkel - 3 50 150


Gas Cabinet - 2 450 900 Gas Cabinet - 1 450 450


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1050 1050 SA 6 ACH - 1050 1050


SA 4 ACH - 700 700 SA 4 ACH - 700 700


Total Required Lab Air Flow 3490 Total Required Lab Air Flow 3090


Modeling Server Room Equipment Length Quantity Airflow Total Pouch Dry Room Equipment Length Quantity Airflow Total


729 SF Fume Hood 6 ft 0 800 0 751 SF Fume Hood 6 ft 1 800 800


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 0 50 0 Snorkel - 3 50 150


Gas Cabinet - 0 450 0 Gas Cabinet - 0 450 0


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1050 1050 SA 6 ACH - 1100 1100


SA 4 ACH - 700 700 SA 4 ACH - 750 750


Total Required Lab Air Flow 1050 Total Required Lab Air Flow 1100


Pouch Prototpe Room Equipment Length Quantity Airflow Total Cylindrical Dry Room Equipment Length Quantity Airflow Total


727 SF Fume Hood 6 ft 1 800 800 740 SF Fume Hood 6 ft 1 800 800


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 2 50 100 Snorkel - 1 50 50


Gas Cabinet - 1 450 450 Gas Cabinet - 0 450 0


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1050 1050 SA 6 ACH - 1050 1050


SA 4 ACH - 700 700 SA 4 ACH - 700 700


Total Required Lab Air Flow 1440 Total Required Lab Air Flow 1050


PNNL GRID STORAGE LAUNCHPAD AIR BALANCE SCHEDULE







Cylindrical Protoype Room Equipment Length Quantity Airflow Total Protoype Shop Equipment Length Quantity Airflow Total


758 SF Fume Hood 6 ft 1 800 800 715 SF Fume Hood 6 ft 0 800 0


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 1 50 50 Snorkel - 0 50 0


Gas Cabinet - 1 450 450 Gas Cabinet - 0 450 0


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1050 1050 SA 6 ACH - 1050 1050


SA 4 ACH - 700 700 SA 4 ACH - 700 700


Total Required Lab Air Flow 1390 Total Required Lab Air Flow 1050


Quiet Suite Equipment Length Quantity Airflow Total Standard Testing EV Lab Equipment Length Quantity Airflow Total


536 SF Fume Hood 6 ft 0 800 0 1106 SF Fume Hood 6 ft 2 800 1600


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 0 50 0 Snorkel - 2 50 100


Gas Cabinet - 0 450 0 Gas Cabinet - 0 450 0


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 800 800 SA 6 ACH - 1550 1550


SA 4 ACH - 550 550 SA 4 ACH - 1050 1050


Total Required Lab Air Flow 800 Total Required Lab Air Flow 1790


Quiet Suite Equipment Length Quantity Airflow Total Standard Testing Work Lab Equipment Length Quantity Airflow Total


536 SF Fume Hood 6 ft 0 800 0 734 SF Fume Hood 6 ft 3 800 2400


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 0 50 0 Snorkel - 1 50 50


Gas Cabinet - 0 450 0 Gas Cabinet - 0 450 0


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 800 800 SA 6 ACH - 1050 1050


SA 4 ACH - 550 550 SA 4 ACH - 700 700


Total Required Lab Air Flow 800 Total Required Lab Air Flow 2540


Standard Testing Grid Scale Lab Equipment Length Quantity Airflow Total Flow Battery Prototyping Equipment Length Quantity Airflow Total


1106 SF Fume Hood 6 ft 0 800 0 749 SF Fume Hood 6 ft 0 800 0


Fume Hood 8ft 4 1050 4200 Fume Hood 8ft 0 1050 0


Snorkel - 4 50 200 Snorkel - 1 50 50


Gas Cabinet - 0 450 0 Gas Cabinet - 1 450 450


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1550 1550 SA 6 ACH - 1050 1050


SA 4 ACH - 1050 1050 SA 4 ACH - 700 700


Total Required Lab Air Flow 4490 Total Required Lab Air Flow 1050


Visualization Lab Equipment Length Quantity Airflow Total Metal Electrode Sytems Lab Equipment Length Quantity Airflow Total


763 SF Fume Hood 6 ft 0 800 0 729 SF Fume Hood 6 ft 2 800 1600


Fume Hood 8ft 0 1050 0 Fume Hood 8ft 0 1050 0


Snorkel - 0 50 0 Snorkel - 2 50 100


Gas Cabinet - 0 450 0 Gas Cabinet - 2 450 900


General EA - 1 90 90 General EA - 1 90 90


SA 6 ACH - 1100 1100 SA 6 ACH - 1050 1050


SA 4 ACH - 750 750 SA 4 ACH - 700 700


Total Required Lab Air Flow 1100 Total Required Lab Air Flow 2690


Chemical Storage Equipment Length Quantity Airflow Total TOTAL REQUIRED LAB AIR FLOW 64330 CFM


753 SF Fume Hood 6 ft 0 800 0


Fume Hood 8ft 0 1050 0


Snorkel - 0 50 0


Gas Cabinet - 0 450 0


General EA - 1 90 90


SA 6 ACH - 1100 1100


SA 4 ACH - 750 750


Total Required Lab Air Flow 1100
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Appendix D D.1
 


Appendix D – Equipment 


 TEM Helios Hydra


 TEM Spectra


 XPS – RAMAN – Nexsa


 XRD – Malvern Panalytical Empyrean


 NMR – Bruker 600


 EPR – Bruker EMX Plus


 Zeiss XRadia Ultra Microscope


 Dry Room Example


 Cylindrical Dry Room Equipment


Equipment Inclusion and Specifications are Subject to Change 
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1 Introduction 


1.1 Information about the Pre-Installation manual 


This Manual gives physical details of the room, services and ambient conditions required to 
accommodate a Thermo Scientific Electron Microscope. 


Requirements listed in this Manual are necessary for trouble-free installation, reliable 
operation and reduced downtime. Any deviation from the required parameters can result in 
decreased performance of the Microscope. 


Note All dimensions are given in metric units. Conversions can be found in Appendix 6: 
Conversion Tables on page 82. 


 
 


1.2 Delegation of Responsibilities 


Pre-Installation 


Pre-Installation means all the work that has to be done to prepare a room suitable for 
installation and operation of the microscope system.  


This includes preparation of the transportation route and a storage area within the Customer’s 
premises and availability of all services mentioned in this Manual.  


Note Pre-installation is a responsibility of the Customer. 
 
 


Site Survey 


During a Site Survey a Thermo Fisher Scientific representative is sent to the Customer’s site 


to verify that all preparations have been performed and that the site fully abides all 
requirements listed in this Manual. During this Survey the Thermo Fisher Scientific 
representative fills a Pre-Installation Checklist to confirm site readiness. All deviations from 
Pre-Installation requirements must be marked in the Checklist.  
 


Note If requirements listed in this Manual are not met, the Appendix 3: Performance 
Waiver on page 68 must be filled out and signed by the Customer. 


 


Note The Sales and Service Division (SSD) is responsible for the organization and 
execution of the Site Survey. 
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2 Safety and Environmental Requirements 


 


2.1 Chemical fume hood 


To exchange or service GIS we require to use a Chemical fume hood. Always comply with 
local regulations. 


 


2.2 Auxiliary Equipment Room 


Thermo Fisher Scientific recommends separate room for the water cooler, air compressor, 
PVP and power conditioner/UPS. The advantages are less heat dissipation and noise in the 
system room. If the equipment is in the same room as the system, it will negatively influence 
the flagging in the image. 


The equipment room should be at least 1 m x 2 m in order to store all the equipment.  


 


2.3 External Fume Extractor 


To exchange MultiChem crucibles we require to use a External Fume Extractor. Always 
comply with local regulations. 
 


2.4 Machine Classification 


The microscope has been designed and tested according to safety and ergonomic 
assessment guidelines. All test have been performed by an independent testing laboratory.  


This system meets the provisions of the following directives: 


2006/42/EC Machinery Directive 


2011/65/EU RoHS Recast Directive 


2014/30/EU Electromagnetic Compatibility Directive 


2013/59/EURATOM Ionizing Radiation Directive 
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The electron microscope also conforms to the following standards and normative documents:  


EN61010-1 Safety requirements for electrical equipment for measurement, control and 
laboratory use 


EN61326-1 Electrical equipment for measurement, control and laboratory use EMC 
requirements 


NFPA 79-2015 
Edition 


Electrical Standard for Industrial Machinery Optional NRTL safety 
inspection testing can be ordered by the customer 


 


CAUTION! Because the leakage current from mains to earth exceeds 3.5 mA, a double 
permanently connected and separated safety earth must be fitted to the earth rail of 
the Helios Hydra Power Cabinet. This to comply with the European safety standards.  


 
 


WARNING! THE GIS SHOULD BE STORED SAFE, COMPLIANT WITH LOCAL REGULATIONS. 


HANDLE THE GIS AND THEIR FILLINGS CONFORM THE MSDS. 


 


 


For detailed information related to Safety please see document:  


Common Safety Manual - 1205189 


Note If you did not receive this document, please inform your Thermo Fisher Scientific 
representative. 


 


Note Pay extra attention to the following sections mentioned in the Safety Manual:High 
voltage and X-ray Liquid nitrogen (LN2)Material Safety Data Sheets (MSDS)GISes 
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3 Materials and Tools 


For a successful Pre-Installation and Installation, certain materials and tools have to be 
prepared by Customer during the Pre-Installation phase. 


If any of the items listed in this chapter are not available, please contact your Thermo Fisher 
Scientific representative to avoid delays in Installation. 
 


3.1 Items shipped to the Customer by Thermo Fisher Scientific 


Note The Customer is responsible for installing the delivered items before the start of the 
Installation. 


 
 


To improve the Installation duration a pre-installation kit will be sent to the Customer by 
Thermo Fisher Scientific. 


Contents of the kit must be installed by the Customer before the beginning of microscope 
Installation. 


Pre-installation Kit 


Optional items that have to be ordered separately: 


 


Topic Shipped item PN Qty Chapter 


Facilities Facility Connection Box 1204035 1 Facility 
Connection 
Box on page 
41 
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3.2 Crate Dimensions and Weights 


The total crate count and the actual weight of the Microscope (M-Console) depends on the 
configuration options (mounted on chamber) and usually ranges up to 1200 kg for crate A. 
Approximate weights of individual crates are listed below. Notable components are listed in 
the table below. Details for particular system are mentioned in the accompanying shipping 
documents. 
 


Crate 


no. 


Contents 


Only major components 
listed. 


Crated Uncrated  
(including covers) 


Gross 
Weight 


(kg) 


Dimensions 
(wxdxh; mm) 


Weight 
(kg) 


Dimensions 
(wxdxh; mm) 


A • M-Console 


• Operator's desk 


• System Covers 


1200 1500 x 1950 x 2230 940 1185 x 1332 x 1907 
Size with QL is 
mentioned in System 
Dimensions on page 
13 


B E-Console 430 1060 x 1400 x 2230 335 660 x 1055 x 1949 


C • Tools 


• Microscope PC 


• Support PC 


• LCD monitors 


• 1st PVP 


250 
- 


350 


   


D • LCD monitor 


• Seismic restrain kit 


• Options: Manual user 
interface, Joystick, 
software etc. 


• 2nd PVP 


250 
- 


350 


   


E e.g. Crane (depends on 
configuration) 


 1630 x 750 x 525   


F Options     


Boxes Options: Oxford, GIS etc.     
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3.3 Water Chiller 


The system chiller must be used in case the facility water does not meet quality requirements 
specified in table  for direct cooling of the system by facility water.  


3.3.1 Water-cooled water chiller 


The water-cooled water chiller type delivered by Thermo Fisher Scientific is SMC 
HECR012-W2-P. This chiller can be placed in the same room as the microscope system due 
to its silent operation.  
 


  HECR012-W2-P 


General 


 


Cooling method  Water-cooled Thermoelectric module 


Ambient temperature range 10 to 35°C 


Altitude Maximum 1000 m 


Weight Approx. 21 kg 


 Dimensions 444 x 430 x 221 mm 


Circulating fluid  


 


Circulating medium Distilled water 


Set temperature 25 °C 


Cooling capacity 1.2 kW 


Temperature stability <0.1 °C 


Tank capacity 1.3 L 


Port size Rc3/8 


*Bypass 2m black tube (4/2.5 mm) 


Facility Water 


 


Circulating medium Tap water 


Temperature range 10-25°C 


Maximal pressure 10 bar 


Required flow rate 10 to 15 L/min 


Port size Rc3/8 


Electrical  


 


Power supply Single-phase 200 to 240 VAC ±10%, 50/60 Hz, 10A 


Power consumption 1200 W 


Current consumption 6 to 7 A 


*Bypass ensures sufficient flow to reach chiller temperature stability.  
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3.3.2 Air-cooled Water Chiller 


The air-cooled water chiller type delivered by Thermo Fisher Scientific is SMC 
HECR010-A2-P. This chiller has the advantage it allows for cooling the system without any 
facility water supply. As the chiller dissipates the waste heat into its surroundings, it is 
advised to place it in auxiliary air-conditioned room. The chiller is air-cooled using fans which 
force the air through the heat exchanger, therefore the  chiller produces more noise than its 
water-cooled version and it is recommended to install it in auxiliary room. In case the chiller is 
installed in the same room as the microscope system, higher noise and heat levels are to be 
expected. 
 


  HECR010-A2-P 


General 


 


Cooling method  Air-cooled Thermoelectric module 


Ambient temperature range 10 to 25°C 


Altitude Maximum 1000 m 


Weight Approx. 33 kg 


 Dimensions 460 x 430 x 267 mm 


Circulating fluid  


 


Circulating fluid Distilled water 


Set temperature 25 °C 


Cooling capacity 1 kW 


Temperature stability <0.1 °C 


Tank capacity 1.3 L 


Port size Rc3/8 


Bypass 0.75 m black tube (4/2.5 mm) 


Electrical  


 


Power supply Single-phase 200 to 240 VAC ±10%, 50/60 Hz, 10A 


Power consumption 1500 W 


Current consumption 8 A 


*Bypass ensures sufficient flow to reach chiller temperature stability.  
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3.4 Pre Vacuum Pump 


The standard pump is nXDS10i. Helios Hydra system needs two pumps(System and plasma 
source). 


Pre-vacuum pump specifications are shown below: 
 


Pump Maximum 
flow rate 


Power Requirements Weight Dimensions 
WxDxH 


N2 Consumption 


Edwards 
nXDS10i 


12.7 m3/hr 
(7.5 CFM) 


1 phase, 230V, 0.3kW 25.8 kg 282x432x302 mm max. 16 Pa 
liters/minute 


 


 
 


3.5 Oneac Mains Power and Line Conditioning Transformer 


Crated Uncrated 


Weight Dimensions 
(L x W x H) 


Weight Dimensions 
(L x W x H) 


64 kg 838 x 406 x 457 mm 58 kg 711 x 292 x 292 mm 


141 lbs 33.0x16.0x18.0 inch 125 lbs 26.4x11.7x11.5 inch 
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3.6 System Dimensions 


Dimensions of a Helios Hydra system without loaders. 


 


Note Systems with Quick Loader are 257 mm wider. 
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System is delivered with already mounted flow control box (FCB), but without the source.The 
width of the system with FCB is 1110 mm. FCB can be easily dismounted in case of the 
narrow door. Minimum system width is 925 mm.  


Note Due to the weight of the system, it is recommended to have wider door  with reserve 
space for manipulation during movement with the system. 
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4 Room Access and Size 


This chapter lists the ambient specifications that must be met by the Customer’s site. If you 


are in doubt about any of the listed requirements, please contact your local Thermo Fisher 
Scientific representative. 
 


4.1 Pre-Installation Survey 


The specifications given in section Room Access and Size on page 15 are going to be verified 
before the beginning of the installation during a site survey. This survey is fully organized and 
performed by Thermo Fisher Scientific personnel. 


Note No customer actions are required. 
 


For more details about the site survey procedure, see Pre-Installation Site Survey on page 63. 
 


4.2 Delivery Properties 


The System is delivered in several crates. It is the Customer's responsibility to provide 
sufficient storage space and safe means to transport the crates from the unloading area to the 
final System location.  
 
 


4.3 Unloading Area 


Make sure the unloading area is easily accessible and ready to accommodate the delivery. 
Keep in mind that some parts of the delivery have exceptional dimensions. Also make sure 
the floor can support heavy loads. For detailed information about the weights and dimension 
of delivered crates see Delivery Properties on page 15. 


In case the delivery cannot be moved to storage or final System location straight away, 
ensure a dry and secure environment is available. 
 


4.4 Transportation Route 


Make sure the full transportation route from the unloading area to the System space is 
suitable for transport of each of the microscope parts. 


The parts can be transported either in the crates or when the transport route dimensions are 
not sufficient the parts can be taken out of the crates in the unloading area.  


Especially check all surfaces, corners and lifts (weight limit and dimensions) on the transport 
route. 
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Plan the route to the system room. The route must meet the following requirements:  


• Desired width of the path is 1.5 meters, especially in corners. The minimum width of the 
path is 0.9 meters. 


• Desired width of doors is 1.2 meters. The minimum width of a door is 0.9 meters. 


• The minimum height of a door is 2.0 meters. 


• If the room is not on the same floor as where the truck delivers the system, there must be 
an elevator with appropriate capacity and space. 


• The route flatness has to be at maximum 5 mm. 
 


CAUTION! If the path or doors are smaller than the desired width the installation will take an 
additional three days. 


 
 


Due to the weight of the system the floor at the Customer’s site must comply to the following 


specification or measures need to be taken to protect the customer floor from damaging:  


• Floor should have a hard surface (no carpet or other soft materials).  


• Transporting route should have no door steps. 
 


4.5 Room Dimensions 


In principle two spaces are obligatory for a good set up. First is the space for the System 
which has the strictest conditions. Apart from that, an additional space for the equipment has 
to be prepared. 


The additional space must be separated from the System space for safety, ambient conditions 
and requirements, see General Requirements of a Site on page 26. 
 


In this section the floor-layout incl. NFPA safety dimensions and detailed space requirements 
are given. 
 


4.5.1 Room Dimensions 


The following drawing shows the standard microscope room dimensions that meet our 
installation and safety requirements. If the layout cannot be met, the room needs to be 
approved by Thermo Fisher's technical and safety group prior to installation.  
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4.5.2 Recommended Room Layout with Acoustic Enclosure 


Helios Hydra system with an Acoustic Enclosure can be placed in a room of 5900 mm x 4774 
mm or larger. 


Recommended layout of a Helios Hydra system with an acoustic enclosure: 
 


L E G E N D : 


D e s k 


U n i t s a r e i n m i l l i m e t e r s 


1 5 0 3 0 0 6 0 0 1 2 0 0 2 4 0 0 


S p a c e r e q u i r e d f o r 


S e r v i c e 


S p a c e r e q u i r e d f o r 


c u s t o m e r a n d s e r v i c e 


6
 1


 0
 m


 m
 


P V P 1 


1 2 4 0 m m 1 2 5 0 m m 1 3 0 0 m m 


1
 2


 4
 0


 m
 m


 
6


 1
 0


 m
 m


 


8
 0


 0
 m


 m
 


1 5 0 m m 


6 1 0 m m 


8
 1


 4
 m


 m
 


1
 5


 0
 0


 m
 m


 


1 5 0 0 m m 


5 9 0 0 m m 


4
 7
 7


 4
 m


 m
 


E N E R G E N C Y O F F 


E N E R G E N C Y O F F 


E N E R G E N C Y O F F 


5
 0


 0
 m


 m
 


7 4 0 m m 1 0 0 0 m m 
2 0 0 m m 


P V P p 


7 4 0 m m 1 5 0 m m 


O n e A C 


T h e r m o 


C u b e 
S y s t e m 


c h i l l e r 


E - C o n s o l e 


 


Note PVP distance is not critical for system with acoustic enclosure.  
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4.5.3 Recommended Room Layout without Acoustic Enclosure 


Helios Hydra system can be placed in a room with dimensions X mm x Y mm - see table below for 
the value of X and Y. 
 


System A B X Y 


Helios Hydra - no loaders 1185 1337 4925 3947 


Helios Hydra - with Quick Loader 1442 1337 5182 3947 


 


Recommended layout for Helios Hydra systems without an Acoustic Enclosure. The 
dimensions A, B, X, Y are dependent on system configuration. 


ThermoCube position is located behind E-console. Additional devices like PVP, ONEAC, 
water chiller are recommended to be stored in the auxiliary room. See the chapter Auxiliary 
Room on page 23. 
 


L E G E N D : 


U n i t s a r e i n m i l l i m e t e r s 


1 5 0 3 0 0 6 0 0 1 2 0 0 2 4 0 0 


1 1 


X = 3 7 4 0 + A m m 


Y
 =
 2
 6


 1
 0


 +
 B


 m
 m


 


1
 2


 2
 0


 m
 m


 


E - C o n s o l e 


D e s k 


E N E R G E N C Y O F F 


P V P 1 P V P p 


1 2 2 0 m m 1 2 2 0 m m 1 3 0 0 m m A 


B
 


7
 0


 0
 m


 m
 


6
 9


 0
 m


 m
 


8
 0


 0
 m


 m
 


S p a c e r e q u i r e d f o r 


S e r v i c e 


S p a c e r e q u i r e d f o r 


c u s t o m e r a n d s e r v i c e 


1 5 0 m m 


5
 0


 0
 m


 m
 


1 5 0 m m 7 4 0 m m 7 4 0 m m 1 0 0 0 m m 


E N E R G E N C Y O F F 


E N E R G E N C Y O F F 


O n e A C 


T h e r m o 


C u b e 
S y s t e m 


c h i l l e r 


L E G E N D : 


U n i t s a r e i n m i l l i m e t e r s 


1 5 0 3 0 0 6 0 0 1 2 0 0 2 4 0 0 


1 1 


X = 3 7 4 0 + A m m 


Y
 =
 2
 6


 1
 0


 +
 B


 m
 m


 


1
 2


 2
 0


 m
 m


 


D e s k 


E N E R G E N C Y O F F 


1 2 2 0 m m 1 2 2 0 m m 1 3 0 0 m m A 


B
 


7
 0


 0
 m


 m
 


6
 9


 0
 m


 m
 


8
 0


 0
 m


 m
 


S p a c e r e q u i r e d f o r 


S e r v i c e 


S p a c e r e q u i r e d f o r 


c u s t o m e r a n d s e r v i c e 


1 5 0 m m 


5
 0


 0
 m


 m
 


1 5 0 m m 7 4 0 m m 7 4 0 m m 1 0 0 0 m m 


E N E R G E N C Y O F F 


E N E R G E N C Y O F F 


T h e r m o 


C u b e 
S y s t e m 


c h i l l e r P V P p 


O n e A C 


P V P 1 


E - C o n s o l e 
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4.5.4 Minimalistic Layout 


The minimum room dimensions for Helios Hydra systems are X mm x Y mm - see table below 
for the value of X and Y. This layout is not compliant with SEMI recommendations.  
 


System A B X Y 


Helios Hydra - no loaders 1185 1337 4065 3947 


Helios Hydra - with Quick Loader 1442 1337 4322 3947 


 


Minimalistic layout for Helios Hydra systems without an Acoustic Enclosure. The dimensions 
A, B, X, Y are dependent on system configuration. 
 


L E G E N D : 


U n i t s a r e i n m i l l i m e t e r s 


1 5 0 3 0 0 6 0 0 1 2 0 0 2 4 0 0 


X = 2 8 8 0 + A m m 


Y
 =
 2
 6


 1
 0


 +
 B


 m
 m


 


1
 2


 2
 0


 m
 m


 


D e s k 


7 9 0 m m 7 9 0 m m 1 3 0 0 m m A 


B
 


7
 0


 0
 m


 m
 


6
 9


 0
 m


 m
 


8
 0


 0
 m


 m
 


S p a c e r e q u i r e d f o r 


S e r v i c e 


S p a c e r e q u i r e d f o r 


c u s t o m e r a n d s e r v i c e 


1 5 0 m m 


E N E R G E N C Y O F F 


E N E R G E N C Y O F F 


E N E R G E N C Y O F F 


1 0 0 0 m m 7 4 0 m m 


5
 0


 0
 m


 m
 


1 5 0 m m 7 4 0 m m 


T h e r m o 


C u b e 
S y s t e m 


c h i l l e r P V P 1 P V P p 


O n e A C 


E - C o n s o l e 
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4.5.5 Minimum Room Height 


Minimum height requirements: 
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Minimum height requirements without AE: 


Note Minimum ceiling requirements apply for microscope without the acoustic enclosure. 
The minimum possible height for hoist and its attachment to the M-console is 240 
cm. Recommended minimum height is 265 cm, so the hoist is mounted in standard 
way by one person.  
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4.5.6 M-console Dimensions 


M-console Rubber Feet Distances: 
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4.5.7 Auxiliary Room 


Note To prevent interference, the Pre-Vacuum Pump must be either put into an auxiliary 
room or a Pre-Vacuum Pump acoustic enclosure must be used.  


 


Figure 1: Auxiliary room layout 


Note PVP1 (main chamber pre-vacuum pump); PVPp (plasma column pre-vacuum pump). 
 







Chapter | Room Access and Size 


 


Confidential, limited rights 
PN 1205526 | Revision A | 12-Jul-2019 


Helios Hydra: Pre-Installation Manual 
Page 24 


 


4.5.8 PVP Acoustic Enclosure 


Fact.Code: 1094688* 


In case Auxiliary room is not available, it is possible to cover PVP pumps with Acoustic Enclosure.  


For dimensions see the figure below. 


 


 


Transport Dimensions 520 x 710 x 620 mm 


Weight/Transp. weight 27 / 28 kg 


Brief Description: 


 


The acoustic enclosure (down AE) is assembled from a cable earth protection 
and from AE with sound suppressors for ventilation with a fan and with brush 
strip for pipelines. This design enables that the whole enclosure can be easily 
and quickly removed without drain off technological pipelines. 
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Construction: Case from welding and formed steel sheets with soft seals to the floor  


Welding method: MIG in protective atmosphere CO2 


Anti-noise panels: Formed steel sheets + soft polyamide plates as noise suppressing filling 
covered with PES black foil, flame resistance UL94 HF-1 


Thickness: 50 mm, in sound suppressors 20 mm 


Ventilation: Force - connected to a fan, during sound suppressors, medium - air 


Surface finish: Epoxy polyester powder paints, shade - RAL Design 0003000 rough surface 
(Ultra Dark Grey) 


  


Acoustics parameters: See next table 


NOISE REDUCTION INTERVAL - D in middle frequency in Hz 


D  in  dB 63 - 125 250 500 1000 2000 4000 8000 


D 5 8 12 14 18 20 24 


D middle In interval 0,1 - 3,15 kHz Dmid. = 12 dB 


D middle In interval 0,063 - 10 kHz Dmid. = 16 dB 
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4.6 General Requirements of a Site 


To meet the ambient conditions required for the System site a standard set -up is chosen. This 
set-up consists of an air handling unit and a HVAC system (Heating Ventilation and Air 
Conditioning). In this chapter the reference data are summarized. 
 
 


The following points should be taken into account when choosing a site for the system:  


• Avoid sites subjected to heavy vibrations or high acoustic noise levels, e.g. locations near 
elevators, trains, shipping vehicles, busy roads etc. 


 


• Avoid sites subjected to high levels of stray magnetic fields, e.g. locations near to large 
motors and transformers, electric railways and tram ways etc. 


• The site should be isolated from the rest of the building, preferably on a concrete block.  


• Type of concrete has to be Concrete C20/C25 for safe anchoring of the system to the 
floor. 


 
 
 
 


WARNING! Insufficient quality of the concrete floor can result in unsafe anchoring of the 
equipment!  


 
 


• Always consider the presence of any high power or other EMI radiating equipment placed 
in the same facility as the System. These can have a negative effect on the System 
performance. 


 


Minimum distances from accessories with respect to the Helios Hydra column console:  


Equipment Min. distance to the 
system 


Max Distance to the system 


Mains transformer: 3 m  


Closed circuit water cooler: 3 m  


Air compressor: 3 m 10 m 


Pre-Vacuum Pump 2 m 4 m (hose length) 


Equipment minimum distance from the system. 
 
 


 


PVP vacuum hose data: 


Hose diameter (mm) Max. length (m) Expected pump/vent time increase (s) 


25 4 5 
 


Note Additional 10m vacuum hose is supplied with every system. It can be used as a 
replacement to already installed shorter vacuum hose, but the maximal length stays 
at 4m. 
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4.6.1 Ambient Specifications 


4.6.1.1 Temperature and Relative Humidity 


Temperature specifications 


Recommended ambient temperature (for operator) 20 °C ± 3 °C 


Relative humidity at 20 ºC < 80 %, Dew point < 18 °C 


Maximum permitted temperature change for operation within 


specifications (This specification is in line with Comfort Class A) 


1 ºC/hour temperature drift 


0.25 ºC/20 min fluctuations 


Maximum altitude 2000 m 
 
 


4.6.1.2 Heat dissipation 


The nominal heat dissipation of the instrument depends on the configuration and operating 
mode. The number below is an estimated maximum value for the heat dissipation intended for 
the design of the air-conditioning. The heat dissipated in the room is about 3,500 Watts. 
 


Component Heat dissipation 


HP Z440 LL workstation typical 280 W (954 btu/hr), max. 580 W (1977 btu/hr) 


E-console approx. 1500 W 


M-console approx. 500 W 


nXDS10i Scroll pump max. 300 W 


Column approx. 300 W 


Air cooled water chiller (optional) 1200 W 


Monitor approx. 40 W 
 
 


The chiller must be placed outside the microscope room to prevent any interference with the 
system. Be sure to account for head loss due to hose length and chiller height when 
determining which model of chiller to use.  
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4.6.1.3 Ventilation and Room Cleanliness 


The performance of a microscope is highly sensitive to the concentration of dust particles. A 
high dust concentration in the emission chamber results in an unstable electron beam and 
risks significant damage to the tip. Therefore the microscope site must be clean of dust. The 
advised clean room class according to ISO 14644-1 is ISO 8. 


ISO 8 means that in the microscope room a certain maximum number of particles per cubic 
meter is allowed. (Table below) 


 maximum particles/m³ FED STD 209E 
equivalent 


Class  0.1 µm  0.2 µm  0.3 µm  0.5 µm  1 µm  5 µm  


ISO 8    3,520,000 830,000 29,300 Class 100.000 
 
 


 


If you choose not to use a clean room environment, ensure that the room fulfills the following 
requirements: 


• A directed air flow with use of the filters. 


• Regular floor washing - (approximately three times per week). 


• The ceiling must be hard, but not brittle. 


• Painted walls (washable). 


• If the room door(s) open into a very dusty room, an “air-lock” or comparable solution 


should be installed. 


• A floor covering, that is easily cleaned, resistant to oil and chemicals, non-flammable and 
antistatic. 


• A vacuum cleaner (with micro filter) must be present in the room. The vacuum cleaner 
should be used only for the microscope and not to clean the room. 


CAUTION! It is also mandatory to arrange the pumps exhaust to lead out of the building, when 
GIS or Multichem are used within the instruments. See Pre-vacuum pump (PVP) 
outlet on page 55 for detailed specifications. 


 
 


Refer to Helios Hydra User Safety manual for lists of chemicals that may be used on the 
system. 


1216264 
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4.6.2 Room Lighting 


Every effort must be made to entirely eliminate natural lighting from the Microscope room to 
achieve temperature stability and prevent biological growth inside the water cooling system. 
For maintenance and normal work inside the Microscope room, light levels according to local 
(Occupational safety and health) regulations must be available. A guideline for illumination 
required for mechanical work is 750 lux. 
 
 


 Microscope Room Service Room 


Usage 300 - 500 lux, dimmable N/A 


Service 750 lux 750 lux 
 


 


Due to heat dissipation it is advised to use dimmable LED. 


Heat dissipation of the lighting has to be added to the heat dissipation table in section Heat 
dissipation on page 27. 
 
 
 


CAUTION! Magnetic fields generated by lighting or dimmers can negatively influence the 
microscopes performance. Always check if the proposed lighting complies to the EMI 
requirements for the Microscope Room. 


 


 
 


4.6.3 Magnetic Fields 


4.6.3.1 Magnetic Fields 


In addition to the mechanical and/or acoustic vibrations, there are also electrical “vibrations” 


also known as electromagnetic fields, which can be a major resolution-limiting factor. In every 
building in which power is transported, electric and magnetic f ields are generated. Because of 
the nature of the phenomenon, magnetic fields are the strongest and the most problematic, 
and the Helios Hydra system is affected by them. 


Note Fields generated by tram, trains, elevators have negative influence on the system.  


The most important items to take into consideration are: 


• Any field in the horizontal plane has the highest interaction with the beam.  


• Fields are observed in the time-domain. This yields the magnetic field strength in a 
peak-to-peak value. 


• The most susceptible part of a microscope determines the maximum allowed field 
strength; hence, the installed options can be of major importance. 


• The field gradient over the microscope's column should be low. 
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Magnetic fields specifications are as follow: 


• Helios Hydra UX 


• The Stray magnetic fields must be < 75 nT (750 µGauss) a-synchronous (peak to peak 
value for x,y,z directions) 


• The Stray magnetic fields must be < 225 nT (2.25 mGauss) synchronous (peak to peak 
value for x,y,z directions) for the Line times > 20ms (50 Hz mains) or > 17ms (60 Hz 
mains) 


• The lower limit for Mains asynchronous frequencies starting from Near DC. The higher 
limit for Mains synchronous frequencies for Line times > 20ms (50Hz Mains) or > 17ms 
(60Hz Mains). The same limits apply for all 3 axis. 


• Helios Hydra CX 


• The Stray magnetic fields must be < 100 nT (1 mGauss) a-synchronous (peak to peak 
value for x,y,z directions) 


• The Stray magnetic fields must be < 300 nT (3 mGauss) synchronous (peak to peak 
value for x,y,z directions) for the Line times > 20ms (50 Hz mains) or > 17ms (60 Hz 
mains) 


• The lower limit for Mains asynchronous frequencies starting from Near DC. The higher 
limit for Mains synchronous frequencies for Line times > 20ms (50Hz Mains) or > 17ms 
(60Hz Mains). The same limits apply for all 3 axis. 


Note Near DC EMI is included in a-synchronous specifications. For Near DC EMI 
measurement refer to a-synchronous specifications. 
100 nT is equal to 1 mG (Gauss) 
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4.6.4 Vibrations, Acoustics and Pressure waves 


As research and production focuses on smaller dimensions, disturbances due to vibrations 
and acoustics play a significant role. Vibration levels can be limited by proper building design 
in combination with vibration isolated platforms. The growing need for vibration control 
manifested in the early 1980s in the vibration criterion (VC) curves, by Ungar and Gordon. 
These curves define floor vibrations to meet the requirements of generic groups of equipment. 
VC levels are defined as rms speed values, integrated over one third octave bands.  


Selection of Active Vibration Isolation 


In case that site survey result for vibration has status “fail”, an either HWL active vibration 


isolation (1056292 - HWL AVI System Triple [AVI 400 XL3]) or TMC Active Vibration Isolation 
System (1206282) must be used to achieve desired performance. 


Active vibration isolation can effectively dump floor vibrations (usually caused by building 
vibrations that can be exited by machinery inside building and nearby pass ing traffic). 


Active Vibration Isolation System (AVI) 


In case that an AVI has been ordered with the system, see appropriate documentation 
belonging to the module for detailed requirements of the site.  


Note Any deviation from the specified floor flatness will  result in inefficient floor vibration 
cancelation. 


In case that you haven't received this documentation, please contact your local Thermo Fisher 
Scientific Representative. 


 
 


Disturbances due to vibrations and acoustics play a significant role. Vibration levels can be 
limited by proper building design in combination with vibration isolated platforms.  
 


The floor vibrations are defined by the vibration criterion (VC) curves, by Ungar and Gordon. 
VC levels are defined as rms speed values, integrated over one third octave bands.  


The VC-curves are to be used as guidelines only, the final room behavior with regard to 
vibrations will be determined during a site survey performed by trained Thermo Fisher 
Scientific personnel using Thermo Fisher Scientific’s Site Evaluation Tool. 
 


Depending the purpose of the microscope, time constant is involved in the vibration 
characteristics.  


VC Curves Guidelines provided by the VC-curves can be interpreted as described below. The 
table lists applicable VC-curves for certain direction and system. 
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In case that the Microscope site does not comply with the vibration specifications, different 
options are available to ensure undisturbed System performance. Pre-Installation information 
for these Vibration Isolation Systems can be found in chapter Appendix 5: Optional 
Configurations on page 69. 


Note For detailed information about each solution and the optimal choice for a specific 
situation please contact your local Thermo Fisher Scientific  representative.  


 
 


In general VC-F should be achieved. 


 
 


Vibration criteria: 


VC-E • Floor ≥ 700 kg/m2, indication > 29 cm thick 


• Rigid support structure with small spans or heavy foundation plate  


• Zone VC-E separately funded, keep around by dilation free of residual building  


• Technical rooms, elevators, stairways and circulation areas outside dilated zone VC-E 


• At the location of the dilatation disconnect channels and pipes to prevent transmission 
of vibration. No vibration sources in zone VC-E 


• Technical rooms on distance, isolate vibration sources outside zone VC-E 


• Zone VC-E on ground floor or 1st floor 


VC-F • Floor ≥ 1 000 kg/m2, indication > 58 cm thick, heavy foundation plate 


• Zone VC-F separately funded, keep around by dilation free of residual building  


• Technical rooms, elevators, stairways and circulation areas outside dilated zone VC-F 


• At the location of the dilatation disconnect channels and pipes to prevent transmission 
of vibration 


• No vibration sources in zone VC-F 


• Technical rooms on distance, isolate vibration sources outside zone VC-F 


• Zone VC-F on ground floor 
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To avoid pressure waves on the Microscope Site, it must have sliding doors rather than 
slamming doors. 
 
 
 


CAUTION! The required floor thickness must be calculated based on System specifications.  


 


For details about System Anchoring see Appendix 4: System Anchoring. 
 


Guidelines provided by the VC-curves can be interpreted as described below. 


The table lists applicable VC-curves for certain direction and system. 


 


 
Vertical 


Left to 
right 


Front to 
back 


Helios Hydra UX with or without enclosure, no HWL; 0.6nm; 


Stub, 0 Tilt 


F G G 


Helios Hydra UX with or without enclosure, with HWL; 


0.6nm; Stub, 0 Tilt 


E F F 


Helios Hydra CX with or without enclosure, no HWL; 0.7 nm 


(STEM) / 0.8 nm (no STEM); Stub, 0 Tilt 


F G G 


Helios Hydra CX with or without enclosure, with HWL; 0.7 nm 
(STEM) / 0.8 nm (no STEM); Stub, 0 Tilt 


E F F 


 
 


4.6.4.1 Acoustics Guidelines Graphs and Pressure Waves 


A low-noise wall has to be placed in between the Service room and Microscope site. The 
noise level on the Microscope site is restricted to a maximum. 


The noise level reduction will be dependent on the type of cooling system. 
 
 


Because the noise level on the Microscope site is determined by as well the noise of the 
cooling in the Service area as the noise on the Microscope site itself, the contribution by the 
cooling should be approximately 3 to 5 dB lower than the values above. In the determination 
of the structure of the partition structures is observed that the contribution of the chiller in the 
Microscope room should not be higher than 30 dB(A) in the frequency range 250-1000 Hz and 
in the lower and higher frequency ranges of not more than 40 dB(A).  
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Other factors that influence the noise reduction between the Microscope site and the Service 
room: 


• The level of noise absorption in both rooms; 


• The connection between the rooms with cables and piping; 


• The connection between the rooms at floor and ceiling level;  


• The level of other noise in other connecting rooms and corridors.  
 


Note Following guidelines are not to be used for site survey evaluation. 


Helios Hydra UX, with enclosure, with or without HWL; 0.6nm; Shuttle, 0 - Acoustics: 
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Helios Hydra UX, no enclosure, with or without HWL; 0.6nm; Shuttle, 0 Tilt - Acoustics: 


 
 


Helios Hydra CX (all configurations) - Acoustics: 
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4.6.4.2 Earthquake Protection 


The customer must determine the degree of earthquake protection needed. Thermo Fisher 
Scientific provides seismic restraint kits that have been evaluated against the SEMI-S2 
standard for earthquake protection. 


Consult local building codes for requirements. Additional seismic measures may be required 
when installing the system on a raised platform. Contact Thermo Fisher Scientific for 
additional information of the requirements of the mechanical fixation of the consoles.  
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5 Connection Specifications 


The Customer is responsible for all the services used by the microscope system. Any 
deviation from the specification of these services may cause deterioration in Instrument 
specification. 
 


5.1 Setting-up 


Schematic overview of facility connections: 
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5.2 Facility Power Interconnect 230 V 


 


Note UPS must meet following output power requirements: 230V 15 A (US), 16 A (EU). 
Mains matching and isolation transformer can be used to adapt input voltage for UPS 
if necessary. 
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5.3 Facility Power Interconnect 208/240 V 


 


Note UPS must meet following output power requirements: 230V 15 A (US), 16 A (EU). 
Mains matching and isolation transformer can be used to adapt input voltage for UPS 
if necessary. 


 


Note On 120 V mains, transformer is necessary for accessories (chiller, compressor). 
ThermoCube can be connected to 100 - 240V 50/60Hz. 


 


Note According to its manufacturer, the compressor must be powered by the voltage 
defined on its nameplate (230V~). Therefore, Mains Matching and Isolation 
Transformer must be used to adjust voltage to 230V. 


 


Note SMC HECR chiller can be connected to L1, L2. See chapter "System chiller" for input 
voltage specification. 
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5.4 Facility Power Interconnect 120 V 


 


Note UPS must meet following output power requirements: 230V 15 A (US), 16 A (EU). 
Mains matching and isolation transformer can be used to adapt input voltage for UPS 
if necessary. 


 


Note On 120 V mains, transformer is necessary for accessories (chiller, compressor). 
ThermoCube can be connected to 100 - 240V 50/60Hz. 


 


Note According to its manufacturer, the compressor must be powered by the voltage 
defined on its nameplate (230V~). Therefore, Mains Matching and Isolation 
Transformer must be used to adjust voltage to 230V. 


 
 


5.5 Pre-Installation Items 


See section Items shipped to the Customer by Thermo Fisher Scientific on page 8  for the list 
of required materials to prepare system connections to the facilities.  


Note These items must be installed before the start of the installation.  
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Note As mentioned in section Delegation of Responsibilities on page 5 the customer is 
responsible for all the services used by the microscope system. 


Any deviation from these specifications may cause deterioration in Instrument performance.  


Required positions of all service connections are marked in Appendix 1: Drawings and 
Floorplans on page 60 
 


5.6 Connection to Facilities 


5.6.1 Facility Connection Box 


The Connection box is a special unit with connectors to adapt customers services to the 
system. It allows the customer to prepare their facilities without our system being on site. 


Thermo Fisher Scientific will provide the material (hoses, cables and connectors) from the 
system to this unit. The instrument will be connected to this “Connection box” during the 


installation. 


Note The customer must mount and connect the unit before installation of the system, so 
that the installation will not get held up on services which cannot be provided to the 
system. 


 


• The Connection box must be mounted to the wall at a height of 0.5 - 1.0 m. 


• The Connection box has threaded holes (G3/8” DIN ISO 228-1) at the customer side for: 


• Compressed dry air 


• Nitrogen N2 


• Water IN / OUT 


Note More details can be found in the Installation manual delivered with the Connection 
box (see Connection Box Installation Manual). 
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5.6.2 Ordering the Connection Box 


To provide more flexibility to installations, the facilities connection box is removed from the 
system shipments and is available for the field service engineers to order at any time using 
the pre-install call. This will allow the field service engineers to work proactively with their 
clients to connect facilities to tool locations before the system is shipped and so speed up tool 
installations.  
The field service engineers have to order the connection box and eConnection kit based on 
the pre-install call for the system. 


Action for SSOC: 


• SSOC has a process in place to always open a Pre-shipment Site Survey call for every 
system sale on the “End user” at the receipt of the PO. 


Action for the FSE:  


Note FSE has to order at least one connection box against this Pre-Shipment Site Survey 
call on the “End User”. 


• In case the FSE does not find the Pre-shipment Site Survey call on his QMobile, he has to 
contact the SSOC who will search whether the call has not been assigned to another FSE.  


• If so, the SSOC has to reassign it or open the call, if it has not been opened already 
following the standard process rules. 


• SSOC should take an action to check in CRM if connection box and eConnection kit are 
already ordered as a commercial item on the microscope or not.  


• If connection box is not ordered as a commercial item on the microscope, order at least 
one connection box against this Pre-Shipment Site Survey call on the “End User”. 


• For ordering use FRU service code 1204035 (stainless steel version) of the Connection 
box.  
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5.6.3 Cooling Water Supply 


Note These are the requirement if facility water is used for cooling. Thermo Fisher 
Scientific recommends using a Closed circuit water chiller.  


Floating particles: Particles > 120 mm, such as dirt from supply pipes, clay, sand, and iron 
hydroxides, must be filtered out. 


Purity 
requirements: 


Conductivity 400-850 uS/cm 


 Hardness < 6 °D 


 Iron content < 0.2 mg/l 


 Oxygen content > 4 mg/kg 


 Chloride content < 100 mg/kg 


 Carbonic hardness < 10 °dH 


 Consumption of potassium 
permanganate 


< 10 mg/kg 


 pH value 7 - 9 


 Aggressive carbon dioxide and 
ammonia not detectable 


 


Flow:  90 l/h 


Pressure: nominal See diagram on next page. 


Stability: pulse < 1x104 Pa 


 slow < 10% 


Temperature: input 18 ~ 22°C 


 stability < 0.1°C at input 


 Heat dissipation 1200 W 
 


Note Never use transparent water hoses, they can cause algae build up. 
 


Note Microscope has its own regulator to achieve proper flow rate. 
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Figure 2: Specification of working area for water pressure 


Closed circuit water chiller 


Note It is strongly recommended to use a closed-circuit water chiller unit. 


If the water conditions are worse than specified a closed-circuit water cooler must be used. 


Distilled water must be used in case of the closed-circuit. Distilled water deteriorate over time 
and it should be exchanged every 6 months. 


The cooling unit must be positioned at least three meters from the system to prevent 
electromagnetic interference. The cooler must not produce excessive vibration or acoustics. It 
is strongly recommended that the cooling unit is not placed in the same room as the system 
but in the auxiliary room. 
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5.7 Mains Connector and Earth Connector specification 


The Pre-installation kit contains some standardized connecting materials, like the wall 
mounting socket and an earth connector. Other materials must be purchased locally to comply 
with the local regulations. For details about delivered parts see Materials and Tools on page 
8. 


Note These items must be installed by the customer before the start of the system 
installation. 


 


5.8 Electrical Power Supply 


The system can be connected: 


• directly to the supplied connection box 


• via a separate Mains matching and/or isolation transformer to the supplied connection box 


• via an UPS to the supplied connection box (Optional) 


 


WARNING! Any interruption of the protective conductor inside or outside the instrument, or 
disconnection of the protective earth terminal, is likely to make the instrument 
dangerous. The local safety earth connection should meet local safety requirements.  
Have this checked during Pre-installation survey.  
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The local safety earth connection should meet local safety requirements. Have this checked 
during pre-installation survey. 


Contact your local mains electricity supplier for installation recommendations such as max. 
permissible load and fusing. 


The mains should be checked during the pre-installation phase. 


If the system is connected to any other mains supply than 230 V ±10% (±6% for NA), a mains 
matching transformer can be used (can be ordered from full catalog). 


Thermo Fisher Scientific can supply default type of Mains matching and isolation transformer: 


Transformer 


Type nr FP6343/02 


Input 104V, 115V, 208V, 230V, 400V 


Output 115V or 230 V (we use 230V) 


Order code 9432 063 43021 


Note The transformer must be installed at least 3 meters (10 ft) from the system column to 
minimize the effect of stray fields. 


UPS 


In case UPS needs to be used, it is up to customer to select appropriate type.  


The output voltage of the UPS must be 230V with circuit breaker rated for 15A (US) or 16 A 
(EU). 


In order to secure the EMO (Emergency OFF) function, the UPS must be connected according 
to schematic diagrams see chapter Connection Specifications on page 37 (Facility power -> 
UPS -> Connection box -> OneAC -> E-console). 


The connection of the UPS into the system power supply circuit must be done by qualified 
electrician. Local rules and regulations apply. 
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5.9 Mains requirements 


Mains requirements 


Mains supply 230V ±10%, 50/60 Hz, single-phase 
230V ±6% for NA 


Power consumed by 
system 


max. 3 450 VA 


Line voltage fluctua- 
tions 


±10% (slow variations or short duration transients) 
±6% for NA 


Frequency stability ±1% 


External fusing The equipment is rated for 230V - Use of 15 A for US and 16 A for EU circuit 
breaker is mandatory. SCCR (short circuit current rating) of the input breaker 
on the power conditioning unit is 10 000 A. The Helios Hydra is plug 
connected and the plug is used as the main dis- connect. The plug must be 
connected within 3 m from the operator and be readily accessible. 


 


• Connections: 3-wire, L-N-E (L1-L2-G for US). Thermo Fisher Scientific recommends a 
minimum of 3.3 mm2 (12 AWG) copper conductors, however the wiring should comply with 
local regulations). 


• If local regulations require an additional mains disconnect the customer must provide this.  


• Earthing: Besides the standard ground connected to the mains connecting unit an extra 
permanently installed earth conductor is required. Connect this separate wire directly from 
wall to the earth rail in the E console. 


• Earth resistance: According to the local rules. 


• Earth loops: Earth loops must be avoided: do not allow the system to touch external metal 
pipes or conduit. Water connections must be terminated with at least 15 cm of 
non-conductive hose, fitted after the main shut-off valve and the drain. 


 
 


5.10 Transformer 


5.10.1 Line conditioner 


Note Refer to the OneAC manual. 


• Local rules and regulations applicable: the tool Helios Hydra has a standard 230V ±10% 
input (except NA where 230V ±6% is required). 


• For the OneAC we use the 228Volt output to connect to the Helios Hydra.  
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5.11 Cable Duct 


All cables that are routed over the floor should be protected by suitable covers. These ducts 
are the responsibility of the Customer due to the unknown situation on the site.  
 


5.12 Gases 


5.12.1 Nitrogen (N2) 


5.12.1.1 Venting (N2) 


Nitrogen supply must be connected to the Connection box with an 8 mm or 5/16 inch hose 
coupling. 


Note Nitrogen is used to vent the chamber, loadlock and vacuum system. 


Use a cylinder of dry compressed nitrogen and a gas regulator.  


• The pressure must be 4x105 Pa, max. 5x105 Pa. 


• Chamber 30x105 Pal 


• Load Lock 5x105 Pal 


• The water content must be less than 10 ppm (grade 5.0 or better).  


• Compressed N2 purity grade 5.0 (>= 99.999%) or higher is to be used. 


Note In case CryoMat will be present on the system, separate N2 connection must be 
prepared for it. The pressure of such connection must be 1.5 Bar (150 kPa, 21.75 psi).  


 


Note If EDS is present on the system, N2 pressure must be set to 200 mBar.  
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CAUTION! The use of a central N2 gas supply is not recommended because the presence of 
possible contaminants may contaminate the specimen and also the column. 


 
 
 


 


5.12.1.2 Liquid Nitrogen 


Liquid Nitrogen is necessary when using the CryoCleanerEC. 


Liquid nitrogen consumption: 


• CryoCleanerEC 


• Approximately 0.5 liter/use. The CryoCleanerEC can be effective up to 24hours/use. 
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5.12.2 Compressed Air Supply for Pneumatics 


A compressed air supply from a compressor unit or a cylinder must be connected to the 
instrument with the following specifications.  


General requirements for compressed air (CDA, clean dry air) for Helios Hydra 


Pressure 5.0 x 105 to 5.5 x 105 Pa (72–80 psi; 5.0–5.5 bar) 


Minimum flow rate 40 sl/min 


Nominal air consumption 20 sl/min 


Filter ≤ 1 µm 


DIN ISO 8573-1:2010; Class 2 


Dew point ≤ - 20 °C @ atmospheric pressure (1 bar) or +3 °C @ 5 bar   


DIN ISO 8573-1:2010; Class 4 


Maximum oil content ≤ 0.1 mg/m³ 


DIN ISO 8573-1:2010; Class 2 


• Air supply must be connected to the Connection box with an 8 mm or 5/16 inch hose 
coupling.  


• If a compressor is being used, it must be connected to a different mains power supply than 
the system.  


Thermo Fisher Scientific can supply suitable compressor:  


Compressor order code: 


1136621 230V 50/60 Hz 


Due to the acoustic noise the compressor generates during operation it is recommended to 
install it into auxiliary room.  


The compressor has draining function to remove the condensate from its tank. Also it contains 
external water separator and air dryer to ensure air quality specified in table above General 
requirements for compressed air (CDA, clean dry air) for Helios Hydra.  


For automated function the drain hoses need to be connected to local facility drain. If it is not 
available, the condensate may be collected in supplied bottle or other suitable vessel. In such 
case it is necessary to drain the bottle manually on regular basis. For the mentioned 
compressor type there is approximately 200 ml of condensate being generated each day at 
24°C and 40% RH, the amount of condensate will vary depending on ambient conditions.  


The length of draining hoses measured from the compressor to drain should not exceed 5 m. 
The length of the air delivery hose measured from compressor to system should not exceed 
10 m (including connection box in the way).  
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5.12.3 Multiple Gases 


The order of gas bottles is important and following: 


Top SLOT1: Xe (Xenon) 


 SLOT2: Ar (Argon) 


 SLOT3: N2 (Nitrogen) 


Bottom SLOT4: O2 (Oxygen) 


MSDS for all gasses are delivered on demand, ask field service engineer in case of need. 
Safety sheets are located in Safety section of Service Documentation. 


5.12.3.1 Xenon 


Helios Hydra uses research grade Xenon, which is non-flammable, non-toxic, simple 
asphyxiant gas (reduces or displaces the normal oxygen concentration in breathing air).  


Part Number: 1058018 (Bottle 25L,Xenon) 


• CAS No.:   7440-63-3 


• UN No.:      UN2036 


• Purity ≥ 99.999% 


• Cylinder: 


• Gas volume: 25 liters 


• Gas pressure: 587 psig (40.47 bar) 


• Full cylinder weight: 4.39 lbs (1.99 kg)  


• Net weight: 0.14 kg 


• Approximate dimensions: 


• Outer diameter: 50 mm 


• Lenght (including valve): 410 mm 


• Valve connection: CGA 580 
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5.12.3.2 Argon 


Helios Hydra uses Argon, which is non-flammable, non-poisonous, simple asphyxiant gas 
(reduces or displaces the normal oxygen concentration in breathing air).   
 


Part Number: 1211632 


• CAS No.:   7440-37-1 


• UN No.:      UN1006 


• Purity ≥ 99.998% 


• Cylinder: 


• Gas volume: 2 cu ft / 56 liters (at atmospheric pressure) 


• Gas pressure: 1775 psig (at 70°F) / 12238 kPa (at 21.17 °C) 


• Full cylinder weight: 2.54 lbs (1150 g)  


• Net weight: 0.09 kg 


• Approximate dimensions: 


• Outer diameter: 2 / 51 mm 


• Lenght : 12 / 370 mm (including valve) 


• Valve connection: CGA 170 


Photo: 
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5.12.3.3 Nitrogen (N2) 


Helios Hydra uses Nitrogen, which is non-flammable, non-poisonous, simple asphyxiant gas 
(reduces or displaces the normal oxygen concentration in breathing air).  
 


Part Number: 1211625  


• CAS No.:   7727-37-9 


• UN No.:      UN 1066 


• Purity ≥ 99.9995% 


• Cylinder: 


• Gas volume: 1.77 cu ft / 50 liters (at atmospheric pressure) 


• Gas pressure: 1650 psig (at 70°F)  


• Full cylinder weight: 2.46 lbs (1115 g)  


• Net weight: 0.06 kg 


• Approximate dimensions: 


• Outer diameter: 2" / 51 mm 


• Lenght : 12" / 370 mm (including valve) 


• Valve connection: CGA 170 


Photo: 
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5.12.3.4 Oxygen (O2) 


Helios Hydra uses Oxygen, which is non-flammable, non-poisonous, oxidizer gas.   
 


Part Number: 1071108  


• CAS No.:   7782-44-7 


• UN No.:      UN 1072 


• Purity ≥ 99.997% 


• Cylinder: 


• Gas volume 2 cu ft / 56 l (at atmospheric pressure) 


• Gas pressure: 1600 psig (at 70°F) / 11 032 kPa (at 21.1 °C) 


• Full cylinder weight: x lbs (x g)  


• Net weight 0.07 kg 


• Approximate dimensions: 


• Outer diameter: 2" / 51 mm 


• Lenght : 12" / 370 mm (including valve) 


• Valve connection: CGA 170 


Photo: 
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5.13 Pre-vacuum pump (PVP) outlet 


The pre vacuum pump requires a house exhaust line to the outside atmosphere if the system 
is equipped with GIS. This has to carry away the air that is pumped from the system and 
chamber. The outlet gas of the pre-vacuum pump may not expose into the system room or 
any other ventilated or non-ventilated room if the system is equipped with GIS. Exhaust from 
the system will contain trace amounts of one or more of the optional beam chemistries 
ordered with the system (report available on request). Therefore, Thermo Fisher Scientific 
recommends the use of a scrubbed exhaust. It is also recommended to build a vent ilation 
facility in the room if the system is equipped with GIS. 


The PVP outlet must be in compliance with local regulations, this is the responsibility of the 
customer. 


The exhaust line should not be mounted in or on to the column console because of the 
vibrations caused by the PVP. 


• Corrosion-resistant material required for systems with Enhanced Etch gas. 


• Pressure range on the outlet of the nXDS10i pump is: 0 to 1.0 Bar.  


• Recommended minimum flow rate: 20 m3/hr. 


Note Scrub exhaust is in short a mechanical exhaust with a pump to create under pressure 
in the exhaust line and a scrub filter. 
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6 Information and Communication Technology 


If a communication/remote service is required, a telephone line with modem or a direct 
internet access must be installed in the microscope room. 


Phone access 


If no mobile connection is possible/allowed, a phone line (loud) is needed near system for 
better on-line support 


1. Specifications of the line: 


• Baud rate: ³ 56k6 (full duplex) 


• Direct international dialing 


2. Specification of the modem: 


• Auto dial / auto answer 


• Full duplex 


Internet access 


Internet access is needed near system for better on-line support 


• Not blocked by firewall 


• Connect to support PC 
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RAPID Overview and Benefits 


It is required to discuss RAPID with customer during the pre-installation phase. Customer’s 


decision should be before the installation of the tool starts for effortless further cooperation.  


Thermo Scientific Remote Access Program for Interactive Diagnostics (RAPID) is a 
progressive service program designed to enhance responsiveness and reduce system 
downtime. By enrolling your Thermo Scientific system in the RAPID program, you can benefit 
by allowing Thermo Fisher Scientific’s global network of service spec ialists to: 


• Solve problems remotely, often without requiring a service visit  


• Remotely diagnose system issues and order parts prior to an on-site service visit 


• Engage factory experts for instant 2nd and 3rd line support to your local field service 
engineer 


• Enhance operator effectiveness through real-time observation 


RAPID employs multiple layers in its security infrastructure to proactive address IT security 
concerns. To explore the RAPID Network Configuration, Security Infrastructure and IT 
Implementation, please consult the RAPID IT White Paper. It is highly recommended that you 
provide this document to your IT department when registering for the RAPID program. Your IT 
department may also forward any network configuration or additional questions to 
rapidsupport@fei.com. 
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Site Requirements 


Thermo Fisher Scientific is responsible for the network inside the microscope. Interface to the 
LAN is the responsibility of the user or the local IT group. Virus protection is the responsibility 
of the user. See below for information regarding Thermo Fisher Scientific’s anti-virus 
protection policy. 


• The customer’s site should have a broadband internet connection (a minimum connection 


of 1Mbps upload speed is required, however 5 Mbps upload speed is recommended to 
support full capabilities of remote diagnostics). 


• Port 1194, inside the corporate firewall, should be opened outbound for TCP and/or UDP 
to at least one of the following RAPID servers, see table below: 


Note For optimal performance, port 1194 should be opened to all RAPID servers.  


 


RAPID VPN server (DNS name) RAPID VPN server (IP address) Location 


rapidvpn-nl.fei.com 192.87.67.16 Europe (Eindhoven, NL) 


rapidvpn-jp.fei.com 61.197.169.149 Asia (Tokyo, JP) 


rapidvpn-us.fei.com 66.192.179.36 USA (Hillsboro, USA) 
 


Support PC 


As security is a key component of the RAPID infrastructure, it is mandatory for Helios Hydra 
systems to have a Support PC installed that can provide added security with a firewall and 
antivirus software. The precise configuration of these components falls under the 
responsibilities and maintenance of the customer’s IT department, but following IT security  
policy is mandatory for Helios Hydra: 


• The Support PC must fall under the customer IT policy. Rationale: Customer IT maintains 
responsibility for patching and maintaining SPC. 


• The SPC must have the option to run the virus scanner of choice. Rationale: Prevent 
viruses on SPC. 


• The SPC must be able to run a firewall of choice. Rationale: Prevent unwanted access to 
the SPC (and MPC). 


• The SPC must be allowed to run the latest OS patches. Rationale: Keep OS updated and 
safe with latest security patches. 


• The MPC shall not connected directly to the LAN. Rationale: MPC is unsafe from a 
security perspective, no virus scanner, firewall, and OS patches allowed.  


For TEM systems a Support PC is not required and one can run RAPID directly from a System 
PC. However, because Thermo Scientific instruments require sophisticated software, one is 
limited to using McAfee and Norton antivirus software on the System PC and OS patching is 
not allowed. 
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RAPID registration 


For registration you will be asked to provide information about your Thermo Scientific 
instrument (tool family, serial number). This registration will allow you to sign up for RAPID.  


1. To create your account click on the link - Register Your Microscope. Fill in the form with 
your contact and account information. 


2. Select the instrument registration family, instrument name and write down the system 
serial number. 


Note In case you do not know the serial number, ask for the serial number your field 
service engineer. 


 


References 


In case any troubles, it is possible to get more information on these links:  


RAPID Support helpdesk: rapidsupport@fei.com 


RAPID Secure portal: https://rapid.fei.com 


RAPID Customer portal: http://www.fei.com/service/rapid 
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7 Appendix 1: Drawings and Floorplans 


7.1 Room Dimensions 


The following drawing shows the standard microscope room dimensions that meet our 
installation and safety requirements. If the layout cannot be met, the room needs to be 
approved by Thermo Fisher's technical and safety group prior to installation. 
 


7.2 Recommended Room Layout with Acoustic Enclosure 


Helios Hydra system with an Acoustic Enclosure can be placed in a room of 5900 mm x 4774 
mm or larger. 


Recommended layout of a Helios Hydra system with an acoustic enclosure:  
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Note PVP distance is not critical for system with acoustic enclosure.  
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7.3 Recommended Room Layout without Acoustic Enclosure 


Helios Hydra system can be placed in a room with dimensions X mm x Y mm - see table below for 
the value of X and Y. 
 


System A B X Y 


Helios Hydra - no loaders 1185 1337 4925 3947 


Helios Hydra - with Quick Loader 1442 1337 5182 3947 


 


Recommended layout for Helios Hydra systems without an Acoustic Enclosure. The 
dimensions A, B, X, Y are dependent on system configuration. 


ThermoCube position is located behind E-console. Additional devices like PVP, ONEAC, 
water chiller are recommended to be stored in the auxiliary room. See the chapter Auxiliary 
Room on page 23. 
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7.4 Minimalistic Layout 


The minimum room dimensions for Helios Hydra systems are X mm x Y mm - see table below 
for the value of X and Y. This layout is not compliant with SEMI recommendations.  
 


System A B X Y 


Helios Hydra - no loaders 1185 1337 4065 3947 


Helios Hydra - with Quick Loader 1442 1337 4322 3947 


 


Minimalistic layout for Helios Hydra systems without an Acoustic Enclosure. The dimensions 
A, B, X, Y are dependent on system configuration. 
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8 Appendix 2: Pre-Installation Checklists 


8.1 Pre-Installation Site Survey 


A pre-installation Site Survey is performed prior to tool placement to verify that the ambient 
acoustics, floor vibration and EMI meet Thermo Fisher Scientific specifications. 


The system comes with an enclosure capable of reducing the influence of acoustics and room 
temperature. 


The survey is performed by an Thermo Fisher Scientific FSE who has been trained for this 
task. 


Site surveys is performed using the following kit: 


• Dactron - 4035 273 20971 


Additional site surveys are required when any changes are made to the site as changes may 
affect the environment and system. 


Note If the site fails to meet the specifications provided in this manual the "Performance 
Waiver due to Failure of Pre-installation Site Requirements" must be completed and 
signed. See "Performance Waiver due to Failure of Pre-installation Site 
Requirements" 


 


To prepare logistic departments to transport and to plan unloading of the System crates on 
Customer’s site an FSE has to take pictures of the unloading area during site survey, except 


where it is forbidden by the customer.  
 


It is needed to take pictures of: 


• access road to unloading area 


• unloading area where truck will be parked 


• measure height of loading dock (if present) 
 


Note When done, the FSE has to send these pictures to the local SSOC, except where it is 
forbidden by the customer. 


 


The following Pre-Installation Check lists the minimum checks to be carried out for a 
successful installation. 


 Microscope type:  


 Customer:  


 User(s) Title, Name:  


 Address:  
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 Country:  


 Checked by:  


 Thermo Fisher Scientific 
Organization: 


 


 Date:  


 Planned installation starting 
date: 


 


 


Note Any deviation from these installation and safety requirements may cause 
deterioration in the Instrument specification. 
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8.2 Pre-Installation Checklist 


8.3 Pre-Installation Checklist 


 


Item Subject Min./Max. value Checked 
and found 
ok 


Yes / No 


Remarks 


1 Unloading area 
survey: 


• access road 


• unloading area 


• height of 
unloading dock 


   Send pictures to SSOC 


2 Transport route 


Width uncrated: 


 
Height uncrated: 


(transport on wheels) 


Height crated: 


(transport by forklift) 


Maximum ramp: 


 


Minimum width is 925 mm / 1110 
mm  


min 200 cm 


 


223 cm 


 


5 degrees 


   


See chapter System 
Dimensions on page 13 


3 


 


Door opening width: 


 
Uncrated: 


Crated: 


See chapter "Crates dimensions 
and weight" 


min. 200cm 


it is moved with forks from the 
side. 


   


Door opening height: 


 
Uncrated: 


Crated: 


See chapter "Minimum Room 
Height" 


min 250 cm 
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Item Subject Min./Max. value Checked 
and found 
ok 


Yes / No 


Remarks 


4 Ceiling height See chapter "Minimum Room 
Height" 


   


5 Minimum Overall floor 
space 


See minimalistic room layout, if 
available 


  The customer is 
responsible that the 
local or company safety 
regulations are taken 
into account. 


6 Floor flatness Floor flatness: spirit level    


7 Room temperature See chapter "Room temperature 
and humidity specification" 


   


8 Room temp. stability See chapter "Room temperature 
and humidity specification" 


   


9 Relative humidity See chapter "Room temperature 
and humidity specification" 


  No condensation at 
cool water temperature. 


10 Magnetic field spec. See chapter "Room temperature 
and humidity specification" 


  Bartington meter, 
MEDA meter 


11 Mechanical vibrations See chapter "Acoustics and Floor 
vibration guidelines" 


   


12 Acoustical specification See chapter "Acoustics and Floor 
vibration guidelines" 


   


13 Compressed Air supply See chapter "Compressed air 
supply for pneumatics" 


   


14 Nitrogen supply 
pressure 


See chapter "Nitrogen (N2)"    


15 Water flow See chapter "Cooling water 
supply" 


   


16 Water pressure See chapter "Cooling water 
supply" 


   


17 Water pressure stability 
at input 


See chapter "Cooling water 
supply" 


   


18 Water temperature at 
input to system 


See chapter "Cooling water 
supply" 


   


19 Water temp. stability at See chapter "Cooling water    







Chapter | Appendix 2: Pre-Installation Checklists 


 


Confidential, limited rights 
PN 1205526 | Revision A | 12-Jul-2019 


Helios Hydra: Pre-Installation Manual 
Page 67 


 


Item Subject Min./Max. value Checked 
and found 
ok 


Yes / No 


Remarks 


input to system supply" 


20 Heat dissipated See chapter "Heat Dissipation"    


21 Mains supply See table in "Electrical Power 
Supply" chapter 


   


22 Power consumption See table in "Electrical Power 
Supply" chapter 


   


23 Mains frequency See table in "Electrical Power 
Supply" chapter 


   


24 Line voltage 
fluctuations 


See table in "Electrical Power 
Supply" chapter 


   


25 Mains connection 
Switch & fuse box 


See chapter "Electrical Power 
Supply" 


  15A for North America/ 
Canada, 


16A rest of the world 


26 Earthing < 0.7    Local rules apply 
between the central 
grounding point in the 
system and the 
electrical installation of 
the customer 


27 Cable ducts     


28 Telephone line     


29 Network connection     
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9 Appendix 3: Performance Waiver 
INSTRUMENT TYPE:  


COMPANY NAME:  


ADDRESS:  


  
 


LOCATION Building  Room  Phone   


SITE SURVEY 
RESULTS: 


 SITE SURVEY DATE:  


 


 PASS FAIL ADDITIONAL COMMENTS 


Vibrations 
  


 


Acoustics 
  


 


EMI 
  


 


Other 
  


 


 


Signature below by the Customer certifies that: 


• The Customer acknowledges that the site referenced above does not meet the published 
environmental requirements for the above mentioned Thermo Fisher Scientific product.  


• The Customer agrees that Thermo Fisher Scientific will not be held responsible for failure 
of the above referenced equipment to perform at published ion and/or electron beam 
specifications due to inadequate environmental site requirements.  


• The Customer agrees that all contractual payments based upon system performance will 
be released for full payment immediately upon completion of the installation provided that 
Thermo Fisher Scientific shows adequate documentation proving that all Thermo Fisher 
Scientific Acceptance Tests have been performed on a "best effort" basis.  


 


   


Thermo Fisher Scientific Representative name 
 


Customer Name 


   


Thermo Fisher Scientific Representative signature 
 


Customer Signature 


   


Date signed 
 


Date signed 
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10 Appendix 5: Optional Configurations 


10.1 SEMI s2 Kit + Seismic Restrain kit (optional) 


Note Epoxy adhesive required for anchoring is not part of the Seismic Restrain Kit – it 
needs to be ordered separately via FRU number 1032987 (Epoxy Adhesive Anchor). 


WARNING! BEFORE YOU WORK WITH THE EPOXY ADHESIVE ANCHOR CAREFULLY READ AND 
UNDERSTAND THE MATERIAL SAFETY DATASHEET MSDS R500 EPOXY ADHESIVE 
ANCHOR CAN: 
- CAUSE EYE AND SKIN BURNS
- BE IRRITATING WHEN YOU INHALE THE VAPORS
- CAUSE BURNS WHEN YOU SWALLOW IT


10.1.1 General 


Semi S2 requires the following system components to be anchored to the ground.  


• Mechanical console


• Electronic console


• Electric power conditioner


• Table


• Acoustic Enclosure (optional)


• Edax controller, etc.


Before installation of the system, the site must be prepared for anchoring. The preferred way 
of anchoring is: 


• The anchorage is mounted in the floor and the system component is secured with bolts.


Preferred anchoring method: 
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10.1.2 Adhesive anchor 


Note The information below is derived from the Hilti adhesive Anchor installation 
instruction and should only be used as a guideline. It is recommended that you use 
the instructions delivered with the Adhesive anchoring, before you mount the 
anchors. 


 


WARNING! BEFORE YOU WORK WITH THE EPOXY ADHESIVE ANCHOR CAREFULLY READ AND 
UNDERSTAND THE MATERIAL SAFETY DATASHEET MSDS R500 EPOXY ADHESIVE 
ANCHOR CAN: 
- CAUSE EYE AND SKIN BURNS 
- BE IRRITATING WHEN YOU INHALE THE VAPORS 
- CAUSE BURNS WHEN YOU SWALLOW IT 
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1. Use the power drill and drill the holes (holes diameter is 22mm, depth 130mm).  


2. Load the container (“Epoxy adhesive anchor”) in to the “Manual dispenser MD2500”.  
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3. Insert the “Insert M12x125” to the holes. The maximum time before insertion of the insert 


is mentioned in the table below. 


 


4. Let the anchorage harden before you insert the bolts. The minimum time before inserting 
the bolts is mentioned in the table below. 


Base Material Temperature Approx. 


Full Curing Time °F °C 


23 -5 72 hours 


32 0 50 hours 


50 10 24 hours 


68 20 12 hours 


86 30 8 hours 


104 40 4 hours 


5. Fasten the bolts with a Torque of 50 Nm. 
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10.1.3 Electronic Console 
• Dimensions (width x depth x height): 660 x 1055 x 1949 mm / 26.0 x 41.5 x 76.7 inch  


• Total weight: 335 kg / 738 lb 


• Weight on one foot: 84 kg / 185 lb 


• Advised floor anchorage: M10 x 140 (strength class 8.8) 


• Equivalent quasi-static forces: 


• Vertical force   Wp = 3286 N 


• Horizontal force   Fp = 3089 N 


• Lateral force   Fp/4 = 772 N 


• Overturning force  R1 = 1681 N 


• Overturning force  R2 = 795 N 


Note After each excessive seismic activity it is necessary to check the state of all the 
anchor bolts M10. The bolts with a visible permanent plastic deformation shall be 
replaced. 


Center of gravity and quasi-static forces (electronic console): 
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Pattern to drill holes for anchors (Electronic console): 
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10.1.4 Mechanical Console 
• Dimensions (width x depth x height): 1185 x 1337 x 1948 mm 


• Total weight: 940 kg 


• Weight on one foot: 235 kg 


• Advised floor anchorage: M16 - Hilti-HVU with HIS-RN sleeve (stainless steel A4-70, 
1.4401) 


• Two loading cases are supposed (see table below) 


• The inner area of the hole for anchor bolt M16 is loaded with the seismic forces FX, FY, 
FZ 


Seismic Load Tilting FX [N] FY [N] FZ [N] 


Loaded in XY plane X-direction 2233 3428 0 


Loaded in ZY plane Z-direction 0 3672 2233 


The quasi-static forces (vertical force Wp and horizontal force Fp) are oriented as described 
below: 


Center of gravity and quasi-static forces (mechanical console): 


 


Figure 3: Illustrative picture of the system showing center of gravity(CG) 
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Pattern to drill holes for anchors - mechanical console, system equipped with system covers: 
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10.1.5 Power conditioner 


Power conditioner anchoring 


  


Power conditioner layout 
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10.1.6 Table 


  


Table anchoring 


  


Table layout (drill pattern) 
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10.1.7 Rotary pumps 


Rotary pumps layout 
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10.1.8 EDX control PC 


PC anchoring 


  


 


10.1.9 Acoustic Enclosure Installation Coordination 


Acoustic Enclosures (AE) are shipped either from the Thermo Fisher Scientific factory or from 
the supplier. It depends on a customer's request and delivery terms. The AE, which is shipped 
directly from the supplier to the customer, will arrive at the same time with the system. The 
installation of the AE is arranged via the supplier, the supplier arranges an engineer to 
perform the installation on-site worldwide. For this we have a process which is shortly 
described in following chapters. 


Communication with Supplier to Arrange Installation Support 


Our supplier receives on a regular base the prospect list from the order-desk with potential AE 
shipment. To arrange a proper timing of the actual installation date with our supplier the local 
Field Service Manager is responsible for submitting a request as soon as he is aware of 
needed VDL support and the request must be confirmed at least 4 weeks before requested 
installation start date. This time is needed to allow our supplier to arrange the proper visa (if 
needed). Requests for the installation support must be submitted via SharePoint site (link 
below) which is used as a communication interface and a tracking tool for all installation 
supports. All needed information related to this interface, process and also VDL contact 
person can be found on the SharePoint site. 


Dedicated site: 


Thermo Fisher Scientific network 


http://eu-sp/sites/CSS/TSS/Install/suppliers/vdl/ 


Outside of Thermo Fisher Scientific network 


https://shpp.europe.feico.com/sites/CSS/TSS/Install/suppliers/vdl/ 
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Note Please do not send technical related questions to our supplier but send these to the 
appropriate TAC/TSS/GTS! 


Preparation before AE installation 


In the case a seismic restrain kit is used, the preparation for this like drilling holes must be 
done before the installation of the AE box start. The engineer from the supplier will only install 
the AE box and will not be involved in the preparation like the drilling of holes for the seismic 
restrain kit. 


See for more information also chapter SEMI s2 Kit + Seismic Restrain kit (optional) on page 
69. 


Accepting Acoustic Enclosure after Installation 


For accepting the Acoustic Enclosure after the installation by our supplier we created an 
acceptance document for the local service engineer. Our supplier will bring the document and 
it needs to be signed by the local service engineer when the installation meets the acceptance 
criteria set in these documents. The Local service engineer does not need to bring a printed 
version of the sign-off document but must ensure that the document is used in the evaluation 
to get the correct quality/performance. 


Note This acceptance document has no relation to the Thermo Fisher Scientific System 
Acceptance Test. This supplier acceptance test is created for our supplier to have a 
document that shows that the installation has being done correctly.  


Acceptance document for the 2.55AE (Magellan, Verios and Helios) 


VDL ETG Installation_Acceptance and Expense Form AE2.55 


Place Thermo Scientific Logo Stickers 


1200448 
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11 Appendix 6: Conversion Tables 


Length Energy 


1 mm = 0.0393 in 


1 cm = 0.3937 in 


1 m = 3.2808 ft 


1 m = 1.0936 yd 


1 in = 0.0254 m 


1in = 25.4 mm 


1 in = 2.54 cm 


1 ft = 0.3048 m 


1 yd = 0.9144 m 


1 Joule  = 1 J 


  = 1 Wsec  


  = 0.2388 cal 


1 kilo-Joule = 1 kJ  


  = 1000 J 


  = 0.9478 BTU 


1 cal  = 1 frigory 


  = 4.1868 J 


1 kcal  = 4.1868 kJ 


1 BTU  = 1.055 kJ 
 


Moment (Torque) Force 


1 newton meter  = 1 Nm  


   = 0.102 kgfm 


1 Nm   = 0.7375 lbft 


1 lbft   = 1.356 Nm 


1 kgfm   = 9.8 Nm 


1 newton = 1 N 


  = 0.2248 lbf 


1 dyne  = 0.01 N 


1 kgf  = 9.806 N 


1 lbf  = 4.448 N 
 


Mass Temperature 


1 g = 0.0353 oz 


1 kg = 2.205 lb 


1 oz = 28.35 g 


1 lb = 0.4536 kg 


0 °C  = 32 °F 


°C  = 5/9 x (°F - 32) 


°F  = 9/5 x (°C) + 32 
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Volume Power 


1 cm3  = 0.061 in3  


  = 1 ml 


1 m3  = 1.308 yard3 


1 liter  = 0.035 ft 


1 liter  = 1.761 UK pints 


1 liter  = 0.22 UK gallon 


1 liter  = 2.113 US pints 


1 liter  = 1.057 US quarts 


1 liter  = 0.2642 US gallon 


1in3  = 16.387 cm3 


1 yard3  = 0.7646 m3 


1 ft3  = 28.32 liter 


  = 1 UK fl/oz  


  = 28.41 cm3 


1 UK pint = 0.57 liter 


1 UK gallon  = 4.5461 liter 


1 US pint = 0.4732 liter 


1 US quart = 0.9463 liter 


1 US fl/oz = 29.57 cm3 


1 US gallon = 3.785 liter 


1 watt   = 1 W 


   = 1 J/sec 


   = 0.2388 cal/sec 


1 kilowatt  = 1 kW 


   = 1 000 W  


   = 860 kcal/h 


   = 1.36 pk 


   = 1.34 hp 


1 cal/sec  = 4.186 W 


1 kcal/h   = 1.163 W 


1000 frig/h  = 1.163 W  


1 Brit ton of refr.  = 3.89 kW 


1 US ton of refr.  = 200 BTU/min 


   = 3.51 kW 


1 kWh   = 3600000 J  


   = 3.6 MJ 


1 pk   = 0.735 kW 


1 hp   = 0.7457 kW 


 


Leak rate units Flow 


1 Torr l/s = 1.333 mBarl/sec  


  = 1.316 atm cm3/sec 


  = 103 lusec 


  = 2.795 x 10-3 atm.ft3/min 


  = 2.083 x 105 gram/year (Freon 12) 


  = 5.7 x 10-3 kg/h (air) 


1 liter/min = 5.886 x 10-4 ft3/sec 


1 liter/min = 4.403 x 10-3 US gall/sec 


1 liter/min = 3.667 x 10-3 UK gall/sec 


1 ft3/min = 0.472 liter/sec 


1 US gall/min = 0.0631 liter/sec 


1 UK gall/min = 0.076 liter/sec 
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Pressure Vacuum Pressure units 


1 Bar  = 1000 mBar 


  = 105 Pa 


  = 1.02 kgf/cm2 


  = 0.988 atm 


  = 14.5 lb/in2 


1 mBar  = 0.1 kPa 


1 kPa  = 1 kN/m2 


  = 10 mBar 


1 Pascal = 1 Pa 


  = 1 N/m2 


  = 0.01 mBar 


1 lbf/in2 = 0.07 kg/cm2 


  = 0.068 atm 


  = 6.894 kPa 


  = 68.94 mBar 


  = 0.069 Bar 


1 kgf/cm2 = 1 atm 


  = 98.066 kPa  


  = 0.9806 Bar 


1 atm  = 101.325 kPa  


  = 1.0132 Bar 


1 mm Hg = 1 Torr 


  = 0.1333 kPa  


  = 1.333 mBar 


1 mm H2O = 9.804 Pa 


  = 98.066 mBar 


1 atm  = 760 Torr 


1000 mBar = 750 Torr 


  = 105 Pa 


1 Pa  = 0.01 mBar 


  = 1.10-5 Bar 


  = 7.5 x 10-3 Torr 


  = 9.87 x 10-6 atm 


  = 1.45 x 10-4 lbf/in2 


  = 1.02 x 10-5 kgf/cm2 


  = 2.953 x 10-4 in Hg  


  = 7.5 x 10-4 mm Hg 


  = 4.015 x 10-3 in H2O  


  = 0.102 mm H2O 


  = 7.5 micron 


  = 99.99+ % vacuum 


  = 1 N/m2 


1 atm  = 1.013 x 105 Pa  


  = 101 325 kPa 


1 Torr  = 1.333 x 102 Pa 


  = 1 mm Hg 


1 mm Hg = 1.333 x 102 Pa 


1 micron = 1 μm Hg 


Magnetic field strength 


1Tesla = 10 000 Gauss  


100 nT = 1 mG 
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Frequency Magnetic induction 


1 Hertz = 1 Hz  


  = 1 cycle/sec  


  = 60 cycles/min (cpm) 


1000 cpm = 1.000/60 Hz  


  = 16.67 Hz 


B =μ x H = 1 Tesla 


  = 104 Gauss 


  μ =μ0 x μr 


  μr = 1 in vacuum and air 


  μ0 = 4 x 10-7 V sec/A.m 


Oersted = 103/4 A/m 


  = 79.6 A/m 
 


Light Pumping speed units 


Color temperatures  K 


Candlelight   = 1 930  


Tungsten lamp, home use = 2 800 


Quartz halogen lamp  = 3 200 


Fluo. lamp, warm white  = 3 500 


Fluo. lamp, white  = 4 500 


Fluo. lamp, daylight  = 6 500 


Clear sky   = 10 000 


Luminance     Lux 


Clear, mid-day sky  = 100 000  


Cloudy, mid-day sky  = 32 000  


Office, under fluo. light  = 500  


Candle light, distance of 20 cm = 10  


1 l/s  = 60 l/min 


  = 2.12 ft3/min  


  = 3.6 m3/h 


1 ft3/min  = 0.472 l/s 


  = 28.32 l/min  


  = 1.7 m3/h 


1 m3/h  = 0.278 l/s 


  = 16.67 l/min 


  = 0.589 ft3/min 
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1 Introduction 
 


CAUTION! All information in this manual must be treated as confidential.  


 


 


This publication is valid for the following system: 


1156232: Thermo ScientificTM Spectra 300  
 


1.1 Information about the Pre-Installation manual 


This Manual gives physical details of the room, services and ambient conditions required to 
accommodate a Thermo Scientific Electron Microscope. 


Requirements listed in this Manual are necessary for trouble-free installation, reliable 
operation and reduced downtime. Any deviation from the required parameters can result in 
decreased performance of the Microscope. 


Note All dimensions are given in metric units. Conversions can be found in Appendix 6: 
Conversion Tables on page 100. 


 
 


1.2 Delegation of Responsibilities 


Pre-Installation means all the work that has to be done to prepare a room suitable for 
installation and operation of the microscope system.  


This includes preparation of the transportation route and a storage area within the Customer’s 
premises and availability of all services mentioned in this Manual.  


Note Pre-installation is a responsibility of the Customer. 
 
 


During a Site Survey a Thermo Fisher Scientific representative is sent to the Customer’s site 


to verify that all preparations have been performed and that the site fully abides all 
requirements listed in this Manual. During this Survey the Thermo Fisher Scientific 
representative fills a Pre-Installation Checklist to confirm site readiness. All deviations from 
Pre-Installation requirements must be marked in the Checklist.  
 


Note If requirements listed in this Manual are not met, the Appendix 3: Performance 
Waiver on page 74 must be filled out and signed by the Customer. 
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Note The Sales and Service Division (SSD) is responsible for the organization and 
execution of the Site Survey. 


 


1.3 Optional Configurations 


Some systems might be equipped with optional modules or functions that might affect site 
requirements. 


For details see chapter Appendix 5: Optional Configurations on page 75. 


 


For Spectra 300 the following options are available: 
 


• Ceta-2 camera 


• Gatan Image Filter (GIF) 


• SEMI S2 Kit and Seismic Restraining Kit 


• Choice between an Air Cooled or Water Cooled Chiller 


• Vibration Isolation System 


• Integrated Vibration Isolation System (Thermo Scientific iVIS)  


• Active Vibration Isolation System (AVIS) 
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2 Safety and Environmental Requirements 


2.1 Machine Classification 


Spectra 300 meets the provisions of the following directives: 


2006/42/EC Machinery Directive 


2014/30/EU Electromagnetic Compatibility Directive 


2013/59/EURATOM Ionizing Radiation Directive 


2011/65/EU RoHS Directive 


Spectra 300 also conforms to the following standards and normative documents:  


EN61010-1 Safety requirements for electrical equipment for measurement, control 
and laboratory use 


EN61326-1 Electrical equipment for measurement, control and laboratory use EMC 
requirements 


NFPA 79-2018 Electrical Standard for Industrial Machinery Optional NRTL safety 
inspection testing can be ordered by the customer 


 
 


2014/68/EU Pressure Equipment Directive 


EN 13445-1 Unfired Pressure Vessels 


 
 


The Microscope has been designed and tested according to SEMI safety and ergonomic 
assessment guidelines. All test have been performed by an independent testing laboratory.  


SEMI S2-1016B Environmental, Health and Safety Guidelines for Semiconductor 
Manufacturing Equipment 


SEMI S8-1116 Safety Guideline for Ergonomics Engineering of Semiconductor 
Manufacturing Equipment 


 
 


Each Thermo Fisher Scientific System has a EC Declaration of Conformity. This Declaration 
is System specific and is bound to a serial number of the System. 


The Declaration is delivered with the System and is located in the Red binder.  
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2.2 Safety Requirements 


CAUTION! Because the leakage current from mains to earth exceeds 3.5 mA, a double 
permanently connected and separated safety earth must be fitted to the earth rail of 
the Spectra 300 Power Cabinet. This to comply with the European safety standards.  


 
 


For detailed information related to safety please see the Safety Manual that applies to Spectra 
300. 


Note If you did not receive this document, please inform your Thermo Fisher Scientific 
representative. 


 
 


Pay extra attention to the following sections mentioned in the Safety Manual:  


• High voltage and X-ray  


• Liquid nitrogen (LN2) 


• Safety Data Sheets (SDS) 


• Sulfur Hexafluoride (SF6)  
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3 Materials and Tools 


For a successful Pre-Installation and Installation, certain materials and tools have to be 
prepared by Customer during the Pre-Installation phase. 


If any of the items listed in this chapter are not available, please contact your Thermo Fisher 
Scientific representative to avoid delays in Installation. 
 


3.1 Items shipped to the Customer by Thermo Fisher Scientific 


Note The Customer is responsible for installing the delivered items before the start of the 
Installation. 


 
 


The Pre-Installation Kit: 


Topic Shipped item PN Qty Chapter 


Anchoring 


1177889 


Anchor bracket 1 1177830 2  


Anchor bracket 2 1177828 1  


Anchor bracket 3 1177826 1  


Anchor ring M16 4022 264 64381 8  


Wash Stl St A4-70 M12 2522 600 27154 16  


Hex. Bolt M12x35 st ZPL 4022 198 77821 16  


Hex. nut X Stl St M16 2522 401 09019 8  


Hex. Bolt M16x100 st ZPL 4022 198 77811 8  


Anchoring 
Pre-Install 


1177897 


Drilling jig CB 1177898 1  


Wire tie 4.8 x 186 mm 2422 015 05008 10  


Hammer fixing 6x40 4022 198 80091 10  


Insert M16x170 4022 198 77781 20  


Hex. Bolt M16x100 st ZPL 4022 197 77811 1  


Roughening tool 28 1175421 1  


Manual dispenser 1032754 1  


Packing Drilling jig CB 1175578 1  
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Topic Shipped item PN Qty Chapter 


Connection Set 


1153083 


Hose PVC ID 13 1151874 15m  


Hose clamp St 15x27 2522 713 01004 6  


FEP-tube 6x4mm cleanpak 4022 198 28121 15m  


PA tube PA 8x6x1mm blue 0822 006 17016 15m  


PVC tube 22x16x3 transp 1152739 15m  


SLANGPILAAR 
DIA.15-KF25 


4022 260 21191 2  


Hose cutter dia. 38mm 1150368 1  


Assy ins. hose 13 15m 1151908 1  


Male union 12-1/2 NPT 1155042 2  


Hose nipple A12-13 4022 260 73221 2  


Loctite 542 (10ml) 4022 265 25151 1  


The following item is normally not delivered with the System because of safety reasons, the 
SSOC will arrange delivery to site prior to the installation: 


Topic Shipped item PN Qty Chapter 


System Anchoring Epoxy adh.anchor UN pack 1032987 2 Appendix 4: System 
Anchoring 


Option: Seismic 
Anchoring 


Epoxy adh.anchor UN pack 1032987 3 Seismic Restraining Kit on 
page 96 


 


 
 


If an S2 Kit is ordered with the system, the Facility Connection box must be ordered by the 
FSE and installed by the Customer before the installation starts:  
Order Code 1151147 


If an S2 Kit is not ordered with the system, the Facility Connection box can be ordered by the 
FSE if there is an agreement with the Customer to have this installed before the installation 
starts 


For details on installation and connection, see workinstruction 104783. 
 
 


The System is delivered with two Internal Hoists (540 kg and 160 kg), a 100 kg hoist for the 
cameras and lead on the filter and additional Tools (to do regular service and maintenance 
work).  
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No "external" Hoist is needed. 


In case the room is equipped with an "external" Hoist the room ceiling height will normally go 
up by a value depending on the Hoist itself. This value has to be added to the value given in 
Microscope Room Dimensions on page 23 . 


Note The minimum ceiling height depends on the configuration and size of the enclosure:  
- 3040 mm for the low system enclosure  
- 3370 for the medium system enclosure 
- 3770 for the high system enclosure. 


An "external" Hoist will offer some efficiency advantages during the installation and 
maintenance if it is possible to lift weights up to 2000 kg. Note that the "external" Hoist then 
must be capable lifting and lowering loads very slowly. No examples of "external" Hoists are 
given in the manual. For reach of the "external" Hoist see also Appendix 1: Drawings and 
Floorplans on page 62. 
 
 


CAUTION! The crate(s) in which the System is delivered have clearance for a standard-sized 
pallet jack for Euro pallets: 
-> 9 cm vertical opening 
-> 20 cm open space between forks 
-> 17.2 cm fork width 
-> 17.2 + 20 + 17.2 = 54.4 cm outside dimension of forks 


 


 


3.2 Items to be purchased by the Customer 


The following items are necessary for a successful installation of the system but are not 
delivered by Thermo Fisher Scientific. Items with Order Code can be purchased from Service 
stock. Contact your Thermo Fisher Scientific representative to order these Thermo Scientific 
items. The items can also be purchased locally. 
 


 Description Order Code Requirements 


 Dust filter N2 supply 5322 480 20066 Grade 0.3 µm, Nitrogen (N2) on page 
54 


 Additional hose for connecting water cooled 
chiller to facility water. 


N/A Cooling Water Supply on page 51 


 Additional hose for connecting chiller to 
microscope (2x15 meters of hoses are already 
included with microscope). 


N/A Cooling Water Supply on page 51 


 Nitrogen Flow regulator. N/A Liquid Nitrogen (LN2) on page 55 


 SF6 (in cylinders). N/A Sulfur Hexafluoride (SF6) on page 56 


 Oxygen detector. N/A Oxygen Detection on page 59 
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 Description Order Code Requirements 


 Plasma Cleaner. N/A Needed for systems with HR-STEM 
resolution. 


 Plugs and screws to attach the drilling jig to the 
floor. 


N/A Used for anchoring of the Microscope 


 Drill bits  
(size: diameter 6 mm and diameter 28 mm. 


N/A Used for anchoring of the Microscope 


 
 


There should be 60 liters of demineralized water available to prepare the water circuit 
between Microscope and Chiller. 
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3.3 Items to be purchased by the FSE prior to installation 


The microscope is equipped with several Safety Relief Valves. These will be ordered and 
replaced by the FSE during the installation of the microscope. 


The replacement of these SRVs is necessary, because during the PED certification, it was 
identified that the SRV is a critical component for pressure vessel safety. To maintain 
pressure vessel safety, the SRV needs to be periodically replaced by a new one.  


At the time of the installation a "Take in operation" inspection can be expected. At the moment 
the system is handed over to the customer, the SRVs must be younger than 1 year, 
regardless of whether the customer follows this inspection or not. The inspection is the 
responsibility of the customer. 


The FSE will order replacement SRVs, as it can be expected that during the installation of the 
system the SRVs have to be exchanged due to the age of the SRVs. The replacement 
instruction is in the Installation manual, section: Replace the Accelerator Safety Relief Valve 
and Connect the HT Cable to the HT Tank 


After installation: 


The HT tank SRV’s will be changed every four years. 


The accelerator SRV will be changed at the time of service, such as a tip change, if the age of 
the SRV exceeds 4 years (for the first exchange) and then every6 years.  


If the customer requests the SRVs to be changed sooner, it will be at their expense. 


 


Description Order Code Location 


Assy safety valve 5bar 1124457 HT Tank (2 pieces) 


Assy safety valve 6.1bar 1120737 Accelerator Module (1 piece) 
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3.4 Installation Tools 


It is also advised to check availability of the following items on the site. If these are not 
present, make sure to prepare a suitable alternative for the purpose listed with each item. 


The items are divided into tools that should be provided by the customer and tools that should 
be brought by the Thermo Fisher Scientific FSE that installs the microscope.  
 


3.4.1 Installation Tools to be provided by the Customer 


Purpose Tool 


Unpacking the crates 


 


Pallet truck with prolonged forks; suitable for the heaviest delivered 
crate (for unloading and transporting the microscope/crates) 


Electrical hand drill min 450 W, > 40 Nm: left/right rotation (for 
unpacking the crates) 
If the hand drill is battery powered a battery voltage of 18 to 24 V is 
advised. 


Small crowbar (for unpacking the crates) 


Positioning the Microscope 


 


Measuring tape, 2 m. (for positioning of the Cabinets) 


Spirit level, 3 mm/m. (for leveling of the Microscope) 


General items 


 


Stable (clean) table to keep a load of 200 kg 


Disposable hand gloves (not powdered) 


Clean plastic bags 


Wash bottle 


2 x Power extension box incl. cable 


Light microscope 


Cleaning 


 


Vacuum cleaner 
(Only to be used for cleaning the Microscope) 


Laboratory quality ethanol or iso-propanol 


Particle free Cleaning tissues 
 


3.4.2 Installation Tools to be provided by the FSE 


FSE Tooling Content 


Toolbox Set of screwdrivers, 1-2-3-4-5 


Screwdriver pozidrive, 1-2-3-4 
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FSE Tooling Content 


 Long-nosed pliers 


Side-cutting pliers 


Wire stripper 


Polygrip pliers 


Tweezers 


AMP clamp pliers: 0.25 / 6.6mm2 


Box and open-ended spanners: 5-5.5-6-7-8-10-13-14-17-19-24 mm 


Ratchet, 1/2" type 


Sockets, 17 and 30 mm 


Drill head adapter and socket, 8mm 


Set of sockets with ratchet, etc, 4 to 13mm 


Torque wrench from 2 to 20Nm (1/2 " type) 


Set of bits and adapter:pozidrive 1-2-3-4; hexagonal key, 6-8-10 mm 


Set of hexagonal keys: 1.5-2-2.5-3-3.5-4-4.5-5-5.5-6-8-10 mm 


Ball-headed screwdriver, 2.5-3-4-6 mm 


Cable knife 


Small flashlight 


Nylon gloves 


Thermometer, 5°C to 50° C 


Additional Service Tooling 


 


Multi meter / Oscilloscope 


ESD Field Service Kit 


X-Ray Leak Check Instrument; orderable via Thermo Fisher Scientific 
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4 Room Access and Size 


This chapter lists the ambient specifications that must be met at the Customer’s site. If you 


are in doubt about any of the listed requirements, please contact your local Thermo Fisher 
Scientific representative. 
 


4.1 Pre-Installation Survey 


The specifications given in section Room Access and Size on page 16 are going to be verified 
before the beginning of the installation during a site survey. This survey is fully organized and 
performed by Thermo Fisher Scientific personnel. 


Note No customer actions are required. 
 


For more details about the site survey procedure, see Pre-Installation Site Survey on page 69. 
 


4.2 Delivery Properties 


The System is delivered in several crates. It is the Customer's responsibility to provide 
sufficient storage space and safe means to transport the crates from the unloading area to the 
final System location.  
 
 


4.2.1 Spectra 300 Specific Dimensions and Weights 


The accelerator module is always removed before shipment, and ships in a special crate  
 


Spectra 300 
X-FEG 300 Mono or 
X-CFEG 300 


Crated Uncrated 


Weight 
(kg) 


Dimensions (L x W x H 
(mm)) 


Weight (kg) Dimensions (L x W x H 
(mm)) 
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Spectra 300 
X-FEG 300 Mono or 
X-CFEG 300 


Crated Uncrated 


Weight 
(kg) 


Dimensions (L x W x H 
(mm)) 


Weight (kg) Dimensions (L x W x H 
(mm)) 


Console + Column 


Basic with filter 
Basic without filter 


Single Corrector with filter 
Single Corrector, no filter 


Double Corrected with filter 
Double Corrected, no filter 


X-FEG 300 Mono 


X-CFEG 


 


1785 
1695 


1940 
1850 


2018 
1928 


340 


360 


1 700 x 1 310 x 2 560  


1610 
1520 


1765 
1675 


1843 
1753 


240 


260 


Appendix 1: Drawings and 
Floorplans on page 62  


 • For Double Corrected systems the C1/C2 module is removed for 
shipment, the weight in table is corrected for that (77 kg).  


• Crate weight is estimated at 175 kg. 


• The wheels will add 5 mm to the total height during the move of the 
microscope. 
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4.2.2 General Dimensions and Weight Crated/Uncrated 


  


 


Crated Uncrated 


Weight (kg) Dimensions (L x W x H 
(mm)) 


Weight (kg) Dimensions (L x W x H 
(mm)) 


 TEM Cabinet 


+ EMPAD 


330 


345 


950 x 1030 x 2200 256 


271 


Appendix 1: Drawings 
and Floorplans on page 
62 


 Optics Cabinet 335 820 x 1000 x 2020 250 Appendix 1: Drawings 
and Floorplans on page 
62 


 Power Cabinet 405 950 x 1030 x 2200 243 Appendix 1: Drawings 
and Floorplans on page 
62 


 Condensor Lenses 
(Exceptional) 


170 850 x 1100 x 1270 130 450 x 650 x 382 


 300 kV HT Generator  1030 x 1280 x 2200 415 Appendix 1: Drawings 
and Floorplans on page 
62 


 200 kV HT Generator  1030 x 1280 x 2200 375  


 Toolbox High Base  
(part 1 crane) 


370 1770 x 920 x 860 310 770 x 1175 x 85 


 Toolbox High Base 
(part 2 crane) 


285 1200 x 800 x 1746 225 600 x 910 x 1100 


 Enclosure 
Common Frame 


1150 2900 x 2050 x 1450  N/A 


 Enclosure 
Common Panels 


609 2300 x 850 x 1950  N/A 


 Enclosure system specific 
Enclosure size (m)*: 


• 3 


• 3.3 


• 3.7 


 
 


• 700 


• 800 


• 860 


2700 x 950 x 1950  


 


N/A 


 Green items (install related 
items) 


Variable 1620 x 1020 x 850 Variable N/A 


 Keybox 105 930 x 820 x 900 70 N/A 


 Titan accessory crate 
(Holders and Options) 


Variable 620 x 1020 x 850 Variable N/A 
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Crated Uncrated 


Weight (kg) Dimensions (L x W x H 
(mm)) 


Weight (kg) Dimensions (L x W x H 
(mm)) 


 


 


Water Chiller unit box 
(Air or Water chiller) 


130 


 


850 x 930 x 1050 


 


116 


 


670 x 910 x 860 


(included drip tray) 


 Accessories Cabinet 
(Optional) 


300 950 x 1030 x 2200 250 Appendix 1: Drawings 
and Floorplans on page 
62 


 Gatan Cabinet** 332 1016 x 813 x 2159 244 864 x 610 x 1321 


 Corrector Cabinet 
(Optional) 


363 950 x 1030 x 2200 275 Appendix 1: Drawings 
and Floorplans on page 
62 


 3 Phase matching 
Transformer (Optional) 


290 1280 x 860 x 1160 250 Appendix 1: Drawings 
and Floorplans on page 
62 


*: The 3.7 enclosure is nly applicable for Double Corrected Spectra systems.  


**: Standard, every Gatan cabinet is delivered with seismic brackets. It is only needed to 
install these when the customer has ordered the Seismic kit.  


Note It is preferred that the crates for the Hoist tools are stored as near as possible to the 
Microscope area (2500 x 3500 mm). 


 


4.2.3 Physical Data of the Microscope (Internal Transport) 


System Transport Height Highest Point Shipping 


Double Corrected (C3 on) 2 200 mm C3 module C1/C2 & FEG removed  


Double Corrected (C3 off) 2 215 mm Vacuum system 
valve 


C1/C2, C3 & FEG removed 


Image Corrector only 2 235 mm IGP read switch FEG removed 


Probe Corrector only 2 235 mm for X-FEG 
2 250 mm for X-CFEG 


IGP read switch FEG removed 


Uncorrected system 1 930 mm for X-FEG 
1 945 mm for X-CFEG 


IGP read switch FEG removed 
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Minimum door width 1500 mm 


Weight distribution 


With Options: Double corrected and GIF 


1 150 kg/m2 


1 300 kg/m2 


Four round feet supporting area of base frame 90 mm in diameter 


Surface area of one Microscope foot 63.6 cm2 


Maximum point loading basic System with Filter 
Maximum point loading basic System without Filter 


Maximum point loading System with one Corrector and Filter 
Maximum point loading System with one Corrector and without Filter 


Maximum point loading System with two Correctors and Filter 
Maximum point loading System with two Correctors and without Filter 


86 N/cm2 
81 N/cm2 


94 N/cm2 
89 N/cm2 


102 N/cm2 
98 N/cm2 


Note The values below are with the FEG module mounted on the system 


Weight (kg) Center of Gravity (vertical) 
(values for 3.7 enclosure) 


Acoustic Enclosure 


• 3 version


• 3.3 version


• 3.7 version


(total, uncrated) 


• 1 373


• 1 502


• 1 658


2 241 mm from the floor 


Standard System 


+ GIF


1 520 kg 


1 610 kg 


1 456 mm from the floor 


1 385 mm from the floor 


System with Probe Corrector 


+ GIF


1 675 kg 


1 765 kg 


1 509 mm from the floor 


1 442 mm from the floor 


System with Image Corrector 


+ GIF


1 675 kg 


1 765 kg 


1 460 mm from the floor 


1 396 mm from the floor 


System with two Correctors 


+ GIF


1 830 kg 


1 920 kg 


1 508 mm from the floor 


1 447 mm from the floor 
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4.3 Unloading Area 


Make sure the unloading area is easily accessible and ready to accommodate the delivery. 
Keep in mind that some parts of the delivery have exceptional dimensions. Also make sure 
the floor can support heavy loads. For detailed information about the weights and dimension 
of delivered crates see Delivery Properties on page 16. 


In case the delivery cannot be moved to storage or final System location straight away, 
ensure a dry and secure environment is available. 
 


4.4 Transportation Route 


Make sure the full transportation route from the unloading area to the System space is 
suitable for transport of each of the microscope parts. 


The parts can be transported either in the crates or when the transport route dimensions are 
not sufficient the parts can be taken out of the crates in the unloading area. 


Especially check all surfaces, corners and lifts (weight limit and dimensions) on the transport 
route. 
 


During the transportation the System is positioned on four swivel wheels. Due to the weight of 
the System the floor at the Customer’s site must comply to the following specification or 


measures need to be taken to protect the Customer floor from damaging and to transform the 
System safely: 


• Floor should be able to support 100 N/cm2 


• Floor should have a hard surface (no carpet or other soft materials)  


• Transporting route should have no door steps 


• Transport route should have a flat surface, no slopes are allowed 
 


Physically moving the System and it's parts by hand is allowed, without using any vehicles to 
pull the System on its wheels. Transport on a fork lift is allowed when using the original 
transport pallet the System is delivered on. 
 


Note Dimensions of all corridors and doors must meet these requirements 
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4.5 Room Dimensions 


In principle two spaces are obligatory for a good set up. First is the space for the System 
which has the strictest conditions. Apart from that, an additional space for the equipment has 
to be prepared. 


The additional space must be separated from the System space for safety, ambient conditions 
and requirements, see General Requirements of a Site on page 31. 
 


In this section the floor-layout incl. NFPA safety dimensions and detailed space requirements 
are given. 
 


The minimal size of the Facility Room must be sufficient to accommodate all ordered 
accessories, see Facility Room Dimensions on page 24 . 
 
 
 


Note Special attention must be paid to the space requirements of the Microscope in 
relation to other equipment, especially equipment generating magnetic fields, or 
mechanical and acoustic vibrations, but at the same time the location of the 
extension cabinet and accessories is limited in distance due to cable length.  
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4.5.1 Microscope Room Dimensions 


The following drawing shows the standard microscope room dimensions that meet our 
installation and safety requirements. If the layout cannot be met, the room needs to be 
approved by Thermo Fisher's technical and safety group prior to installation.  


Note All measurements are in millimeters. 


 
 


 
 


Note If the ceiling height is lower then the specified values, it might not be possible to 
successfully install or use the system. 


Note The rest of the supporting drawings can be found in Appendix 1: Drawings and 
Floorplans on page 62. 


 







Chapter | Room Access and Size 


 


Confidential, limited rights 
PN 1154536 | Revision  | 13-Sep-2019 


Spectra 300: Pre-Installation Manual 
Page 24 


 


4.5.2 Facility Room Dimensions 


The Facility room must be separated from the Microscope room for safety, ambient conditions 
and Microscope room requirements. 


Note All measurements are in millimeters. 
 


 
 


Spectra 300 comes with tooling and parts which require an extra storing space. This space 
needs to be humidity controlled to avoid corrosion. 
 


Storage is needed for: 


• Hoisting tools (can be stored in the supplied crate (2000 x 1000 x 1500 mm) or on shelves 


• Moving and positioning tool (wheels, brackets, etcetera) 


• Service tooling 


• Spare parts 
 


It is therefore recommended to have extra 6 m2 available. This can be an extra room or as a 
part of the Facility Room. 
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4.5.3 Operator Room Dimensions 


The Spectra 300 should preferably be controlled via an adjacent room.  


The cables supplied to control the Microscope are 15 m long and are coming from the TEM 
cabinet. The top of the desk in the adjacent control room should be reachable within this 
distance taking the positioning of the cables in consideration.  


The table to control the Microscope is supplied with the Microscope. Also a stand for Service 
to control the Microscope in the Microscope Room is supplied. 
 


4.6 System Anchoring 


Note All drilling and preparations mentioned below are the responsibility of the customer 
and must be completed before the Thermo Fisher Scientific FSE arrives on-site to 
build up the Enclosure. 


The Microscope is build in an Enclosure. Both the Enclosure and the Microscope must be 
permanently fixed to the ground. The Customer is responsible for drilling the 19 holes 
(diameter: 28 mm, depth: 110 mm) before the system arrives on site. Refer to Appendix 1: 
Drawings and Floorplans on page 62 for the floor plan with drilling positions. 


A drilling jig, drills and 19 chemical anchors are be supplied, see Items shipped to the 
Customer by Thermo Fisher Scientific on page 9 for more details.  


When the S2 options is present, also the Cabinets and HT Tank can be fixed to the ground. 
For details see Seismic Restraining Kit on page 96. 
 


4.6.1 Floor flatness 


For stability of the Enclosure, the flatness of the floor must be at spirit level (maximum 
deviation allowed is 3 mm/m). Adjustable stands on the Enclosure ensure frame levelness.  
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There is a rubber gasket mounted along the bottom of the frame. to make sure that the 
Enclosure is air-tight at this position. This implies that there can be no large excursions nor 
bumps in the floor roughness which cannot be "filled" by the gasket. 


 
 


4.6.2 Enclosure Drilling Jig 


A metal jig to align the hole pattern of the system enclosure and base brackets on the 
customer’s floor should be used to drill the holes. The metal jig must be assembled and 


attached to the floor to prevent intermediate shifting. The metal jig comes with the following 
items: jig, anchors, socket, screws and plug/screws for keeping the jig in place when drilling 
the big holes. The drilling machine and chemical anchors are not part of the delivery.  


The drilling jig hole pattern has three purposes: Attachment of the system enclosure (outer set 
of holes ), attachment of mechanical base brackets (4 x 2 holes ), attachment of tooling at the 
backside of the system (1 hole at hinged part of jig) 


Before drilling the holes, make sure that the distance between the front of the Enclosure and 
the wall is > 1800 mm (This space is necessary for maneuvering the Microscope into the 
Enclosure during install). 


If for urgency reasons this kit needs to be on-site very early a reference number is given 
(1177897) 


Note The microscope shipment will always have the kit included and it cannot be taken out 
of the crates and shipped earlier. So when you pre-order the kit, once the Microscope 
arrives you will have two kits. 


Note Delivered to customer: items listed in Items shipped to the Customer by Thermo 
Fisher Scientific on page 9. 
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1. Position the drilling Jig in the correct position in the room (Refer to Appendix 1: Drawings 
and Floorplans on page 62). 


Note When positioning the drilling Jig, consult the floorplan and be aware of the 
ceiling heights mentioned in the floorplan. 


 
 


2. Clamp the drilling Jig parts together with tie wraps. 
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3. Drill the small holes for fixating the Drilling Jig to the floor.


4. Temporarily remove the Drilling Jig and insert the plastic plugs in the small holes.


5. Reposition the Drilling Jig and bolt the Drilling Jig to the floor with screws and washers.


6. Drill the holes for the Anchors via the Drilling Jig into the floor. The required dimensions of
the holes are 28 x 110 mm.


7. Clean the holes.


8. Make sure the Anchors can be installed properly before inserting the epoxy glue.
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4.6.3 Prepare and install Adhesive Anchors 


Note Only the Epoxy Adhesive delivered by Thermo Fisher Scientific can be applied, 
Epoxy Adhesives from other suppliers or other Epoxy Adhesives with a different 
product ID from Hilti may not be applied. See Items shipped to the Customer by 
Thermo Fisher Scientific on page 9. 
If the Epoxy Adhesive Anchor is not delivered to the Site, contact your local Thermo 
Fisher Scientific representative. 


 


Technical parameters of the Epoxy Adhesive Anchor: 


 Parameter Value 


 Manufacturer Hilti 


 Product ID (Manufacturer) 2123403 


 Anchor Type Chemical Fastener 


 Material Composition Epoxy Resin 


 Basic Materials Concrete (uncracked) 


 Temperature Range (for usage) -40 °C - +70 °C 


 Storage Temparture Range +5 - +25 °C 


 Thermo Fisher Scientific order 
code 


1032987 


 
 


1. Before placing the anchors in the drilled holes, the holes drilled with diamond drilling tools 
(diameter 28 mm) must be internally roughened to ensure proper mechanical/adhesive 
strength. Roughening tools are delivered in the pre install kit.  


2. The anchor holes need to be free of electrical earth. Possible earth contact can occur 
when the anchor makes contact with the rebar or an additional earth grid in the concrete 
(rebar is the steel in reinforced concrete). This unwanted contact could cause an earth 
loop which will be difficult to trace once the enclosure is installed. Therefore we need to 
check the drilled holes for earth contact after they are made. The easiest way this can be 
checked is with the help of a multimeter: measure the inside of the hole with  respect to the 
earth contact to which the microscope will be connected. After the anchors are inserted in 
the holes it is advised to measure with respect to earth again. 


 


3. Prepare the two component mastic gun with a new cartridge. 
 


4. Use an M16 bolt as a helping tool to insert (and retract) the anchor.  
 


5. Insert enough mixture in the hole to get the anchor completely surrounded by glue. 
(approx. 2x full squeeze). 
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6. Insert the anchor in the following way: 


a. Flush to the floor or max. 5 mm below  


b. Perpendicular to the floor 


c. Centered in the hole 
 


7. Remove the superfluous mixture. 
 


8. Allow the mixture to harden for at least 24 hours. 


Note Wait at least 24 hours before the anchor is ready to be used. 
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5 General Requirements of a Site 


To meet the ambient conditions required for the System site a standard set -up is chosen. This 
set-up consists of an air handling unit and a HVAC system (Heating Ventilation and Air 
Conditioning). In this chapter the reference data are summarized. 
 
 


The following points should be taken into account when choosing a site for the system:  


• Avoid sites subjected to heavy vibrations or high acoustic noise levels, e.g. locations near 
elevators, trains, shipping vehicles, busy roads etc. 


 


• Avoid sites subjected to high levels of stray magnetic fields, e.g. locations near to large 
motors and transformers, electric railways and tram ways etc. 


• The site should be isolated from the rest of the building, preferably on a concrete block.  


• Type of concrete has to be Concrete C20/C25 for safe anchoring of the system to the 
floor. 


 
 
 
 


WARNING! Insufficient quality of the concrete floor can result in unsafe anchoring of the 
equipment!  


 
 


• Always consider the presence of any high power or other EMI radiating equipment placed 
in the same facility as the System. These can have a negative effect on the System 
performance. 


 


5.1 Ambient Specifications 


5.1.1 Temperature and Relative Humidity 


It is mandatory to separate the Microscope Room from the Facility Room, for details see 
Room Dimensions on page 22. 
 
 


  Microscope Room Facility Room 


 Maximum ambient temperature range 
for operation within specification. 


18 °C to 23 °C 10 °C to 32 °C (LX3 Water) 
18 °C to 22 °C (LX3 Air) 


 Maximum permitted temperature 
change for operation within 
specifications 


Within 0.8 °C p-p/ 24 h 
(Enclosure can handle any 
temperature variation time 
within this bandwidth) 


≤0.4 ºC p-p  
≤0.2 ºC/10 min 
(for LX3 Air Chiller) 


 Maximum ambient temperature range 
without damage to the microscope, 
storage temperature range 


5 °C to 40 °C N/A 


 Relative humidity < 80 %, 10 to 80 % 
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  Microscope Room Facility Room 


Dew point below 18 °C 


 
 


It is also advised to separate the Microscope Room from the Operator Room. 


  Operator Room  


 Recommended ambient temperature 
(for operator) 


20 °C 


 Relative humidity at 20 °C 30 % - 70 % 
 


 
 


5.1.2 Heat dissipation 


Nominal heat dissipation of the instrument depends on the setting and operating mode. The 
values in the table below are the maximum values for the heat dissipation of various 
microscope units intended for the design of the air-conditioning and cooling water supply. 
 


Heat transferred into the environment per area: 


  Heat dissipated into air 
of Microscope Room 


Heat dissipated into 
cooling water 


 Column, including TMP and 
electronics console 


+ DHAPM 


+ BDFA 


500 W 
 


6 W 


12 W 


2955 W 
 


N/A 


N/A 


 Optics Cabinet 


+ Lorentz (Option) 


+ OASA Boards 


200 W 


5 W 


2x 5 W 


800 W 


25 W 


NA 


 TEM Cabinet 


+ SuperX/ DualX 


+ CAB/A 


+ 24port switch 


+ NGSTEM 


+ EMPAD PC (option)* 


300 W 


200 W 


2x 40 W 


18 W 


116 W 


300 W 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


 Power Cabinet 


+ Lorentz (Option) 


700 W 


60 W 


N/A 


N/A 
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  Heat dissipated into air 
of Microscope Room 


Heat dissipated into 
cooling water 


 Accessories Cabinet (Option) 515 W N/A 


 Corrector Cabinet (Option) 
 - 1/2 Correctors 


400/650 W N/A 


 HT tank G2 350 W N/A 


 PVP Column Turbo 321 W N/A 


 PVP Base Turbo 500 W N/A 


The following options can be present: 


  Heat dissipated into air 
of Microscope Room 


Heat dissipated into 
cooling water 


 GIF 
(Gatan Image Filter) 


39 W 79 W 


 Corrector (Option) - 1/2 
Correctors 


0 W 300 W/ 600 W 


 Camera 130 W 80 W 


 Lorentz Lens 10 W 50 W 


 EMPAD* 


• DCU 


• Detector 


 


• 15 W 


• 10 W 


 


* EMPAD is currently not an option for Metrios AX and Krios G4 
 


 


 Heat dissipated into air 
of Microscope Room 


Heat dissipated into 
cooling water 


Gatan Cabinet (Option) 1053 W N/A 
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The chiller must be placed outside the microscope room to prevent any interference with the 
system. Be sure to account for head loss due to hose length and chiller height when 
determining which model of chiller to use.  
 


Heat dissipation from the water cooler: 


Chiller type Heat dissipated into air of the Service Room 


Haskris LX3 G2 W S2 Enh. (Water cooled) The heat dissipated into the Service Room is 
negligible 


Haskris LX3 G2 Air Enh (Air cooled) 6 760 W  


 
 


5.1.3 Ventilation and Room Cleanliness 


For ventilation the following design is prescribed: 


• For ventilation a de-centered system is advised with air inlets low in the corners of the 
room. And a centered air exhaust in the ceiling. 


• Extra cooling can be supplied by wall cooling systems. 
 


The proposed site must be clean of dust. The advised dust class is ISO 8 (ISO 14644-1): 


Class 


 


Maximum particles/m³ FED STD 209E equivalent 


≥ 0,5 µm ≥ 1 µm ≥ 5 µm 


ISO 8 (advised) 3.520.000 830.000 29.300 Class 100.000 
 
 


Determining whether a room meets ISO 8 classification is possible but difficult and expensive.  


For this reason, if an evaluation of the site’s cleanroom level is not feasible, ensure the room 


fulfills the following requirements: 


• A directed air flow with use of filters. 
 


5.2 Room Lighting 


Every effort must be made to entirely eliminate natural lighting from the Microscope room to 
achieve temperature stability and prevent biological growth inside the water cooling system. 
For maintenance and normal work inside the Microscope room, light levels according to local 
(Occupational safety and health) regulations must be available. A guideline for  illumination 
required for mechanical work is 750 lux. 
 
 


 Microscope Room Service Room 


Usage 300 - 500 lux, dimmable N/A 


Service 750 lux 750 lux 
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Due to heat dissipation it is advised to use dimmable LED. 


Heat dissipation of the lighting has to be added to the heat dissipation table in section Heat 
dissipation on page 32. 
 
 
 


CAUTION! Magnetic fields generated by lighting or dimmers can negatively influence the 
microscopes performance. Always check if the proposed lighting complies to the EMI 
requirements for the Microscope Room. 


 


 
 


 Operate Room 


Usage 500 lux 


Service 750 lux 
 
 


5.3 Magnetic Fields 


Type Horizontal Vertical Higher harmonics  


Spectra 300 300-kV X-FEG, TEM 80 nT p-p 80 nT p-p 80 nT p-p 


Spectra 300 300-kV X-FEG, Monochromator 
0.25 eV 


50nT p-p 75nT p-p 20 nT p-p 


Spectra 300 300-kV X-FEG, Monochromator 
0.15 eV 


30nT p-p 50nT p-p 10 nT p-p 


 


These specifications include:  


• Slowly varying magnetic fields.  


• Near DC fields, caused by for example elevators, trams and trains.  
 


These specifications must be met in the microscope room: 


• At and near the location of the gun.  


• At and near the location of the goniometer.  


• If present, at and near the location of the Gatan Image Filter (GIF).  
 


Note 100nT is equal to 1 mG (Gauss) 
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5.3.1 HRSTEM Distortions and Image Quality 
• Maximum allowable field 80nT p-p: HRSTEM image will achieve the required resolution, 


but with a noticeable distortion. 


• Maximum allowable field 50nT p-p: HRSTEM image will achieve system resolution, but 
with a minor distortion. 


• Maximum allowable field 30nT p-p. HRSTEM image will achieve system resolution with 
best image quality. 


 


5.3.2 System with Monochromator and HRGIF 


EMI specifications provided above do not cover the entire specification range for 
monochromated systems with an HRGIF. The HRGIF compensates for 50/60Hz Mains 
frequencies but is unable to compensate for higher harmonics such as 100/120Hz. The ability 
of the HRGIF to obtain high resolution is limited by the presence of the higher harmonics (and 
all frequencies other than the mains frequency) resulting in the determination of additional 
specifications for the direction perpendicular (Left - Right) to the Continuum direction in the 
horizontal plane. 
 


GIF Type Front-Back 
MAINS 


Front-Back 
Higher 
harmonics 
and other 
frequencies 


Left-Right 
MAINS 


Left-Right 
Higher 
harmonics 
and other 
frequencies 


Vertical (Z) 


Continuum 1065/1077/1069 40 nT p-p 15 nT p-p 40 nT p-p 15nT p-p  


Continuum 1066/1066LV/1069HR 30nT p-p 10nT p-p 30nT p-p   
 


An additional procedure for measuring EMI fields near the GIF on HRGIF systems will be performed 
during the Thermo Fisher Scientific site-survey. 
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5.4 Site Acoustics and Floor specifications 


5.4.1 Thermo Fisher Scientific Site Evaluation Tool 


Both acoustic noise and floor vibrations can excite resonances in the microscope and cause 
disturbances in the high-resolution image. Thermo Fisher Scientific intentionally does not 
provide hard specifications separately for acoustics and floor vibrations. The most important 
reason is that all sources are interlinked; the final image disturbance is somehow an integral 
sum of contributions of many individual disturbing sources. 


Thermo Fisher Scientific uses the Site Evaluation tool (SE-tool™) that will be used at a 


monitoring or survey, performed on the customer site by a service specialist from Thermo 
Fisher Scientific. The SE-tool™ represents decades of dynamics expertise on the response of 


Thermo Fisher Scientific microscopes to environmental factors, and takes all inherent 
dependencies into account, precisely for the system under evaluation (for example, frequency 
dependency of the system, as well as frequency spectrum of acoustics and three floor 
directions). 
 


5.4.2 Acoustics 


An Electron Microscope typically is sensitive for acoustics in the low frequency range, to 
below <500 Hz. The human ear naturally becomes readily less sensitive here, so our ear 
never gives a suitable judgment. Therefore the microphone used to measure the input 
spectrum for the SE-tool always has a C-weighting (never the traditional A-weighting related 
to the human ear sensitivity). 


When the building yet has to be built, in preparing a site, it is highly recommended to 
incorporate traditional sound reducing measures generally known to building architects: 


• soft walls 


• damping ceilings 


It is even more important to invest in (very) quiet heat and air conditioning systems, especially 
in the low frequency region. 
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5.4.3 Floor Vibrations 


An Electron Microscope is sensitive to floor vibrations; the dominant frequency range is 
limited to below 10 Hz. Thermo Fisher Scientific Microscopes namely have a built -in, 
high-quality, passive air cushion isolation system that provides enough passive isolation 
above 10 Hz for virtually all sites. For TEM microscopes Thermo Fisher Scientific offers the 
optional accessory of an Integrated Vibration Isolation, iVIS™. This option strongly improves 


the isolation in the dominant low-frequency range. The SE-tool can judge the system either 
standard, or with this iVIS option included. For other Thermo Fisher Scientific systems where 
the iVIS™ is not yet available, active isolation solutions from third-party industry can be 
searched for. Since these are third-party products, these cannot be judged using the Thermo 
Fisher Scientific SE-tool™, so a guaranteed system performance like the SE-tool™ has for 


iVIS cannot be given for third-party active isolation solutions. 


The general floor design guidelines that we recommend when a new building yet has to be 
built: 


1. The best base for an electron microscope is a solid concrete block founded directly and 
intensively into the bare ground or sand of the site. 


2. It is advised to have a disconnected building ‘walk’ floor around the base of the 


microscope (or room if there is a separate operators room), and especially for sources of 
vibrations such as chillers. 


3. Building and/or floor resonances as low as the critical range of our systems, i.e. <10 Hz, 
should definitely be avoided. 


4. Under above assumption a site survey with the dedicated Thermo Fisher Scientific 
SE-tool™ is recommended to be done already on the bare building location, on a solid 


surface close to the intended location, before the building is erected. 
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6 Connection Specifications 


The Customer is responsible for all the services used by the microscope system. Any 
deviation from the specification of these services may cause deterioration in Instrument 
specification. 
 


6.1 Pre-Installation Items 


See section Items shipped to the Customer by Thermo Fisher Scientific on page 9  for the list 
of required materials to prepare system connections to the facilities. 


Note These items must be installed before the start of the installation.  
 


6.2 Connection to Facilities 


Prepare the facilities according to the requirements bellow. During the installation the FSE will 
connect the System directly to the prepared facilities. 


The following facility connections need to be prepared before start of a system installation.  


Each connection has to be equipped by valve (ball valve) to ensure the possibility of 
instantaneous close. 


Dry nitrogen N2 (1) is necessary for system functionality. N2 (2) is marked as optional intended 
for service maintenance operations. 
 


Dimensions of hoses used for connection of the system to facilities: 


 


Water 
in/out 


CDA N2 (1) N2 (2) 
Optional 


SF6 SF6 exhaust Vacuum 
exhaust 


External ᴓ in mm 21 8 6 6 13 23 23 


Internal ᴓ in mm 13 6 4 4 8 16 16 


Wall width in mm 4 1 1 1 2,5 3,5 3,5 
 


For comfortable connection of system to customer’s facilities we recommend the following 
equipment. These connections/connectors below reflect needs to connect hoses from the 
table above. 
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Water in/out connection bared connector: 


 
 


Compressed dry air (CDA) and N2: push in connector: 


 
 


Dry Nitrogen (N2 1): push in connector 


 
 


Dry Nitrogen (N2 2 Optional): pillar/bared connector 
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As one solution we advise connection below: 


 


Note In case the customer needs to be S2 compliant, the Facility connection box must be 
installed, for the FSE, see WI 104783 
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6.3 Electrical Power Supply 


The Facility connections for the system have several possible configurations depending on 
the presence of the Optional SEMI S2 Kit and/or the presence of a Mains Matching 
Transformer. 


1. TPEB 


2. UPS, No Mains Matching Transformator 


3. No UPS with Mains Matching Transformator (chapter 6.3.1.3) 


4. UPS with Mains Matching Transformator (chapter 6.3.1.4) 


 


 


With or without ordering a Mains Matching transformer the EMO circuit should be 
connected via the TPEB (Three Phase EMO Box) 


In order to meet SEMI S2 requirements, an S2 compliant chiller must be ordered.  


The EMO circuit should be connected via the TPEB, and the EMO connection on the 
transformer (if ordered) is terminated. 


Note Currently the SEMI S2 kit is not an option for Krios G4 systems 
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6.3.1 Mains Connections (incl. EMO) via TPEB 


Standard the power from the customer will be connected to the TPEB. 


The EMO circuit will always be connected to the TPEB, no matter what additional options 
have been ordered (UPS / Mains Matching Transformer). 


 


CAUTION! Electrical accessories must be installed by a qualified electrician, according to local 
installation standards and the instruction sheet. 
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6.3.1.1 TPEB (Three Phase EMO Box) 


To connect the TPEB to the facilities of the customer is the responsibility of the customer.  


These are general directions for the customer as a reference: 


• To connect the facilities to the TPEB, connect to Circuit Breaker F1. Advise is to use cable 
5x AWG10 (6mm2) (see diagram, Connect Input Power Supply) 


 


• Protective Earth from Customer side, connect to terminal X2 using 1x AWG10 (6mm 2) 
Gn/Ye with an eyetongue 


. 


• All connections shall be made with cables and wires that are in compliance with applicable 
safety requirements and local legislation 


The TPEB is a unit that is placed between the customers facilities and the system and should 
be mounted according to the floor layout. 
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1. Prepare a space in the microscope room wall as indicated in the system floor-plan 
(Microscope Room Dimensions on page 23). 


2. Drill 4 holes for mounting of the TPEB on the wall according to the following picture:  


 
 


6.3.1.2 Mains Connections (incl EMO) via transformer (optional) 


Note The EMO circuit is connected to the TPEB, in case of EMO activation the TPEB will be 
powered down. In case of a Mains Matching Transformer / UPS installed before the 
TPEB,  the Mains Matching Transformer / UPS will not be deactivated (are not 
triggered by the system EMO circuit!) 


 


In case 400 V +/-10 % is not available a Mains Matching transformer shall be used. 


This transformer can be either supplied by the Customer of by Thermo Fisher Scientific.  
 
 


 Input fusing Consult manual of Mains Matching transformer for 
information about primary fusing. 


 Output fusing Not needed for the system but might be required by local 
regulations. 


 


 







Chapter | Connection Specifications 


 


Confidential, limited rights 
PN 1154536 | Revision  | 13-Sep-2019 


Spectra 300: Pre-Installation Manual 
Page 46 


 


WARNING! Any interruption of the protective conductor inside or outside the instrument, or 
disconnection of the protective earth terminal, is likely to make the instrument 
dangerous. The local safety earth connection should meet local safety requirements. 
Have this checked during Pre-installation survey.  


 


Note Mains matching transformer should be located in the Facility room, not in the 
Microscope room. 


 


Note On delivery, all taps are set for a line input of 230 V. 


 


Contact your local mains supplier for installation recommendations such as max. permissible 
load and fusing. 
 
 


CAUTION! The Mains Matching Transformer must be installed at least 10 meters distance from 
the Microscope Column to minimize stray fields.  


 


 


 


The Microscope is connected via the TPEB to a Three Phase Transformer.  


Note Be aware the system needs to be connected to a three phase supply. Depending on 
the configuration the load is distributed over the three phases therefore the load 
does not need to be the same in every phase. 


 


 Connections between Transformer and 
TPEB 


5-wire (6 mm2 / 10 AWG conductors), 3 phase, 1 neutral and 
earth 


 
 


 Power consumed by the Microscope, 
including accessories and loaded 


13 000 W 


 


 Mains frequency 50 or 60 Hz ± 1 % 


 Inrush current < 200 A, 50 ms 
(The maximum level of the inrush current is strongly 
dependent on the impedance of the power grid) 


 Earth leakage current < 50 mA, 


 Power factor > 0.9 


 Earth resistance 


(check the local requirements) 


Because of the relatively high earth leakage current a 
second permanent PE conductor is required, this shall be 10 
mm2 or AWG8. This conductor shall be routed close to the 
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mains cable to minimize loop area. 


 Earth loops Earth loops must be avoided: 


To avoid 50/60Hz currents through the microscope the 
complete microscope including all cabinets shall be floating 
from the building and all its infrastructure, the only 
connection to Protective Earth is via the mains input cable 
and the extra PE cable. 


Do not allow the console to touch external metal pipes or 
conduit. 


Water connections must be terminated with at least 15 cm 
of rubber hose, fitted after the main shut-off valve. 


A Residual-current device (RCD), Residual-current circuit 
breaker (RCCB) or a Ground Fault Circuit Interrupter (GFCI) 
is not needed for the system but local regulations may 
require otherwise. If required, select a medium sensitivity 
type (>100mA) to avoid nuisance tripping. 


 


 Power consumption of main accessories Lorentz 


GIF system 


Camera 


Corrector 


STEM 


100 W 


1500 W 


500 W 


400 W 


45 W 
 


6.3.1.3 UPS (Uninterruptible Power Supply) 


Note When ordering a UPS make sure it can deliver 150 % of max. power for > 1 minute.  
The water chiller shall not be connected to the UPS of the Microscope. If this is 
required, an additional UPS need to be ordered for the water chiller.  


 


A UPS can only be used for the complete system, for safety reasons it is not allowed to 
supply parts of the System from a UPS. 
The UPS can be supplied by Thermo Fisher Scientific or the Customer.  
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System UPS Requirements 


In case that a Customer supplied UPS is used, it has to comply to the following requirements:  


Required Power 15 kVA 


Output Voltage if the System is directly 
connected to the UPS 


3 x 400/230 V ± 10 % 


Backup time To be decided by the customer 


Input Fusing Consult the UPS manual and local regulations 


Output Fusing Consult the UPS manual and local regulations. If the system 
is directly connected to the UPS, the current to the system 
must be limited to 25 A. 


 


UPS for Water chiller 


A Residual-current device (RCD), Residual-current circuit breaker (RCCB) or a Ground Fault 
Circuit Interrupter (GFCI) is not needed for the system but local regulations may require  
otherwise. If required, select a medium sensitivity type (>300mA time delay) to avoid nuisance 
tripping. 
 


Water chiller UPS requirements for Haskris LX3 


In case that a UPS is needed for the water chiller, it has to comply to the following 
requirements 


Required Power 5.2 kVA 


Min. Circuit Ampacity (MCA) 21.5 A 


Max. Overcurrent Protection (MOP) 30 A 


Output Voltage single phase, 230/110 VAC ± 10 %, 50/60 Hz 


Backup time To be decided by the customer 


Input Fusing Consult the UPS manual and local regulations 


Output Fusing Consult the UPS manual and local regulations 
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6.3.2 User Desk EMO 


The EMO button on the user desk will only be connected to the EMO circuit when the desk is 
in the same room as the microscope, within a maximum distance of 15 meters.  


If the user desk will be placed in a separate operator room, there will be no EMO button used 
on this desk. 
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6.3.3 Earthing 


The microscope must be connected with a double permanent protective earth.  
Before any other connection is made, the instrument must be connected permanently to an 
earth conductor. The grounding wires shall comply to local regulations.  


Maximum allowed leakage current in the earth wire of the mains is 34mA AC. In the grounding 
wires internal loop, a current can occur up to 5A DC. This is by design and has no negative 
affect on the system performance. These DC currents are specified with a maximum variation 
of 2mA on the column.  


The mains cable (ph-ph-ph-0 + earth) and the permanent earth cable shall be enclosed in 
suitable ducts (a conduit or cable trucking systems) for protection from disconnects or 
mechanical damage. When metal ducts are used there must be connected to Protective Earth 
(PE). 


 


The mains cable must be connected with the Three Phase Box (TPEB) that is provided with a 
Protective Earth contact. However, the separate safety earth must remain permanently 
connected. The safety provisions shall not be negated by the use of an extension cord without 
protective conductor. 
 


6.3.3.1 Earth-leak Current Breakers 


To prevent an uncontrolled switching off of the microscope and guarantee the correct 
working of the microscope it should not be connected behind a Earth-leak current breaker.  
 


A Residual-current device (RCD), Residual-current circuit breaker (RCCB) or a Ground Fault 
Circuit Interrupter (GFCI) is not needed for the system but local regulations may require 
otherwise. If required, select a medium sensitivity type (>100mA) to avoid nuisance tripping. 
 


If the microscope will be damaged by an uncontrolled switching off due to an earth-leak 
current breaker the service contract will not cover the cost. Thermo Fisher Scientific is also 
not able to guarantee the correct working of the microscope after such a switch off. 
 


6.3.4 Cable Duct 


All cables that are routed over the floor should be protected by suitable covers.  


See appendix 1,Drawings and Floorplans for details. 
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6.4 Cooling Water Supply 


6.4.1 Cooling Water Specifications 


Note Thermo Fisher Scientific does not allow the use of locally purchased water chiller. 
Only the water chillers approved by Thermo Fisher Scientific can be used. 


The input for the water chiller needs to be within these specifications: 


Measurements for the connections 1/2" FNPT Couplings 


Temperature range for the facility water + 5 ºC - + 24 ºC (18 ºC is preferred) 


Flow rate of the facility water (at 24 ºC))   l/hr 


Min-Max differential pressure 0.7 - 6.9 bar 


Maximum inlet pressure 6.9 bar 
 


The closed loop cooling-water unit meets the following specifications (input for the 
microscope): 
 


 Min. operating water pressure 4.0 x 105 Pa (4 Bar) 


 Max. tolerable water pressure 6.0 x 105 Pa (6 Bar) 


 Pressure stability (pulses)  0.1 x 105 Pa (0.1 Bar) 


 Input water temperature 18 °C ± 0.5 °C 


 Water temperature stability 0.1° C per 20 min. 


 Automatic start stop Via potential free make contacts 


 Water to water cooling Preferred as this does not influence the chillers 
environment 


 Water to air Can also be used  


 Corrosion free material Preferably copper 


 Acoustic noise The water chiller must be installed in a separate 
room. 


In case this is impossible the chiller must meet the 
acoustic noise level specifications in the table below  


 pH value 8 - 8.5 (8.2 is recommended) 


 Water flow (main water cooler) 600-730 l/h (depends on microscope configuration) 


 Connections to microscope directly from the chiller 
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Recommended hose (int) 13 mm inside diameter, high pressure, 
non-transparent (prevents algae growth) 


 


 
 
 


Water flow for Options: 


 Gatan Image Filter (GIF) 


Camera 


1 Corrector 


EMPAD 


15 l/h 


15 l/h 


60 l/h 


15 l/h 
 
 


6.4.2 Supported Water Chiller 


Thermo Fisher Scientific supports the following chillers for worldwide use (Haskris suitable for 
50 and 60 Hz): 


• Air cooled: Haskris LX3 G2 Air Enh, Commercial order Code: 1148372 


• Water cooled: Haskris LX3 G2 W (S2 compliant) - Commercial order code: 1148375 
 


Note It is required to place both types (air cooled unit, water cooled unit) Chillers in a 
separate Facility room, not in Microscope Room. This is due to the acoustic noise 
and mechanical vibrations. 


Note Air cooled unit: The facility room has to be ventilated according to the maximum heat 
load. See also Heat dissipation on page 32  


 


Note It is strongly advised to have a water leak detector present in the Microscope Room.  
 


Note To avoid electrical earth leak problems via the water piping, the water connections 
must be terminated with at least 15cm of rubber hose, fitted after the main shut -off 
valve. 


 
 


6.4.3 Water Chiller connections 


Note Some of the connection materials needed for connecting of the water Chiller may 
need to be purchased by the Customer, see section Materials and Tools on page 9. 


 


Note The Chiller supply must be separate from the system. It can’t be connected to the 
microscope Mains Matching Transformer. 
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General electrical connection requirements: 


Input voltage 230 VAC ± 10 %, 50/60 Hz 


Input current Consult the Chiller manual 


Fusing  Consult the Chiller manual and local regulations 


Power 50 Hz: 220-240V-1O -5% +10% 
60 Hz: 208-230V-1O -5% +5% 


Minimum Circuit Ampacity 21.5 A, LX3 Air Cooled 
19.8 A, LX3 Water Cooled 


Maximum Overcurrent Protection 30 A 


 


See the Water Chiller data sheets (Appendix 5: Optional Configurations on page 75) to 
determine power supply needed. If you are not sure which type of water chiller was ordered, 
please contact a local Thermo Fisher Scientific representative. 
 


To connect a chiller to the System and water supply, the following hoses are needed:  


2 hoses to connect the chiller to the microscope 1/2” hose, length depending on the facility 


arrangements 


2 hoses to connect the chiller to facility water 
(applicable for water cooled chiller only) 


1/2” hose, length depending on the facility 


arrangements 
 
 


6.5 Gases 


6.5.1 Compressed Air Supply for Pneumatics 


A compressed air supply from a compressor unit or a cylinder must be connected to the 
instrument with the following specifications and dimensions: 
 


Min. air pressure 5.0 x 105 Pa (5 Bar) 


Max. air pressure 7.0 x 105 Pa (7 Bar) 


Pressure fluctuations 0.1 Bar per minute 


Solid particles Mass concentration: 5 - 10 mg/m3 


Water content Dew point  -20°C 


Oil content must not exceed: 5 mg/m3 


Push in connector 8.0 mm (outside diameter) 
 


If a separate compressor is used, it must be placed outside the microscope area in order to 
prevent switching transients of the motor affecting the microscope electronics, the unit should 
be connected to a mains supply different from the microscope mains supply, see figure below.  
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CAUTION! If Nitrogen is also used for pneumatic pressure, never use the same Nitrogen 
cylinder(s) for both venting and pneumatic pressure. 


 


 


 
 
 


6.5.2 Nitrogen (N2) 


Nitrogen is used to vent the chamber and vacuum system and cool down the Cold Trap. For 
each use a different source of Nitrogen is specified. 
 


6.5.2.1 Venting (N2) 


Nitrogen is used to vent the chamber and vacuum system. A cylinder of dry compressed 
nitrogen, and a reduction valve set to a minimum pressure of 1 x 105 Pa (1 Bar over-pressure) 
must be present during installation and there-after.  


The microscope will reduce the pressure to 50 mBar using a reduct ion supplied as standard. 
The connection pillar of the gas inlet of the microscope has a diameter of 8 mm and the dust 
filter connection diameter is 6 mm. Use very clean contamination free parts, from bottle to 
microscope, to assemble the N2 gas supply system. 


Note An N2 cylinder with reduction valve is not delivered with the microscope and it is a 
customer’s responsibility to purchase it locally. 


 
 


The supplied N2 has to comply to the following specifications: 


Pressure 1 x 105 Pa (1 Bar over-pressure) 


The water content less than 10 ppm 


Connection specification The connection pillar of the gas inlet of the microscope has a outside diameter 
of 8 mm 


Dust Filter Dust filter with a filter grade AA (0.3 m) must be installed in the N2 line (order 
number 5322 480 20066)  


The dust filter connection diameter is 6 mm 
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Note The filter is not delivered with the microscope and has to be purchased by the 
customer, for details see Items to be purchased by the Customer on page 11. 


 


 
 
 


CAUTION! The use of a central N2 gas supply is not recommended because the presence of 
possible contaminants may contaminate the specimen and also the Column. 


 


 
 


Venting Nitrogen connection: 


 
 


6.5.2.2 Liquid Nitrogen (LN2) 


LN2 is needed for cooling of a Coldtrap. The Coldtrap acts as a cryopump and, if applicable, 
cools down the detector SDDs. 


The Coldtrap is attached to the Dewar vessel containing 7.4 l of liquid N 2. Liquid nitrogen 
consumption is between 1.5 and 2 liters/day. Refilling schedule is once in every 4 days.  


A filling system requires a main supply tank with an overpressure of max. 0.7 bar ( ~ 10 psi). 
Exceeding this value means the filling system will not function within spec.  
 


Thermo Fisher Scientific delivers a Filling connection behind the door on the right side of the 
enclosure. When using this setup it is not needed to use a ladder or remove the LN 2 sensor 
during filling. 


Note Customer is responsible for arranging additional parts. 
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This setup requires that the external refill container has SST 1/2 SAE couplings to connect to 
the filling system.  


 


 
 


A schematic overview on how to connect the external refill container 


 
 


 


6.5.3 Sulfur Hexafluoride (SF6) 


SF6 gas is used as insulation gas in the HT Tank and the Accelerator Emission chamber of 
Spectra 300. This gas is commonly used in both light and heavy industrial environments. It is 
non-toxic at temperatures less than 250 °C. 
 


The HT Tank and Accelerator Emission chamber of Spectra 300 are both sealed Vessels and 
there will normally be no leakage of gas from these items. Nevertheless, International 
regulations require that certain Environment and safety procedures regarding SF 6 gas must 
be known and implemented by the person responsible for the installation. In addition, any 
local regulations concerning SF6 gas must also be followed. More information about the SF6 
properties and procedures can be found in the chapter Safety and Environmental 
Requirements on page 7. 
 


On installation of Spectra 300 there must be at least 2 gas cylinders present with SF6 gas, 
each containing a min. 15 kg of gas. One cylinder is required for filling the HT Tank and 
Accelerator Module and the other one is needed as a spare, back-up cylinder. The cylinder in 
use must be provided with a suitable reduction valve [>6x105 Pa (6 Bar)].  
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Note The Customer is responsible for obtaining the requested quality and amount of SF 6 
prior to the beginning of the Installation, Items to be purchased by the Customer on 
page 11. 


 


Note This note only applies to countries of the European Union (EU): Next to two full 
cylinders of SF6 also one empty cylinder for recycling SF6 must be always on site. 
The cylinder must be equipped with a valve (DIN 477-part1: Type A,1” No.8) 


 
 


Supplied SF6 gas must meet the following specifications: 


  SF6 (IEC) 


 SF6 min. contents weight % 99.9 


 Air weight % max 0.05 


 CF4 weight % max 0.05 


 Water weight ppm max 15 


 Acidity calculated as HF weight ppm max 0.3 


 Hydrolyzable Fluoride 
calculated as HF 


weight ppm max 1 


 Mineral oil weight ppm max 10 


 


Weight of SF6 gas during transportation is: Accelerator - 0.2 kg; HT tank - 1.5 kg. 


Total amount of SF6 gas in finished Spectra 300 is: Accelerator - 2.5 kg; HT tank - 6 kg. 
 
 


WARNING! The bottle of SF6 should be stored (when not used) in a well-ventilated area, separate 
from the Microscope Room. The bottle must NOT be kept in a lockable cabinet! Best 
location is a gas cabinet with a fire resistance of at least 60 minutes. Also always 
refer to local safety regulations. 


 


 


 
 


In line with its mission, Thermo Fisher Scientific promotes the recycling of SF6. Please ask 
your Thermo Fisher Scientific representative on how we can minimize the environmental 
impact of SF6. 
 







Chapter | Connection Specifications 


 


Confidential, limited rights 
PN 1154536 | Revision  | 13-Sep-2019 


Spectra 300: Pre-Installation Manual 
Page 58 


 


6.5.3.1 SF6 Recovery Kit Pump Outlet 


WARNING! See below section for proper handling of SF6. 


Safety and Environmental Requirements on page 7 


 


The Pre-vacuum pump of the microscope is also used to pump away a certain amount of SF 6 
gas. For certain service actions it is needed to remove the SF6 from the Accelerator or HT 
tank. This SF6 cannot be re-used and needs to be disposed in accordance with local 
Environmental health and safety regulations. An SF6 recycle kit is available as service tooling 
for countries where it is mandatory to recycle SF6. The SF6 will be Pumped into an empty SF6 
recycle bottle with the Pre-vacuum pump of the microscope. 
 


During pumping of SF6 the pump will be connected to service tool via supplied reducer.  


• Pump hose pillar outside dimension: KF25 


• Service tool is needed 


 


Provision to pump large amounts of SF6 


SF6 gas is heavier than air and will sink to floor levels. There should be an extraction 
ventilator channel opening as low as possible above the floor but always < 5 cm.  
 
 


DANGER! The SF6 ventilation channel should never open directly into the outside air when this 
is not allowed according to local Environmental Health and Safety regulations and 
must, UNDER NO CIRCUMSTANCES, BE CONNECTED TO THE CENTRAL 
VENTILATION SYSTEM OF THE BUILDING. 


 


 


 


Provision to pump small amounts of SF6 
 


SF6 recycling kit: 
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6.5.4 Oxygen Detection 


Note The Customer is responsible for obtaining an Oxygen detector and a service 
contract. 


Thermo Fisher Scientific advices the installation of an Oxygen detection system in the 
Microscope room. This detection system prevents the risk of asphyxiation.  
 


The effects of asphyxiation depend on the Oxygen concentration, but there is no sensation or  
breathlessness to warn you that you are being asphyxiated. Breathlessness is a symptom of a 
high concentration of CO2 (not a low concentration of Oxygen). It is important to take 
necessary precautions to prevent putting yourself at risk. If the Oxygen level reduces slowly, 
the very first symptom may be that you cannot stand up or even crawl. Other symptoms may 
be increased pulse and breathing rate, with impaired judgment. By this stage it is already too  
late for you to help yourself. 
 
 
 


Oxygen Detector requirements: 
• The used detection system must include a warning light that flashes at 19% O 2 and a main 


alarm that sounds at 18% O2.  


• Both alarms must be installed in the Microscope room, this alarm must also be visible and 
audible outside of the room next to the entry. 


• The detection system must be maintained regularly by trained personnel according to the 
maintenance requirements of the manufacturer to ensure its proper functioning.  


• The Oxygen sensor must be replaced at the end of its advised lifetime.  


• The Oxygen sensor must be placed close to the column near the LN2 tank (if present). 


• The Oxygen sensor must be placed 1.5 to 2.0 meter (5 to 6.5 feet) from the floor.  
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7 Information and Communication Technology 


In order to make remote microscope diagnostics possible, it is recommended to connect the 
system to a broadband LAN connection. A minimum connection of 20 Mbps upload speed is 
required, but 100 Mbps upload speed is recommended to support full capabi lities of remote 
diagnostics. 
 


It is required to have a Network PC (NPC) installed between LAN and Microscope system PC 
which can provide security. The Microscope PC is unsafe from a security perspective, no virus 
scanner, firewall, and OS patches are allowed. Configuration of such computer is 
responsibility of the Customer’s IT department to follow local policy.  
 


Customer's IT has responsibility for updating and maintaining of operating system and 
choosing of firewall and antivirus on the NPC. 


The NPC shall allow to run port forwarder for remote operations like Rapid.  
 


The Network PC can be purchased from Thermo Fisher Scientific or any PC manufacturer 
following requirements: 


• iCore5 class CPU, minimum 4GB RAM 


• 2 LAN Adapters 


• Operating System Windows 10 
 


The Network PC has a Small Form Factor (SFF) chassis and has a weight < 10 kg 
 


It is recommended to have a telephone line installed in the microscope room. For fast and 
easy access to advanced (2nd and 3rd line) technical support a direct international dialing line 
is recommend.  
 


7.1 RAPID and Health Monitor connection requirements 


The system is equipped with RAPID and Health Monitor. RAPID and Health Monitor are 
complementary service tools that enable fast and accurate support, resulting in optimal 
system performance and system availability. RAPID and Health Monitor are part of a standard 
configuration and require a network connection for their functionality. 
 


Note More information about RAPID and Health Monitor is available from your account 
manager or your field service manager. They can provide you with all features and IT 
whitepapers for both RAPID and Health Monitor. 
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Health Monitor continuously collects and stores key system parameters (no user data) in a 
database on the microscope as well as at a central Thermo Fisher Scient ific database. If 
support is needed, Thermo Fisher Scientific support personnel use this data for quick, 
accurate diagnose, thereby minimizing downtime and inefficiencies. The system uses an 
e-mail connection to send its system parameters to the central database.  
 


 


Setup requirements: 


• A specific e-mail account from the customer domain is required. This is required to be able 
to send data packages via e-mail from within the customer domain. If the customer has 
multiple microscopes, it is strongly recommended to create a unique e-mail account per 
microscope. 


• The customer must have an SMTP or Microsoft exchange mail server available which can 
be reached via the LAN. No specific registration is required. 


• Port 1194, inside the corporate firewall, should be opened outbound for TCP and/or UDP 
to at least one of the following RAPID servers, see table below.  


Note For optimal performance, Port 1194 should be opened to all RAPID Servers. 


 
 


RAPID VPN server (DNS name) RAPID VPN server (IP 
address) 


Location 


rapidvpn-nl.fei.com 192.87.67.16 Europe (Eindhoven, NL) 


rapidvpn-jp.fei.com 61.197.169.149 Asia (Tokyo, JP) 


rapidvpn-us.fei.com 66.192.179.36 USA (Hillsboro, USA) 
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8 Appendix 1: Drawings and Floorplans 
Note All dimensions in this section are in mm. 
 
 
 


Microscope view, height of modules: 


 
 


Note The System is always shipped with the Accelerator module removed. The transport 
height also depends on the System configuration. 
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EMI distances 


 


Required minimum distance: 


Item Required minimum distance 


Chiller 10 m (maximum pressure loss 0.33 bar) 


Transformer 10 m 


Data Server Cabinet 3.5 m 


UPS 10 m 
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Note  


 


Note Required space between frame and enclosure is on both nearest sides 3cm for 
optimum range of hoist.  
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Connections and Cable Ducts 
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HT Tank: 


 
 
 


Rittal Cabinets (TEM, Power, Accessories, Corrector Cabinet):  
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Optics Cabinet: 


 


 
  


3 Phase Transformer 
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9 Appendix 2: Pre-Installation Checklists 


9.1 Pre-Installation Site Survey 


A pre-installation Site Survey is performed prior to tool placement to verify that the ambient 
acoustics, floor vibration and EMI meet Thermo Fisher Scientific specifications.  
 


The survey is performed by a Thermo Fisher Scientific FSE who has been trained for this 
task. 


Site survey is performed by using one the following kits: 


1. SE-ToolTM (Preferred) 


2. Dactron - 4035 273 20971 
 


Additional site surveys are required when any changes are made to the site, as changes may 
affect the environment and system. 
 


Note If the site fails to meet the specifications provided in this manual the “Performance 
Waiver due to Failure of Pre-installation Site Requirements” must be completed and 


signed, see Appendix 3: Performance Waiver on page 74. 
 


In addition, the customer may be required to engage their local IT support personnel with 
regards to connecting the server to the customer network infrastructure.  
 


To prepare logistic departments to transport and to plan unloading of the System crates on 
Customer’s site an FSE has to take pictures of the unloading area during site survey, except 


where it is forbidden by the customer.  
 


It is needed to take pictures of: 


• access road to unloading area 


• unloading area where truck will be parked 


• measure height of loading dock (if present) 
 


Note When done, the FSE has to send these pictures to the local SSOC, except where it is 
forbidden by the customer. 


 







Chapter | Appendix 2: Pre-Installation Checklists 


 


Confidential, limited rights 
PN 1154536 | Revision  | 13-Sep-2019 


Spectra 300: Pre-Installation Manual 
Page 70 


 


9.2 Pre-Installation Checklist 


The following Pre-Installation Check lists the minimum checks to be carried out for a 
successful installation. 


 Microscope type:  


 Customer:  


 User(s) Title, Name:  


 Address:  


 Country:  


 Checked by:  


 Thermo Fisher Scientific 
Organization: 


 


 Date:  


 Planned installation starting 
date: 


 


 


Note Any deviation from these installation and safety requirements may cause 
deterioration in the Instrument specification. 


 


 


 ID Subject Value Checked and 
found 


OK     not OK 


Remarks 


 1 Unloading area survey: 


• Access road 


• Unloading area 


• Height of unloading 
dock 


Unloading Area on 
page 21 


Delivery Properties on 
page 16 


  Send pictures to SSOC 


 2 Transport route: 


• Weight uncrated 


• Height uncrated 


• Height crated 


 


• Maximum ramp 


Transportation Route 
on page 21 


Delivery Properties on 
page 16 


5 degrees 
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 ID Subject Value Checked and 
found 


OK     not OK 


Remarks 


 3 Elevator capabilities Delivery Properties on 
page 16 


   


 4 Door opening width 


• Uncrated 


• Crated 


Door opening height: 


• Uncrated 


• Crated 


Delivery Properties on 
page 16 


 


 


 


 


   


 5 Microscope Room 


• Dimensions and safety 
distances 


• Room height 


Microscope Room 
Dimensions on page 23 


   


 6 Service Room Service Room 
Dimensions 


   


 7 Operator Room Operator Room 
Dimensions on page 25 


   


 8 Floor flatness and Enclosure 
Anchoring 


Appendix 4: System 
Anchoring 


   


 9 Room temperature 


• Microscope Room 


• Service Room 


• Operator Room 


Temperature and 
Relative Humidity on 
page 31 


   


 10 Room temperature stability Temperature and 
Relative Humidity on 
page 31 


   


 11 Relative humidity Temperature and 
Relative Humidity on 
page 31 


   


 12 Heat dissipated Heat dissipation on 
page 32 


   


 13 Magnetic field specification Magnetic Fields on 
page 35 


   


 14 Mechanical vibrations Vibrations, Acoustics 
and Pressure waves 
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 ID Subject Value Checked and 
found 


OK     not OK 


Remarks 


 12 Acoustical specification Vibrations, Acoustics 
and Pressure waves 


   


 16 Electrical connection 


• Mains supply 


• Power consumption 


• Mains frequency 


• Line voltage fluctuations 


• Mains connection 
Switch&Fuse box 


• Earthing 


• Cable ducts 


Electrical Power Supply 
on page 42 


   


 17 Water supply 


• Flow 


• Pressure 


• Pressure stability at 
input 


• Temperature at input 


Cooling Water Supply 
on page 51 


   


 18 Compressed air supply Compressed Air Supply 
for Pneumatics on page 
53 


   


 19 Nitrogen supply 


• Gas 


• Liquid 


Nitrogen (N2) on page 
54 


   


 20 SF6 supply 


• 2 full cylinders 


• 1 empty cylinder 


• PVP outlet 


Sulfur Hexafluoride 
(SF6) on page 56 


   


 21 ICT 


• Telephone line 


• Network connection 


Information and 
Communication 
Technology on page 60 


   


 22 Pre-Installation items Items shipped to the 
Customer by Thermo 
Fisher Scientific on 
page 9 


   


 23 Installation items Items to be purchased 
by the Customer on 
page 11 
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 ID Subject Value Checked and 
found 


OK     not OK 


Remarks 


 24 Site Survey 


• Site Survey performed 


• Performance Waiver 
filled 


• Results sent to Thermo 
Fisher Scientific 


Pre-Installation Site 
Survey on page 69 


   


 
 


 Comments   


    


 Local Service acceptance  User acceptance 


    


    


 Place and Date   
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10 Appendix 3: Performance Waiver 
INSTRUMENT TYPE:  


COMPANY NAME:  


ADDRESS:  


  
 


LOCATION Building  Room  Phone   


SITE SURVEY 
RESULTS: 


 SITE SURVEY DATE:  


 


 PASS FAIL ADDITIONAL COMMENTS 


Vibrations 
  


 


Acoustics 
  


 


EMI 
  


 


Other 
  


 


 


Signature below by the Customer certifies that: 


• The Customer acknowledges that the site referenced above does not meet the published 
environmental requirements for the above mentioned Thermo Fisher Scientific product.  


• The Customer agrees that Thermo Fisher Scientific will not be held responsible for failure 
of the above referenced equipment to perform at published ion and/or electron beam 
specifications due to inadequate environmental site requirements. 


• The Customer agrees that all contractual payments based upon system performance will 
be released for full payment immediately upon completion of the installation provided that 
Thermo Fisher Scientific shows adequate documentation proving that all Thermo Fisher 
Scientific Acceptance Tests have been performed on a "best effort" basis.  


 


   


Thermo Fisher Scientific Representative name 
 


Customer Name 


   


Thermo Fisher Scientific Representative signature 
 


Customer Signature 


   


Date signed 
 


Date signed 
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11 Appendix 5: Optional Configurations 


11.1 Ceta-2 


This pre-installation manual describes the prerequisites and the steps that need to be 
performed on-site before installing a Ceta-2 Speed Upgrade.  


Use this document in the following cases:  


• Field upgrade:  
The Speed Upgrade is installed for a Ceta camera that is already present.  


• Retrofit:  
A Ceta camera and Speed Upgrade is installed on a microscope. This could involve the 
replacement of a Gatan camera or an FEI Eagle camera. 


 


Note Only Titan and Talos microscope systems are supported. Tecnai systems are 
excluded. 


 
 
 
 


11.1.1.1 Hardware for Field Upgrade and Retrofit 


The table below specifies which hardware components are involved in the Field Upgrade (FU) 
and in the Retrofit (RF) scenarios. 
 







Chapter | Appendix 5: Optional Configurations 


 


Confidential, limited rights 
PN 1154536 | Revision  | 13-Sep-2019 


Spectra 300: Pre-Installation Manual 
Page 76 


 


Hardware item Remarks FU RF 


Ceta-1 camera system Controller, water kit, cable set, X-ray shielding, 
etc. 


 X 


CMTS • Requires 3U of 19 inch rack space. 


• Preferred to be installed in the TEM 
cabinet 


X X 


Network Switch Preferred to be installed in the TEM cabinet X X 


Data Storage 
options 


Storage Server HP Apollo 4200 Gen9 Storage Server  


• Windows Server 2012R 


• 10 Gbit/s high speed optical link 


• 72 TB HDD storage capacit, of which 
approx. 65 TB for image storage.  


• Approximate storage time: 48 hours @ 4k 
x 4k image @ 40 fps. 


• Requires 3U of 19 inch rack space in a 
separate server room or soundproofing 
box. 


X X 


 Offloading PC  
supplied by  
Thermo Fisher Scientific 


Ceta-2 Offloading PC 


• Desktop PC, Windows 7 professional, 
Windows 10 


• 10 Gbit/s high speed optical link 


• 4 TB HDD storage capacity.  


• Approximate storage time: 4 hours @ 4k x 
4k image @ 40 fps.  


• No accommodation prerequisites.  


X X 


 Offloading PC  
supplied by  
customer 


Hardware and software configuration according to 
Thermo Fisher Scientific specifications. 


X X 


Network card 2x Gigabit  
(FRU 1151808) 


Only needed when there are no free sockets on 
the quad port network card in the Microscope PC. 


X X 


 


• The Network Switch mentioned above is dedicated for cameras and camera-related 
electronics. It will operate in a different IP-address range than the Network Switch that is 
already in the TEM cabinet.  


• When installing a retrofit upgrade, space will become available in the TEM cabinet once 
the current camera hardware is removed.  


 
 


11.1.1.2 Camera House Retrofit 


The Ceta camera must be mounted in an FEI camera house.  


• In case a Ceta 16M or Falcon camera is already present on the system, an FEI camera 
house is already present on the system.  


• If no FEI camera house is present, make sure that it is included in the Retrofit NSR.  
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11.1.1.3 CMTS Accommodation 


The CMTS requires 3U (rack units) of space in a 19 inch rack:  


• the height of the CMTS itself is 2U,  


• a free space of 0.5U above and below is needed for heat dissipation.  
 


It is preferred that the CMTS is mounted in the TEM cabinet. If there is no space in the TEM 
cabinet to mount the CMTS, then it needs to be mounted in the accessories cabinet. If no 
accessories cabinet is present, an accessories cabinet must be ordered (1118689).  
 


11.1.1.4 Network environment 


 


 


Note The 10 Gbit connection between the microscope room and the server room must be 
arranged by the customer, using OM3 or OM4 (50/125) fiber cable.  


 


Note The 1 Gbit connection between the microscope room and the server room must be 
arranged by the customer, using appropriate network cabling. 
(Cat6A equivalent or better) 
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In the microscope room:  


• Two 10 Gbit connections must be available within 10 meters of the TEM cabinet or the 
third party accessories cabinet. Of these, one will be used for the connection between the 
CMTS and the Storage Server or Offloading PC.  


• Two 1 Gbit connections must be available within 10 meters of the TEM cabinet or the third 
party accessories cabinet. Of these, one will be used for the connection between the 
Microscope PC and the Storage Server or Offloading PC.  


 
 


In the server room:  


• Two 10 Gbit connections must be available within 10 meters of the TEM cabinet or the 
third party accessories cabinet. Of these, one will be used for the connection between the 
CMTS and the Storage Server or Offloading PC.  


• Two 1 Gbit connections must be available within 10 meters of the TEM cabinet or the third 
party accessories cabinet. Of these, one will be used for the connection between the 
Microscope PC and the Storage Server or Offloading PC.  


 
 


Between the microscope room and the server room:  


• For the 10 Gbit connection OM3 or OM4 (50/125) fiber cable must be used to connect the 
wall sockets in the microscope room and the server room.  
A representative image of 10G fiber optic LC-LC wall mounted feed through socket is 
shown below.  


 







Chapter | Appendix 5: Optional Configurations 


 


Confidential, limited rights 
PN 1154536 | Revision  | 13-Sep-2019 


Spectra 300: Pre-Installation Manual 
Page 79 


 


• For the 1 Gbit connection, Cat6A equivalent or better cable must be used to connect the 
wall sockets in the microscope room and the server room.  


• The 10 Gbit and 1 Gbit link between the microscope room and the server room must be 
fully operational.  


Note It is recommended to use the lines between the microscope room and the server 
room exclusively for offloading camera data. Data traffic from other services and 
devices may interfere with camera data offloading speed and therefore camera 
performance. 


 
 


When the Storage Server or Offloading PC is not placed in a separate server room:  


• The 10 Gbit optical link can be connected directly from the CMTS to the Storage Server or 
Offloading PC. 


• The 1 Gbit ethernet link can be connected directly from the Microscope PC to the Storage 
Server or Offloading PC. 


 


11.1.1.5 Storage Server / Offloading PC - Network Security 


On the Storage Server or Offloading PC: 


• All firewalls are all disabled.  


• No Virus Scanner and/or other malware countermeasures are present.  


It is the responsibility of the customer IT department to protect the Storage Server or 
Offloading PC against unauthorized access and other cyber threats.  
 


11.1.1.6 Storage Server / Offloading PC  <>  CMTS connection via 10 Gbit Optical Link 


For the network connection between the CMTS and the Storage Server / Offloading PC the 
following applies:  


• The optical module in the CMTS is specified for 10 Gbit optical fiber with a maximum 
uninterrupted cable length of 100 meters.  


• The maximum uninterrupted cable length at which performance has been verified by 
Thermo Fisher Scientific engineers is 50 meters.  


• When the Storage Server is connected to the CMTS via couplings or (wall) sockets, the 
attenuation may introduce optical losses. This may reduce the maximum length at which 
reliable high speed offloading performance can be achieved.  
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A 10 Gbit high speed optical link and equivalent writing speed ensures all 4k x 4k images 
acquired at 40fps can be stored for post data analysis, for the continuous duration of:  


• 48 hours on a Storage Server with 65 TB of disk space dedicated to camera data.  
(12 HDD's of 6 TB each, minus 1 HDD which is used for redundancy).  


• 4 hours on an Offloading PC with 4 TB of disk space dedicated to camera data.  


When an experiment runs longer than the storage capacity allows it is necessary to move 
data to a location elsewhere in the customer network in order to maintain sufficient free disk 
space for incoming camera data. It is recommended to prepare such a relay mechanism.  


 
 


11.1.1.7 Storage Server / Offloading PC  <>  Microscope PC connection via 1 Gbit 
Ethernet Link 


On the Microscope PC, the quad port network card in the Microscope PC must have at least 
one free port to facilitate a 1 Gb ethernet connection to the Storage Server or Offloading PC.  


If there are no more free ports available, please pre-order a 'Network card 2x Gigabit' (FRU 
1151808). This network card can be installed next to the quad port network  card in the 
Microscope PC.  


Note Do not connect to the Storage Server or Offloading PC via the network switches in 
the TEM cabinet.  
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11.1.1.8 Storage Server 


Deliverables by Thermo Fisher Scientific 


Thermo Fisher Scientific supplies an HP Apollo 4200 Gen9 Storage Server to store high 
resolution images from the CMTS.  


Dimension Value 


Product HP Apollo 4200 Gen9 (12x HDD, 72 TB, RAID5) 


Height 87.5 mm (3.44 in) 


Depth 812 mm (32 in) 


Width 448 mm (17.63 in) 


Weight  • Storage server including 12 hard drives (as delivered by Thermo Fisher Scientific):  
approx 32 kg (70.50 lbs). 
Requires two people to be present for installation due to weight.  


• Storage server including 24 hard drives (maximum possible weight):  
approx 40.60 kg (89.50 lbs). 
Requires three people to be present for installation due to weight.  


Information Specification sheet for the HPE Apollo 4200 Gen9 server on the manufacturer's website:  
HPE Apollo 4200 Gen9 Server - Quick Specs 


Ambient Heat generation will be max. 3071 BTU/hr at 200Vac. 


Electrical Power supply and heat: 


• Two (primary and backup) 1400 Watt power supplies (200 - 240Vac).  
This is to ensure that the server remains running in case one of the power supplies 
fails. The server will function with just one supply, but this will result in increased 
temperature.  
North-America and Japan regions:  
explicitly request 800W power supplies (110-220 Vac).  


• Dutch power cord. If not compatible with local wall sockets, arrange a local power 
cord.  


• Maximum 3071 BTU/hr at 200 Vac.  


Noise 36 dBA 


Network • 1 Gbit RJ45 ethernet port for connection to the Microscope PC 


• 10 Gbit optical optical for connection to the CMTS,  


• 1 Gbit RJ45 ethernet port and 10 Gbit optical port for connection to the customer 
network. 


 
 


Thermo Fisher Scientific supplies 2 x 10m OM3 10 Gbit fiber cables to:  


• connect the TEM cabinet to the microscope room 10 Gbit wall socket and;  


• connect the server room 10 Gbit wall socket to the Storage Server.  


Note The connection between the microscope room and the server room must be arranged 
by the customer, using OM3 or OM4 (50/125) fiber cable. 


 
 



https://h20195.www2.hpe.com/v2/GetPDF.aspx/c04616497.pdf
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Thermo Fisher Scientific supplies 2 x 10m 1 Gbit CAT6A cables to:  


• connect the TEM cabinet to the microscope room 1 Gbit wall socket and;  


• connect the server room 1 Gbit wall socket to the Storage Server.  


Note The connection between the microscope room and the server room must be arranged 
by the customer, using appropriate Cat6A equivalent or better network cabling.  


 
 


Deliverables by the Customer 


Network connectivity 


See 'Network environment'. 


 


Storage Server accommodation 


The customer must supply sufficient 19 inch rack space to accommodate the Storage Server.  


Storage Server dimensions and weight:  


Dimension Value 


Height 87.5 mm (3.44 in) 


The Storage Server requires 3U of 19 inch rack space: 


• Storage Server hardware: 2U.  


• Free space: 0.5U above and below for ventilation.  


Depth 812 mm (32 in) 


Width 448 mm (17.63 in) 


Weight  • With 12 hard drives (standard configuration): approx 32 kg (70.50 lb).  


• With 24 hard drives (maximum capacity): approx. 40.6 kg (89.5 lb).  
 


The Storage Server generates up to 36 dBA of acoustic noise.  


• When installed in the same room as the microscope, the noise level may affect the 
performance of the microscope. 


• When installed in the same room as the microscope user, the accumulated noise exposure 
exceeds acceptable levels for a healthy and comfortable work environment.  


It is therefore recommended to accommodate the Storage Server in a separate server room.  
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In case the Storage Server cannot be installed in a separate room, it can also be mounted in 
a soundproof box inside the microscope room. 


Dimension Value 


Product Soundproof Box X-Tech item 1140069 


Height 1320 mm 


Depth 1100 mm 


Width 735 mm 


Weight 70 kg. Wheels included for mobility 


 
 


Product name in CRM:  
"Acoustic noise reduction system for applicable region, BAI series" 


Region X-tech p/n Description 


EU 1156836 BAI-8-EU + NUT-CN50 + PROF-R: MS NOISE 


Japan [50Hz] 1156837 BAI-8-JP50 + NUT-CN50 + PROF-R: MS NOISE 


Japan [60Hz] 1156839 BAI-8-JP60 + NUT-CN50 + PROF-R: MS NOISE 


UK 1156840 BAI-8-UK + NUT-CN50 + PROF-R: MS NOISE 


US 1157748 BAI-8-US + NUT-CN50 + PROF-R: MS NOISE 
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Other regions are upon request, using the below descriptions in CRM: 


• BAI-8-CH (for Switzerland)  


• BAI-8-AU (for Australia)  


• BAI-8-CN (for China)  


• BAI-8-IN (for India) 


• BAI-8-RU (for Russia)  


• BAI-8-SOKO (South Korea)  


The unit is delivered with 1 pair of static rails per BAI-8E.  
An extra pair of static rails are upon request, using the below description in CRM: 


• PROF-R 
 


 
 


Storage Server Accommodation 


The Storage Server generates up to 36 dBA of acoustic noise.  


• When installed in the same room as the microscope, the noise level may affect the 
performance of the microscope. 


• When installed in the same room as the microscope user, the accumulated noise exposure 
exceeds acceptable levels for a healthy and comfortable work environment. 


It is therefore recommended to accommodate the Storage Server in a separate server room.  
 


In case the Storage Server cannot be installed in a separate room, it can also be mounted in 
a soundproof box inside the microscope room. 
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Dimension Value 


Product Soundproof Box X-Tech item 1140069 


Height 1320 mm 


Depth 1100 mm 


Width 735 mm 


Weight 70 kg. Wheels included for mobility 


 
 


Product name in CRM:  
"Acoustic noise reduction system for applicable region, BAI series" 


Region X-tech p/n Description 


EU 1156836 BAI-8-EU + NUT-CN50 + PROF-R: MS NOISE 


Japan [50Hz] 1156837 BAI-8-JP50 + NUT-CN50 + PROF-R: MS NOISE 


Japan [60Hz] 1156839 BAI-8-JP60 + NUT-CN50 + PROF-R: MS NOISE 


UK 1156840 BAI-8-UK + NUT-CN50 + PROF-R: MS NOISE 


US 1157748 BAI-8-US + NUT-CN50 + PROF-R: MS NOISE 
 


Other regions are upon request, using the below descriptions in CRM: 


• BAI-8-CH (for Switzerland)  


• BAI-8-AU (for Australia)  


• BAI-8-CN (for China)  


• BAI-8-IN (for India) 


• BAI-8-RU (for Russia)  


• BAI-8-SOKO (South Korea)  


The unit is delivered with 1 pair of static rails per BAI-8E.  
An extra pair of static rails are upon request, using the below description in CRM:  


• PROF-R 
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11.1.1.9 Offloading PC supplied by Thermo Fisher Scientific 


 


 


Dimension Value 


Product Offloading PC (4x SSD, 4 TB, RAID0) 


Height 362 mm (14.23 in) 


Depth 425 mm (16.70 in) 


Width 184 mm (7.23 in)  


Weight  18 kg (39.6 lbs) 


The Offloading PC is preconfigured by Thermo Fisher Scientific. Integration in the customer 
network is a joint effort between the customer and Thermo Fisher Scientific.  
 


11.1.1.10 Offloading PC supplied by Customer 


The offloading functionality can also be realized with a PC or server that the the customer 
purchased elsewhere. 


Note Offload speeds are not guaranteed on non-Thermo Fisher Scientific supplied 
hardware.  


 


Note Hardware that is not supplied by Thermo Fisher Scientific is not supported by 
Thermo Fisher Scientific service. 
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Offloading PC Hardware Requirements 


The system that will function as the Offloading PC must comply with the following hardware 
requirements: 


Item Requirements 


Operating System Windows7, Windows 10 or Windows Server 2012 


CPU Intel Xeon E5 or faster 


Memory 16 GByte or more 


Storage A disk RAID set with: 


• 10 Gbit/s write speed or faster, e.g.: 


• 4 SSD’s in RAID0 


• 8 SSD’s in RAID1 


• At least 4 TByte disk space dedicated for camera data 


• Volume mapped to drive D:\ 


Network to microscope To CMTS:  


• 10 Gbit optical SFP+ transceiver port 


• Based on Intel third-generation 10 GbE controller (82599 chipset) or later 


To Microscope PC:  


• 1 Gbit Ethernet with standard RJ45 connector 


Network card configuration settings are specified below. 


Network to customer 
network 


• 10 Gbit optical SFP+ transceiver port 


• 1 Gbit ethernet 


 
 


Network configuration settings for 1 Gbit ethernet connection to Microscope 
PC 


Network configuration settings for the 1 Gbit ethernet connection to the Microscope PC:  


Parameter Value 


Name TEM 


Physical port 1st  


IPv4 address 192.168.10.3 


Subnet 255.255.255.0 


 
 


Network configuration settings for 10 Gbit optical fiber connection to CMTS 


Network configuration settings for the 10 Gbit optical connection to the CMTS:  
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Parameter Value 


Name Single camera (Falcon 3EC or Ceta-2) CAPP 


   Depends on the  Multi-camera Falcon 3EC CMTS-F3 


   camera configuration  Ceta-2 CMTS-C2 


IPv4 address Connection to Falcon 3EC CMTS 192.168.30.1 


 Connection to Ceta-2 CMTS 192.168.31.1 


Subnet 255.255.255.0 


Adaptive Inter-Frame Spacing Enabled 


ECN capability Disabled 


Interrupt Moderation Disabled 


Interrupt Moderation Rate Adaptive 


Jumbo packet 9014 bytes 


Max. number RSS queues 16 queues 


Receive buffer 512 


RX buffer 4096 


Firewall Off 
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Titan 2.7 / Talos 1.7: set registry key on Storage Server / Offloading PC for 10 
Gbit port 


If the installed microscope software version is Titan 2.7 or Talos 1.7, then the 10 Gbit optical 
link network port on the Storage Server or Offloading PC needs additional configuration by 
manually adding a registry entry.  


Note When installing microscope software version Titan 2.9 / Talos 1.9 or later, then the 
registry patch described below must not be added.  
In case the registry patch is present, it must be removed before upgrading to Titan 
2.9 / Talos 1.9 or a later version. 


 


This procedure can be done via Remote Desktop, or directly by directly connecting a monitor, 
keyboard and mouse to the Storage Server or Offloading PC.  


Note This procedure must only be performed when the installed microscope software 
version is Titan 2.7, Talos 1.7 or Tecnai 5.7. 
If the microscope software version is not Titan 2.7, Talos 1.7 or Tecnai 5 .7, then skip 
the instructions below. 


1. Select Windows+R and type the command regedit to launch the Registry Editor  


2. Navigate to 
HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\services\Tcpip\Paramete


rs\Interfaces  
 


3. Check each key in the Interfaces node to find the one that has a property IPAddress 


with value 192.168.31.1  
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4. In this key, check if a value is present with name: TcpAckFrequency  


If not:  


a. In the right side of the Registry Editor window, right-click and select New > DWORD 
(32-bit) Value  


 


b. Rename the new DWORD value to TcpAckFrequency  
 


5. Check if the TcpAckFrequency value has data 1  


If not: 


a. Double click on TcpAckFrequency and set the Value data to 1  


 


b. Select OK  
 


6. Close the Registry Editor  


7. Reboot the Storage Server or the Offloading PC.  
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User Accounts 


The following user accounts must be present: 


Name Password Type 


DAR Diagnostics-001 User 


FEIApplications Feiapps-001 User 


customerservice To be set by Thermo Fisher Scientific 
engineer 


Administrator 


The 'customerservice' account must be an administrator account in order to install software. 
The password to this account must be set by the Thermo Fisher Scientific engineer, and 
cannot be changed once it is set.  
 


Shared Folders 


The following folders must be created and shared:  


Path Share name Access 


C:\ProgramData\FEI ProgramDataFei • DAR [r] 


• Customerservice [r/w] 


C:\Program Files\fei ProgramFilesFei • DAR [r] 


• Customerservice [r/w] 


D:\OffloadData OffloadData • FeiApplications [r/w] 


• Customerservice [r/w] 


 
 


Firewall and Virus Scanner recommendations 


To minimize interference with camera data offloading performance, the following network 
security settings are recommended: 


Parameter Value 


Domain firewall Off 


Public network firewall Off 


Private network firewall Off 


Virus scanner Off (or at least off during data acquisition) 


The network security settings are the responsibility of the customer IT department. The 
settings above are recommendations, they cannot be enforced by Thermo Fisher Scientific.  
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11.2 Gatan Image Filter (GIF) 


11.2.1 Gatan Image Filter installation coordination 


Note Actions described in this chapter are performed by Thermo Fisher Scientific 
personnel. 


Gatan Image Filters (GIFs) are shipped from Thermo Fisher Scientific factory fully tested and 
aligned. On site, the FSE installs the lead shielding and the camera house to make sure the 
system is X-Ray safe.The Gatan engineer comes on-site and performs the installation of the 
cameras, fine tunes the system, confirms the specifications and provides a training of the 
customer.  
 


Communication with supplier to arrange installation support 


To arrange a proper timing of the installation date with our supplier the local Field Service 
manager is responsible for submitting a request at the regional Gatan office.  


For more details see Gatan web site: http://www.gatan.com/contact.It contains a lis t of offices 
listed by country and the regional contacts with phone numbers. 
 


In case of any problems: 


Send an email to service@gatan.com. 


Or call: +1 888 778 7933 or +1 925 463 0200. If no one answers, leave a message.  


If this is not successful, escalate to InstallCoordinatorTEM@thermofisher.com. 
 


Accepting filter 


A hand-over of the system takes place 2 times during the filter installation:  


1. Before a Gatan engineer starts installation (FSE to Gatan). 


2. When installation is finished (Gatan to FSE). 
 


Note Beware that between the hand-overs the FSE does not need to be on site. the FSE 
only needs to be available in case of escalations.  
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11.3 Haskris LX3 Chiller Specifications 
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11.4 SEMI S2 Kit + Seismic Restraining Kit 


11.4.1 SEMI S2 Kit 


The SEMI S2 kit is an optional part of Spectra 300 systems. It contains: 


• Seismic Restrain Kit (floor anchors for Microscope and Cabinets) 


• S2 Labeling 


Note The kit does not contain the facilities Connection Box. The FSE must order this 
connection box as a FRU (1151147) when the S2 kit is ordered. 


To comply to the SEMI S2 certification, these items are required to be present on the order 
(configuration): 


• Haskris LX3 G2 W S2 Enh. chiller (commercial order code 1148375) 
 


11.4.2 Seismic Restraining Kit 


Note All drilling and preparation mentioned below is the responsibility of the customer 
and must be completed before the Thermo Fisher Scientific FSE arrives on ‐site to 
install the System. It is advised to outsource drilling activities to a specialized 
company. 


The Seismic Restraint Kit requires that 22 and 28mm holes are drilled into the Microscope 
Room floor before installation and positioning of the Microscope and its Cabinets. 22mm holes 
are required for the Cabinets and HT Tank and 28 mm holes for the Microscope Base. 
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Please refer to the picture for the holes that need to be drilled for the Seismic Restraint Kit.  


Note  


See chapter Materials and Tools on page 9 for the list of items that are delivered with the 
System and which have to be purchased separately. 


For details about System anchoring see chapter System Anchoring on page 25 
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Note In case when the Seismic Restraining Kit is ordered, an additional Epoxy glue is 
needed. Make sure that full amount of Epoxy has been delivered as listed in Items 
shipped to the Customer by Thermo Fisher Scientific on page 9. If the delivered 
Epoxy amount doesn't fit the description, contact your local Thermo Fisher Scientific 
representative. 


 


 
 


11.5 Vibration Isolation Systems 


In case that the Microscope Site does not comply to the Vibration specifications (<Vibrations, 
Acoustics & Pressure waves>), different options available to ensure undisturbed System 
performance. 


Note For detailed information about each solution and the optimal choice for a specific 
situation please contact your local Thermo Fisher Scientific representative. 


 


11.5.1 Integrated Vibration Isolation System (iVIS) 


iVIS is a fully integrated system that reduces the sensitivity of Thermo Scientific TEM 
Microscopes to floor vibrations by active damping of disturbances caused by floor vibrations.  


The iVIS solution will mainly damp the sensitive frequencies of the Microscope in 1-5 Hz 
range. The vast majority of Customer sites will meet the floor vibration specifications if iVIS is 
on the configuration. 
 


iVIS is developed to actively damp the resonance modes of the column on the air isolators. It 
is mounted on the Microscope base in the Thermo Fisher Scientific factory and doesn't 
require any pre-installation actions. 
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The maximum size of the gap between the floating table and the fixed world should be:  


• width: 10 mm 


• height: 1 mm 
(this is the maximum height difference between floating table and the fixed world) 


 


11.5.2 Active Vibration Isolation solutions 


Multiple solutions from different vendors are available for Active Vibration Isolation, for 
example anti-vibration platforms. The usual Vibration Cancelation solutions are designed to 
reduce vibrations over a broad frequency range.  


Note Any deviation from the specified floor flatness will result in inefficient floor vibration 
cancelation. 


 


If an Active Vibration Isolation solution is used for a System, pre-installation actions depend 
on the solution used and information is delivered by the documentation belonging to the 
module. 


Note In case that you haven't received documentation for the Active Vibration Isolation 
solution, please contact your local Thermo Fisher Scientific representative.  
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12 Appendix 6: Conversion Tables 


Length Energy 


1 mm = 0.0393 in 


1 cm = 0.3937 in 


1 m = 3.2808 ft 


1 m = 1.0936 yd 


1 in = 0.0254 m 


1in = 25.4 mm 


1 in = 2.54 cm 


1 ft = 0.3048 m 


1 yd = 0.9144 m 


1 Joule  = 1 J 


  = 1 Wsec  


  = 0.2388 cal 


1 kilo-Joule = 1 kJ  


  = 1000 J 


  = 0.9478 BTU 


1 cal  = 1 frigory 


  = 4.1868 J 


1 kcal  = 4.1868 kJ 


1 BTU  = 1.055 kJ 
 


Moment (Torque) Force 


1 newton meter  = 1 Nm  


   = 0.102 kgfm 


1 Nm   = 0.7375 lbft 


1 lbft   = 1.356 Nm 


1 kgfm   = 9.8 Nm 


1 newton = 1 N 


  = 0.2248 lbf 


1 dyne  = 0.01 N 


1 kgf  = 9.806 N 


1 lbf  = 4.448 N 
 


Mass Temperature 


1 g = 0.0353 oz 


1 kg = 2.205 lb 


1 oz = 28.35 g 


1 lb = 0.4536 kg 


0 °C  = 32 °F 


°C  = 5/9 x (°F - 32) 


°F  = 9/5 x (°C) + 32 
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Volume Power 


1 cm3  = 0.061 in3  


  = 1 ml 


1 m3  = 1.308 yard3 


1 liter  = 0.035 ft 


1 liter  = 1.761 UK pints 


1 liter  = 0.22 UK gallon 


1 liter  = 2.113 US pints 


1 liter  = 1.057 US quarts 


1 liter  = 0.2642 US gallon 


1in3  = 16.387 cm3 


1 yard3  = 0.7646 m3 


1 ft3  = 28.32 liter 


  = 1 UK fl/oz  


  = 28.41 cm3 


1 UK pint = 0.57 liter 


1 UK gallon  = 4.5461 liter 


1 US pint = 0.4732 liter 


1 US quart = 0.9463 liter 


1 US fl/oz = 29.57 cm3 


1 US gallon = 3.785 liter 


1 watt   = 1 W 


   = 1 J/sec 


   = 0.2388 cal/sec 


1 kilowatt  = 1 kW 


   = 1 000 W  


   = 860 kcal/h 


   = 1.36 pk 


   = 1.34 hp 


1 cal/sec  = 4.186 W 


1 kcal/h   = 1.163 W 


1000 frig/h  = 1.163 W  


1 Brit ton of refr.  = 3.89 kW 


1 US ton of refr.  = 200 BTU/min 


   = 3.51 kW 


1 kWh   = 3600000 J  


   = 3.6 MJ 


1 pk   = 0.735 kW 


1 hp   = 0.7457 kW 


 


Leak rate units Flow 


1 Torr l/s = 1.333 mBarl/sec  


  = 1.316 atm cm3/sec 


  = 103 lusec 


  = 2.795 x 10-3 atm.ft3/min 


  = 2.083 x 105 gram/year (Freon 12) 


  = 5.7 x 10-3 kg/h (air) 


1 liter/min = 5.886 x 10-4 ft3/sec 


1 liter/min = 4.403 x 10-3 US gall/sec 


1 liter/min = 3.667 x 10-3 UK gall/sec 


1 ft3/min = 0.472 liter/sec 


1 US gall/min = 0.0631 liter/sec 


1 UK gall/min = 0.076 liter/sec 
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Pressure Vacuum Pressure units 


1 Bar  = 1000 mBar 


  = 105 Pa 


  = 1.02 kgf/cm2 


  = 0.988 atm 


  = 14.5 lb/in2 


1 mBar  = 0.1 kPa 


1 kPa  = 1 kN/m2 


  = 10 mBar 


1 Pascal = 1 Pa 


  = 1 N/m2 


  = 0.01 mBar 


1 lbf/in2 = 0.07 kg/cm2 


  = 0.068 atm 


  = 6.894 kPa 


  = 68.94 mBar 


  = 0.069 Bar 


1 kgf/cm2 = 1 atm 


  = 98.066 kPa  


  = 0.9806 Bar 


1 atm  = 101.325 kPa  


  = 1.0132 Bar 


1 mm Hg = 1 Torr 


  = 0.1333 kPa  


  = 1.333 mBar 


1 mm H2O = 9.804 Pa 


  = 98.066 mBar 


1 atm  = 760 Torr 


1000 mBar = 750 Torr 


  = 105 Pa 


1 Pa  = 0.01 mBar 


  = 1.10-5 Bar 


  = 7.5 x 10-3 Torr 


  = 9.87 x 10-6 atm 


  = 1.45 x 10-4 lbf/in2 


  = 1.02 x 10-5 kgf/cm2 


  = 2.953 x 10-4 in Hg  


  = 7.5 x 10-4 mm Hg 


  = 4.015 x 10-3 in H2O  


  = 0.102 mm H2O 


  = 7.5 micron 


  = 99.99+ % vacuum 


  = 1 N/m2 


1 atm  = 1.013 x 105 Pa  


  = 101 325 kPa 


1 Torr  = 1.333 x 102 Pa 


  = 1 mm Hg 


1 mm Hg = 1.333 x 102 Pa 


1 micron = 1 μm Hg 


Magnetic field strength 


1Tesla = 10 000 Gauss  


100 nT = 1 mG 
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Frequency Magnetic induction 


1 Hertz = 1 Hz  


  = 1 cycle/sec  


  = 60 cycles/min (cpm) 


1000 cpm = 1.000/60 Hz  


  = 16.67 Hz 


B =μ x H = 1 Tesla 


  = 104 Gauss 


  μ =μ0 x μr 


  μr = 1 in vacuum and air 


  μ0 = 4 x 10-7 V sec/A.m 


Oersted = 103/4  A/m 


  = 79.6 A/m 
 


Light Pumping speed units 


Color temperatures  K 


Candlelight   = 1 930  


Tungsten lamp, home use = 2 800 


Quartz halogen lamp  = 3 200 


Fluo. lamp, warm white  = 3 500 


Fluo. lamp, white  = 4 500 


Fluo. lamp, daylight  = 6 500 


Clear sky   = 10 000 


Luminance     Lux 


Clear, mid-day sky  = 100 000  


Cloudy, mid-day sky  = 32 000  


Office, under fluo. light  = 500  


Candle light, distance of 20 cm = 10  


1 l/s  = 60 l/min 


  = 2.12 ft3/min  


  = 3.6 m3/h 


1 ft3/min  = 0.472 l/s 


  = 28.32 l/min  


  = 1.7 m3/h 


1 m3/h  = 0.278 l/s 


  = 16.67 l/min 


  = 0.589 ft3/min 
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13 Revision History 


The information and materials contained herein are confidential and proprietary to FEI 
Company, part of Thermo Fisher Scientific. They are provided for your organization’s internal 


use on a need to know basis. They cannot be duplicated or disseminated for any third party 
without the express consent of Thermo Fisher. 


 


Contractor Name: FEI Company (part of Thermo Fisher Scientific) 


Contractor Address: 5350 NE Dawson Creek Drive, Hillsboro OR 97124 


The Government's rights to use, modify, reproduce, release, perform, display, or disclose 
these technical data are restricted to those rights specified in DFARS 252.227-7015(b)(2), 
FAR 52.227- 14(g)(2)(Alternate II) and FAR 12.211. Any reproduction of technical data or 
portions thereof marked with this legend must also reproduce the markings. Any person, other 
than the Government, who has been provided access to such data, must promptly notify the 
above named Contractor. 


 


To provide feedback on this document, please submit via thermofisher.com/EM-Sales 


 
 


 


Revision  Date ECO number Description of Changes 


A DD-MMM-YYYY  Initial Release 
 
 


 



http://www.thermofisher.com/EM-Sales
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SYSTEM CONFIGURATION 
1. NEXSA 


1.01  NEXSA BASE SYSTEM: 


ANALYTICAL SYSTEM 


ELECTRON ANALYSER, TRANSFER LENS & DETECTOR 


Double-focusing hemispherical analyser with multi-element input lens and 128-channel detector 
 
Type 125 mm mean radius, full 180° hemispherical analyser 
Operating mode Constant Analyser Energy (CAE)  
Detector 128 channel position sensitive detector 
Energy range (kinetic energy) 5 - 1500 eV 
Minimum energy step size 3 meV 
Pass energy 1 – 400 eV continuously selectable 
Analysis modes Scanned mode, snapshot mode, and SnapMap mode 
 


MICROFOCUSED, MONOCHROMATED X-RAY SOURCE 


 
Type 0.25 m Rowland circle monochromator with micro-focused X-ray 


source 
Electron source 12 keV nominal operating voltage 
Anode Motorised, water-cooled aluminium-coated anode with 24 positions 
Crystal Single toroidal quartz crystal, adjustable from the data system with 


three degrees of freedom 
X-ray spot sizes User selectable in the range 10 – 400 µm in 5 µm steps 
Maximum power 72 W (400 µm X-ray spot) 
Safety interlocks High voltage, coolant, vacuum, and mechanical interlocks 
 


COMBINED LOW ENERGY ELECTRON & ION FLOOD SOURCE 


Low energy-spread, high brightness electron source with high precision gas inlet for inert gas 
admission, and integral differential pumping 
 
Type Patented dual-beam low energy electron / ion source 
Electron beam energy 0 - 5 eV 
Electron beam emission Up to 250 µA 
Useable gases for ion flood Inert gases. Argon is recommended. 
 


EX06 ARGON ION SOURCE 


High precision leak rate gas inlet 
Differential pumping 
Automated beam alignment and focusing 
 
Type EX06 series differentially pumped electron impact source 


with dual electrostatic lenses and floating flight tube 
Gases used Ar, He, Ne, Xe (argon recommended) 
Beam energy 200 eV to 4 keV 
* Maximum Ar beam current ≥ 4 µA at 3 keV 
Spot size @ 3.5µA and 3 keV ≤ 500 µm 
Beam deflection Steerable by electrostatic deflector plates and controlled 


by electronic scan unit.  
Chamber pressure Typically better than 2 × 10-7 mbar 
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SPECIMEN VIEWING 


High performance colour optical system for precise alignment of analysis position. Three alignment 
views are always available: 


Platter View: Automatically recorded image of the sample holder in the loadlock, used to navigate 
between the samples mounted on the holder. 


Reflex Optics View: Live, high-magnification view of the analysis position for alignment of features 
on the sample with the analysis position. 


Height Setting View: Live, high-magnification view of the analysis position, used to ensure that 
the sample is at the correct working distance from the photoelectron transfer lens. 


Two types of sample illumination are provided: 
Off-Axis: Used for samples having a rough surface. 
On-Axis: Used for smooth or highly reflective samples. 
 


XPS SnapMap: Rapid XPS imaging capability integrated into the optical view for feature 
identification and alignment. Four user-selectable areas for imaging are available, with full 
range of energy selection for the image. 


 


4-AXIS SPECIMEN STAGE 


High precision, automated specimen stage with internal stepper motors 
A set of standard samples, apertures and knife edges built into the stage for calibration and 
alignment 


 Calibration samples: Cu foil, Ag foil, Au foil 
 Phosphorescent sample for X-ray spot alignment 
 Cu knife edge for X-ray spot size measurement 
 180 µm, 250 µm, 350 µm, 500 µm, 700 µm and 1000 µm apertures for ion beam 


alignment and focusing 
Stage controller interfaced to the Avantage data system 
Two multi-specimen mounting plates 


Maximum specimen dimensions 60 x 60 x 20 
mm 


One mounting plate for powder samples 
One mounting plate for fibre samples 
One set of three rotation holders 


Maximum specimen dimensions 30 mm diameter 
15 mm thick 


One mounting plate for use in combination with a 
rotation holder 
Sample carrier base. 
(Additional sample holders are available on request) 
 


 


 


SYSTEM CONTROL ELECTRONICS 


Fully integrated into system enclosure 
Fully under the control of the Avantage data system 
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VACUUM SYSTEM 


PUMPING AND GAUGING 


260 l.s-1 turbomolecular pump for analysis chamber 
260 l.s-1 turbomolecular pump for loadlock chamber 
67 l.s-1 turbomolecular pump for differential pumping of MAGCIS, flood gun and UV source (if 
selected) 
Rotary vane backing pump 
Data system controlled titanium sublimation pump in analysis chamber 
Combined Pirani and ion gauge head and controller for analysis chamber 
Combined Pirani and ion gauge head and controller for load-lock chamber 
Pirani gauge for backing pump 


SAMPLE TRANSFER 


Automated specimen transfer mechanism controlled from Avantage data system 


INTEGRAL BAKEOUT SYSTEM 


Control of temperature and bakeout time 
Interlocked with ion gauge pressure 
No requirement to remove cables 
Integral bakeout covers 


VACUUM CONTROL 


Vacuum system controlled from Avantage data system. 


AVANTAGE DATA SYSTEM 


PC MINIMUM SPECIFICATION 


Core i3 3.7 GHz 
8 GB DDR3 RAM 
1TB hard drive 
DVD ReWriter 
23” LCD Widescreen Monitor 
Mouse and keyboard  
(Desk not supplied) 


SOFTWARE 


Avantage Data System software package with full control of 
 All aspects of  XPS data acquisition (including spectra, SAXPS, line scans, maps, depth 


profiles) 
 Lighting and optical system 
 Sample transfer and stage control 
 Wide range of XPS data processing capabilities 
 Report generation 
 Calibration and alignment of sources, analyser and detector 
 All electronics 
 Vacuum system 


 
Additional Supplied Avantage licences   


 One Avantage Acquisition and Processing Licence is supplied for the main instrument 
computer 


 One Avantage Processing Licence is supplied for data processing on another computer (not 
supplied) 


 
Microsoft WindowsTM supplied and installed 
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2. ANALYTICAL ACCESSORIES  


2.01  MONATOMIC & GAS CLUSTER ION SOURCE (MAGCIS) 


(NOTE: If selected this replaces the EX06 monatomic ion source on the base system) 


High precision leak rate gas inlet 
3 stage differential pumping 
Automated beam alignment and focusing 


 
Type MAGCIS differentially pumped electron impact source 


with dual electrostatic lenses and floating flight tube 
capable of operating in both cluster and monatomic ion 
modes 


Gases used Ar, He 
Beam energy Monatomic mode: 500 eV to 4 keV 


Cluster mode: 2 keV to 8 keV 
Cluster size range 75 atoms – 2000 atoms 


Cluster Modes Available Four energy modes set up by default for all cluster sizes 
2 keV, 4 keV, 6 keV, 8 keV 


Monatomic Modes Available Five energy modes are set up by default 
500 eV, 1 keV, 2 keV, 3 keV, 4 keV 


Beam deflection Steerable by electrostatic deflector plates and controlled 
by electronic scan unit.  


Chamber pressure Monatomic mode: Typically better than 2 × 10-7 mbar 
Cluster mode: Typically better than 5 × 10-7 mbar 


 


2.02  UV PHOTOELECTRON SPECTROSCOPY (UPS) 
High intensity UV lamp with automated two-stage differential pumping. 
Automated differential pumping shut-off valves 
Two separate high precision gas admission valves for Helium I / Helium II  
UV lamp power supply 
Avantage datasystem control interface 
Sample Bias Module (see Option 5.07) 
 


2.03  ION SCATTERING SPECTROSCOPY (ISS) 
Replaces standard spectrometer control with bi-polar electronics units for detection of electrons 
or noble gas ions. 
 
Type 125 mm mean radius, full 180° hemispherical analyser 
Operating mode Constant Analyser Energy (CAE)  
Detector 128 channel position sensitive detector 
Energy range (kinetic energy) 0 - 3000 eV (bipolar for ions or electrons) 
Minimum energy step size 3 meV 
Pass energy 1 – 400 eV continuously selectable 
Analysis modes Scanned mode, snapshot mode, and SnapMap mode 
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2.04  iXR RAMAN SPECTROMETER 
iXR Raman spectrometer unit with optical integration to the analysis chamber and alignment to the 
XPS analysis position. 532 nm laser kit included (alternative laser kits available upon request). 
Omnic software for system operation installed on system PC, with control from Avantage enabled. 


 
Laser Classification (normal operation) Class 1 
Laser Center Wavelength 532 ± 1 nm 
Laser Type Diode-pumped, solid state (DPSS) 
Maximum Laser Power at Sample 10.0 mW 
Laser Power Resolution 0.1 mW 
Spot size at sample Typically less than 15 µm 
Spectrograph Design Triplet Spectrograph with no moving parts 


Apertures 
4 software-selectable apertures: 
25 and 50 µm pinhole apertures 
25 and 50 µm slit apertures 


Spectral Resolution Better than 5.0 cm-1 FWHM # 
Spectral Dispersion 2 cm-1/CCD pixel element 
Upper Cutoff 3400 cm-1 
Lower Cutoff 50 cm-1 


# The system spectral resolution is measured using ASTM Method E2529-06 and a 100× objective prior to fitting the 
spectrometer 


 


2.05  REFLECTED ENERGY ELECTRON LOSS SPECTROSCOPY 
(REELS) 
Uprated power supply for the electron flood source to increase the beam energy to 1 keV, to 
enable reflected electron energy loss spectroscopy (REELS). 
 
Type Patented dual-beam low energy electron / ion source 
Electron beam energy 0 - 10 eV (Charge compensation mode) 


0 – 1000 eV (REELS mode) 
Electron beam emission Up to 250 µA 
Useable gases for ion flood Inert gases. Argon is recommended. 
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3. SAMPLE MOUNTING ACCESSORIES 
  


3.01 STANDARD SAMPLE MOUNTING PLATE SET 
 Standard sample mounting plate and pack of 10 sample clips 
 


 
  


3.02  POWDER SAMPLE MOUNTING PLATE  
9 hole powder sample mounting plate 


 


 
  


3.03  ROTATION SAMPLE MOUNTING PLATE SET 
3 rotation sample mounting plates and pack of 10 clips 


 


 
  


3.04 TILT MODULE FOR ANGLE DEPENDENT XPS 
Sample holder allowing tilting of a sample in the range +/-90° with 
respect to the surface normal 
Maximum specimen dimensions 26 x 5 x 5 mm 


 
 


  


3.05  ADDITIONAL SAMPLE KIT  
 Includes sample carrier, 2 sample mounting plates, 3 rotation sample 


mounting plates, 1 powder sample mounting plate, 1 rotation 
combination sample mounting plate, 1 fibre sample mounting plate, and 
clip set 


 


  


3.06  ROTATION COMBINATION MOUNTING PLATE  
Allows additional samples to be mounted when the rotation sample 
plates are use 


 
 


  


3.07 SAMPLE BIAS MODULE 
Sample holder allowing a bias voltage to be applied to the sample area 
to facilitate measurement of the work function of samples. The supplied 
holder also includes a mounted foil standard for calibration and a set of 
sample clips. Maximum specimen thickness 5 mm. 
(Included automatically if option 1.04 is selected)  


  


3.08 VACUUM TRANSFER MODULE 
Sample holder allowing samples to be transferred under vacuum into the 
system. Samples can be prepared in an inert environment, put into the 
holder, pumped down (pump not included) and then transferred into the 
Nexsa under vacuum. The supplied holder also includes a set of sample 
clips, and spare seals.  
Maximum specimen thickness 9 mm 
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4. AVANTAGE DATA PROCESSING SOFTWARE 


4.01 AVANTAGE SOFTWARE FOR DATA PROCESSING ONLY 
Additional Avantage Processing Licence for data processing on another computer 
(Note: The base system contains one additional Avantage Processing Licence) 


 


4.02 AVANTAGE SOFTWARE FOR DATA PROCESSING ONLY (SITE 
LICENCE) 


Institutional Avantage Processing Licence for data processing. Valid e-mail address for the institution 
required for licence key. 


 
 
 
6. LOAD-LOCK ACCESSORIES 


6.01 GLOVE BOX ADAPTOR 
Modification to the entry door so that a glove box can be fitted to the system. 


 
 
 
7. OTHER ACCESSORIES 
 


7.01  UNINTERRUPTIBLE POWER SUPPLY 
 Supports input voltages of 200 - 240 V 
 Protects instrument in event of a power failure 


7.02A  CLOSED CIRCUIT WATER CHILLER (240V, 50HZ) 


7.02B  CLOSED CIRCUIT WATER CHILLER (110V, 60HZ) 


7.02C  CLOSED CIRCUIT WATER CHILLER (220V, 60HZ) 
Water chiller unit with 1000 W @ 20oC cooling capacity 
Water temperature regulator and flow control 


7.03A  DRY BACKING PUMP OPTION (EX06) 
 Oil-free backing pump to replace the standard rotary vane pump with standard EX06 ion 


source. 


7.03B  DRY BACKING PUMP OPTION (MAGCIS) 
 Oil-free backing pump to replace the standard rotary vane pump when option 2.01 is 


selected. 


7.04  X-RAY “ON” LIGHT TOWER 
 Signal light indicator to show when the X-rays are being used. 
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8. CONSUMABLE SPARE PARTS 
 


Consumable spares kits are designed to give a cost-effective method for obtaining the recommended spares 
for the Nexsa system. The kits are configured to meet the requirements of the recommended annual 
preventative maintenance service visits, and provide the best value for money. 


8.01 SPARES PACKS FOR 1 YEAR 


8.01A Enhanced 1-Year Spares (EX06) 8.01A-C Enhanced 1-Year Spares (MAGCIS) 


 X-ray anode kit, x 1 
 Emitter kit, x 1 
 Flood gun filament kit, x 1 
 EX06 filament kit, x 1 
 Channel plate kit, x 1 
 Sublimation pump filament kit, x 1 
 General seal set, x 1 


 X-ray anode kit, x 1 
 Emitter kit, x 1 
 Flood gun filament kit, x 1 
 MAGCIS filament kit, x 1 
 Channel plate kit, x 1 
 Sublimation pump filament kit, x 1 
 General seal set, x 1 


  


8.01B Essential 1-Year Spares (EX06) 8.01B-C Essential 1-Year Spares (MAGCIS) 


 X-ray anode kit, x 1 
 Emitter kit, x 1 
 Flood gun filament kit, x 1 
 EX06 filament kit, x 1 
 Sublimation pump filament kit, x 1 
 General seal set, x 1 


 X-ray anode kit, x 1 
 Emitter kit, x 1 
 Flood gun filament kit, x 1 
 MAGCIS filament kit, x 1 
 Sublimation pump filament kit, x 1 
 General seal set, x 1 


 


8.02 SPARES PACKS FOR 2 YEARS: 


8.02 Spares pack for 2 years (EX06) 8.02-C Spares pack for 2 years (MAGCIS) 


 X-ray anode kit, x 2 
 Emitter kit, x 2 
 Flood gun filament kit, x 2 
 EX06 filament kit, x 2 
 Channel plate kit, x 1 
 Sublimation pump filament kit, x 2 
 General seal set, x 1 


 X-ray anode kit, x 2 
 Emitter kit, x 2 
 Flood gun filament kit, x 2 
 MAGCIS filament kit, x 2 
 Channel plate kit, x 1 
 Sublimation pump filament kit, x 2 
 General seal set, x 1 


 


8.03 SPARES PACK FOR 3 YEARS: 


8.03 Spares pack for 3 years (EX06) 8.03-C Spares pack for 3 years (MAGCIS) 


 X-ray anode kit, x 3 
 Emitter kit, x 3 
 Flood gun filament kit, x 3 
 EX06 filament kit, x 3 
 Channel plate kit, x 1 
 Sublimation pump filament kit, x 3 
 General seal set, x 1 


 X-ray anode kit, x 3 
 Emitter kit, x 3 
 Flood gun filament kit, x 3 
 MAGCIS filament kit, x 3 
 Channel plate kit, x 1 
 Sublimation pump filament kit, x 3 
 General seal set, x 1 


  







 
Document Number: QAISM077 20th Sep 2017 Issue 1 E&OE    Page 12 of 22 


Copyright © Thermo Fisher Scientific 2017 
 


9. INSTALLATION & TRAINING 
 


9.01  FACTORY APPLICATIONS TRAINING COURSE 
A place on a 4½ day operations and applications training course at the Thermo Fisher Scientific 
Surface Analysis Factory, East Grinstead, UK, comprising: 
 All training and training materials 
 Accommodation (bed and breakfast only) 
 Lunch during the course 
 Travel between factory and hotel, where appropriate 


(Note: International travel, and transfer between airport and hotel is not included) 
 
Courses are run at least 2 times per year, and are performed by the factory-based applications 
team. This training course is provided to groups of customers (generally between 4 to 6 attendees 
per course). We would suggest that customers attend a few months after the system has been 
accepted to allow for familiarization with the general operation of the instrument prior to attending 
such a course. This is a general course, but allows customers to gain advice on particular sample 
analysis as time is set aside for individual analysis sessions. Notification of training course dates 
will be provided well in advance. 
 
Please note: 
 Due to specific configurations of systems, applications training may not be possible on some 


optional components. 
 Places on factory training courses must be used within 2 years of the instrument being installed, 


unless prior agreement is made. 


9.02  ON-SITE APPLICATIONS TRAINING COURSE 
Training on-site charged per day 
 
The price includes 
 Travel costs 
 Hotel accommodation 
 Materials  
 The application scientist’s or engineer's time 


 
Courses should be a minimum of three days duration 
 
This training course is provided to at the customer site (recommended up to 6 attendees per course). 
This training is custom to the customer’s requirements, and a suitable timetable will be agreed either 
before or at the start of such a course. The timing of such training courses will normally be agreed 
between the customer and applications laboratory personnel for a mutually convenient time, typically 
a few months after the system has been accepted to allow for familiarization with the general 
operation of the instrument. 
 
On-site training courses must be used within 2 years of the instrument being installed, unless prior 
agreement is made. 


9.03  INSTALLATION 
Installation performed by a Thermo Fisher Scientific engineer or approved agent will follow 
successful completion of the site survey confirming that the requirements of the Site Preparation 
Guide are met and will comprise the following: 
 System start-up and basic functionality testing 
 Operation and performance testing 
 Performance and documentation of agreed specifications 
 3 days training in the operation of the system 
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PERFORMANCE SPECIFICATIONS 
Only those specifications marked with an asterisk (*) will be performed at the customer site as part of the 
instrument acceptance tests. 
 
1. NEXSA BASE SYSTEM PERFORMANCE 


X-RAY PHOTOELECTRON SPECTROSCOPY 


SPATIAL RESOLUTION 


For small area analysis, spatial resolution is defined as the distance between the points at which the 
XPS peak intensity is 20% and 80% of the maximum value based on a linescan across a knife-edge 
(spot sizes 30 µm or greater), or a linescan measured from a SnapMap collected on a supplied TEM 
grid (10 µm spot). All measurements are taken in the direction of the stage X-axis. 
Ultimate spatial resolution < 10 µm* 


ENERGY RESOLUTION 


Energy resolution is determined by the computer-controlled, operator-selectable, analyser pass 
energy. Resolution is defined as the full width at half maximum (FWHM) of the Ag 3d5/2 peak 
measured after removal of a linearly interpolated background. 


Ultimate energy resolution < 0.5 eV FWHM* 


SENSITIVITY 


Sensitivity is defined as the counts per second in the Ag 3d5/2 peak maximum data channel after 
removal of a linearly interpolated background. System performance will meet or exceed the following 
performance curve when the energy resolution is <1.0 eV*: 
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XPS ON INSULATORS 


The specified performance is obtained from a fresh, clean specimen of polyethylene terephthalate 
(PET). The sensitivity is defined as the counts per second in the C-C component of the C 1s 
envelope and the energy resolution is defined as the full width at half maximum of the O-C=O 
component of the C 1s envelope. These numbers are obtained from a single C 1s spectrum after 
data processing to produce both a Shirley background and symmetric peak fitting over the C-C, C-
O, O-C=O and shake-up components of the spectrum. 
System performance will meet or exceed the following value:- 
C 1s energy resolution (eV) < 0.82 eV*  
Sensitivity: 15 kcps* 
 


EX06 ION SOURCE 
The spot size for profiling is defined as the smallest aperture through which more than 50% of the 
beam current can pass. A range of apertures are built into the Nexsa stage and are always 
available. The instrument will meet or exceed the following performance: 
Energy range 200 eV to 4 keV 
Maximum beam current 4 µA* 
Ion energy 3 keV, Beam current 3.5 µA, Spot size < 500 µm* 
Ion energy 200 eV, Beam current 1.0 µA, Spot size < 1000 µm* 
 


VACUUM SYSTEM PERFORMANCE 
The system analysis chamber will be pumped with a turbomolecular pump and in a clean system 
(no samples loaded) after bakeout the following ultimate pressure is guaranteed, as indicated by 
the normal instrument vacuum gauge: 
Analysis chamber ultimate vacuum 24 h after the completion of a bake: 5×10-9 mbar* 
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2. ANALYTICAL ACCESSORIES 


2.01 MONATOMIC & GAS CLUSTER ION SOURCE (MAGCIS) 


DEFINITIONS 


The spot size for profiling is defined as the smallest aperture through which more than 50% of the 
beam current can pass. A range of apertures is built into the Nexsa stage and are always available. 
The instrument will meet or exceed the following performance: 
 


Monatomic mode 


Ion energy (eV) Beam Current (µA) Spot Size (µm)  


4000 ≥ 2.7 ≤ 500  


500 ≥ 1.4 ≤ 1000  


    


Cluster mode 


Ion energy (eV) Beam Current (nA) Spot Size (µm) Cluster Size 
(atoms) 


8000 ≥ 10 ≤ 700 2000 


4000 ≥ 7 ≤ 700 2000 


 


2.02 UV PHOTOELECTRON SPECTROSCOPY OPTION 


DEFINITIONS 


Specified performance is obtained on a specimen of clean silver using He I radiation from the UV 
lamp. 


SENSITIVITY  


Sensitivity is defined as the counts per second in the Ag 4d peak maximum data channel. 


RESOLUTION 


Resolution is measured on the Ag Fermi-edge, and is defined as the energy difference between the 
points at which the intensity is 20% and 80% of the maximum value below the Fermi level 
 


Energy resolution (meV) Sensitivity (cps) 


120 2,000,000* 
 


2.03 ION SCATTERING SPECTROSCOPY OPTION 


DEFINITIONS 


Specified performance is obtained on a specimen of clean gold using a beam of 1 keV He+ ions 
from the system ion source (EX06 or MAGCIS). 


SENSITIVITY  


Sensitivity is defined as the counts per second per nA of beam current (measured using a positively 
biased Faraday cup), in the Au peak maximum data channel after removal of a linear background. 


RESOLUTION 


Energy resolution is defined as the FWHM on the Au peak. 
 


Energy resolution (FWHM, eV) Sensitivity  (cps / nA) 


14.00* 25,000* 
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2.05 REFLECTED ELECTRON ENERGY LOSS SPECTROSCOPY 
(REELS) OPTION 


DEFINITIONS 


Specified performance is obtained on a specimen of clean silver. Sensitivity and width values are 
defined as the counts per second respectively. 


SENSITIVITY  


Sensitivity is defined as the counts per second in the maximum data channel of the primary 
reflection peak. 


RESOLUTION 


Resolution is defined as the FWHM of the primary reflection peak. 
 


Energy resolution (FWHM, eV) Sensitivity  (cps) 


0.5* 1,000,000* 
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SITE REQUIREMENTS 
 
1. BUILDING DETAILS 


LABORATORY SPACE REQUIREMENTS 


The system layout is shown in appendix B. 
 
Space is required for access around the system, it is suggested that at least 1 metre be left between 
the system and the room walls or other fixed objects. This will provide adequate access for 
maintenance and general cleaning.  
The laboratory height required to allow for maintenance of the Vacuum System is 2 m  


ACCESS DIMENSIONS 


To ensure that the system can be moved into the laboratory easily, the minimum door width for the 
instrument is quoted below. In addition to the laboratory door, any door or other restriction between 
the customer’s delivery point and the instrument's chosen site should be considered.  As corners in 
corridors can be a problem instrument lengths are also quoted 


System dimensions Width 1216 mm  length 1786 mm  height 1607 mm 
(approx.) 
 


Minimum door width 
required 


1500 mm 


BUILDING FLOOR LOADS 


The laboratory floor should be able to support 875 kg. 
 


2. ENVIRONMENTAL REQUIREMENTS 


TEMPERATURE 


For normal operation the room temperature should be 15 to 30C with a stability of  1 C in a 4 hour 
period. The system may be operated safely up to 40 C but performance may be impaired.  The 
thermal capacity of the system is large and hence the room temperature should be stabilised 24 
hrs/day.  Under normal operating conditions the instrument has a heat dissipation of approximately 
1 kW.  
During bake-out the heat dissipation is approximately 2.6 kW. 


HUMIDITY 


Humidity has an effect on the instrument’s ultimate performance and long-term stability. A relative 
humidity of less than 65 % is required during normal operation to avoid condensation. 


GROUND VIBRATION 


A quiet laboratory environment without significant ground vibration should be provided. 


STRAY MAGNETIC AND ELECTRIC FIELDS 


The room environment should be free of magnetic and electric fields.  Such fields may be generated 
by power cables, transformers, electric motors, etc., and can limit the ultimate performance of the 
instrument. 
Time-varying fields in particular cause problems with achieving ultimate spatial resolution. The 
following specifications should be met throughout the room, however, please see Appendix A for 
further information. 


 


Static magnetic fields <50 µT (500 mG) peak in any direction 
Time-varying magnetic fields <2 µT (20 mG) peak-to-peak in any direction in the 


frequency range 0.1 Hz to 400 kHz 
Time-varying electric 
fields  


< 3 V/m peak-to-peak in any direction in the frequency 
range 80 to 1000 MHz 
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3. UTILITY REQUIREMENTS 


HEALTH AND SAFETY 


Electrical supply to the instrument and all other local services must be installed and connected in 
accordance with local Health and Safety regulations by a suitably qualified engineer. 


ELECTRICAL 


Supply 220-240 V AC, single phase, 50/60 Hz 
Maximum continuous full-load current 11 A 
Power Factor 0.9 
Current drawn during normal 
operation 


Approximately 6A 
Approximately 4A in standby mode (sources off) 


Variation in supply voltage Less than  2 V (i.e. total variation less than 2%). 


INSTRUMENT ELECTRICAL SUPPLY 


A supply fused isolation switch should be provided by the customer to isolate the instrument. It shall 
have connections to Live, Neutral and Protective Earth, and have facilities to allow locking and 
tagging out if required by local regulations. 


CHILLER ELECTRICAL SUPPLY 


If the water supply is from a dedicated chiller within the laboratory then this will need to be powered 
separately from the system. Power requirements for the Thermo Scientific re-circulating chiller are 
available upon request. 


WATER SUPPLY REQUIREMENTS 


Clean, filtered water is required for cooling the X-ray source. Water is connected to the system at a 
single point. Water should be supplied at 3 litres/minute and 4.5 bar (65 psi) dynamic pressure with 
an inlet temperature of 15 to 20°C. Any closed circuit water chiller should be sited well away from the 
instrument (preferably in a separate room) to reduce problems caused by noise and vibration. A 
suitable chiller can be supplied by Thermo Fisher Scientific, see Option 7.02A-C. 


DRY NITROGEN 


Dry nitrogen is required for backfill of the fast entry chamber and for venting the instrument. If a large 
cylinder is used a safe mounting to the wall is required.  
A regulator supplying nitrogen at 1 bar (14 psi) is necessary and must be supplied by the customer. 


ARGON 


High purity Argon (>99.998 %) is required for ion etching. A regulator capable of supplying argon up 
to a pressure displayed in the table below is necessary and must be supplied by the customer. 


Ion source selected Maximum Input pressure 


Standard (EX06) 2.0 bar 
2.01 (MAGCIS) 10.0 bar 


 
The customer should provide the connection to the instrument using stainless steel tube to ensure a 
clean gas supply. Failure to ensure a leak-free argon gas line can severely affect the lifetime of 
consumable parts in the instrument. 


COMPRESSED AIR 


Clean and dry compressed air is used to operate the pneumatic valves on the system at a pressure 
of 4.5 bar (65 psi). 


BACKING PUMP EXHAUST 


The standard Nexsa backing pump can displace up to 39 m3h-1 of gas. 
Any exhaust ducting must accommodate these flow rates without the pressure at the pump outlet 
rising above 1.0 bar (14psi). 


HELIUM (REQUIRED IF OPTION 2.02 AND / OR OPTION 2.03 ARE SELECTED)  


Helium (99.998 %). Maximum inlet pressure 1.5 bar (~20 psi). Pressure regulation to the correct inlet 
pressure is required (not provided).  
In order to maintain the highest purity of gas, it is recommended that stainless steel pipe (not 
provided) be used for the entire line between system and gas supply.  
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4. OTHER CONSIDERATIONS 


SITE SURVEY 


A survey must be carried out by the customer and/or local representative confirming site 
compliance to the above specifications and a report should be submitted to the Installation Team 
Leader at Thermo Fisher Scientific within one month of order. To help with this a Site Preparation 
Questionnaire will be provided in advance of shipment.  


SECURITY 


Limitations for on-site access (i.e. Foreign Nationals, Badges/passes, etc.) must be established 
prior to an engineer’s arrival. 


DELIVERY 


It is the customer's responsibility for the transport of the equipment from the delivery point 
into the laboratory of operation. This should be done via an air ride vehicle with tail lift 
facilities capable of carrying the weight of each system crate. 
 
Information regarding lifting points or loading distribution characteristics is available on application.  
Sufficient access should be provided for maintenance. Observe and notify Thermo Fisher Scientific 
or a representative of actuated ‘Tip and Tell’ and/or ‘Shockwatch’ devices or damage for 
assessment.  
Note. No rectification of any damage should take place without prior agreement of Thermo 
Fisher Scientific. 


HEALTH AND SAFETY 


It is important that during the Installation Engineer’s visit and particularly while working on high 
voltage equipment and lifting of heavy items, etc., he/she is not left to work alone. These 'critical' 
times should be agreed in discussion with the engineer. 
 All on-site safety procedures, e.g. fire and other alarms, emergency exits must be explained 


thoroughly.  


 All hazards, e.g. radiation, high voltage and high magnetic fields etc., must be explained and 
appropriate precautions taken. Emergency procedures due to natural hazards, e.g. 
earthquakes, tornadoes must also be explained. 


 Mains cut-off circuit breakers or isolators must be shown to the engineer and proved to be 
operational in an emergency. 


 A 'hot line' or point of contact to an English-speaking, laboratory-based person should also be 
established. This is particularly important in the case of basic first aid facilities. 


 Out of hours working (especially working alone) should be keep to a minimum if any of the 
issues above are compromised or not available. 


Please notify any areas of concern or seek advice from the Technical Support Manager at Thermo 
Fisher Scientific. 


COMMISSIONING 


SAFE and SECURE laboratory conditions should be available with a clean area for specimen 
preparation and storage shelves or cupboards for manuals and accessories. Any third party 
equipment required to be available before the installation commences should be in place prior to 
commencement of the installation. The engineer is responsible for connections made to the 
equipment. The customer will inform the engineer of the appropriate fire and local safety 
procedures. On-site QUALITY CHECKS will be performed and recorded. Serial number or model 
changes will be recorded on return to the factory. A software backup will be performed. 
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APPENDIX A – ENVIRONMENTAL REQUIREMENTS 
This instrument is supplied in a form that complies with the protection requirements of the EC 
Electromagnetic Compatibility Directive 2014/30/EU. Any modifications to the system, including 
cable layout may affect the compliance with this directive.  


The intended operating environment for these instruments is a controlled electromagnetic 
environment in a laboratory or test and measurement area.  


As a guide, the instrument should not be positioned in close proximity to high power transmitting 
equipment, heavy electrical equipment (especially where this power is frequently switched), large 
power transformers or rotating electrical machines, or equipment known to generate large 
electromagnetic fields such as electrical welding equipment and RF heating equipment. RF noise 
or large transients from switching or natural phenomena should not unduly distort the power supply 
waveform and power cables to other high power equipment should not be routed near the 
instrument. The instruments should also not be sited near domestic and commercial broadcast and 
communication receiving equipment and any scientific or other equipment especially sensitive to 
low levels of electromagnetic field. 


It is the responsibility of the user to select and maintain an environment suitable for the 
operation of the instrument. If a site cannot be found that is naturally suitable it may be 
necessary to implement some form of screening and filtering. 


The Environmental requirements section of this document defines a suitable environment, however 
if more details are required refer to the standard below or contact your local representative. 


COMPLIANCE 


THIS INSTRUMENT IS SUPPLIED IN A FORM THAT COMPLIES WITH THE PROTECTION 
REQUIREMENTS OF THE EC ELECTROMAGNETIC COMPATIBILITY DIRECTIVE 2014/30/EU 
AND THE ESSENTIAL HEALTH AND SAFETY REQUIREMENTS OF THE LOW VOLTAGE 
DIRECTIVE 2014/35/EU. 


THIS EQUIPMENT IS DESIGNED, MANUFACTURED AND TESTED TO THE FOLLOWING 
TRANSPOSED HARMONISED STANDARDS: 


BS EN 61326-1:2013 & FCC CFR47 PART 15B:2013. 


ELECTRICAL EQUIPMENT FOR MEASUREMENT, CONTROL AND LABORATORY USE – EMC 
REQUIREMENTS 


FOR THE PURPOSES OF TESTING TO EN61326-1 THE INSTRUMENT IS CLASSIFIED AS 
CLASS A EQUIPMENT 


EN 61010-1: 2010 


SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR MEASUREMENT, CONTROL 
AND LABORATORY USE – PART 1 GENERAL REQUIREMENTS 


 


THIS PRODUCT HAS BEEN CERTIFIED TO THE FOLLOWING STANDARDS BY TÜV SÜD 
AMERICA INC. AND IS LISTED UNDER THE OSHA NRTL PROGRAM 


UL 61010-1:2012 


CSA C22.2 NO.61010-1:2012. 


RAMAN OPTION ONLY: CLASS 1 LASER OPERATION IEC/EN 60825-1:2014 
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 APPENDIX B – SYSTEM LAYOUT 
 


SYSTEM LAYOUT (BACKING PUMP LOCATION)  


The backing pump must be sited outside the instrument enclosure, close to the rear service panel, 
to meet pumping speed and power supply requirements, as shown in the illustration below. 


 


 
Plan view showing the required backing pump location (dimensions in mm) 
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Back view of Nexsa showing location of the services panel 
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1 Introduction
This manual contains information about site planning and preparation prior to delivery of a
Bruker AVANCE system. The manual should be read through carefully as mistakes made
initially may be costly to remedy at a later stage.
The systems covered by this manual are AVANCE spectrometers in the range of 300-800
MHz.
The chapters within this manual deal with various points that need to be considered for
successful system operation. They have been included to familiarize you with general
principles of successful site planning. For specific questions that may not be addressed in
this manual, or for further information on a topic, do not hesitate to contact your local Bruker
office. Please also review the Installation Questionaire at the end of the manual.


1.1 Units Used Within This Manual
The SI Unit Tesla (mT) is used throughout this manual whenever magnetic field strengths are
discussed. Some readers may however be more familiar with the Gauss (G) Unit.
For comparison the conversion fact is: 1 mT=10 G
Likewise the unit kilowatt is used for the measure of heat energy (e.g. amount of heat
generated by a device per hour). Some readers may be more familiar with these
measurements in BTU/hour:
For comparison the conversion factor is: 1 BTU/hour=0.000293 kW.
(BTU = British Thermal Unit which is the required heat to raise 1 pound of H2O by 1 degree
Fahrenheit).
Wherever possible both the metric and American (North and South) measure units have been
used throughout this manual. In most cases the weights and measures have been rounded
upwards where necessary. The following table offers the common metric to American
conversion factors used in this manual:


Measure Metric Units American Standard
Units


Conversion Factor
(rounded to nearest
hundredth)


Linear meter (m)
centimeter (cm)


feet (ft.)
inch (in.)


1 m = 3.28 ft.
1 m = 39.37 in.
1 cm = 0.394 in.


Distance kilometer (km) mile (mi.) 1 km = 0.62 mi.


Area square meter (m2) square foot (ft2) 1 m2 = 10.76 ft2


Volume cubic meter (m3)
liter (l)


cubic foot (ft3)
quart (qt.)


1 m3 = 35.32 ft3


1 l = 1.06 qt. (liquid)


Weight kilogram (kg) pounds (lbs.) 1 kg. = 2.21 lbs.


Pressure bar pounds/square inch
(psi)
atmosphere (ATM)


1 bar = 14.51 psi
1 bar = 0.99 ATM
(standard)


Flow (e.g. gas
flow)


cubic meter/minute
(m3/min.)


cubic feet/minute (ft3/
min.)


1 m3/min. = 35.32 ft3/
min.


Temperature °C °F F = C × 1.8 + 32
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Measure Metric Units American Standard
Units


Conversion Factor
(rounded to nearest
hundredth)


°F °C C = (F - 32) / 1.8


°C K K = C + 273.15


K °C C = K - 273.15


°F K K = (F + 459.67) / 1.8


K °F F = K × 1.8 - 459.67


Magnet Field
Strength


Tesla (T) Gauss (G) 1 T = 104G


Heat Energy BTU/hour kW 1 BTU/hour =
0.000293 kW


BTU = British Thermal Unit which is the required heat to raise 1 pound of H20 by 1 degree
Fahrenheit.
SI = International System of Units.


Table 1.1: Metric to American Conversion Factors
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2 Safety
These safety notes must be read and understood by everyone who comes into contact with
superconducting magnet systems. Proper training is required for all people having access to
such systems. It is essential that clear information signs are placed and maintained to
effectively warn people that they are entering a hazardous area.
Please refer to Bruker’s General Safety Considerations for the Installation and
Operation of Superconducting Magnets, available from Bruker.


2.1 Transport and Rigging Safety
The following safety notices pertain to the transport and rigging of Avance systems:


• The magnet should always be transported gently in an upright position.
• The magnets are sensitive to shocks and tilting, thus are fitted with shock and tilt watches


during transportation.
• Only certified operators of fork lifts, pallet jacks and cranes should handle the transport


and rigging.
• Crates should not be left outside, but should be brought inside immediately to protect


equipment.
• Storage conditions:


– Temperature: 5-40 °C
– Humidity: < 50% at 23 °C


2.2 The Magnetic Field
Since the magnetic field of the magnet system is three dimensional, consideration must be
given to floors above and below the magnet, as well as to the surrounding space on the floor
the magnet resides on. The magnetic field exerts attractive forces on equipment and objects
in its vicinity. These forces, which increase drastically approaching the magnet, may become
strong enough to move large equipment and to cause small objects or equipment to become
projectiles.
It is important to consider personnel and equipment in the rooms above, below, and
adjacent to the room where the magnet will be located:
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Figure 2.1: Stronger Stray Fields in Vertical Direction than in Horizontal Direction


The magnetic field may affect the operation of electronic medical implants such as 
pacemakers, if exposed to fields greater than 5 Gauss. Medical implants such as aneurysm
clips, surgical clips or prostheses may also be attracted. Further care must be taken around
changing fields (e.g. pulsed gradient fields). Eddy currents could be generated in the implant
resulting in heat generation and/or unwanted torques.
Ensure that all loose ferromagnetic objects are outside the 5 Gauss (0.5 mT) field zone of
the magnet before the magnet is ramped to field. Human experience and reaction speed are
totally inadequate to cope with the extremely nonlinear forces the magnet exerts on iron
objects. Therefore no ferromagnetic objects should be allowed to enter the magnet room after
the magnet is energized.


2.2.1 Exclusion Zone


The Exclusion Zone is the area inside the magnet's 5 Gauss (0.5 mT) field line, extended in
all directions, including rooms above and below the magnet area.
Individuals with cardiac or other medically active implants must be prevented from entering
this area. The exclusion zone must be enforced with a combination of warning signs and
physical barriers.


2.2.2 Security Zone


The Security Zone is usually confined to the room that houses the magnet.
Ferromagnetic objects should not be allowed inside the security zone to prevent them from
becoming projectiles.
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2.2.3 The 0.5 mT (5 Gauss) Line


Medical Implants and Pacemakers
A static magnetic field can cause pacemakers and heart defibrillators to switch into default
and reset mode. The characteristics of default and reset mode can be programmed and are
determined by the manufacturer. A physician can initiate a controlled switch into special
mode with a strong permanent magnet. He does that to:


• Control pacemaker and heart defibrillator.
• Set a determined frequency for some cycles (independent from the actual need of the


body).
• Disable certain functions of the defibrillator.


As soon as the magnet is removed, the pacemaker or heart defibrillator starts working
normally again. Newer pacemakers switch into special mode at 1 mT, older models already
at 0.5 mT (5 Gauss).
Source: www.supermagnete.ch


Pregnant Workers
There are no special guidelines concerning magnetic fields that we are aware of for pregnant
workers when compared to all other people.
Pregnant workers are mentioned in Section E of the Annex to the EMF Directive (European
Community regulation form, Directive 2013/35/EC), which warns about using cell phones
during pregnancy (i.e. warnings about high frequency electromagnetic fields).
We are not aware of other special guidelines for pregnant workers concerning magnetic
fields, when compared to other people.
Bruker takes a conservative approach and recommends that all pregnant workers should
stay outside the 0.5 mT (5 Gauss) line, which is known as a general guideline for public
access.
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2.2.4 Standards on Health and Safety in the Workplace


Guidelines on Limits of Exposure to Static Magnetic Fields are introduced by the ICNIRP
(International Commission on Non-Ionizing Radiation Protection). They give separate
guidance for occupational exposures and exposure of general public.


Occupational Exposures
It is recommended that occupational exposure of the head and the trunk should not exceed a
spatial peak magnetic flux density of 2 mT (20 Gauss) except for the following circumstance:
For work applications for which exposures above 2 mT (20 Gauss) are deemed necessary,
exposure up to 8 mT (80 Gauss) can be permitted if the environment is controlled and
appropriate work practices are implemented to control movement-included effects. Sensory
effects due to the movement in the field can be avoided by complying with basic restrictions
set in the ELF guidelines. When restricted to the limbs, maximum exposures of up to 8 mT
(80 Gauss) are acceptable.


General Public Exposures
Based on scientific knowledge on the direct effects of static fields on humans, acute exposure
of the general public should not exceed 400 mT (any part of the body). However, because of
potential indirect adverse effects, ICNIRP recognizes that practical policies need to be
implemented to prevent inadvertent harmful exposure of people with implanted electronic
medical devices and implants containing ferromagnetic materials, and injuries due to flying
ferromagnetic objects, and these considerations can lead to much lower restriction levels,
such as 0.5 mT (IEC 2002). The exposure limits to be set with regard to these non biological
effects are not, however, the duty of ICNIRP.
* From ICNIRP Guidelines published 2009 (http://www.icnirp.de/documents/statgdl.pdf)


European Community Directive
The European Community did release a Directive 2004/40/EC on the minimum health and
safety requirements regarding the exposure of workers to the risks arising from physical
agents (electromagnetic fields).
This directive, depending on the frequency, specifies the following limits of exposure to
electromagnetic fields:


Frequency Range Magnetic Field Strength H Magnetic Flux Density B


0…1 Hz 1.63 x 105 A/m 0.2 T or 200 mT


This specification and the following more detailed national regulations are an example that
fulfills the requirements defined and valid within the EU. Depending on the country where the
system is being installed, it is necessary to clarify the country specific or local regulations with
respect to exposure and safety in magnetic fields.
Magnetic field strength is a vector quantity (H), which, together with the magnetic flux density,
specifies a magnetic field at any point in space. It is expressed in Ampere per metre. (A/m).
Magnetic flux density is a vector quantity (B), resulting in a force that acts on moving charges,
expressed in (T). In free space and in biological materials, magnetic flux density and
magnetic field strength can be interchanged using the equivalence 1 A/m = 4π 10-7 T.
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German Regulations
In Germany, regulation BGV B11 describes the maximum exposure doses in two basic
tables. Table 2.1 applies to situations under the standard precautionary conditions, whereas
Table 2.2 applies to systems with field strengths above 5 Tesla and can only be applied to
certain subgroups of people, which meet nonstandard precautionary conditions. Details on
the different precautionary conditions and subgroups of people are given in the document
BGV B11 document.


Exposure Maximum Magnetic Flux Density


Average over 8 hours 212 mT


Peak values for head and body 2T


Peak values for extremities 5T


Standards on health and safety in the workplace for standard precautions
and users, according to BGV B11.


Table 2.1: BGV B11 Standards for Standard Precautions and Users


Exposure Maximum Magnetic Flux Density


Average over 8 hours 4T


Peak values for head and body 2T


Peak values for extremities 10T


Health and safety standard in the workplace applicable under special
conditions to selected subgroups of people, according to BGV B11.


Table 2.2: BGV B11 Standards Under Special Conditions for Selected Subgroups


The next table shows the maximum retention periods within different stray field regions below
5 Tesla for standard precautionary situations. The corresponding spatial regions within and
around the super-conducting magnet can be worked out from the stray-field plots of the
magnet being used.


Magnetic Flux Retention Period Parts of the Body


5T < 20 Minutes Extremities


4T < 25 Minutes Extremities


3T < 34 Minutes Extremities


2T < 52 Minutes Head/Body


1T < 1 Hour 42 Minutes Head/Body


0.5T < 3 Hours 23 Minutes Head/Body


0.3T < 5 Hours 39 Minutes Head/Body


We do not take any responsibility for the numbers given in this table!


Table 2.3: Example of Maximum Retention Periods


If higher field strength is accessible inside the magnet by a user’s extremities, a
corresponding table for non-standard situations can be worked out from the table above.
However, the analysis must be carried out in a more detailed and differentiated manner and a
greater number of more important conditions must be strictly fulfilled.
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2.3 Ventilation
Typical NMR superconducting magnets use liquid cryogens as cooling agents. During normal
operation of the magnet system it can be expected that a boil-off will occur:


• A normal boil-off of liquids contained in the magnet will occur based on the established
boil-off specifications.


• A boil-off of cryogens will occur during regular refills.
A very large increase in volume accompanies vaporization of the cryogenic liquids into gas.
The cryogenic gas to liquid volume ratios are approximately 740:1 for helium; 680:1 for
nitrogen. Due to this large increase in volume the vapor may displace the air in an enclosed
room. If someone is in the room, this may lead to asphyxiation. To prevent this and other
dangers, the following minimum general safety rules concerning ventilation apply:


• Cryogenic liquids, even when kept in insulated storage dewars, remain at a constant
temperature by their respective boiling points and will gradually evaporate. These dewars
must always be allowed to vent or dangerous pressure buildup will occur.


• Cryogenic liquids must be handled and stored in well ventilated areas.
• Exit doors must open to the outside, to allow safe exit in the event the room becomes


pressurized by helium gas during a magnet quench.
• Room layout, ceiling clearance and magnet height must be such that an easy transfer of


liquid nitrogen and helium is possible. This will considerably reduce the risk of accidents.


2.3.1 Regular Ventilation


Regular HVAC systems should be able to handle 3 - 5 room air exchanges per hour, and
provide temperature stability of +/- 1°C per 24 hours for 300-500 MHz systems, and +/- 0.5°C
per 24 hours for 600 MHz and above,. Please refer to HVAC (Heating Ventilation Air
Conditioning) [} 67] for more details.


2.3.2 Emergency Ventilation


Depending on the actual size of the magnet room, a large amount of He and/or N2 gas could
displace the air in the room. This is possible during the initial cooling of the magnet, during
follow-up cryogen fills, or in case of a quench. Therefore, an emergency exhaust system may
be required to avoid asphyxiation. Please refer to the section Emergency Ventilation During
Installation and Quenches [} 70], for more details.


Pits
As discussed in HVAC (Heating Ventilation Air Conditioning) [}  67], continuous air flow
(exhaust) is required within the confines of a magnet pit. A low exhaust down in the pit is
recommended. Additional emergency ventilation may also be necessary. Since nitrogen gas
cannot be detected by the human senses, an oxygen sensor mounted in the pit will trigger an
increased rate of exhaust.
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2.3.3 Oxygen Level Sensors


Oxygen (O2) monitors, or level sensors, are required in the magnet room to detect low levels
of O2 due to cryogenic gases. At a minimum the following sensors must be provided:


• One oxygen level sensor must be above the magnet, to detect low oxygen levels caused
by high helium gas levels.


• One oxygen level sensor approx. 30 cm off the floor of the magnet room.
• One additional oxygen level sensor approx. 30 cm off the bottom of the pit, in case the


magnet is located inside a pit.
These monitors and sensors generally must be located outside the 0.5 mT (5 G) line. Check
with original equipment manufacturer for information on the effects of magnet fields on these
devices.
Please refer to Emergency Ventilation During Installation and Quenches [}  70] for more
information on ventilation and exhaust solutions.


2.4 Safe Handling of Cryogenic Substances
Superconducting NMR magnets use liquid helium (all magnets) and nitrogen (only non-Aeon
magnets) as cooling agents, keeping the magnet core at a very low temperature. The safe
handling of cryogenic liquids requires some knowledge of the physical properties of these
liquids, common sense, and sufficient understanding to predict the reactions of such liquids
under certain physical conditions.
Cryogenic liquids, even when kept in insulated storage vessels (dewars), remain at a
constant temperature by their respective boiling temperature. As a result, a fraction of the
liquid constantly evaporates into the gas phase, leading to a pressure build-up inside the
storage dewar. A very important characteristic of cryogens is their enormous increase in
volume during the conversion from liquid to gaseous phase. This conversion follows a raise in
gas temperature starting at the boiling temperatures of the cryogenic liquids and going up
towards room temperature.
The gases are nontoxic and completely harmless as long as adequate ventilation is provided
to avoid suffocation. During normal operation only a small hourly rate of cryogen is
evaporated, but during a quench, an extremely large quantity of helium gas is produced
within a short time.
Cryogenic liquids must be handled and stored in well ventilated areas. Containers for
cryogenic liquids must be constructed with non-magnetic materials and should be specifically
designed for use with particular cryogens. Be sure to read and follow any specific instructions
provided by the container manufacturer concerning their individual products.


2.4.1 What is a Quench


A magnet quench is the breakdown of superconductivity in a partially or fully energized
magnet. The stored field energy is transformed into heat, leading to a fast evaporation of
liquid helium. During a quench, an extremely large quantity of helium gas is produced within a
short time.
Although helium gas is inert, if generated in large enough quantities, it can displace the
oxygen in the room causing potential danger of suffocation (refer to Emergency Ventilation
During Installation and Quenches [} 70]).
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2.4.2 Liquid Nitrogen Refills


Keep contact with air at a minimum. When liquid nitrogen is exposed to air, it can
condense and become as hazardous as liquid oxygen. The pressure relief valve for the 
nitrogen vessel should be mounted at all times, even when the vessel is being refilled.
Special attention is required for the transportation of cryogens by elevator, no one should
be allowed to be in the elevator with a cryogen dewar.
When the vessel is being refilled, liquid nitrogen should not be allowed to spill onto the room
temperature bore closure flanges. Place gum rubber or Teflon tubes on the nitrogen neck
tubes during refill. The transfer should be stopped immediately when the vessel is full. Failure
to observe this can lead to the freezing of the O-rings and a subsequent vacuum loss of the
magnet cryostat.
The liquid cryogen transport dewars used to refill the magnet must be of the low pressure
type. Never use high pressure gas-packs. The dewar must have a fixture for pressurizing
and transferring via a stainless steel or corrugated plastic tube (10 mm inner diameter).
Where possible the dewar should be self pressuring. The typical transport dewar pressure for
transferring liquid nitrogen is 0.10 - 0.20 bar (1-3 psi), the maximum 0.35 bar (5 psi).
The refill procedure is described in detail in the magnet manual. For further information on
liquid nitrogen requirements, refer to the chapter Liquid Nitrogen Requirements [} 66].


2.4.3 Liquid Helium Refills


Liquid helium is the coldest of all cryogenic liquids, therefore it will condense and solidify any
other gas (air) coming in contact with it. The consequent danger is that pipes and vents may
become blocked with frozen gas. Vacuum insulated pipes should be used for transferring
liquid helium.
Liquid helium must be kept in specially designed storage or transport dewars. A one-way
valve is supplied to avoid air or moisture from entering the helium vessel. This is to prevent
ice from building and plugging the neck tubes. The 0.2 bar valve must be mounted at all
times even during a helium transfer.
Often, permanently installed helium gas lines are used to pressurize the liquid helium
transport dewars during the helium refills. Alternatively, helium gas cylinders can be used.
The helium gas cylinder should never be brought close to the magnet and should always be
kept well outside the 5 Gauss line. The gas cylinder should be secured to a wall or structural
column well outside the 5 Gauss line to prevent a dangerous accident. A He gas purity of 4.6
(99.996%) is recommended.
The refill procedure is described in detail in the magnet manual.


 CAUTION
Danger of cold burns or freezing during the transfer of liquid helium.
During the transfer of liquid helium it is possible that cold burns or freezing may occur.
u The transfer of liquid helium can be done easily and safely, provided the helium transfer


line is in good condition, is handled correctly, and the transfer pressure does not exceed
3.5 psi (0.24 bar).


u Never connect a warm helium transfer line to the magnet as the warm helium gas could
disturb the magnet temperature.


u Always allow the helium transfer line to cool down to helium temperature before
connecting it to the short end inserted into the helium fill port.


u Adequate protection and clothing is required at all times when handling, transferring, or
operating near cryogenic fluids.
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2.5 Earthquake Safety
In regions where there is a potential risk of earthquakes, additional precautions should be
taken to reduce the chance of personal injury or property damage through movement or
tipping of the magnet.
Many countries or regions have documented regulations, including building codes, regarding
earthquakes. Before installing a magnet system, it is highly advisable that you check with
local authorities on whether your area is prone to earthquakes and if there are any
regulations in effect.
If the installation site is regarded as an earthquake area, please contact Bruker for
information on earthquake securing equipment.


2.6 Safety from Nearby Construction
In a magnet system hazards come basically from two sources:


• Mechanical breakdown of the mounting suspension in the magnet system.
• Quench as a result of mechanical movement of the superconductor and as a result the


magnet reaching a critical temperature.


No permanent damage results from the mechanical movement of the superconductor,
however when the suspension is damaged, it must be repaired.
These amplitudes are mainly in the vertical direction. For permanent faults we give a
maximum peak value of 0.01 g (0.981 m/s2) for systems with activated ADI or API dampers.
Undamped systems can be operated up to a maximum of 1 mg or 9.81 mm/s2. NMR
measurements are not possible in these vibration entries.
For short term accelerations, which can occur during earthquakes, we have experienced that
the NMR magnet systems survive a strength of 6.0 or accelerations up to 0.2 g > 90%.


2.7 Country-Specific Safety Regulations
In addition to the above safety precautions, any country-specific safety regulations for
operating NMR systems must be fulfilled. These may include, for example, regulations on:


• Facilities of a controlled access area around the magnet
• Working conditions at computer stations
• Use of anesthesia gases
• Handling of laboratory and transgenic animals


2.8 Emergency Planning
Due to the strong magnetic fields and presence of cryogens when using NMR systems, it is
important to define and communicate what to do in case of problems or an emergency. An 
Emergency Plan can be defined as a documented set of instructions on what to do if
something goes wrong. Emergency Plans are often defined as part of the Standard Operating
Procedures (SOP), or as a stand-alone document. In any case every NMR laboratory should
have an Emergency Plan in effect.
As every organization has its own policies and procedures, as well as varying laboratory
layouts, an Emergency Plan should be individually defined by the customer for their
laboratory as appropriate. The Emergency Plan is the responsibility of the customer and of
the building and facility management.
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2.8.1 Fire Department Notification


It is recommended that the magnet operator introduce the fire department and/or local
authorities to the magnet site. It is important that these organizations be informed of the
potential risks of the magnet system, e.g. that much of the magnetic rescue equipment
(oxygen-cylinders, fire extinguishers,  axe's etc.) can be hazardous close to the magnet
system. In addition, their expertise and experience can be invaluable in creating an
Emergency plan.


• In a NMR laboratory use only non-magnetic fire extinguishers.
• Breathing equipment which uses oxygen tanks made out of magnetic material can be life


threatening when used close to a magnet system which is energized.
• During a quench helium gas escaping from the system must not be mistaken for smoke.


Instruct the fire department and technical service not to „extinguish“ the magnet system
with water. The outlet valves could freeze over the quench valves eventually do not close
again.


• Laboratory windows which are accessible during an emergency must be clearly marked
with warning signs, visible from the outside.
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3 System Components
This section describes the types and functions of the various sub-systems that are delivered
as part of our AVANCE UltraStabilized NMR systems. These include the following:


• Superconducting Magnet Components [} 19].
• Console and Other System Components [} 20].
• CryoProbe System (Optional) [} 21].
• Other Optional Components [} 23].


3.1 Superconducting Magnet Components
The superconducting magnet is a complex system producing a very strong, homogeneous,
and stable magnetic field as required for NMR. This section describes the various sub-
systems of the magnet system.


Magnet: The magnet system’s main component is a superconducting coil housed
in a cryostat. The cryostat consists of an outer vacuum enclosure, a
liquid nitrogen vessel, some radiation shields and a liquid helium vessel.
The magnet uses both liquid nitrogen and liquid helium. The magnet coil
is immersed in liquid helium inside a dedicated helium vessel. Liquid
nitrogen fills a different vessel and reduces the helium evaporation rate.
After the initial charging with electrical current, the magnet runs in
persistent mode. The current runs in a closed loop inside the system and
the magnet itself is no longer connected to a continuous power supply.


Maintenance: Magnet maintenance consists of refilling the system with cryogenic fluids
at defined time intervals.







System Components


20 H157654_3_009


3.2 Console and Other System Components
The next table lists the various parts of the console, monitoring & control units. Please also
refer to the floor plan diagrams beginning in the chapter Floor Plan [}  75]. These scaled
diagrams provide an idea of where the various pieces of NMR equipment should be placed.


1 2 3


4 5 6
Figure 3.1: Spectrometer and Magnet Control


1. The AVANCE console main cabinet, where the actual NMR data acquisition is
performed.


2. The probe, which is designed to hold the sample, transmit radio frequency signals
which excite the sample and receive the emitted response. The probe is inserted
into the bottom of the magnet and sits inside the room temperature shims. Coaxial
cables carry the excitation signals from the console amplifiers to the probe and
the NMR signal back from the sample to the receiver.


3. The HPPR/2 amplifies, filters and routes the NMR response signals from the
probe to the RX22 receiver. It switches the RF transmitter output to the probe.


4. The BCU-II Unit delivers very cold gas, either nitrogen or dry air, through a
flexible isolated non-magnetic transfer line. It is possible to control the sample
temperature down to -60°C inside the probe for solid or liquid NMR applications.


5. The BCU-I Unit cools VT gas to allow proper sample temperature regulation. The
unit reduces the temperature of the air input (supplied by the variable-temperature
unit) and provides cooling of the NMR sample within the magnet to at least -5 °C
for a room temperature of 25 °C.


6. The workstation acts as the operational computer for the user processing NMR
data and sending/receiving data to/from the acquisition computer in the main
console.
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3.3 CryoProbe System (Optional)
The Bruker CryoProbeTM Accessory for the AVANCE NMR spectrometers offers dramatic
increases in signal to noise ratio, stability, and ease of use. For site planning details for the
CryoProbe accessory, refer to CryoProbe and Other Accessories [} 87].
The CryoProbe system consists of the following components:


3 4 5


1 2


Figure 3.2: CryoProbe System


1. The CryoProbe represents the NMR probe inside the magnet bore, and is cooled
by cryogenic helium gas. The CryoProbe maximizes efficiency and reduces
thermal noise, thus enhancing the signal-to-noise ratio.


2. The CryoCooling unit contains a cryocooler, a cryocontroller, a vacuum system,
and He transfer lines. The unit cools compressed helium gas by expansion and
provides and maintains the vacuum insulation. The unit also supervises all
CryoProbe operations.


3. The research grade Helium gas cylinder provides research grade helium gas
(99.9999%) at high pressure (min. 200 bar) for flushing the probe prior to a cool-
down cycle. The cylinder includes a regulator, an outlet valve, and a charging
hose.


4. A transfer line supports provide support for the probe and isolates the probe
against vibrations.


5. The He compressor provides compressed helium gas to the CryoCooling unit.
The compressor connects to the CryoCooling unit by means of helium gas
pressure lines. The indoor water-cooled helium compressor is shown to the right.
Other models, including indoor air-cooled and outdoor air-cooled, are available.
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3.4 CryoProbe Prodigy System (Optional)
The CryoProbe Prodigy is a new CryoProbe generation designed specifically for AVANCE III
spectrometers. Costing significantly less than a conventional CryoProbe, the broadband
CryoProbe Prodigy uses nitrogen-cooled RF coils and preamplifiers to deliver a sensitivity
enhancement over room temperature (RT) probes of a factor of 2 to 3 for X-nuclei from 15N to
31P. The Prodigy package is comprised of the probe, a control unit (PCU) and a liquid
nitrogen vessel, thus siting is easy and no additional infrastructure is required.


Figure 3.3: CryoProbe Prodigy with Pump & Control Unit and LM2 Tank
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3.5 Other Optional Components


1 2


3 4
Figure 3.4: Other Options for AVANCE Systems


1. SampleCase is a 24 sample, random-access, automation system that fits almost
all shielded Bruker standard bore magnets.


2. SampleJet is a robot which has been consciously designed to meet growing
demand for simplicity, versatility and higher throughput in NMR sample tube
automation.


3. SampleXpress allows automatic measurement of NMR samples with Bruker
NMR spectrometers. SampleXpress is controlled by TopSpin or IconNMR, and is
equipped with integrated barcode reader registration, which is under control of
SampleTrack.


4. The imaging accessory cabinet houses the gradient amplifiers for micro-
imaging applications.


5. An optional UPS (not shown) is highly recommended and may vary based on
the system configuration.
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4 Magnet Access and Rigging
The magnet is very heavy and fragile, thus requires special consideration during delivery and
movement to its final installation point. The other components of the spectrometer system
(console, options, etc.) can typically be removed from the trucks with forklifts and are
positioned in the NMR lab with a pallet jack. Specifications for these components are also
included in this chapter for planning purposes.


4.1 Considerations for Off-loading on Site
When planning for offloading the magnet and console during delivery, the following factors
must be considered:


Delivery Area
There must be sufficient space in the driveway or parking area for the overhead crane (or
forklift) and for the delivery truck. There must also be sufficient leveled area for uncrating the
magnet and other crates.


Transport Weight
The transport weight and size of the magnet system, console and their respective crates will
affect the choice of equipment required for offloading and movement of the magnet.


Loading Dock
The size and overhead clearance of the loading dock will influence the choice of forklift,
crane, or other rigging equipment required to off load the magnet and system crates.
The elevation of the loading dock relative to the laboratory will determine if a crane is
required, or if an elevator is needed for the transportation of the magnet from the loading
dock to the laboratory.
The load bearing capacity of the loading dock must be sufficient for the system. Refer to the
transport weights of the magnet system, console, and accessories listed in the chapter.
If height/width restrictions require the magnet to be removed from the pallet (e.g. to pass
through a doorway), rigging equipment will be needed both on the loading dock and inside
the lab.


Equipment Requirements
All rigging equipment required to off-load the magnet system must be selected to handle the
size and transport weights of the system.
Generally a pallet is integrated in the magnet crate. The top and sides of the crate are
removed or lifted off the magnet, leaving the pallet under the magnet for transportation into
the lab.
Crane: For larger magnet systems, a crane meeting the load requirements for the specific
magnet may be required to lift the magnet off the truck, place it on a flat surface for uncrating,
and for lifting the magnet again for placement on air skates or a pallet.
Forklift: It may be feasible to use a forklift to pick the magnet from the truck and lower it to a
flat surface for uncrating.
Pallet Jack: If a loading dock is available, it may be possible to roll the magnet off the truck
using a pallet jack.
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4.2 Considerations for Transport to the NMR laboratory
Before delivery the customer must ensure that the system and magnet can be transported to
the site. The section on Transport Dimensions and Weights [}  27] in this chapter provides
the sizes and weights of the crates in which the system are shipped. The following must be
considered:


• The access clearance (height and width) and floor loading capacity must be checked
along the entire route that the magnet will take from the access point into the building to
the laboratory. Please refer to the Transport Dimensions and Transport Weights tables.


• Transport will also be affected by any floor irregularities and the presence of door jams
and steps. Use Masonite leveling sheets to traverse floor irregularities such as cracks
and door seals.


• Elevator capacity and dimensions must also be considered if the magnet must make an
elevation change within the building.


• The turning radius can also be a factor if, for example, corners must be navigated. It is
important to make sure the rigging equipment for magnet assembly (e.g. a long I-beam for
the gantry) can be brought into the lab.


• The console and magnet must be moved in an upright position.


Refer to the section Rigging Equipment [} 33] for more information.
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4.3 Transport Dimensions and Weights


4.3.1 Magnet Transport Dimensions


Door Dimensions for Magnet Access


Crate Size (m) Magnet Transport Dimensions (m)
(for transport to the magnet room)


Magnet Type
(MHz/mm)


L D H Width
Uncrated


Height
Uncrated w/


o Pallet
Jack*


Height
Uncrated


with Pallet
Jack**


300/54 US 0.91 0.91 1.59 0.72 1.14 1.25


300/54 Ascend ULH 1.14 0.93 1.98 0.80 1.59 1.70


400/54 Ascend 1.14 0.93 1.98 0.80 1.59 1.70


400/54 Ascend ULH 1.14 0.93 1.98 0.80 1.59 1.70


500/54 Ascend 1.14 0.93 1.98 0.80 1.39 1.50


500/54 Ascend ULH 1.15 1.36 2.02 0.95 1.74 1.85


600/54 Ascend 1.14 0.93 1.98 0.80 1.59 1.70


600/54 Ascend ULH 1.51 1.28 2.12 1.10 1.86 2.97


700/54 Ascend 1.15 1.36 2.02 0.95 1.74 1.85


800/54 Ascend 1.58 1.32 2.12 1.10 1.86 1.97


ULH = Ultra Long Hold
* Measured from magnet bottom plate to helium tower - this is the absolute minimum
height!
** The heights listed with pallet jack assume that the floor is level, thus the magnet needs
only to be jacked up approx. 2 cm for transport. If the floor is uneven, the magnet may
need to be jacked up accordingly, which could add as much as 9 cm to the transport
height.


Table 4.1: Door Dimensions: Standard Bore 54 mm
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Crate Size (m) Magnet Transport Dimensions (m)
(for transport to the magnet room)


System
(MHz/mm)


L D H Width
Uncrated


Height
Uncrated w/


o Pallet
Jack*


Height
Uncrated


with Pallet
Jack**


300/89 Ascend 1.14 0.93 1.98 0.80 1.59 1.70


400/89 Ascend 1.14 0.93 1.98 0.70 1.59 1.70


500/89 Ascend 1.14 0.93 1.98 0.80 1.59 1.70


600/89 Ascend 1.15 1.36 2.02 0.95 1.74 1.85


700/89 Ascend 1.51 1.28 2.12 1.10 1.86 1.97


* Measured from magnet bottom plate to helium tower - this is the absolute minimum
height!
** The heights listed with pallet jack assume that the floor is level, thus the magnet needs
only to be jacked up approx. 2 cm for transport. If the floor is uneven, the magnet may
need to be jacked up accordingly, which could add as much as 9 cm to the transport
height.


Table 4.2: Door Dimensions: Wide Bore 89 mm


Crate Size (m) Magnet Transport Dimensions (m)
(for transport to the magnet room)


System
(MHz/mm)


L D H Width
Uncrated


Height
Uncrated w/


o Pallet
Jack*


Height
Uncrated


with Pallet
Jack**


200/154 Ascend 1.05 1.26 1.80 0.85 1.53 1.64


300/154 Ascend 1.05 1.26 1.80 0.85 1.53 1.64


* Measured from magnet bottom plate to helium tower - this is the absolute minimum
height!
** The heights listed with pallet jack assume that the floor is level, thus the magnet needs
only to be jacked up approx. 2 cm for transport. If the floor is uneven, the magnet may
need to be jacked up accordingly, which could add as much as 9 cm to the transport
height.


Table 4.3: Door Dimensions: Super Wide Bore 154 mm
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4.3.2 Magnet Stand Transport Dimensions


Door Dimensions for Magnet Stand & Accessories Access


Accessories Crate Size - including stand if
applicable (m)


Magnet Stand L D H


300/54 US 0.91 0.91 1.59


300/54 Ascend ULH F80 570 0.97 0.76 1.20


300/54 Ascend ULH F80 700 0.97 0.76 1.20


400/54 Ascend F80 570 0.97 0.76 1.20


400/54 Ascend F80 700 0.97 0.76 1.20


400/54 Ascend ULH F80 570 0.97 0.76 1.20


400/54 Ascend ULH F80 700 0.97 0.76 1.20


500/54 Ascend F80 570 0.97 0.76 1.20


500/54 Ascend F80 700 0.97 0.76 1.20


500/54 Ascend ULH F95-700 1.77 0.97 1.11


600/54 Ascend F80 700 0.97 0.76 1.20


600/54 Ascend F80 770 0.97 0.76 1.20


600/54 Ascend ULH F110 800 1.80 0.93 1.34


600/54 Ascend ULH F110 950 1.80 0.93 1.34


700/54 Ascend F95 700 1.77 0.97 1.11


700/54 Ascend F95 880 1.77 0.97 1.11


800/54 Ascend F110 800 1.80 0.93 1.34


800/54 Ascend F110 950 1.80 0.93 1.34


ULH = Ultra Long Hold. Pallet is integrated in crate. Add 2-10 cm for pallet jack
depending on floor quality. Allow at least 1 cm clearance on the sides and above the
crate.


Table 4.4: Door Dimensions for Magnet Stand: Standard Bore 54 mm
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Accessories Crate Size - including stand if
applicable (m)


Magnet Stand L D H


300/89 Ascend F80 770 0.97 0.76 1.20


400/89 Ascend F80 770 0.97 0.76 1.20


500/89 Ascend F80 950 0.97 0.76 1.20


600/89 Ascend F95 950 1.77 0.97 1.11


700/89 Ascend F110 950 1.80 0.93 1.34


Pallet is integrated in crate. Add 2-10 cm for pallet jack depending on floor quality. Allow
at least 1 cm clearance on the sides and above the crate.


Table 4.5: Door Dimensions for Magnet Stand: Wide Bore 89 mm


Accessories Crate Size - including stand if
applicable (m)


Magnet Stand L D H


200/154 Ascend F85 1050 1.67 0.88 1.01


300/154 Ascend F85 1050 1.67 0.88 1.01


Pallet is integrated in crate. Add 2-10 cm for pallet jack depending on floor quality. Allow
at least 1 cm clearance on the sides and above the crate.


Table 4.6: Door Dimensions for Magnet Stand: Super Wide Bore 154 mm


4.3.3 Magnet Transport Weights


Magnet Type Magnet Weight with
Crate (kg)


Magnet Weight w/o
Crate & Stand (kg)


300/54 US ~330 204


300/54 Ascend ULH ~430 279


400/54 Ascend ~415 385


400/54 Ascend ULH ~435 405


500/54 Ascend ~670 440


500/54 Ascend ULH ~1020 825


600/54 Ascend ~750 619


600/54 Ascend ULH ~1086 963


700/54 Ascend ~1400 1035


800/54 Ascend 1997 ~1794


The weights of the accessories are approximations. The actual weight may vary
depending on the options and accessories that are ordered.


Table 4.7: Magnet Transport Weights: Standard Bore 54 mm
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Magnet Type Magnet Weight with
Crate (kg)


Magnet Weight w/o
Crate & Stand (kg)


300/89 Ascend ~465 350


400/89 Ascend ~660 561


500/89 Ascend ~710 578


600/89 Ascend ~1400 1035


700/89 Ascend ~1615 ~1426


The weights of the accessories are approximations. The actual weight may vary
depending on the options and accessories that are ordered.


Table 4.8: Magnet Transport Weights: Wide Bore 89 mm


Magnet Type Magnet Weight with
Crate (kg)


Magnet Weight w/o
Crate & Stand (kg)


200/154 Ascend ~710 534


300/154 Ascend ~710 534


The weights of the accessories are approximations. The actual weight may vary
depending on the options and accessories that are ordered.


Table 4.9: Magnet Transport Weights: Super Wide Bore 154 mm


4.3.4 Spectrometer and Accessories Transport Dimensions and Weights


Crate Size (m) Weight Dimension (m) for Transport to Magnet
Room


Spectrometer System
(spectrometer crate)


L D H (kg) Width
Crated*


Width
Uncrated*


Height
Uncrated


AVANCE TwoBay 1.54 1.03 1.54 210 1.05 0.82 1.67


AVANCE OneBay 1.00 0.92 1.53 210 1.02 0.71 1.66


AVANCE NanoBay 1.34 0.75 1.04 120 (without
pallet and
packing
material)


0.77 0.45 0.93


Note: The pallet is now integrated into the crate. Weights include pallets and packing material as
required. Weights are for a standard AVANCETM configuration, actual weights may increase depending
on options selected.
* Transport width = width indicated + minimum 1 cm clearance on each side. These are the widths if the
console is inserted lengthways through the entrance.


Table 4.10: Door Dimensions for Magnet Room Access: Spectrometers







Magnet Access and Rigging


32 H157654_3_009


Crate Size (m) Weight


Accessory L D H (kg)


LC-NMR Unit, LC-NMR Control Unit (host
computer), plus any additional options/
accessories


n/a* n/a* n/a* 50-250


Imaging Cabinet n/a* n/a* n/a* 150


SampleXpress 0.96 0.96 0.52 48


SampleXpress Lite 0.57 0.69 0.42 22


SampleJet 1.20 0.80 1.20 100


SampleJet Cooling Option – Carousel Box 0.56 0.56 0.33 ~10


SampleCase box 1/box2 1.89/0.75 0.52/0.75 0.27/0.65 15/15


BCU-I 0.48 0.36 0.43 50


BCU-II 0.58 0.42 0.57 74


CryoProbe (shipped in a CryoCase on a
pallet)


1.20 0.80 0.68 60


CryoCooling Unit 1.66 0.95 0.68 400


CryoProbe System He Compressor Indoor
Water-cooled


0.94 0.84 1.18 120


CryoProbe System He Compressor Indoor
Air-cooled (packed in three cartons on one
pallet)


0.69 0.69 1.12 140


CryoProbe System He Compressor Outdoor
Air-cooled (packed in three cartons on one
pallet)


0.55 0.55 0.90 140


CryoProbe Prodigy Unit 0.75 0.48 0.69 68


The accessories are typically transported to the magnet on a pallet jack. Weights include pallets and
packing material as required.
* Not available at time of publication.


Table 4.11: Crate Dimensions and Weights for Accessories
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4.4 Rigging Equipment
Rigging equipment is not included with the NMR system order. The following rigging
equipment will be needed for a typical delivery and installation of an NMR magnet system:


• Pallet Jack and/or Fork Lift: For transporting system magnet and accessories to the
laboratory.


• A-Frame or Lifting Hook: An A-Frame or lifting hook may be used inside the laboratory
during assembly phase. When a lifting hook is used, the hook capacity must be certified to
hold the required weight of the magnet before installation!


Figure 4.1: A-Frame Gantry for Lifting the Magnet Inside the Magnet Room
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5 Ceiling Height Requirements
The assembly of the magnet system, the magnet energization, and refills with liquid helium
require minimum height clearances.


• The ceiling height requirements for the magnet installation and cryogen refills do not need
to be met over the entire laboratory. The height requirements need only be met
immediately above the magnet, over an area to allow for assembly of the lifting system (if
applicable), and over an area to allow for insertion of the helium transfer line.


• If a soffit is to be used, it is important to consider the area of raised ceiling needed to set-
up the lifting system being used to lift the magnet during the assembly phase of the
installation. If a transverse I-beam is used in conjunction with the lifting system, this must
fit within the confines of the soffit.


• In lieu of a lifting system, a fixed lifting hook capable of supporting the magnet at a
sufficient height can be used to assemble the magnet. However, this option is usually not
ideal. See notes below.


 WARNING
Fixed Hook
Danger to personnel and equipment due to falling lifting system when using a fixed hook.
Removing the heavy hoist directly over the magnet can be very difficult and dangerous for
both personnel and the magnet.
u It is important to consider how the hoist system and harness will be removed from a


fixed lifting hook after the magnet is installed.
u Ensure that the hook is certified to hold the weight of the equipment before use.
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5.1 Helium Transfer Line


Figure 5.1: Ceiling Height Requirements


1. Ceiling height must allow for insertion of helium transfer lines.
2. Liquid helium dewar.
3. Ceiling height requirements must be met over this area.
4. Magnet.
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Figure 5.2: Helium Transfer Lines


Refer to the figure above for the following helium transfer line dimensions.


Magnets Part Nr. X (mm) Y (mm) Z (mm) V (mm) W (mm) Remarks


Ascend 53962 1455 1508 2060 708 655 D3XX


29085 1455 1508 2060 433 380 Reduced
Height


29515 1455 1508 1250 503 450 Reduced
Height


Note: When using soffits, sufficient space must be left for the required transfer line length. The magnet
may need to be placed off-center within the soffit (as opposed to being centered).


Table 5.1: Helium Transfer Line Dimensions
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5.2 Minimum Ceiling Height
The minimum ceiling height requirements for operation of each magnet are listed in the
following table. Note that the values represent the absolute minimum, an extra 0.3-0.4 m
above minimum requirements will make all procedures safer and more convenient.


Note: The minimum ceiling height requirements for INSTALLATION may be greater than the
values in the table below, depending on the options selected.


Note: When calculating the minimum ceiling height, the height of the transport dewar plus
the long arm of the transfer line must be considered. Refer to the transport dewar supplier for
height specifications.


The following text explains how the ceiling height requirements in the ceiling height
requirements table were either calculated and/or their meaning. Note that the values were
calculated for the smallest available magnet stand.


Minimum Operational Ceiling
Height – Helium Transfer Line
29085:


The minimum operational ceiling height using the
helium transfer line 29085 is calculated by adding the
height of the shim upper part that has to be inserted
into the cryostat, to the height of the top flange of the
cryostat.


Minimum Ceiling Height with
Helium Transfer Line 53962:


The ceiling height using the standard helium transfer
line 53962 is calculated by adding the height of the
shim upper part that has to be inserted into the cryostat,
to the height of the top flange of the cryostat.


Minimum Ceiling Height for
Adapter WB -> SB:


For all wide bore systems, the minimum ceiling height is
calculated to the top of the upper part reduction adapter
WB -> SB.
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Ceiling Height Requirements
The number in the following tables corresponds to a standard magnet configuration using a
minimum height stand. The ceiling height can increase up to 250 mm based on the model of
the magnet and stand. Refer to the table in Magnet Stand Transport Dimensions [} 29] for
specification on the magnet model and stand.


Magnet Type Special LHE Transfer Line
for Reduced Ceiling


Height (m)


Standard LHE Transfer
Line (m)


300/54 US 2.42 2.62


300/54 Ascend ULH 2.52 2.80


400/54 Ascend 2.52 2.80


400/54 Ascend ULH 2.72 3.00


500/54 Ascend 2.52 2.80


500/54 Ascend ULH 3.00 3.29


600/54 Ascend 2.85 3.14


600/54 Ascend ULH 3.25 3.53


700/54 Ascend 3.00 3.28


800/54 Ascend 3.25 3.53


ULH = Ultra Long Hold.


Table 5.2: Minimum Ceiling Height Requirements: Standard Bore 54 mm


Magnet Type Special LHE Transfer Line
for Reduced Ceiling


Height (m)


Standard LHE Transfer
Line (m)


300/89 Ascend 2.87 3.16


400/89 Ascend 2.86 3.16


500/89 Ascend 3.10 3.39


600/89 Ascend 3.25 3.53


700/89 Ascend 3.25 3.76


Table 5.3: Minimum Ceiling Height Requirements: Wide Bore 89 mm


Magnet Type Special LHE Transfer Line
for Reduced Ceiling


Height (m)


Standard LHE Transfer
Line (m)


200/154 Ascend 3.13 3.41


300/154 Ascend 3.13 3.41


Table 5.4: Minimum Ceiling Height Requirements: Super Wide Bore 154 mm
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6 Magnetic Stray Fields
Magnetic stray fields are three dimensional, and extend further in the vertical direction than in
the horizontal direction.
A number of studies have been carried out on the long term effects of magnetic fields on
personnel. As a general rule the working place (e.g. workstation, sample preparation area
etc.) must be placed outside the 0.5 mT (5 G) line. For further information on acceptable
magnetic field limits contact your countries health authorities or your area Bruker office.
Various devices are affected by the magnet and must be located outside the limits specified
in the following section. For comparison the earth’s magnetic field is 0.05 mT (0.5 G).


Please note that when more than one magnet is located in a room the 0.5 mT (5 G) line from
each magnet should not overlap.


Stray Field
Distances


Device Effects


200 mT (2000 G) All devices should be outside this line. Refer to current standards on
health and safety (e.g. BGV B11 in the European Community) in the
workplace for specifications on how long personnel may remain within
this area.


5 mT (50 G) Magnet power supply, RF
power amplifier, Cryo-cooling
platform.


Electrical transformers which are a
component of many electrical
devices may become magnetically
saturated in fields above 50 Gauss
(5 mT). The safety characteristics of
equipment may also be affected.


2 mT (20 G) Magnetic storage material The information stored on tapes may
be destroyed or corrupted.


1 mT (10 G) Computers, X-ray tubes, credit
cards, bank cards, watches,
clocks, cameras, TFT computer
monitor.


The magnetically stored information
in computers and credit cards may
be corrupted in fields greater than 1
mT (10 G). Small mechanical
devices such as watches or cameras
may be irreparably damaged.
(Digital watches may be worn
safely).


0.5 mT (5 G) Pacemakers, Medical
Implants Cathode Ray tubes,
CryoProbe compressor. 


Magnetic fields greater than 0.5
mT (5 G) will deflect a beam of
electrons leading to a distortion
of the screen display.


0.1 mT (1 G) Only very sensitive electronic equipment such as image intensifiers,
nuclear cameras and electron microscopes will be affected.


Table 6.1: Effects of Magnetic Fields on Equipment


The accompanying tables in this chapter display the horizontal stray fields in the radial,
direction, as well as, the vertical stray field in the axial direction.
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Please note all measurements in the following tables are in meters!


6.1 Horizontal Stray Fields


Magnet Type 5.0 mT
(50 G)


3.0 mT
(30 G)


1.0 mT
(10 G)


0.5 mT
(5 G)


0.2 mT
(2 G)


0.1 mT
(1 G)


0.05 mT
(0.5 G)


300/54 US 0.40 0.43 0.51 0.60 0.81 1.05 1.38


300/54 Ascend ULH 0.26 0.29 0.34 0.40 0.54 0.70 0.92


400/54 Ascend 0.38 0.41 0.46 0.50 0.65 0.83 1.08


400/54 Ascend ULH 0.38 0.41 0.46 0.50 0.65 0.83 1.08


500/54 Ascend 0.47 0.50 0.56 0.60 0.74 0.96 1.26


500/54 Ascend ULH 0.47 0.50 0.56 0.60 0.74 0.96 1.26


600/54 Ascend 0.52 0.56 0.62 0.70 0.92 1.18 1.55


600/54 Ascend ULH 0.52 0.56 0.62 0.70 0.92 1.18 1.55


700/54 Ascend 0.49 0.52 0.65 0.80 1.10 1.42 1.87


800/54 Ascend 0.77 0.84 1.03 1.25 1.70 2.20 2.86


ULH = Ultra Long Hold. Distances are measured in radial direction from magnetic center.


Table 6.2: Horizontal Stray Fields: Standard Bore 54 mm


Magnet Type 5.0 mT
(50 G)


3.0 mT
(30 G)


1.0 mT
(10 G)


0.5 mT
(5 G)


0.2 mT
(2 G)


0.1 mT
(1 G)


0.05 mT
(0.5 G)


300/89 Ascend 0.36 0.39 0.48 0.55 0.72 0.91 1.17


400/89 Ascend 0.44 0.47 0.55 0.60 0.69 0.82 1.03


500/89 Ascend 0.44 0.47 0.55 0.60 0.69 0.82 1.03


600/89 Ascend 0.68 0.74 0.88 1.00 1.30 1.65 2.13


700/89 Ascend 0.80 0.88 1.09 1.25 1.50 1.81 2.26


Distances are measured in radial direction from magnetic center.


Table 6.3: Horizontal Stray Fields: Wide Bore 89 mm


Magnet Type 5.0 mT
(50 G)


3.0 mT
(30 G)


1.0 mT
(10 G)


0.5 mT
(5 G)


0.2 mT
(2 G)


0.1 mT
(1 G)


0.05 mT
(0.5 G)


200/154 Ascend 0.55 0.62 0.78 0.90 1.16 1.47 1.89


300/154 Ascend 0.65 0.72 0.88 1.00 1.29 1.63 2.10


Distances are measured in radial direction from magnetic center.


Table 6.4: Horizontal Stray Fields: Super Wide Bore 154 mm
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6.2 Vertical Stray Fields


Magnet Type 5.0 mT
(50 G)


3.0 mT
(30 G)


1.0 mT
(10 G)


0.5 mT
(5 G)


0.2 mT
(2 G)


0.1 mT
(1 G)


0.05 mT
(0.5 G)


300/54 US 0.57 0.62 0.77 0.90 1.12 1.34 1.63


300/54 Ascend ULH 0.50 0.55 0.69 0.80 1.00 1.19 1.45


400/54 Ascend 0.64 0.70 0.87 1.00 1.24 1.47 1.77


400/54 Ascend ULH 0.64 0.70 0.87 1.00 1.24 1.47 1.77


500/54 Ascend 0.80 0.87 1.06 1.20 1.48 1.75 2.09


500/54 Ascend ULH 0.80 0.87 1.06 1.20 1.48 1.75 2.09


600/54 Ascend 0.90 0.99 1.21 1.40 1.71 2.03 2.45


600/54 Ascend ULH 0.90 0.99 1.21 1.40 1.71 2.03 2.45


700/54 Ascend 0.99 1.09 1.37 1.60 2.01 2.42 2.95


800/54 Ascend 1.50 1.66 2.12 2.50 3.16 3.83 4.68


ULH = Ultra Long Hold. Distances are measured in axial direction from magnetic center.


Table 6.5: Vertical Stray Fields: Standard Bore 54 mm


Magnet Type 5.0 mT
(50 G)


3.0 mT
(30 G)


1.0 mT
(10 G)


0.5 mT
(5 G)


0.2 mT
(2 G)


0.1 mT
(1 G)


0.05 mT
(0.5 G)


300/89 Ascend 0.68 0.75 0.94 1.10 1.37 1.64 1.98


400/89 Ascend 0.79 0.86 1.05 1.20 1.45 1.70 2.02


500/89 Ascend 0.79 0.86 1.05 1.20 1.45 1.70 2.02


600/89 Ascend 1.25 1.38 1.72 2.00 2.49 2.98 3.60


700/89 Ascend 1.56 1.72 2.15 2.50 3.09 3.67 4.41


Distances are measured in axial direction from magnetic center.


Table 6.6: Vertical Stray Fields: Wide Bore 89 mm


Magnet Type 5.0 mT
(50 G)


3.0 mT
(30 G)


1.0 mT
(10 G)


0.5 mT
(5 G)


0.2 mT
(2 G)


0.1 mT
(1 G)


0.05 mT
(0.5 G)


200/154 Ascend 1.10 1.21 1.53 1.80 2.26 2.71 3.30


300/154 Ascend 1.18 1.32 1.69 2.00 2.53 3.06 3.74


Distances are measured in axial direction from magnetic center.


Table 6.7: Vertical Stray Fields: Super Wide Bore 154 mm
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6.3 Stray Field Plots


Figure 6.1: Example of a Stray Field Plot
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7 Environment and Site Survey
Measurement
This chapter covers the various site survey topics related to the NMR laboratory. The
measurements and associated guidelines include:


• Vibrations
• Magnetic Environment
• Electromagnetic Interference: DC and AC EMF
• RF Interference


Note: The results of measurements carried-out during a site survey only reflect the specific
conditions that were present during the survey. Although these results are useful as a
reference, they would not be conclusive for the after-the-installation system performance if
one or more site conditions change. These changes may be related but not limited to
sources of vibrations and electromagnetic field and RF interference like electro-mechanical
equipment (HVAC, motors, pumps, freezers, etc.), elevators, car/bus/train traffic, power
lines, transformers, radio/TV stations and other possible RF sources.


7.1 Vibrations
External vibrations may cause field modulations in the sample cavity. This could result in
vibration sidebands, matched NMR signals that appear on either side of a main signal peak.
The effect of vibrations on NMR performance will depend on the type of work being carried
out, the type of system and the site building materials.


• Ideally the site should be at basement level, or on the ground floor (slap on grade), to
minimize building vibrations.


• Possible sources of vibrations are generators, compressors, fans, machinery etc.
Vibrations from external sources such as cars, trains, airplanes, and construction sites can
also cause problems.


• Measuring the extent of vibrations at the magnet location is a relatively simple matter; if
you suspect a problem you should contact your local Bruker office.


The following thresholds represent the maximum velocities and accelerations that could be
tolerated on the floor of the laboratory where the magnet is going to be located.
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Figure 7.1: Threshhold Values of Floor Acceleration


The thresholds listed above correspond to vibration related NMR sidebands reaching the
height of C13 satellites in the CHCl3 line shape spectrum. These thresholds might not meet the
needs for demanding NMR applications.
The height of vibration sidebands is approximately linear with the floor acceleration levels,
meaning that an NMR application requiring smaller sidebands than the height of C13 satellites
would need to have reduced floor acceleration thresholds by the same percentage factor.


7.1.1 Integrated Isolator Options


All Bruker magnets are delivered standard with integrated isolators as follows:
• EMI (Elastomeric Isolators) – Standard for 300-500 MHz magnets.
• ADI (Air Spring and Damped Isolators) – Standard for 600 MHz magnets, optional for


300-500 MHz magnets.
• API (Air Piston Isolators) – Standard for 700-800 MHz magnets, optional for 300-600 MHz


magnets.


7.1.2 General Vibration Guidelines


General guidelines for buildings
The common standards for floor vibrations related to the impact on sensitive tools and
instruments are known as the VC curves and are presented below.


Criterion
Curve


Amplitude µm/s
(11µi/s)*


Description of Use


Workshop (ISO) 800 (32 000) Distinctly perceptible vibration. Appropriate to
workshops and nonsensitive areas.


Office (ISO) 400 (16 000) Perceptible vibration. Appropriate to offices and
nonsensitive areas.
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Criterion
Curve


Amplitude µm/s
(11µi/s)*


Description of Use


Residential day
(ISO)


200 (8 000)


Barely perceptible vibration. Appropriate to sleep
areas in most instances. Usually adequate for
computer equipment, hospital recovery rooms.
semiconductor probe test equipment, and
microscopes less than 40x.


Operating
theater (ISO)


100 (4 000)
Vibration not perceptible. Suitable in most
instances for surgical suites, microscopes to 100x
and for other equipment of low sensitivity.


VC-A 50 (2 000)
Adequate in most instances for optical microscopes
to 400x, microbalances, optical balances, proximity
and projection aligners, etc.


VC-B 25 (1 000)
Appropriate for inspection and lithography
equipment (including steppers) to 311m line widths.


VC-C 12.5 (500)


Appropriate standard for optical microscopes to
1000x, lithography and inspection equipment
(including moderately sensitive electron
microscopes) to 1 11m detail size, TFT-LCD
stepper/scanner processes.


VC-D 6.25 (250)
Suitable in most instances for demanding
equipment, including many electron microscopes
(SEMs and TEMs) and E-Beam systems.


VC-E 3.12 (125)


A challenging criterion to achieve. Assumed to be
adequate for the most demanding of sensitive
systems including long path, laser- based, small
target systems, E-Beam lithography systems
working at nanometer scales, and other systems
requiring extraordinary dynamic stability.


VC-F 1.56 (62.5)


Appropriate for extremely quiet research spaces;
generally difficult to achieve in most instances,
especially cleanrooms. Not recommended for use
as a design criterion, only for evaluation.


VC-G 0.78 (31.3)


Appropriate for extremely quiet research spaces;
generally difficult to achieve in most instances,
especially cleanrooms. Not recommended for use
as a design criterion, only for evaluation.


*As measured in one-third octave bands of frequency over the frequency range 8 to 80
Hz (VC-A and VC-B) or 1 to 80 Hz (VC-C through VC-G).
The information given in this table is for guidance only. In most instances, it is
recommended that the advice of someone knowledgeable about applications and
vibration requirements of the equipment and processes be sought.
Source: Reprinted with permission from Colin Gordan Associates.


Table 7.1: Application and Interpretation of the Generic Vibration Criterion (VC) Curves
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7.1.3 Measuring Floor Vibrations


Bruker offers a service for measuring floor vibrations using specialized hardware and
software. We recommend measurements to be done over a period of at least 1 hour (ideally
much longer) to try capturing both steady state conditions and transient events.
Furthermore, we recommend a measurement resolution of <= to 0.125 Hz, enabling the
collection of correct amplitudes in the low frequency range.
Also we recommend simultaneous measurements (multiple transducers) along the 3 axis
(vertical, 2 horizontal).


7.1.4 Bruker NMR Floor Vibration Guidelines


EMI damping system (Elastomeric Isolators)


Figure 7.2: Threshold Values of Floor Acceleration: Tolerance Level for EMI Dampers


Frequency Maximum Velocity in
Vertical Direction


Maximum Velocity in
Horizontal Direction


1-10 Hz 1.6…0.64 µm/s 1.6…0.64 µm/s


10-20 Hz 0.64…6.4 µm/s 0.64…6.4 µms


>20 Hz 6.4 µm/s 6.4 µm/s


Table 7.2: EMI Damping System (Elastomeric Isolators)
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Figure 7.3: Example of the Bruker Tolerance Level for Elastomer Dampers. Resolution <0.125 Hz, 1…
200 Hz, > 30 min, Average Measurement 1 (displayed in velocity)


Figure 7.4: Elastomer Dampers
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7.1.5 Floor Vibration Guidelines: Bruker Nano-C and Nano-D


ADI damping system (Air Spring Damped Isolators with vertical damping)


Frequency Maximum Velocity in
Vertical Direction


Maximum Velocity in
Horizontal Direction


1-5 Hz 3 µm/s 1.6 µm/s


5-20 Hz 3…12 µm/s 1.6…6.4 µms


>20 Hz 12 µm/s 6.4 µm/s


Table 7.3: ADI Damping System (Elastomeric Isolators)


Figure 7.5: Example of the Bruker Tolerance Level for ADI Dampers. Resolution <0.125 Hz, 1…200 Hz,
> 30 min, Average Measurement 1 (displayed in velocity)
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Figure 7.6: ADI Dampers


7.1.6 Floor Vibration Guidelines: Bruker Nano-C API Damping System


API Damping System


Figure 7.7: Tolerance Level Nano-C for API Dampers
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Frequency Maximum Velocity in
Vertical Direction


Maximum Velocity in
Horizontal Direction


1-5 Hz 3 µm/s 3 µm/s


5-20 Hz 3…12 µm/s 3…12 µms


>20 Hz 12 µm/s 12 µm/s


Table 7.4: Tolerance Level for API Damping System


Figure 7.8: Example of the Bruker Tolerance Level for API Dampers. Resolution <0.125 Hz, 1…200
Hz,> 30 min, Average Spectra Measurement 1 (displayed in velocity)


According to VDI 2038 (2013) Bruker is following the threshold values of sensitive laboratory
equipment. Bruker implemented a Nano-C limit which is less critical as Nano-D. The only big
difference in observing these data is to use a higher resolution as only 1/3 octave. We
recommend to measure with a resolution of < 0.125 Hz to get the right amplitudes in the low
frequency part (average spectra over a period of > 30 min).


Figure 7.9: Schematic Drawing of an API Type Damping System
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7.2 Magnetic Environment
The presence of any ferromagnetic materials in the immediate vicinity of the magnet will
decrease the magnets homogeneity and may degrade overall performance. Although
minimum requirements for routine NMR are not stringent, the magnetic environment must be
optimized if more sophisticated experiments are being carried out. Usually, the effect of metal
pipes, radiators, and other such objects can be “shimmed out”, but whenever possible, this
should be avoided.


7.2.1 Guidelines for Static Objects


The next table gives a list of common sources of magnetic interference for magnets. These
items should be located according to the recommendations below. It must be emphasized
however, that such recommendations represent a situation that may not be achievable.
Please consult with Bruker for possible solutions if one or more of these recommendations
cannot be satisfied.


Object Minimum distance from magnetic center (m)


Steel reinforced walls 2


Radiators, plumbing pipes 2


Metal table, metal door 2.5


Filing cabinet, steel cabinet 2.5


Iron or steel beams 3


Massive objects, e.g. boiler 3


Table 7.5: Guidelines for Static Magnetic Objects


7.2.2 Guidelines for Moving Objects


The table below serves as a guideline for moveable magnetic material.


Object Actual distance from magnetic center (m)


Steel cabinet doors 3


Large metal door, hand trolley 4


Elevators* 6


Trucks, cars, fork-lifts 9


Trains, subways, trams* 30


*Elevators, trains and trams are more likely to be a source of vibrational interference.
Note that D.C. operated elevators, trains, and trams may cause disturbances over much
larger distances (see Guidelines for DC Interference [} 55]).


Table 7.6: Guidelines for Moveable Magnetic Objects
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7.3 Electromagnetic Interference
Possible sources of interference are power lines which may carry fluctuating loads, heavy
duty transformers, large electric motors, air conditioning systems, power transformers, etc.
The fluctuating electromagnetic fields arising from such devices can interfere with the magnet
and cause spatiotemporal field instabilities. Of particular concern are sudden changes in load
as may be produced by elevators, trams, subways etc.
Other sources of interference include radio and television stations, satellites and other HF
transmitters that may operate in the vicinity of NMR frequencies of interest.
The effect of such interferences on the NMR/MRI/micro-imaging results strongly depends on
various parameters, such as the experiment itself, digital lock parameters, lock substance,
experiments (pulse programs), 2H S/N, magnet generation and temperature and if there is a
digital lock at all.
If you suspect that you have a source of interference located near the proposed magnet site
then you should contact Bruker BioSpin for a site survey.
Bruker offers a service for measuring EMF interferences using specialized hardware and
software. We recommend measurements to be done over a period of at least one hour
(ideally much longer) to try capturing both steady state conditions and transient events.
However, often there is a need to do much longer measurements, including overnight.


7.3.1 Types of EMF Interference


• DC interference (up to 1 Hz).
• AC interference (from 1 Hz up to 200 Hz, especially 16 2/3 Hz*, 50 Hz, 60 Hz and


harmonics).
• HF Interference.


* 16 2/3 is the standard for long distance train power lines.


7.3.2 DC EMF Interference


DC interferences (0-1 Hz) generally come from devices operated on DC, such as subways,
trams, trolley-bus, suburban trains, etc. The locations of both the device and its power supply
and lines relative to the proposed NMR site are essential to the amplitude and orientation of
DC fields and how they may interfere with the NMR system. DC feeder lines are just as
disturbing as the vehicle itself and they do not run necessarily parallel to the track.
Moving iron (or other ferromagnetic materials) may cause DC interferences:


• Trains
• Trucks & Cars
• Elevators
• Forklifts
• Doors
• Large parts with magnetic material (steel cabinets, containers)
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7.3.2.1 Measuring DC Fluctuating Fields


DC EMF measurements should be conducted using a 3 axis fluxgate magnetometer placed
at the location of the planned magnetic center. The fluxgate sensors must be capable to
accurately measure fields in the range ±100 µT (or better ±1 mT in a laboratory with
unshielded magnets). The quality of the fluxgate sensors and acquisition system should
result in accuracy better than 5 nT. The sensor signals are recorded with an analog data
acquisition system at a sampling rate of 2’500 S/s or more. The data is processed (digital LP
-filter with fc = 1.3 Hz) and subsampled to 2 S/s so that the AC (> 1 Hz) components are
efficiently suppressed. Measurements should be performed during actions in the environment
causing field changes. Typically this results in a measurement during a full working day (9 to
17) and performing all actions causing DC interferences (such as moving a forklift or
operating an elevator). In addition, an over-night measurement is recommended to separate
singularities from constantly present interferences.


The measurement of DC and AC EMF interference can be performed with the same
hardware (fluxgates). The recorded waveform is processed in different ways.


7.3.2.2 Guidelines for DC Interference


When determining the effect of fluctuating magnetic fields, two parameters are important: the
size of the fluctuation and the rate of change, as follows:


• In a moving window of 1000 seconds the difference of the maximum and minimum values
from the filtered and sub-sampled data set should not exceed:


– B = Bmax-Bmin < 1400 nT (peak to peak) for the frequency range 0…1 Hz.
Note this guideline is shown with a red line in the figure Figure 7.10 [} 57] (the
threshold of 700 nT represents 0 to peak).


• The absolute value of the derivative should not exceed:


–
Note this guideline is shown with a green line in the figure Figure 7.10 [} 57].


The distance to subways, trams and DC feeder lines should be at least 100 m, otherwise you
should contact your local Bruker office for further clarification.


7.3.2.3 Reducing DC Interference


Two Bruker technologies help to suppress the DC field perturbations:
• Modern magnets with EDSTM technology (External Disturbance Suppression) efficiently


suppress interferences by a factor ~25-1000, depending on the model and disturbance
frequency.


• The advanced digital lock (if present) further suppresses the field fluctuations at the
sample. Depending on various parameters, its efficiency varies considerably. Lock hold
(for example during gradient pulses) and a strong external field change may lead to
difficulties.
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7.3.3 AC EMF Interference


In high resolution NMR AC disturbances in the frequency range of 1Hz to several 100 Hz
cause modulation sidebands in NMR spectra, as long as the disturbance frequency is equal
to or larger than the line width. As long as these sidebands are small in amplitude they
disappear in the noise floor. Above 1 Hz, the most prominent disturbances usually originate
from electrical power and devices that rotate/move with the according frequencies (16-2/3 Hz
and 50/60 Hz and harmonics). But also other field components at other frequencies may be
present in laboratory environments.
Typical sources for 16-2/3 Hz interferences are long distance trains and/or streetcars.
Likewise, the 50/60 Hz interferences have their sources in electrical wiring, transformers and
fluorescent lights located in the vicinity of the NMR spectrometer.


7.3.3.1 Measuring AC EMF Interferences


AC EMF measurements should be conducted using a 3-axis fluxgate magnetometer placed
at the location of the planned magnetic center and console. The fluxgate sensors must be
capable to accurately measure fields in the range ±100 µT (or better ±1 mT in a laboratory
with unshielded magnets). The quality of the fluxgate sensors and acquisition system should
result in accuracy better than 5 nT. The senor signals are recorded with an analog data
acquisition system at a sampling rate of 2’500 S/s or more. The data is block-wise (4
seconds) processed: digital LP -filter with fc = 225 Hz, subsampled to 500 S/s, FFT (200 Hz
band width and 0.25 Hz resolution). The single block magnitude spectra are used to compute
average and peak-hold spectra as well as spectrograms (waterfall plots) reflecting the
evolution of AC EMF spectral content over time. Measurements should be performed when
possible sources are in operation. Typically this results in a measurement during a full
working day (9 to 17). In addition, an over-night measurement is recommended to separate
singularities from constantly present interferences.


The measurement of DC and AC EMF interference can be performed with the same
hardware (fluxgates). The recorded waveform is processed in different ways.


In case large disturbances are detected at the planned magnet center or the console area,
specific locations must be checked to identify possible sources such as:


• Along the wall inside the laboratory at 5 cm (~2”) from wall, and 3.8 cm (4”) from wall
• Approximately 5 cm (~2”) below the existing lights in the room
• Near the main outlets 230V (USA - 208V) locations in the room
• Neighboring rooms and installed machines/devices in there.
• The paths towards tram, train, subway lines, power stations, etc.


Based on the results, a strategy to reduce AC interferences can be worked out (see
Reducing AC EMF Interference [} 57])


7.3.3.2 Guidelines for AC EMF Interference


Between 1 Hz and 10 Hz: NMR systems are usually more sensitive to external disturbances
in this frequency range. It is suggested to stay below a straight line defined by 70 nT at 1 Hz
and 700 nT at 10 Hz in a log/log magnitude/frequency plot. These are 0 to peak values. See
figure below.
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Above 10 Hz: Maximum 700 nT magnitudes (0 to peak) can be tolerated for interferences
with frequencies above 10 Hz.


Figure 7.10: Specification Framework with the Magnetic Field Represented as 0 to Peak Values


7.3.3.3 Reducing AC EMF Interference


Two Bruker technologies help to suppress the DC field perturbations:
• Modern magnets with EDSTM technology (External Disturbance Suppression) efficiently


suppress AC interferences by a factor ~25-10000, depending on the model and
disturbance frequency. Above 1 Hz, one can generally state: the higher the frequency the
better the suppression and the less sensitive NMR is to interferences.


• The advanced digital lock (if present) further suppresses the field fluctuations at the
sample. Depending on various parameters, its efficiency varies considerably.


7.3.4 HF Interference


The NMR instrument is effectively a very sensitive radio frequency receiver. Possible sources
of interference are local radio or television broadcasts, low Earth orbit satellite systems, and
signals emitted by personal paging systems. Of particular concern will be interference at
frequencies at which NMR experiments are carried out. Although the interference effects will
depend greatly on the strength of the transmitter, as a rule of thumb only broadcasting
transmitters located within a radius of approximately 5 kilometers (3 miles) are likely sources
of interference.
HF interference may also occur between two or more spectrometers located in close
proximity and operating at the same nominal 1H resonance frequency.


7.3.4.1 Measuring HF Fluctuating Fields


Radio Frequency Interference measurements should be conducted using a spectrum
analyzer. The analysis should be done for the resonance frequency of each of the nuclei of
interest (proportional to the 1H resonance frequency of the spectrometer). The minimum
frequency sweep is 400 kHz.
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7.3.4.2 Most Commonly Studied Nuclei


Nuclei NMR Frequency (MHz)


Magnets 200 300 400 500 600 700 750 800


1H 200.000 300.000 400.000 500.000 600.000 700.000 750.000 800.000


2H 30.701 46.072 61.422 76.773 92.124 107.474 115.155 122.827


11B 64.167 96.294 128.378 160.462 192.546 224.630 240.683 256.740


13C 50.288 75.468 100.613 125.758 150.903 176.048 188.629 201.204


15N 20.265 30.423 40.560 50.697 60.834 70.971 76.043 81.221


19F 188.154 282.404 376.498 470.592 564.686 658.780 705.858 753.003


27AI 52.114 78.204 104.261 130.318 156.375 182.432 195.469 208.647


29Si 39.730 59.627 79.495 99.362 119.229 139.096 149.036 159.147


31P 80.961 121.495 161.976 202.456 242.937 283.418 303.671 324.224


Table 7.7: List of Most Commonly Studied Nuclei and Corresponding Resonance Frequencies


7.3.4.3 Guidelines for HF Interference


As a general guideline the level of any HF interference should be less than an electrical field
strength (detection: max. peak) of 80 dBuV/m with a minimum Resolution Band Width (RBW)
of 300 kHz at the side of the magnet.


7.3.4.4 Reducing HF Interference


Screening a site for possible HF Interference is complicated and expensive. Shielding of the
laboratory with a Faraday cage is a possible solution, though having to take such measures
is quite rare.
When designing and manufacturing the Bruker spectrometers, care is taken to provide
adequate shielding and the instruments rarely suffer from interference in normal HF
environments. Furthermore, the advanced BSMS digital lock system - included with all Bruker
AVANCE spectrometers - allows a shift in the 2H lock frequency with certain limits. This may
allow enough variation in the absolute magnet field strength to shift the NMR signal away
from that of local broadcasting frequencies.
HF interference may occur between two or more spectrometers located in close proximity
and operating at the same nominal 1H resonance frequency. These problems can be avoided
by energizing the different magnets at slightly different fields, such that their operational
frequencies are separated by ~ 200 kHz at the nominal 1H resonance frequency.
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8 Utility Requirements
Contents:


Electrical Power Requirements [} 59]
Telecommunication [} 61]
Compressed Gas [} 61]
Liquid Nitrogen Requirements [} 66]
Cooling Water [} 67]
Lighting [} 67]
HVAC (Heating Ventilation Air Conditioning) [} 67]
Emergency Ventilation During Installation and Quenches [} 70]
Fire Detection System and Fire Extinguishers [} 73]


8.1 Electrical Power Requirements
When planning the electrical power requirements of your site make provision for extra
equipment which you may install, e.g. personal computers, workstations, air conditioning
systems, etc.
Each AVANCETM cabinet (except NanoBay) comes supplied with four spare electrical outlets
(230V/10A) which can be used to power standard ancillary equipment. Two outlets are
designed to power the NMR Workstation and Imaging cabinet (optional). This leaves two
spare outlets for accessories such as the Sample Changers etc. The table in this section lists
the power requirements of other equipment which, because of their large power consumption,
require power sources separate to that of the AVANCE cabinet.


Other Power Requirement Considerations
• For installation of the AVANCE system a 230V / 16A outlet is needed for the turbo-pumps,


as well as an additional 230V / 16A outlet for the magnet power supply (during installation
and service).


• A TwoBay with Solid Accessory 600/700 MHz can be approximated to a standard TwoBay
plus High Power cabinet and so the total power requirements is 5 kW.


• The power requirements for the CP-MAS will depend on the amplifiers that are used. The
control unit itself will not use more than 100W.


• If line voltage fluctuations exceed -5% to +10% a voltage stabilizer must be used. The
lifetime of the various electrical components in the spectrometer will also be lengthened
when a voltage stabilizer is used. Contact your local Bruker BioSpin office for more
information on voltage stabilizers.


• Where total interruption of power occurs frequently, you should consider installing a UPS
(Uninterruptable Power Supply) possibly linked to an emergency back-up generator. This
is particularly advisable when long-time experiments are to be run.


• The power supply to the spectrometer must be "clean" (no spikes), i.e. it must not share
with air conditioners, compressors, etc.


• All grounding for mains in the lab must be connected together to avoid differences in earth
potential.
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System and
Amplifiers


Mains Supply Power
Consumpt
ion (kW)*


No. of
Spare
Electrical
Outlets


Length of
Mains
Cable (m)


TwoBay with
BLARH100 +
BLAX300


230V 50/60 Hz / 16A single
phase; or 208V 60 Hz / 20A
single phase in USA


2.6 4 (230V
max. 10
amp.)


5.5


TwoBay with
BLAXH300/50


230V 50/60 Hz / 16A single
phase; or 208V 60 Hz / 20A
single phase in USA


2.2 4 (230V
max. 10
amp.)


5.5


TwoBay optimized
for solids 300 to
700 MHz


230V 50/60 Hz / 32A single
phase or 400V 50/60 Hz /
16A triple phase; or 208V 60
Hz / 30A single phase in
USA


5.0 4 (230V
max. 10
amp.)


5.5


OneBay with
BLAXH100/50


230V 50/60 Hz / 16A single
phase; or 208V 60 Hz / 20A
single phase in USA


1.6
2.2


4 (230V
max. 10
amp.)


5.5


NanoBay 230V 50/60 Hz / 16A single
phase; or 208V 60 Hz / 20A
single phase in USA


1.0 --- 5.5


Imaging Cabinet 230V 50/60 Hz / 32A single
phase or 400V 50/60 Hz /
16A triple phase; or 208V 60
Hz / 30A single phase in
USA


2.4 --- ---


Bayvoltex Chiller
for MicroImaging
Systems


230V 50/60 Hz / 16A single
phase or 208V 60 Hz / 20A
single phase in USA


approx.
0.45 kW


--- ---


BCU-I/BCU-II 230V 50/60 Hz / 16A single
phase or 208V 60 Hz / 20A
single phase in USA (power
for BCU-II must come from
separate outlet).


0.45 kW
(BCU-I)
2.3 kW
(BCU-II)


--- ---


UPS for CCU UPS requirements: At least 5 kW for the AVANCE and CCU.


UPS for AVANCE
Spectrometer
Cabinet


UPS requirements: At least 2.6 kW for the spectrometer cabinet
(depends on configuration). The battery time must be selected
according to the maximum duration anticipated for a power failure.


* Includes the NMR workstation and computer monitor, and was measured using 2
amplifiers operating at maximum output in CW mode. For systems fitted with additional
amplifiers allow 300W for each additional amplifier.
Note: For the electrical specifications associated to the CryoProbe, CryoProbe - Prodigy,
and the Bruker Nitrogen Liquifier accessories, refer to the relevant pages in CryoProbe
and Other Accessories [} 87].


Table 8.1: Requirements of Basic System (2 Channels)
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8.2 Telecommunication
Please refer to the AVANCE NMR layout in chapter Floor Plan [} 75]. The following ports/
connections are required:


• Telephone/data ports behind the workstation.
• Ethernet cable between the AVANCE cabinet and the workstation.


8.3 Compressed Gas
Some components of the AVANCE system and the vibration isolators, which are integrated
into the magnet legs, operate with compressed gas.


8.3.1 General Requirements


Compressed gas line: The standard AVANCE system requires one compressed gas line
with at least two regulated outputs.
Regulators: Each output should terminate with a regulator (including gage head) suited for a
pressure range of 0 - 8.6 bar (0 - 125 psi). The output of the regulator should allow the quick
connect for an 8 mm diameter gas tube..


• Compressed nitrogen gas needed for temperature control with VT experiments in order to
achieve optimal NMR performance. For example, the BCU-I cooling unit requires a dew
point of -51°C (-60°F) for the compressed gas.


• Compressed air or nitrogen gas for spinning.
• Compressed air or nitrogen gas for sample ejection, and for the magnet’s vibration


isolation units.
• Compressed air or nitrogen gas for the optional CryoProbe system.


8.3.2 Gas Supply


The gas supply used depends on the frequency of the system:
• 200-400 MHz: Compressed air
• 500 MHz: Nitrogen gas with >95% purity.
• 600-800 MHz: Nitrogen gas with >96% purity.


Notes:
• A nitrogen separator (offered by Bruker as an option) can be built into the AVANCE


cabinet as an available solution. This will produce the nitrogen gas required for VT work.
However, this is not suitable for larger flow rates required by MAS experiments.
The nitrogen separator is suitable for use with the BCU-I cooling unit. However the
nitrogen output from the separator is not pure enough and this unit should not be used
with a N2 exchanger or BCU-II cooling unit for low temperature work.


• If a CryoCooling unit is to be installed, a secondary regulator, T-split from the supply line is
recommended.


• The Emergency Sample Protection Device is used in conjunction with the CryoProbe
system, and requires a cylinder of air or nitrogen gas.
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System Operating Pressure Recommended Average
Flow*


AVANCE + VT Unit 6-8 bar (80-120 psi) 43 l/min. (~1.52 cfm)


AVANCE + VT + Sample
Changer


6-8 bar (80-120 psi) 55 l/min. (~1.95 cfm)**


AVANCE + MAS 6-8 bar (80-120 psi) 300 l/min. (~11 cfm)


* This is the actual consumption and minimum needed at the instrument input after the
N2 supply (either a bulk tank, or a N2 separator). The sample lift to exchange a sample
needs for about 1 minute 100 l/min. For a standard NMR system we expect 3...5 sample
exchanges (which are included in recommended flow).
** A recommended flow of 100 liters/min. per sample for sample exchange (about 1
minute), average consumption will depend on the number of samples being used. Typical
number of sample exchanges is up to 12 per hour (which is included in the recommended
average flow).
For non-MAS work, if an air-compressor and N2 separator are used, the flow
requirements are 50% higher, i.e. 3 cfm. It is recommended to use a dual unit oil-less air-
compressor rated at minimum double capacity of the specified requirement. Please refer
to the next section on air compressors.


Table 8.2: Pressure and Flow Requirements


8.3.3 Other Specifications


Oil Content: 
Purity: ISO 8573-1 2010 [1:1:0] (oil free).


Water Content: 
For the BCU-I cooling unit the compressed gas should have a dew point of -51°C (–60°F).
For the BCU-II cooling unit, the dew point requirement is - 80°C (-112°F).
For room temperature work and higher: Dew point of < 4°C (39.2°F).
For low temperature work: The dew point must be at least 20°C (68°F) below the operating
temperature.
If a cooling unit is used, then the dew point of the compressed nitrogen should be at least
10°C (50°F) below the temperature at the heat exchanger output.


Solid Impurities: 
Use 5 micron filters for high resolution NMR. For MAS probes use 1 micron filters. The filters
should retain a minimum of 99.99% of the specified particles.


VT Nitrogen Gas Quality


Proton Frequency (MHz) Purity (volume percentage)


500 ≧ 95


600-800 ≧ 96


850-1000 ≧ 97


Table 8.3: VT Nitrogen Gas Quality (500 MHz and above)
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8.3.4 Compressed Air System


When designing a suitable compressed air system the following points must be taken into
consideration:


• To prevent magnetic impurities from entering the magnet use only copper or stainless
steel lines. Do not use iron or steel pipes. Plastic piping is unsuitable where very low dew
points are required. Water vapor in the air will permeate plastic piping limiting minimum
dew points to typically -25°C.


• To avoid surges in the air pressure (e.g. during sample lift) install a container of 10-20
liters in the air supply line to act as a buffer. Locate the buffer after the dryers in the supply
line. Buffer containers must meet the appropriate safety requirements. They must have a
working pressure of 16 bar and be proofed up to 30 bar. Use tanks which are internally
coated with water and acid resistant material. This will prevent corrosion from impurities
such as SO2.


The three major components in a suitable compressed air supply line include the
compressor, dryer and appropriate filters:


Figure 8.1: Example of a Typical Dryer/Filter System Setup


Filter 1: General purpose liquid and dust removal filter (0.1 mg/m3 - 0.1 ppm, 1
micron).


Filter 2: High-efficiency dust, liquid and aeresol filter (0.1 mg/m3 - 0.01 ppm, 1
micron).


When using a dryer/filter system setup, the following questions should be addressed:
• Pressure loss in piping?
• Efficiency loss in dryer?
• Pressure loss in filter?
• What is the required pressure?
• What is the required flow rate?
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8.3.4.1 Air Compressors


When choosing an air compressor the following points should be considered:
• Ideally the compressor should be installed in a dust free, cool (use air conditioning as


required) and dry place.
• The compressor must be oil-free. This can be achieved by using membrane or Teflon


coated piston and scroll compressors. The compressor should be fitted with a fine dust
inlet filter.


• The compressor must be capable of delivering the required flow rate and pressure suited
to your particular system (see Compressed Gas Requirements). Generally the
compressor should be large enough so it does not run continuously (e.g. > 50% of the
time), which will cause overheating.


• The extra cost of choosing an oversized system may often be justified. The reduction in
duty cycles will lower maintenance costs and extend the life of the system. A suitable
compressor coupled to an adequate buffer will ensure a more constant flow rate leading
to better performance. When spinning, the system uses a constant flow of air, but surges
will occur during sample lift.


• Take into account the pressure loss along the line between the compressor and the final
gate valve. The pressure drop depends on the pipe diameters. An internal diameter of 8
mm has been found to be suitable. The plastic tubing used to carry the supply from the
final gate valve to the console has an outside diameter of 8 mm and is supplied by Bruker.


• Some types of dryers, e.g., absorption dryers can use up to 25% of the air flow to
regenerate the drying material. If this type of dryer is used then the output capacity of the
compressor must be sufficient to supply this requirement.


• Many compressors are fitted with dryer and a tray to collect excess water. Regular
checking of the dryer and emptying of the water collector will ensure trouble free
operation. This arrangement is quite satisfactory in environments with normal humidity (<
80%). However in areas of higher humidity (> 80%) a cooling coil with an automatic water
drain must be fitted to the compressor outlet. This will ensure that filters do not become
overloaded.


• Although not directly concerned with air quality, compressors are a source of vibrations
which may interfere with NMR performance. You should consider using a compressor
fitted with a vibration damping housing if it is to be situated close to the spectrometer. The
output noise level should be < 75 dBA.
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8.3.4.2 Dryers


Refrigeration Dryers
This type of dryer removes moisture from gas by cooling to within a few degrees of the
freezing point of water. The condensed moisture is removed in a separator and drain trap
mechanism located immediately downstream of the dryer. This drain should be valve
switched automatically.
Advantages


• None of the compressed gas is wasted in regeneration which is more suitable if the
capacity of the compressor is marginal.


• Maintenance free.
• Not as susceptible to oil mist contamination as adsorption dryers, thus do not have the


same need for pre-filters.
Disadvantage


• These type of dryers are limited because of their inability to produce very low dew points.
The recommended dew point for room temperature work of 4°C is only just achievable.
Therefore if low temperature NMR is to be carried out, this type of dryer is unsuitable.


Absorbtion Dryers
The air is passed through cartridges of synthetic zeolite known as Molecular Sieves. The
sieves are hygroscopic and retain water molecules when air is passed through them. Two
sieves are normally used alternatively. A portion of the dry air output of sieve A is fed into
sieve B to regenerate it. The amount used in regeneration is typically 15% but up to 25% may
be required for very low dew points. The process is automatically reversed at regular intervals
with the output of sieve B used to regenerate sieve A.
Advantages


• Much lower dew points are achievable compared to refrigeration dryers.
• Automatic Regeneration: Normally the sieves will last for many years if they do not


become contaminated with oil, e.g. from mist in the air.
• The drying agent may be easily replaced.


Disadvantages
• Up to 25% of throughput is used to achieve the automatic regeneration.
• Requires the use of more dust filters.
• Filters at the input (oil < 0.01 mg/m3) are required due to the susceptibility to oil


contamination from mist in the air.
• The use of absorption dryers may lead to the generation of dust and so the dried air


output must be fed through an appropriate filter (1 micron).
• These dryers require more maintenance than refrigeration dryers.
• They can be noisy when switching between the two cartridges.
• Due to the different absorption rates of nitrogen and oxygen the N2/O2 composition may


change. To prevent this, an absorption dryer should be placed between the compressor
and buffer tank.
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8.3.4.3 Filters


Micro-filters must be fitted as the last element in the supply line. For specification see the
section Other Specifications [} 62].
Absorption dryers are prone to oil contamination and as such the input must be fitted with a
oil filter (oil < 0.01 mg/m3 99.9% removal efficiency). To protect the dryers, regardless of type,
you are advised to install a water filter and an oil filter between the compressor and the dryer.
Adsorption dryers may generate dust and may need extra dust filters at the output.
The output of refrigeration dryers must be fed through a carbon activated filter.
Water filters must be fitted with automatic water drains as opposed to manual drains. The use
of valve switched drains is strongly recommended. Floater switched drains have a tendency
to become jammed and hence require regular maintenance.
If you are particularly concerned about oil contamination in the air supply then you must
consider using a submicron filter followed by an activated charcoal filter as this combination is
particularly effective in removing oil.


8.4 Liquid Nitrogen Requirements


Purity of Liquid Nitrogen
Bruker has no specification for the quality of the liquid nitrogen. Inhouse we are using a purity
of >99.9 %. There are no field gradients known because of the para-magnetism of oxygen.
Nitrogen and oxygen are fully mixable over the whole concentration range.
Liquid nitrogen has a lower boiling point at −196 °C (77 K) than oxygen's −183 °C (90 K), and
vessels containing liquid nitrogen can condense oxygen from air. When most of the nitrogen
has evaporated from such a vessel, there is a risk that liquid oxygen remaining can react
violently with organic material. Conversely, liquid nitrogen or liquid air can be oxygen-
enriched by letting it stand in open air; atmospheric oxygen dissolves in it, while nitrogen
evaporates preferentially.
A few percent of oxygen in the liquid nitrogen vessel will only give a minor temperature
increase of the boiling point and will thus not increase the helium loss. With the higher boiling
point the amount of oxygen will increase over the time.
Small nitrogen liquefiers will achieve a nitrogen content of >98 %. When using such a quality
of nitrogen it is recommended to check the content of oxygen in the nitrogen vessel regularly.
To limit the oxygen content it is advisable to refill when the nitrogen vessel is at least half
empty. To get rid of the oxygen completely, wait until the liquid has evaporated before
refilling. Be aware when only the helium has to cool the magnet coil the boil off will be about
40 times higher.
Refer to the chapter Safe Handling of Cryogenic Substances [} 15] for important information
on the safe handling of liquid nitrogen.
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8.5 Cooling Water
If the system is equipped with the CryoProbe option and the compressor is water cooled,
then cooling water is also needed to remove the ca. 7.5 kW of heat output from the water-
cooled type helium compressor used in conjunction with the CryoProbe. The cooling water
requirements for the CryoProbe system are found in the chapter Helium Compressor - Indoor
Water Cooled [} 90].
When the magnet is equipped with a BNL and the water-cooled option, then cooling water is
needed to remove the ca. 2.5 kW of heat output from the water-cooled type helium
compressor.


8.6 Lighting
Operation is most convenient when the computer monitor(s) may be viewed under subdued
lighting. However, normal office lighting will be needed in other areas of the laboratory. The
most convenient arrangement is to have separately switchable lights using standard light
bulbs. Make sure that reflections from strong artificial light do not fall upon the monitor
screen. Care should also be taken to minimize reflections from sources such as windows.


• Do not direct spotlights toward the magnet; this could change the surface temperature.
• Consideration should be given to the relative placement of lights to the air conditioning


inputs, which mostly contain the temperature sensors for the air conditioners. Otherwise
the switching of lights might result in a system over-reaction and a considerable
temperature change.


• Neon lights, choke ballast, and electronic ballast are generally not recommended within a
radius of 2 meters from the magnet. LED with DC current are generally not a problem
within this range.


• Lights should not be located directly above the magnets, as it may not be possible to
service the lights.


8.7 HVAC (Heating Ventilation Air Conditioning)
Constant air pressure, temperature and humidity is crucial for high performance operation.
Ideally, an absolute room temperature of between 17-25°C should be kept.
Room should not fluctuate more than +/- 1°C per 24 hours for 300-500 MHz systems, and
+/- 0.5°C per 24 hours for 600 MHz and above, near the magnet or cabinets. Even with small
changes within this narrow range, it is essential that these are random and there is no
periodicity of temperature changes.
Air drafts, particularly those created from air conditioning or heating systems, can have
negative effects on the magnet, thus the location and orientation of air-diffusers must prevent
the air from blowing towards the magnet and spectrometer cabinet. If possible, it is
recommended to have the exhaust (air-return) closer to the NMR spectrometer equipment
(AVANCE console, UPS, CryoCooling unit, BCU-I) that releases most of the heat output into
the space. This would help with removing the heat closer to its sources and ultimately help
with the overall temperature stability in the room.
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Gradients
The temperature stability guidelines above are essential for a given point in proximity to the
magnet or console. Absolute temperature values at different elevations in the room can vary
by a much greater tolerance.


Note: When NMR Lock is on and when Autoshim is used, the room should not fluctuate
more than +/- 1.5 °C per 24 hours.


The maximum humidity in the lab depends on the room temperature. There are parts on or
near the NMR spectrometer and the magnet system (like the nitrogen heat exchangers)
which have temperatures of 14…16°C. When the room temperature is 25°C, with a humidity
of 80 %, the dew point of this air is at 21.3°C. This means condensation may build up at the
heat exchangers of the magnet and other parts like temperature units or shim coils.
Therefore we recommend a dew point of 14-16°C in the laboratory (for the magnet parts) to
avoid condensation at the location of cold parts. With a laboratory temperature of 17°C the
humidity can rise up to 67.7 % and with 25°C it will be only 41.4 %.


Temperature in
the NMR


laboratory


Maximum humidity for a dew point of


11 °C 12 °C 13 °C 14 °C 15 °C 16 °C


17 °C 67.7 % 72.4 % 77.3 % 82.5 % 88.0 % 93.8 %


18 °C 63.6 % 68.0 % 72.6 % 77.5 % 82.6 % 88.1 %


19 °C 59.7 % 63.8 % 68.2 % 72.8 % 77.6 % 82.7 %


20 °C 56.1 % 60.0 % 64.1 % 68.4 % 72.9 % 77.8 %


21 °C 52.8 % 56.4 % 60.2 % 64.3 % 68.6 % 73.1 %


22 °C 49.7 % 53.0 % 56.7 % 60.5 % 64.5 % 68.8 %


23 °C 46.7 % 49.9 % 53.3 % 56.9 % 60.7 % 64.7 %


24 °C 44.0 % 47.0 % 50.2 % 53.6 % 57.2 % 60.9 %


25 °C 41.4 % 44.3 % 47.3 % 50.5 % 53.8 % 57.4 %


Table 8.4: Maximum Humidity in the NMR Laboratory


Conditions other than these may warrant the installation of an air conditioner with appropriate
humidity controls.
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8.7.1 Heat Dissipation into the Room


Most of the heat dissipated into the room is generated by the system electronics. The magnet
itself does not dissipate any heat. The following table details the heat dissipation into the
room:


System Heat Dissipation into Room


AVANCE TwoBay (with 3 channels & BCU-I) 2.5 kW


AVANCE TwoBay (configured for solids) 5.0 kW


AVANCE OneBay 2.0 kW


AVANCE NanoBay 1.0 kW


Imaging Cabinet 2.4 kW


BCU-I, BCU-II BCU-I: 0.5 kW, BCU-II: 2.4 kW


Gradient Chiller 0.5 kW


CryoCooling Unit 0.8 kW


He Compressor (note: heat from the outdoor He
compressor is not dissipated inside the room)


0.5 kW - residual


He Compressor CryoProbe - indoor water-cooled 0.5 kW


He Compressor CryoProbe - outdoor air-cooled 8.5 kW


He Compressor BNL - inside water-cooled 2.0 kW


He Compressor BNL - outside air-cooled 2.2 kW


Table 8.5: Heat Dissipation into the Room by Typical AVANCE Systems


8.7.2 System Stability


Air Temperature
The heat dissipation of the magnet system is constant over time. It is essential to minimize or
avoid short term oscillations of the HVAC system, and provide a continuous slow flow of air
that in turn reduces the speed of any temperature changes. It is recommended to have a
continuous and slow exchange of air in the laboratory, hence minimizing fluctuations.


Air Diffuser and Return Ducts
• Avoid any air drafts in the room, especially towards the magnet or system electronics.
• Use low velocity diffusers or a perforated duct (e.g. a duct sock).
• In order to remove heat directly from the source it is recommended placing the air return


ducts closer to the rear side of the system electronics.
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Atmospheric Pressure Changes
Rapid changes in the temperature may result in atmospheric pressure changes. High
atmospheric pressure could reduce the helium boil off if the magnet cryostat is not equipped
with an electronic atmospheric pressure device. The boil-off rate could be even lower than
the minimum value which could be measured by the flow meter. Electronic Atmospheric
Pressure Devices (EAPD), which, for example, holds the pressure at 1030 HPa, stabilize field
drift and helium boil-off when changes in atmospheric pressure occur.
The atmospheric pressure device is available as an option for many Bruker magnets, contact
Bruker for details.


8.8 Emergency Ventilation During Installation and Quenches
Due to the large amount of liquid helium contained in the magnet, an emergency exhaust
system may be required to prevent O2 depletion during a magnet quench.
Likewise, during the installation, refilling and cooling of superconducting magnets, large
volumes of nitrogen or helium gases may be generated under certain conditions. Although
these gases are inert, if generated in large enough quantities, they can displace the oxygen
in the room causing potential danger of suffocation.
The following table lists the maximum helium capacity and the typical gas flow rates for
helium gas during a quench for current magnet systems. Generally, the gas flow rate is equal
to half the volume in one minute.


Total Volume of Gas and Maximum Helium Gas Flow


Magnet Type Total Volume of He
Gas (m3)


Maximum He Gas
Flow (m3/min.)


300/54 US 39.2 19.6


300/54 Ascend ULH 83.6 41.8


400/54 Ascend 75.5 37.8


400/54 Ascend ULH 101.4 50.7


500/54 Ascend 62.9 31.5


500/54 Ascend ULH 162.8 81.4


600/54 Ascend 65.2 32.6


600/54 Ascend ULH 261.3 130.6


700/54 Ascend 97.7 48.9


800/54 Ascend 244.2 122.1


ULH = Ultra Long Hold.


Table 8.6: Total Gas Volume and Maximum He Gas Flow: Standard Bore 54 mm
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Magnet Type Total Volume of He
Gas (m3)


Maximum He Gas
Flow (m3/min.)


300/89 Ascend 99.9 50.0


400/89 Ascend 75.5 37.8


500/89 Ascend 75.5 37.8


600/89 Ascend 96.2 48.1


700/89 Ascend * *


* Not available at the time of publication.


Table 8.7: Total Gas Volume and Maximum He Gas Flow: Wide Bore 89 mm


Magnet Type Total Volume of He
Gas (m3)


Maximum He Gas
Flow (m3/min.)


200/154 Ascend 40.4 20.2


300/154 Ascend 74.8 37.4


Table 8.8: Total Gas Volume and Maximum He Gas Flow: Super Wide Bore 154 mm


Regarding the emergency gas exhaust, important considerations include, but are not limited
to, the following:


• Amount of liquid helium: Taking the 750 WB US2 magnet as an example, the total
amount of liquid helium is 473 liters. In case of a quench, the liquid transforms into gas
and expands by a factor of 740. Therefore, the total amount of helium evaporated gas in
case of a quench will be ca. 350 m3 (12,360 ft3).


• Maximum helium gas flow: The maximum flow of helium gas is calculated on the
assumption that half of the volume of liquid evaporates in 1 minute, thus the maximum
flow would be 175 m3 (6,180 ft3) for the 750 WB US2 magnet. The gas should be removed
from the room immediately through an emergency exhaust system.


• O2 level sensors: Oxygen level sensors are required to detect low O2 levels within the
laboratory for each system. One sensor is needed above the magnet for detecting low O2
levels due to He gas exhaust in case of a quench or during He fills. An additional sensor is
needed close to the floor for detecting low O2 levels due to N2 gas exhaust during magnet
cooling or regular N2 fills. In case of placing the magnet inside a pit, a third sensor is
needed inside a pit to detect low O2 levels from N2 gas.


8.8.1 Emergency Exhaust Solutions


In many cases doors and windows will provide sufficient ventilation in larger rooms. It is
important to compare the volume of helium gas that would be released after a quench and
the space volume of the NMR magnet room, in order to determine the optimum and practical
solution for emergency ventilation. In general it is recommended that an emergency exhaust
system be installed in smaller rooms, or rooms not connected to the outside. The following
exhaust solutions are recommended:


Passive Exhaust
This system is based on louvers in the ceiling, or upper parts of outside walls, that open up
due to the pressure of helium gas.
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Active Exhaust
In addition, an active system based on a purge fan and exhaust duct close to the ceiling is
recommended. This way, adequate exhaust of cryogenic gases will be provided not only
during a quench, but also during the initial cooling of the magnet and regular cryogen refills.
Normally it is sufficient to operate this fan manually, as the probability of an unattended
quench after the installation is rather low.
If desired, this fan can be operated with an automatic switch:


• It may be connected to the O2 sensors so it turns on automatically when the O2 level
drops below the safety set point.


• It should be installed in addition to a manual switch.
• Measures should be taken to prevent it from being turned on during a fire.


Quench Pipes
This solution may be needed as a last resort solution when the laboratory is small and any
of the other options are not sufficient to ensure safety after a magnet quench.
This solution is based on a pipe connected directly to the magnet, which is then routed to the
outside of the building. It is important to note the following:


• The helium exhaust from the magnet should be vented directly to the outside of the
building.


• The ducts should have sufficient diameter to avoid excessive pressure build-up due to the
flow impedance of the duct.


• The location of the exit end of the duct must not be accessible to anyone other than
service personnel. In addition the exit opening should be protected from the ingress of
rain, snow, animals, etc.


• It is also essential that any gas which vents from the exhaust duct cannot be drawn into
the air conditioning or ventilation system intakes. The location of the duct’s output should
be carefully sited to prevent this from happening during any adverse atmospheric
conditions and winds.


• Insulation of exhaust piping should also be provided to prevent cold burns and O2
condensation during a quench.


Please contact Bruker if the implementation of quench pipes is planned!


Figure 8.2: Emergency Quench Pipes
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Pits
When a magnet is installed in a pit, it is important to ensure there is continuous air-flow
(exhaust) within the pit. This is done to prevent any buildup of nitrogen gas in the confines of
the pit. A low exhaust and an additional oxygen sensor down in the pit are recommended.
Additional emergency ventilation may also be necessary and the oxygen sensor mounted in
the pit should trigger an increased rate of exhaust.


Exhaust for Ceiling Soffits
A soffit is a hole that has been cut in the ceiling to facilitate cryogen fills and/or the magnet
installation. Though it is not required to install ventilation in a soffit, it is important to
understand that the soffit will be the first area to fill up with helium gas during a quench or
during a helium fill. It is important to elicit extra caution in this case.
A passive louver or an exhaust duct with fan are practical solutions when soffits are used.
This will prolong the cycle of the magnet between rebuilds, by preventing helium gas build up
in the soffit during refills.


Air Conditioning as an Exhaust
It is recommended that the air conditioning system be adequate to dissipate the sudden gas
buildup during a quench. In addition the air conditioning must have a safety feature which
draws all the air out of the room and brings fresh air in during a quench, rather than just
recirculating the old air through the system. The air conditioning system could, for example,
be connected to an oxygen level sensor.
Please contact Bruker for further information on exhaust solutions.


8.9 Fire Detection System and Fire Extinguishers
Rooms containing NMR magnets should be equipped with temperature sensors for fire
detection. These must respond only to a sudden rise of temperature, and not be triggered by
a quench (sudden drop of temperature).
Optical smoke detectors cannot discriminate between smoke from a fire and fog from either a
helium refill or caused by a quench, so these may not be used. Combined heat and smoke
detectors are recommended instead.
Fire extinguishers in the vicinity of the magnet room must be non-magnetic (stainless steel
or aluminum). It is the obligation of the customer to inform the local fire department about the
dangers of magnetic fields. These magnets stay at field for a long time even in a most blazing
fire!
Ceiling sprinkler heads should be made of metal instead of glass. A quench could falsely
trigger the alcohol-filled glass vials, which can shatter in the presence of cold helium gas.
Sprinklers should not be located directly over the magnet.
Any sprinkler lines or other metal pipes located above the magnet should be thermally-
insulated to prevent O2 condensation or water freezing in the line from the large amount of
cold He gas following a magnet quench.
A pre-action sprinkler system is recommended, as it is not loaded with water, but is
activated through an interlock mechanism enabling the water to fill the lines in case of a fire.
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9 Floor Plan


9.1 Magnet Location
When locating the magnet, certain considerations must be made with regards to the
laboratory environment:


• To increase magnet homogeneity, the magnet should be located away from permanent
iron structures such as support beams in walls and floors. Reference: Electromagnetic
Interference [} 54].


• To increase temperature stability, the magnet should not be placed in direct sunlight or
near any artificial heat source. The magnet should also not be placed under or in close
proximity to air-vents or in an area that experiences air drafts. Air should not be blown
directly down or towards the NMR magnet.


• When possible, avoid a situation where a significant stray field (>5 G / 0.5 mT) extends
into adjacent rooms.


• There should be free access to the magnet from all sides.


Figure 9.1: Top View of an Ascend Magnet
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9.2 Dimensions and Mass of Equipment
The floor of the NMR laboratory must be sufficiently strong to support the magnet, the
spectrometer, and other ancillary equipment. The following tables provide the dimensions
and weights of equipment, and the footprint and weight of magnets (filled with cryogens and
including stand). The assembly of the magnet system, the magnet energization and refills
with liquid helium require additional ceiling height.


Component Width (m) Depth (m) Height (m) Weight (kg)


AVANCE TwoBay 1.31 0.83 1.55 454


AVANCE OneBay 0.69 0.83 1.29 ~210


AVANCE NanoBay 0.45 0.88 0.71 130


Table / Workstation 1.20 1.00 0.75 68


MicroImaging Cabinet 0.69 0.83 1.55 205 / 150


BCU-I 0.50 0.55 0.48 46


BCU-II 0.55 0.59 0.74 74


Prodigy Unit 0.60 0.40 0.46 68


For the CryoProbe option refer to CryoProbe and Other Accessories [} 87].


Table 9.1: Dimensions and Weights of NMR Equipment


9.3 Floor Load
The floor must be sufficiently strong to support the mass of the equipment, plus the weight of
any installation devices, e.g. hoists etc. The floor must also be as rigid as possible to reduce
the effects of vibration.
The overall floor load may be calculated from the total magnet weight distributed over the
overall footprint of the magnet.
The magnet is supported by a total of 9 small pads (3 pads per post). The maximum point
load may be calculated by the total weight of the magnet distributed over the total contact
area of the 9 points. Each pad is circular and has a diameter of 80 mm.
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Magnet Dimensions and Mass
The values in the following table correspond to the following figure:


Figure 9.2: Magnet Dimensions


A. Maximum magnet diameter
B. Magnet height from the floor, including stand.
C. Overall footprint diameter
Refer to the Magnet Dimensions and Total Weights table for the values of A, B, and C.


Magnet Type A
Maximum


Magnet
Diameter


(m)


B
Magnet Height
from the Floor


Including Stand
(m)


C
Overall


Footprint
Diameter


(m)


Total Magnet
Weight incl.


Stand &
Cryogens


(kg)*


300/54 US 0.72 1.93 0.89 292


300/54 Ascend ULH 1.30 2.14 1.38 499


400/54 Ascend 1.30 2.14 1.38 572


400/54 Ascend ULH 1.30 2.14 1.38 620


500/54 Ascend 1.30 2.14 1.38 740


500/54 Ascend ULH 0.95 2.61 1.67 1050


600/54 Ascend 0.80 2.47 1.38 850


600/54 Ascend ULH 1.10 2.84 1.79 1460


700/54 Ascend 0.95 2.61 1.67 1446


800/54 Ascend 1.10 2.84 1.79 2110
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Magnet Type A
Maximum


Magnet
Diameter


(m)


B
Magnet Height
from the Floor


Including Stand
(m)


C
Overall


Footprint
Diameter


(m)


Total Magnet
Weight incl.


Stand &
Cryogens


(kg)*


* With standard magnet stand, the weight with optional stands will vary. ULH = Ultra Long Hold


Table 9.2: Magnet Dimensions and Weight: Standard Bore 54 mm


Magnet A
Maximum


Magnet
Diameter


(m)


B
Magnet Height
from the Floor


Including Stand
(m)


C
Overall


Footprint
Diameter


(m)


Total Magnet
Weight incl.


Stand &
Cryogens


(kg)*


300/89 Ascend 1.30 2.49 1.38 540


400/89 Ascend 1.30 2.49 1.38 682


500/89 Ascend 0.80 2.72 1.38 770


600/89 Ascend 0.95 2.86 1.67 1446


700/89 Ascend 1.04 2.99 2.29 ~2110


* With standard magnet stand, the weight with optional stands will vary.


Table 9.3: Magnet Dimensions and Weight: Wide Bore 89 mm


Magnet A
Maximum


Magnet
Diameter


(m)


B
Magnet Height
from the Floor


Including Stand
(m)


C
Overall


Footprint
Diameter


(m)


Total Magnet
Weight incl.


Stand &
Cryogens


(kg)*


200/154 Ascend 0.85 2.75 1.43 780


300/154 Ascend 0.85 2.75 1.43 780


Table 9.4: Magnet Dimensions and Weight: Super Wide Bore 154 mm


9.4 Floor Types
Generally a liquid nitrogen resistant floor material must be used, such as PVC or wood
that has been painted or varnished. Unfinished wood must not be used as this will absorb
liquid nitrogen. This also implies that wood floors must be regularly maintained to help
prevent absorption.
Many of the system components contain highly sensitive electronic devices that must be
protected from Electrostatic Discharge (ESD) by proper floor covering and grounding
practices.
To prevent ESD damage in the magnet room, the system must be installed on an ESD
resistant flooring such as vinyl, and properly grounded. One of the most important
characteristics of an ESD resistant floor is its ability to conduct charges to ground. The
second most important aspect is its anti-static property.
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9.5 Magnet Pits
When the magnet must be sited in an existing magnet pit, pay attention to the following:


• Special rigging equipment and a temporary platform to support and lower magnet inside
the pit.


• Continuous ventilation and emergency exhaust inside the pit (please refer to special notes
related to pits in sections HVAC (Heating Ventilation Air Conditioning) [} 67] and
Emergency Ventilation During Installation and Quenches [} 70]).


• Magnet refills and access for transport dewars.
• Cable lengths.
• Siting the BCU-I or BCU-II cooling unit.
• Siting the CryoPlatformTM.


Consult your local Bruker Installation Engineer for details.


9.6 Magnet Platform
For smaller magnet systems, ladders and small platforms are most commonly used to
facilitate sample insertion, cryogen fills, etc.
Ladders for platforms must be constructed of wood or aluminum to keep magnetic
interference down to a minimum.
If climbing a ladder is not a feasible option, a magnet platform may be required. These are
typically built to facilitate sample insertion on the larger systems (600 MHz and up), however
smaller platforms can be used on smaller systems.
The platform must be constructed of wood or other non-magnetic material. It must
accommodate the magnet and provide safe access for sample insertion and cryogen fills.
Consult you Bruker office for further guidelines when using a magnet platform.


Figure 9.3: Example of a Simple Magnet Platform
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9.7 Helium Flex Lines
The purpose of the helium flex lines is to transport the helium gas from the compressor to the
cold head and back. The flex lines are isolated and are usually placed on the floor.


• The preferred route is to keep the helium flex lines at floor level. The lines exit the rotary
valve column close to the floor, and continue to the compressor. The minimum bending
radius of 50 cm must be respected.


• It is always important to route the lines such that tripping hazards and obstructions are
avoided, and to protect the physical integrity of the flex lines at all times.


9.8 Maximum Field Strengths for NMR Equipment
Once the location of the magnet has been decided, it is time to determine where the
remainder of the equipment will be placed. Protection of motors and electronics from
magnetic stray fields is crucial.


Unit Maximum Field Strength


AVANCE cabinet 1.0 mT (10 G) line


BCU-I, BCU-II 5.0 mT (50 G) - max. 2.7m from magnet center


LCD computer monitor* 1.0 mT (10 G)


Computers e.g. NMR workstation, PC 0.5 mT (5 G)


Printer, plotter 0.5 mT (5 G)


CryoProbe system components (e.g. He
compressor, He steel cylinder and its
transport path)


0.5 mT (5 G)


CryoCooling unit 5.0 mT (50 G)


Gas cylinders 0.5 mT (5 G)


Heavy metal office furniture e.g. filing
cabinet**


0.5 mT (5 G) - not recommended in magnet
room


Movable metal chair Not recommended in magnet room


* The working place for personnel should be outside the 0.5 mT (5 G) line. An additional
LCD monitor and keyboard can be located at the 1.0 mT (10 G) line for probe
adjustments etc.
** Use wooden furniture if access during critical measurements is required.


Table 9.5: Maximum Field Strength for NMR Equipment


9.9 Cabinet Position
The various units within the AVANCETM cabinet, especially the acquisition computer, must be
kept at a minimum distance from the magnet. Protection of the acquisition computer and
digital electronics from the magnet’s stray field is best achieved by positioning the cabinet so
that the acquisition computer is no closer than the 1.0 mT (10 G) line. Any ancillary cabinets
such as microimaging must also be placed outside the 1.0 mT (10 G) line. To allow adequate
ventilation for the cabinet, it must be positioned no closer than 30 cm from the back of the
cabinet to any walls. For service access to the rear, there must be sufficient space for the
cabinet to be pulled out from the wall.For ease of cabling, locate electrical outlets and
compressed air supply close to the rear of the cabinet.
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9.10 Worktable Position
Magnetic storage devices are sensitive to the stray field and attention must be given to their
position relative to the magnet.


• The workstation and additional disks, are normally placed on the worktable, and should
not be exposed to fields greater than 1.0 mT (10 G).


• For convenience of operation, no direct light should fall on the LCD panel, nor should
there be a strong light source at the back of the panel. A separate dimmer or at least
partial switching is recommended for the lights in the worktable area.


9.11 Service Access Requirements
The following recommendations will ensure that there is sufficient space for accessing the
system, as well as providing adequate ventilation:


• Ventilation: A minimum of 30 cm must left between the back of the cabinet and any wall to
ensure proper ventilation.


• Service access - AVANCE: Sufficient space (~ 60 cm) must be left in front of the AVANCE
so the cabinet may be pulled away from the wall for service. Service access to the sides is
not required.


• Service access - Magnet: There must be enough space between the magnet legs and the
wall such that a service person can walk all the way around the magnet. Also, when
refilling the cryogen levels, large dewars must be brought close to the magnet. Ensure that
the magnet room is suitably spacious to allow easy access for the dewars. If a platform is
not used then there must also be enough room for a ladder. As a rule of thumb the
magnet must be accessible over at least half of its circumference for a radial distance of 2
m from the side of the magnet and be no closer than 0.8 m to the nearest wall.


The following are miscellaneous, but important things to think about when creating a
workable floor plan:


• For ease of cabling, locate electrical outlets and compressed air supply close to the rear of
the cabinet and by the magnet.


• The door to the magnet room must be easily accessible from all parts of the room. It is
advantageous to have the doors located so that traffic though the room does not approach
the magnet. The door to the magnet room should swing out to allow for a rapid and easy
exit in case of an overpressure from cryogenic gases.


• As a rule gas cylinders must be stored outside the room. If for any reason they must be
placed in the magnet room located as far away from the magnet as possible and secured
properly to a wall well outside the 5 Gauss.


• Ensure that convenient and safe pathways are available so that cryogen transport dewars
can easily be moved into and out of the magnet room. This includes making sure that the
cryogen dewars do not run over cabling, and that the equipment/furniture is located to
allow for access.


• Make provision for sample/solvent preparation and storage space, documentation storage
space, personal computers, printer/plotter tables, workstations etc.


• Under no circumstances should movable office chairs made of magnetic material be used
in the laboratory.


• Make provision for installing a telephone and lines for, e.g. Internet access. It is most
convenient if the operator can use the phone while sitting at the spectrometer worktable.


Finally, before a final layout is decided, consider future equipment that may need to be
installed. Remember that once installed, the magnet must not be moved.
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9.12 Layout Examples
The following layout examples of some NMR systems include the equipment and utilities. A
description of each of the NMR system components is presented in the chapter System
Components [} 19], while the details regarding the utility requirements are presented in the
chapter Utility Requirements [} 59].
If a CryoProbe System is planned, be sure to refer to CryoProbe and Other Accessories
[} 87] for specific information on CryoProbe site requirements.


Figure 9.4: Ascend 400 Layout Example
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Figure 9.5: Top View of the Ascend 400 Magnet


1 AVANCE Console 7 Preamplifier
2 Temperature Control Unit BCU I 8 Sample Changer
3 Magnet System 9 Damping Post for CryoProbe


Transfer Line
4 0.5 mT (5 Gauss) Line 10 He Gas Cylinder 6.0 for CryoPlatform
5 Operator’s Desk 11 CryoPlatform
6 Cryocooler Cold Head with Noise


Cover
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Figure 9.6: Ascend 800 Layout Example
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Figure 9.7: Top View of the Ascend 800 Magnet


1 AVANCE Console 7 He Gas Cylinder 6.0 for CryoPlatform
2 Temperature Control Unit BCU I 8 Damping Post for CryoProbe


Transfer Line
3 Magnet System 9 CryoPlatform
4 0.5 mT (5 Gauss) Line 10 Preamplifier
5 Sample Changer 11 He Compressor Air Cooled Version
6 Operator’s Desk 12 Outdoor Heat Exchanger Air Cooled
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10 CryoProbe and Other
Accessories
The CryoProbe accessory for the AVANCE™ Series NMR Spectrometers offers dramatic
increases in signal to noise ratio (S/N) by reducing the operating temperature of the NMR coil
assembly and the preamplifier.
The CryoProbe accessory consists of two major components: the CryoProbe and the
CryoPlatform. The CryoProbe is similar to a standard probe, however contains cryogenically
cooled RF coil and electronics. The CryoPlatform, which provides cryogenic cooling for the
CryoProbe, is made up of:


• CryoCooling Unit with control electronics.
• Helium Compressor (along with any associated cooling equipment).
• Helium Gas Cylinder (for purging of the CryoProbe).
• Helium transfer lines and transfer line support.


The CryoCooling Unit must be sited adjacent to the magnet, whereas the Helium Compressor
and Helium Gas Cylinder may be sited remotely. The first step in the site planning involves
review of the magnet area to determine if floor space is available to accommodate the
CryoCooling Unit. The CryoCooling Unit is optimally located level with the magnet. Other
configurations, such as magnet pits that can not accommodate the CryoCooling Unit, require
special consideration.
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Figure 10.1: CryoProbe System Overview


Refer to the layout examples for more information.
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10.1 CryoCooling Unit
The CryoCooling Unit is installed adjacent to the magnet outside the 50 Gauss (5 mT) line.
The shim cable must be 180º from the CryoProbe front plate. The shim stack may be rotated
if necessary.


Dimensions: Width: 68 cm
Depth: 89 cm
Height: 96 cm


Weight: 400 kg


Voltage:
Required external fuse
upstream:


230 V AC +/- 10%, 1 phase, 50-60 Hz.
T 10 A (T = time-lag fuse)


Power consumption: Peak 0.8 kW
Average 0.5 kW
(systems produced before June 2005: peak power of
1.5 kW)


Acoustic noise: Maximum 61 dB(A) 2 meters distant


Maximum room ambient
temperature:


30°C. No operation above this temperature is
approved.


Helium gas supply: A high purity helium (He) gas cylinder (6 N = 99.9999%
or better, maximum impurity concentration 1 ppm).


Compressed air or nitrogen
supply:


With a pressure of > or = to 4.5 bar.


Position: Outside 50 Gauss (5 mT) stray field.


Table 10.1: CryoCooling Unit Specifications


10.2 Helium Compressors
The next step in the site planning for a CryoProbe accessory involves determining the type
and location of the helium compressor. Since the helium compressor generates a
considerable amount of heat (7.5 kW average, 8.5 kW peak), it must be cooled to prevent
overheating. Bruker offers both water cooled and air cooled helium compressors. In either
case, placing the compressor in a remote room (allowing He gas flex lines up to 20 m to
reach the CryoCooling unit) or an enclosure will keep the noise of the unit out of your
laboratory. Outdoor helium compressors may be sited at increased distances allowing He gas
lines up to 40 m to reach the CryoCooling Unit.


10.2.1 Available Models


Three models of helium compressors are currently available. All the compressors must be
sited outside the 5 Gauss (0.5 mT) line, generate the same amount of heat (7.5 kW average)
and have the same power requirements (3 Phase, 208 V). The correct helium compressor for
your laboratory may be determined based on the desired location for the unit (indoor,
outdoor, and distance from the CryoCooling Unit) and the availability of a chilled water
supply. Helium transfer lines connect the helium compressor to the CryoCooling unit and are
available in several different lengths as shown below.
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10.2.1.1 Helium Compressor - Indoor Water Cooled


• Requires chilled water source (supplied by customer) with a flow and temperature within
the specified admissible ranges shown in the plots below. It is important that not only the
temperature stays below the maximum temperature threshold but also the flow is not
greater than the upper threshold shown. Caution: Do not use demineralized or deionized
water.


• The water supply and return lines to the He compressor should be fitted with temperature,
flow, and pressure gauges that are visible. The water hoses from the water lines to the He
compressor should be 3/4" in size. These hoses are not supplied with the CryoProbe
system, and are to be provided by the customer.


• It is recommended to isolate the cooling water loop for the He compressor from the
building water system by using either a refrigerated chiller or a water-water heat
exchanger. If building cooling water is not available, an air-cooled indoor or outdoor chiller
may be used.


Figure 10.2: Admissible Ranges for the Temperature and Flow of the Cooling Water.


Figure 10.3: Cooling Water Typical Flow Characteristics
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Characteristics


Inlet Temperature Range [°C] (°F) [4.0 ~ 28.0] (39.2 ~ 82.4)


Inlet Pressure Range [MPa] (psig) [0.10 ~ 0.69] (14.5 ~ 100)


Flow Rate [liter/min.] (gallon/min.) [4.0 ~ 10.0] (1.1 ~2.6)


Pressure Drop [MPa] (psig) [0.025 ~ 0.085] (3.55 ~ 12.1)


Heat Output [kW ] (BTU/Hr) into
the water (residual of 0.5 kW into
air)


<Steady State>
[< 6.5] (< 22180) for 50Hz
[< 7.5] (< 25590) for 60Hz
<Maximum>
[< 7.2] (< 24570) for 50Hz
[< 8.3] (< 28320) for 60Hz


Quality


pH Value
Electrical Conductivity
Chloride Ion
Sulfate Ion
M-Alkalinity
Total Hardness
Calcium Hardness
Ionic Silica
Iron
Copper
Sulfide Ion
Ammonium ion
Residual Chlorine
Free Carbon Dioxide
Stability Index
Suspended Matter
Particle Size


6.5 to 8.2 at 25 °C (77 °F)
< 80 mS / m
< 200 mg/liter
< 200 mg/liter
< 100 mg/liter
< 200 mg/liter
< 150 mg/liter
< 50 mg/liter
< 1.0 mg/liter
< 0.3 mg/liter
None, Not detectable
< 1.0 mg/liter
< 0.3 mg/liter
< 4.0 mg/liter
6.0 to 7.0
< 10 mg/liter
< 100 μm


Table 10.2: Cooling Water Specifications


• Ambient operating temperature 5–28ºC.


Figure 10.4: Helium Compressor - Indoor Water Cooled
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10.2.1.2 Helium Compressor - Indoor Air Cooled


• The room air handling system must be able to dissipate 7.5 kW of heat.
• Siting this helium compressor in the same room as the NMR is not recommended.
• Ambient operating temperature 5–28ºC.


Figure 10.5: Helium Compressor - Indoor Air Cooled


10.2.1.3 Helium Compressor - Outdoor Air Cooled


• The Outdoor Air Cooled helium compressor consists of an Outdoor Unit and an Indoor
Unit.


• The outdoor unit is specified to operate between the temperatures of –30ºC to 45ºC.


Figure 10.6: Helium Compressor - Outdoor Air Cooled
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10.2.2 Space Requirements and Specifications


10.2.2.1 Indoor Helium Compressors


The indoor helium compressors (air or water cooled) have space requirements to allow for
airflow and servicing the unit. The minimum room space needed is 1.25 m (width) x 0.8 m
(depth) x 0.7 m (height).


Sumitomo Type: F-50L F-50H CSA-71A


Type of Compressor: Water-cooled Water-cooled Air-cooled


Dimension: Width: 45 cm
Depth: 48.5 cm
Height: 59.1 cm


Width: 45 cm
Depth: 48.5 cm
Height: 59.1 cm


Width: 55 cm
Depth: 55 cm


Height: 88.5 cm


Weight: 120 kg 120 kg 140 kg


Voltage: 3 x 200 V @ 60 Hz 3 x 400 V (380,
400, 415 @ 50 Hz,
or 460, 480 @ 60


Hz


3 x 200 V @ 50/60
Hz US no plug


supplied


Mainly deliverd to: USA/CA/JP EU/CH USA/CA/JP


Operating Current: 26 A 13 A 25 A


Minimum Circuit Ampacity: 35 A 17 A 35 A


Maximum Fuse Size: 60 A 30 A 60 A


Compressor LRA: 160 A 75 A 100 A


Power Requirements
Minimum:
Recommended:


9 kVA
12 kVA


9 kVA
12 kVA


9 kVA
12 kVA


Power Consumpton
Cool Down max. 50/60 Hz:
Steady State max. 50/60
Hz:


7.2/8.3 kW
6.5/7.5 kW


7.2/8.3 kW
6.5/7.5 kW


7.2/8.3 kW
6.5/7.2 kW


Water supply to remove
the heat load (cooling
power > 8.3 kW):


Flow: 420 l/hour
Temperature: 4-28°C
Water Quality: PH 6.5-8.2
Hardness: mg[CaCo3]/l < 200
Molybdate-reactive silicate: < 50 mg/l
Suspended matter: < 10 mg/l
Maximum pressure: < 7 bar (100 PSI)


---


Helium Gas Supply: A high purity helium (He) gas cylinder (6 N = 99.9999% or
better, maximum impurity concentration 1 ppm).


Acoustic Noise: Maximum 60 dB(A), 2 meters distant.


Ambient Operating
Temperature:


5 to 28°C (41 to 82.4°F) 30°C


Table 10.3: Technical Data for Indoor Compressors
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10.2.2.2 Outdoor Helium Compressors


The outdoor helium compressor has an outdoor and an indoor unit. Each component has
space requirements for airflow and servicing.
The indoor component requires a space of 0.5 m (width) x 1.3 m (depth) x 1 m (height).
The outdoor component requires a space of 1.4 m (width) x 1.7 m (depth) x 1.25 m (height),
and should be sited on a concrete slab.


Sumitomo Type: F-70H (Europe) F-70L (USA) CNA-61D


Type of Compressor: Air Air


Dimension: Width: 93 cm
Depth: 33 cm
Height: 92 cm


Width: 93 cm
Depth: 33 cm
Height: 92 cm


Width: 91 cm
Depth: 40 cm


Height: 105 cm


Weight: 142 kg 142 kg 115 kg


Voltage: 3 x 460-480 V @ 60
Hz


3 x 380/400/415 V @
50 Hz


3 x 200 V @ 50/60
Hz


3 x 400 V @ 50
Hz


Mainly delivered to: EU/CH USA/CA/JP EU/CH


Operating Current: 13 A 30 A 13 A


Minimum Circuit
Ampacity:


20 A 40 A 30 A


Maximum Fuse/Circuit
Breaker Size:


30 A 60 A 30 A


Compressor LRA: 13 A 30 A 74 A


Power Consumption
Cool Down max. 50/60
Hz:
Steady State max.
50/60 Hz:


<8.0/<9.0 kW
6.9-7.2/7.9-8.2 kW


8.0/9.2 kW
7.5/8.5 kW


Acoustic Noise: Maximum < 75 dB(A) at 1m, outdoor unit only.


Ambient Operating
Temperature:


-30 to 45°C (-22 to
112°F)


-30 to 45°C (-22 to
112°F)


-30 to 45°C (-22
to 112°F)


Table 10.4: Technical Data for Outdoor Compressors
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10.3 Helium Cylinders
The next step in the site planning for a CryoProbe accessory involves determining the
location for the helium gas cylinder. A research grade helium cylinder (grade 6.0, 99.9999%)
is supplied by the customer and is connected to the CryoCooling unit. The cylinder must be
outside the 5 Gauss line in a serviceable location (i.e. changing the bottle should not interfere
with nearby magnets). The helium regulator and a special He gas hose are supplied by
Bruker.
Two lengths for the He gas hose line are available (10 m and 20 m).
The helium compressor and helium gas cylinder may be sited in a remote room or in the
same room as the spectrometer as shown in the layout examples.


10.4 Summary of CryoProbe Options


Helium Compressors (3 Options)
• Indoor Air Cooled
• Indoor Water Cooled
• Outdoor Air Cooled


Helium Gas Transfer Lines
For Indoor Helium Compressors (3 Options)


• 6 m
• 10 m
• 20 m


For Outdoor Helium Compressors (11 Options)
• 3 m indoor line / 10 m outdoor line
• 3 m indoor line / 20 m outdoor line
• 3 m indoor line / 30 m outdoor line
• 6 m indoor line / 10 m outdoor line
• 6 m indoor line / 20 m outdoor line
• 6 m indoor line / 30 m outdoor line
• 10 m indoor line / 10 m outdoor line
• 10 m indoor line / 20 m outdoor line
• 10 m indoor line / 30 m outdoor line
• 20 m indoor line / 10 m outdoor line
• 20 m indoor line / 20 m outdoor line


Helium Cylinder High Pressure Gas Line (2 Options)
• 10 m
• 20 m







CryoProbe and Other Accessories


96 H157654_3_009


Helium Transfer line from CryoCooling Unit to CryoProbe
• A standard length transfer line, determined by the magnet, is delivered with each


CryoPlatform. Longer transfer lines may be ordered if necessary to accommodate the
CryoCooling unit in your laboratory. If a longer transfer line is required a special review of
your site will be required.


CryoPlatform
CryoCooling Unit


• Located outside 50 Gauss (5 mT) line.
• Must be serviceable from all sides.
• Must be at least 0.5 meters from walls on all sides.


Helium Compressor- Indoor Water or Air Cooled
• Located outside 5 Gauss line.
• Minimum room space is 1.25 m (width) x 0.8 m (depth) x 0.7 m (height).
• Must be serviceable from top and left side.
• The distance between the CryoCooling unit and the helium compressor component is


defined by the helium transfer lines ordered.
• Chilled water lines must be supplied to helium compressor (water cooled unit only).
• Ambient operating temperature 5º–28ºC.


Note:
The indoor helium compressor has rollers and is connected to flexible helium transfer lines.
Water-cooled models are additionally connected to water lines supplied by the customer
(typically high pressure flexible water tubing).


Helium Compressor - Outdoor Air Cooled
• Consists of one small indoor unit, one outdoor unit, and transfer lines connecting the units.
• Located outside the 5 Gauss lines (for both the indoor and outdoor unit).
• Requires indoor space of 0.5 m (width) x 1.3 m (depth) x 1 m (height).
• Requires outdoor space of 1.4 m (width) x 1.7 m (depth) x 1.25 m (height).
• The distance between the CryoCooling unit and the two helium compressor components


is defined by the transfer lines ordered.
• Ambient operating temperature for outdoor components is -30–45ºC.


Helium Cylinder
• The distance between the CryoCooling unit and the helium cylinder is defined by the


length of the He gas hose ordered.
• Must be in a serviceable location (to change cylinder and not interfere with magnet).
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10.5 CryoProbe Prodigy System (Optional)
The CryoProbe Prodigy uses nitrogen-cooled RF coils and preamplifiers to deliver a
sensitivity enhancement over room temperature probes of a factor of 2 to 3. The Prodigy
package is comprised of:


• A CryoProbe Prodigy
• The Prodigy Control Unit (PCU)
• A liquid nitrogen vessel.


Figure 10.7: CryoProbe Prodigy and Control Unit


Equipment Dimensions


Prodigy Unit 60 x 40 x 46 cm3 (L x W x H); add 15 cm for rear
connections.


LN2 Dewar 50 x 62 x 135 cm3 (L x W x H); width includes
dewar handles.


Table 10.5: Prodigy System Equipment Dimensions


Electrical Requirements


Prodigy Unit 100-120 VAC / 50-60 Hz / max. 10 A / max. 0.6
kW.
220-240 VAC / 50-60 Hz / max. 5 A / max. 0.6 kW.


Optional Weight Scale 100-120 VAC or 220-240 VAC / 50-60 Hz.


Table 10.6: Prodigy System Electrical Requirements
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N2 Gas Requirements


Case 1:
In-house N2 gas supply used as the
main N2 source.


Pressurized N2 Gas:
• N2 content: > 95% by volume
• Dew point: < -60°C @ 1 bar
• Pressure: 6-10 bar
• Oil content: < 0.005 ppm (0.00425 mg/m3)
• Solid impurities: Use 5 micron filters, filters


should retain 99.99% of the specified particles.
Capacity:


• Prodigy Unit: 40 l/min. (1.4 cfm) + VT gas: 11
l/min. (0.4 cfm).


• Sample protection option: Add 40 l/min. (1.4
cfm) to above values.


Case 2:
Compressed air with dew point <
-25°C available.


Use an N2 gas separator to generate the required
N2 gas on site (as specified in Case 1). Bruker
offers a N2 Separator (P/N 46540). Requirements
for compressed air:


• Pressure: 7-10 bar.
• Oil content: < 0.005 ppm (0.00425 mg/m3)
• Solid impurities: Use 5 micron filters, filters


should retain 99.99% of the specified particles.
• Capacity: > 200 l/min. (7 cfm).


Case 3:
Compressed air with dew point >
-25°C available.


Use an additional air dryer in order to obtain
compressed air with a dew point < -25°C @ 1 bar
(as specified in Case 2 above). Bruker offers a
membrane dryer with 60 l/min., -80°C (P/N
1808577).


Backup N2 Gas Supply
(optional; in addition to any of the
main gas supply variants above).


Independent N2 gas source, e.g. a N2 gas cylinder
fitted with a pressure reducing value.
Specifications: See Case 1 above.


Table 10.7: Prodigy System N2 Gas Requirements


Ventilation Requriements


Free room volume (exchangeable
gas volume) Vfree = Vroom - Vfurniture


>/= 70 m3.


Fresh air supply rate >/= 200 m3 h-1. During LN2 refill: >/= 400 m3 h-1


Further local regulations may apply.


Table 10.8: Prodigy System Ventilation Requirements
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10.6 CryoFit
This section describes the requirements for the site planning for the CryoFit.


10.6.1 Introduction


A CryoFit converts a standard CryoProbe into a flow probe within a few minutes. The CryoFit
is a long metal pole with a flow cell. The flow cell is positioned inside the CryoFit during
storage and installation. The outlet capillary is attached to the flow cell and runs inside the
metal-pole to the top of the CryoFit. The inlet capillary is attached to the flow cell and is guide
during the installation procedure through the VT-air inlet of the probe to the outside.
CryoFits are compatible with all newer 5 mm He-cooled CryoProbes as well as Prodigy
CryoProbes.
The CryoFit is inserted from the top of the magnet into the upper part of the shim system
(BST Upper Part) is pushed into the magnet until the end of the CryoFit sits in the spinner
turbine. After this installation procedure the flow cell is pushed into the NMR probe so that is
located in the area of the NMR coils like a sample tube.


10.6.2 Installation Requirements


Two essential requirements have to be observed for the CryoFit.
1. The CryoFit must be long enough to that it fits into the BST and the flow cell can reach


the magnet center. This requirement is automatically checked during the order review.
– If a CryoFit is ordered as accessory for an already existing, older magnet the length


should be verified as the automatic conversion might not work properly.
– The automatically selected CryoFits are will be compatible with all types of sample


changers and included some security margin. In case a problem with the available
ceiling height –see (2) below–, you can verify if the smaller CryoFit fits the current
instrument configuration, for example if no SampleChanger is included.


2. The CryoFit requires a minimum ceiling height so that the distance between BST upper
part and the ceiling allows the insertion of the CryoFit.


– The calculation of the required ceiling height depends on many parameters (type of
magnet, magnet feet, BST length, type of sample changer).


For the calculation of the magnet ceiling height (MCH) refer to the CryoFit Site Planning
Guide.
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11 Installation
All the general requirements such as power supply, compressed air supply, etc. which were
discussed in the preceding chapters must first be arranged before taking delivery of the
system. It must be stressed that any installation requirements listed below such as cryogen
supplies, are in addition to those needed for normal system operation.
Where necessary the customer is advised to contact the local Port Authorities to clarify
arrangements for custom clearance. If the transport crates must be opened you must first
contact Bruker, as the crates are shipped utilizing ShockwatchTM and TiltwatchTM. Failure to
do this may invalidate the warranty. If the transport crates are opened for any reason they
must then be stored indoors (out of direct sunlight).


11.1 Overview
The spectrometer system will arrive at the site in crates. The crates should only be opened by
the Bruker BioSpin service engineer. The commissioning of the magnet involves several
stages as outlined in the table below. The installation time line given below is an
approximation; each site is slightly different.


Duration Procedure


ca. 3-8 hours Transport fixtures are removed. Cryostat is assembled.


2-4 days The magnet is evacuated and flushed through with nitrogen.


1-3 days Cool down of the magnet with liquid nitrogen.


1 day Cool down of the magnet with liquid helium.


1-2 days Charging of the magnet.


1 day Cryo-shimming of the magnet.


1 day Running NMR experiments to demonstrate standard specifications.


Table 11.1: Overview of Magnet Commissioning


11.2 Accessibility
Before the arrival on site, the customer must ensure the equipment can be delivered, and
transported safely to the final location inside the laboratory.


• Ensure that doorways, passageways and lifts have sufficient clearance.
• Extra large doorways are required for the larger magnets.
• Equipment such as forklifts or hydraulic pallet jacks are necessary for transporting the


magnet and accessories.
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11.3 Installation Requirements Checklist
For the installation the customer must provide the following:


Lifting equipment and minimum ceiling height as outlined in the table in
Charging the Magnet [} 103]. Pallet jack and/or fork lift for transporting system
accessories.


___


A cylinder of N2 gas 50l/200 bar (~2 cu.ft, 3000 psi, 4.6 grade) with reducing
regulator valves to deliver pressure of 0.5 bar (~8 psi), as specified in Other
Specifications [} 62].


___


A cylinder of He gas 50l/200 bar (~2 cu.ft, 3000 psi, 4.6 grade) with reducing
regulator valves to deliver a pressure of 0.2 bar (~3 psi), as specified in the
section Other Specifications [} 62].


___


Quantities of liquid helium and nitrogen as specified in the table in Charging the
Magnet [} 103].


___


Liquid helium and nitrogen transport dewars as specified in Compressed Gas
[} 61].


___


One power outlet 230V/16A (USA 208V/30A) single phase and two more
230V/16A (USA 208V/20A) single phase power outlets are needed to run a
vacuum pump, a heat gun, and a power supply unit. These power outlets must
be available in addition to the main power source used to run the spectrometer.


___


Step ladder (non-magnetic e.g. aluminum, fiberglass, or wood). ___


Where possible the customer should provide the following:
• Heat gun or hand held hair dryer (min. 1200 W).
• Cryogenic gloves.
• Electric screwdriver.


___


Table 11.2: Installation Requirements Checklist


11.4 Installation Procedure
The various steps and procedures mentioned in the Overview [}  101] will be discussed in
detail in the following sections.


11.4.1 Magnet Assembly


When the magnet is delivered (do not uncrate it!) it must first be assembled by the installation
engineer. The assembly area must be clean, dry and free of dust.
The assembly may require that the engineer works beneath the magnet and thus special
rigging equipment is required.Refer to the section Magnet Access and Rigging [}  25] for
special equipment requirements for assembly.
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11.4.2 Magnet Evacuation and Flushing with Nitrogen Gas


Once the magnet has been assembled and placed in the magnet room, rough pumping of the
cryostat can begin. At the same time the cryostat is flushed through with dry nitrogen gas.
The customer must provide a 50l (4.6 grade)/200 bar (~2 cu.ft, 3000 psi) cylinder of dry
nitrogen gas (99.996% purity). The cylinder should be fitted with a secondary regulator valve
to deliver a pressure of 0.5 bar (~8 psi).
Further pumping of the cryostat is carried out by a turbo pump to reduce the internal
pressure.


11.4.3 Cooling the Magnet to Liquid Nitrogen Temperature


This next stage involves filling the magnet with liquid nitrogen. The quantity of liquid nitrogen
required is listed in the table in the Charging the Magnet [} 103]. The transfer dewars used
for precool generally have a capacity of 250 - 500 liters (attention: maximum pressure < 0.5
bar) with a fixture for pressuring and transferring via a stainless steel or corrugated plastic
tube of 10 mm (~3/8”) diameter.


11.4.4 Cooling the Magnet to Liquid Helium Temperatures


For this procedure, the customer must provide the following:
• A cylinder of helium gas: 50l (4.6 grade)/200 bar (~2 cu.ft, 3000 psi), 99.996%, with


secondary regulator value to deliver pressure of max 0.2 bar (~3 psi).
• Quantities of liquid helium as specified in the table found in Charging the Magnet [} 103].
• Liquid helium dewar: 250 - 500 liter capacity, with NW25 flange or suitable outlet


compatible with the 10 mm (~3/8").
When ordering the helium the customer should arrange to have it delivered immediately
before cooling the magnet to liquid helium temperature. If delivered to the site much earlier,
losses due to evaporation will occur and must be taken into account (usually 1% of nominal
volume/day).


11.4.5 Charging the Magnet


The final stage involves bringing the magnet to field. This will take 1-3 days depending on the
magnet type. During charging there is a possibility for the magnet to experience a quench.
The quantities of liquid helium for final cool down and energization/cryoshimming as well as
extra liquid helium required after one quench are specified in the table below. The customer
is required to provide the cryogens needed for the complete installation including up to two
training quenches.
The values of liquid nitrogen and helium in the table below are the minimum requirements. An
extra 20-30% of each is advisable, particularly as many suppliers will take back unused
cryogens.
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Magnet Transport Weights


Magnet Type Magnet
Weight
Empty
with


Magnet
Stand
(kg)*


Magnet
Weight
Filled
with


Magnet
Stand
(kg)


LN2
Needed
for
Precool
(l)


LHe
Needed
for Cool-
down
and
Charging
(l)


LHe After
a
Training
Quench
(l)


300/54 US 242 292 150 150 50


300/54 Ascend ULH
(standard/optional stand)


311/399 411/499 300 200 100


400/54 Ascend (standard/
optional stand)


417/505 484/572 400 200 100


400/54 Ascend ULH
(standard/optional stand)


437/525 532/620 500 300 150


500/54 Ascend (standard/
optional stand)


472/560 650/740 400 200 100


500/54 Ascend ULH 1025 1050 600 400 150


600/54 Ascend 730 850 500 300 160


600/54 Ascend ULH 1158 1435 850 600 400


700/54 Ascend 1235 1446 750 500 250


800/54 Ascend ~1626 ~1874 850 600 400


ULH = Ultra Long Hold
The weights of the accessories are approximations. The actual weight may vary
depending on the options and accessories that are ordered.
* For standard stand, weight will vary with optional stands.


Table 11.3: Magnet Transport Weights: Standard Bore 54 mm
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Magnet Type Magnet
Weight
Empty
with


Magnet
Stand
(kg)*


Magnet
Weight
Filled
with


Magnet
Stand
(kg)


LN2
Needed
for
Precool
(l)


LHe
Needed
for Cool-
down
and
Charging
(l)


LHe After
a
Training
Quench
(l)


300/89 Ascend (standard/
optional stand)


382/470 540 600 400 150


400/89 Ascend (standard/
optional stand)


593/681 682 600 400 150


500/89 Ascend 698 770 600 400 150


600/89 Ascend 1235 1446 750 500 250


700/89 Ascend ~1691 ~2110 1000 900 550


The weights of the accessories are approximations. The actual weight may vary
depending on the options and accessories that are ordered.
* For standard stand, weight will vary with optional stands.


Table 11.4: Magnet Transport Weights: Wide Bore 89 mm


Magnet Type Magnet
Weight
Empty
with


Magnet
Stand
(kg)*


Magnet
Weight
Filled
with


Magnet
Stand
(kg)


LN2
Needed
for
Precool
(l)


LHe
Needed
for Cool-
down
and
Charging
(l)


LHe After
a
Training
Quench
(l)


200/154 Ascend 649 780 480 200 100


300/154 Ascend 649 780 480 200 110


The weights of the accessories are approximations. The actual weight may vary
depending on the options and accessories that are ordered.
* For standard stand, weight will vary with optional stands.


Table 11.5: Magnet Transport Weights: Super Wide Bore 154 mm
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12 Contact
Manufacturer:


Bruker BioSpin AG
Industriestrasse 26
CH-8117 Faellanden
Switzerland
Phone: +41 44 825 9111
http://www.bruker.com


NMR Hotlines
Contact our NMR service centers.
Bruker BioSpin NMR provides dedicated hotlines and service centers, so that our specialists
can respond as quickly as possible to all your service requests, applications questions,
software or technical needs.
Please select the NMR service center or hotline you wish to contact from our list available at:
https://www.bruker.com/service/information-communication/helpdesk.html



http://www.bruker.com/

https://www.bruker.com/service/information-communication/helpdesk.html
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0    Preface 
This publication is intended to assist the EPR customer in selecting and preparing a 
location for an EPR spectrometer system. 


All information regarding the EPR system location is provided here. 


If the guidelines and instructions given in this document are adhered to, the EPR 
spectrometer system will perform well within its respective specifications. 


Any compromise made in preparation for the EPR system installation might 
degrade the spectrometer performance. In some cases this may lead to system 
operation even below specifications. 


Once the preparations are completed, a Bruker service engineer will arrive and 
install the EPR system. An acceptance test is performed during which the customer 
will receive a first introduction and training for the EPR system. 


This manual will discuss all EMX Series (Micro, Plus, and original) and EleXsys 
systems except those with superconducting magnets.  This information will be 
supplied if necessary in a separate document. 


The installation will not be performed unless Appendix B is signed and returned to 
Bruker. 


1  Safety Notes 
Safety is an important site planning consideration. The customer must ensure that 
the site is sufficiently spacious to allow safe and comfortable operation. 


It is the sole responsibility of our customers to ensure safety in the EPR laboratory 
and to comply with local safety regulations. Bruker is not responsible for any 
injuries or damage due to an improper room layout or improper operating routines. 


 


Caution 


There are high magnetic fields associated with all magnets especially with 
superconducting magnets. People with pacemakers or medical implants should not 
work in the immediate area of the magnet.  


Further, warning signs should be posted at key locations to avoid unpleasant or 
dangerous occurrences. 
 


 
 
All government codes as well as any state legislation take precedence over any suggestions 


made in this publication. 
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2 Site Selection 
For the installation and operation of an EPR spectrometer, several different 
requirements have to be met beforehand. The crates or the individual units must be 
moved to the installation site, the system units have to be arranged optimally in the 
designated room, and the proper electric and cooling utility supplies must be 
installed while complying with safety terms and electrical regulations.  


The following sections detail the requirements for laboratory size and shape (sec. 
2.1), the laboratory infrastructure (sec. 2.2) and floor loading (sec. 2.3) as well as 
the requirements for magnetic and electric environments (sec. 2.4). 


2.1   Laboratory Size and Shape 


Every site is unique and customer requirements differ. Very often a compromise 
between system performance and practical realities has to be made. It may not be 
feasible to remove previously installed structures. The proposed site may appear 
quite adequate for present needs but future developments in EPR must be consid-
ered as well, e.g. upgrade to high-frequency, high-field EPR.  


The figures below should be considered as the optimal suggestions for the layout of 
the EPR spectrometer system. It may well be that your system has more or less 
components. However, the figures depict the most common cases. 


2.1.1 Ceiling Height 


In most cases the standard ceiling height, about 2.50 m (~ 8 ft.), is well above the 
required clearance. One exception is for low temperature experiments with liquid 
helium (LHe).  Insertion of the transfer line into the LHe storage vessel may require 
a greater clearance height. However, this height is determined by the LHe storage 
tank dimensions. Ask your LHe supplier for the respective details. 


2.1.2 Magnet System 


Since the magnet is the heaviest element of the system, it is recommended that the 
magnet is put in place first. The other elements can then be placed according to the 
figures given below. 


The back side of the magnet should be at a distance of at least 1 meter (~ 3 ft.) from 
the wall. This ensures serviceability. The magnet and the rear side of the microwave 
bridge can then be accessed easily. In addition, enough space is available for 
maneuvering the liquid nitrogen dewar for low temperature experiments.  


Low-temperature EPR experiments require space behind or in front of the 
spectrometer, specifically the magnet. Depending on the local laboratory conditions 
there must be paths for the liquid helium and liquid nitrogen storage dewars. 
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NOTE 


The dimensions, E and F, of the electromagnet given in Table 2-1 and the layout 
figures must not be confused with the footprint of the magnet. E and F are the outer 
most extensions of the combination of magnet and magnet table. The table can be 
removed from the magnet for transport if necessary. 


NOTE 
Due to the magnet's weight, the magnet cannot be moved without using lifting forks 
or a hoist. Only qualified personnel should attempt to move the magnet. 


2.1.3 Layout of the EPR Spectrometer Systems 


2.1.3.1 EMXmicro Systems (All)   


 


                    
 


Figure 2-1: Top view of an EMXmicro series system.  Magnet dimensions are listed in Table 
2.1. Other dimensions are listed in Table 2-2.  The EMXmicro 6/1 does not include the 
transformer. 


 
Other system layouts are also possible, such as placing the magnet kitty-cornered or 
in a mirror image configuration. The important considerations for this system are:  


 The heat exchanger should be placed within close proximity to the 
cooling water source and drain if an external water supply is 
required. 


 The heat exchanger, magnet, and magnet power supply should be 
placed within close proximity of each other. 


 The transformer should be placed near the magnet power supply and 
power source.  


 The transformer is not required for the EMXmicro 6/1 system. 
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2.1.3.2 EMX and EMXplus 6/1 and */2.7 Systems       


 


 
 


Figure 2-2: Top view of an EMX or EMXplus 6/1 or */2.7system.  Magnet dimensions are 
listed in Table 2-1. Other dimensions are listed in Table 2-2.  The EMX and EMXplus 6/1 
systems do not include the transformer. This layout includes an RF Amplifier which is an 
option to the EMXplus system. 


 


Other system layouts are also possible, such as placing the magnet kitty-cornered or 
in a mirror image configuration. The important considerations for this system are: 
 


 The magnet power supply is located under the EMX or EMXplus 
console. 


 The heat exchanger should be placed within close proximity to the 
cooling water source and drain if an external water supply is 
required. 


 The heat exchanger, magnet, and magnet power supply should be 
placed within close proximity of each other. 


 The transformer should be placed near the magnet power supply and 
power source.  


 The ENDOR amplifier is an option only for the EMXplus systems. 
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 The ENDOR Amplifier should be placed as close to the magnet as 
possible.  It is suggested that it be placed on a moveable cart for easy 
magnet access when not in use. 


 The transformer is not required for the EMX or EMXplus 6/1 
systems. 


 


2.1.3.3 EMX and EMXplus 12kW or Larger System 


 
              


 
 


Figure 2-3: Top view of an EMX or EMXplus system with a power supply of 12kW or 
greater.  Magnet dimensions are listed in Table 2-1. Other dimensions are listed in Table 2-2.    
This layout includes an RF Amplifier which is an option to the EMXplus system. 


   


Other system layouts are also possible, such as placing the magnet kitty-cornered or 
in a mirror image configuration. The important considerations for this system are: 
 


 The heat exchanger should be placed within close proximity to the 
cooling water source and drain if an external water supply is 
required. 


 The heat exchanger, magnet, and magnet power supply should be 
placed within close proximity of each other. 
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 The transformer should be placed near the magnet power supply and 
power source.  


 The ENDOR Amplifier is an option only for the EMXplus systems. 
 The ENDOR Amplifier should be placed as close to the magnet as 


possible.  It is suggested that it be placed on a moveable cart for easy 
magnet access when not in use. 


 
 


2.1.3.4 EleXsys E-500 and E-580 Systems 


                  


      
 


Figure 2-4: Top view of an ELEXSYS E-500 or E-580 system. Magnet dimensions are listed 
in Table 2-1. Other dimensions are listed in Table 2-2. This layout includes the E-560 option 
(ENDOR amplifier), an option to the E-500 and E-580 


 
Other system layouts are also possible, such as placing the magnet kitty-cornered or 
in a mirror image configuration. The important considerations for this system are: 
 


 The heat exchanger should be placed within close proximity to the 
cooling water source and drain if an external water supply is 
required. 


 The heat exchanger, magnet, and magnet power supply should be 
placed within close proximity of each other. 


 The transformer should be placed near the magnet power supply and 
power source.  
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 The ENDOR Amplifier should be placed as close to the magnet as 
possible.  It is suggested that it be placed on a moveable cart for easy 
magnet access when not in use. 


 
 


2.1.3.5 EleXsys E-540 Systems 


 


Figure 2-5: Top view of an ELEXSYS E-540 system. Magnet dimensions are listed in Table 
2-1. Other dimensions are listed in Table 2-2.  


 
Other system layouts are also possible, such as placing the magnet kitty-
cornered or in a mirror image configuration. The important considerations 
for this system are: 


 
 The heat exchanger should be placed within close proximity to the 


cooling water source and drain if an external water supply is 
required. 


 The heat exchanger, magnet, and magnet power supply should be 
placed within close proximity of each other. 


 The transformer should be placed near the magnet power supply and 
power source.  


 The ENDOR Amplifier should be placed as close to the magnet as 
possible.  It is suggested that it be placed on a moveable cart for easy 
magnet access when not in use. 
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Table 2-1: Spatial dimensions, weight and footprint of the magnets. In the case of the 
electromagnets, E and F represent the overall depth and width of the magnet-table 
combination.  English to metric conversions are approximate. 


 
Magnet Depth E 


 
  mm  (in.) 


Width F
  


 mm   
(in.) 


Width F 
with Pulse 


Table 


Height 
  


 mm   (in.)


Weight 
 


kg   (lbs.) 


Footprint 
 


   mm        (in.)  


EMX 070 (6 inch)   745  (30) 1100  
(44) 


N/A   960  (38)   480  (1056)   680x540   (22x27) 


ER 071    (9 inch)   745  (30) 1100  
(44) 


N/A 1090  (43)   960  (2112)   680x680   (27x27) 


ER 072    (8 inch)   840  (33) 1100  
(44) 


N/A 1090  (43)   890  (1958)   680x680   (27x27) 


ER 073  (10 inch)   970  (39) 1100  
(44) 


1620  (64) 1280  (51) 1700  (3740)   740x780   (29x31) 


ER 074  (10 inch) 
     Rotating base 


  970  (39) 1430  
(57) 


1830  (72) 1280  (51) 1800  (3960) 800x1200   (32x48) 


ER 075  (9.5 inch)   780  (31) 1100  
(44) 


N/A 1100  (44)   905  (1991)   800x680  (27x27) 


ER 077  (13 inch) 
     Rotating base 


1012  (40) 1600  
(63) 


1830  (72) 1470  (58) 2700  (5940)   800x340  (32x53) 


ER 078  (15 inch) 
     Rotating base 


1100  (44) 1600  
(63) 


 1830 (72) 1470  (58) 2900  (6380)   800x1340 (32x53) 


ER 079  (18 inch) 
     Rotating base 


1320  (52) 1830  
(72) 


1830  (72) 1760  (69) 4545 (10000) 1020x1830 (40x72) 


 
Note: 
Pulse bridge tables are not symmetrical about the magnet. The additional length is added to the left 
side of the magnet to support the additional size of the pulse bridge. 
 
The ER 071, 9 inch magnet has been discontinued. The dimensions are here for reference only. 
The ER 072, 8 inch magnet has been discontinued. The dimensions are here for reference only. 
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 Table 2-2: Spatial dimensions and weight of power supplies, consoles, heat exchangers, 
chillers and microwave bridges. English to metric conversions are approximate.   


 Depth 
 mm  (in) 


Width 
 mm  (in) 


Height 
 mm  (in) 


Weight 
 kg  (lbs) 


Consoles A B   
EMXmicro Console 650  (26)   240  (10)   550  (22)  25  (55) 
EMXplus Console 650  (26)   550  (22)   600  (24)    70  (154) 
EMX Console 650  (26)   550  (22)   600  (24)   70  (154) 
E-500 Console 820  (33)   690  (28) 1300  (52) 180  (396) 
E-580 Console 820  (33)   690  (28) 1300  (52) 200  (440) 
E-540 Console 820  (33) 1310  (52) 1300  (52) 290  (638) 


     
Power Supplies C D   


EMX 080 650  (26) 550  (22)   340  (14)   63  (139) 
EMX 081 650  (26) 550  (22)   340  (14)   98  (216) 
ER 080 510  (20) 510  (20)   305  (12)   53  (117) 
ER 081 400  (16) 510  (20)   305  (12)   88  (194) 
ER 083 530  (21) 520  (21) 1040  (41) 220  (484) 
ER 085 530  (21) 520  (21) 1040  (41) 230  (506) 
ER 086 780  (31) 600  (24) 1415  (56) 370  (814) 


     
Heat Exchangers and 


Chillers(1) 
G H   


EMX 090 890  (35) 455  (18) 762  (30) 103  (225) 
ER 091-ER 093 455  (18) 500  (20) 810  (32)   83  (183) 
ER 09H 840  (33) 500  (20) 810  (32)      113  (250) 
ER 09H-RA 864  (34) 686  (27)    1092  (43) 193  (425) 
ER 09H-RW 864  (34) 686  (27)    1092  (43) 193  (425) 
ER 090-RA 991  (39) 889  (35)    1219  (48) 340  (750) 
ER 090-RW 864  (34) 686  (27)    1118  (44) 238  (525) 
ER 091-H 840  (33) 762  (30) 864  (34) 113  (250) 
ER 091-RA     1118  (44)    1194  (47)    1422  (56) 408  (900) 
ER 091-RW     1118  (44) 762  (30)    1219  (48) 272  (600) 
ER 093-H 635 (25) 762 (30) 838 (33) 113 (250) 
ER 093-RA 914 (36) 1194 (47) 1676 (66) 544 (1,200) 
ER 093-RW 914 (36) 762 (30) 1422  (56) 432 (950) 
     


Transformers I J   
208 V  2.7 Kw 610  (24) 610  (24) 610  (24) 45  (100) 
208 V  12 kW 610  (24)  610  (24) 610  (24) 45  (100) 
480 V  12 kW 610  (24) 610  (24) 610  (24) 90  (200) 
480 V  15 kW 610  (24) 610  (24) 610  (24) 90  (200) 
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Table 2-2 continued Depth 
 mm  (in) 


Width 
 mm  (in) 


Height 
 mm  (in) 


Weight 
 kg  (lbs) 


Computer Table K L   
Standard 762  (30) 1220  (48)   685  (27) 41  (90) 
     


Microwave Bridges(2)     
CW 490  (20) 490  (20)      155  (7) 30  (66) 
Pulse 610  (24) 800  (32)      185  (8)   45  (100) 
     
ENDOR Amplifier M N   
EN 373 460  (18) 505  (20) 252  (10) 32  (70) 
EN 374 550  (22) 505  (20) 340  (14)   47  (105) 
EN 375 551  (22) 505  (20) 427  (17)   68  (150) 
EN 376 551  (22) 505  (20)   427  (17)   68  (150) 
EN 377 460  (18)     505  (20)  252  (10) 32  (70) 
EN 378 551  (22) 505  (20) 427  (17)   68  (150) 
     
Cryogen-Free Compressor     
F-70H/L 529 (21) 443 (18) 580 (23) 100 (220) 
HC-4E1 485 (19) 430 (17) 504 (20) 75 (165) 
Recirculator Rack cplt. 740 (29) 660 (26) 1397 (55) 250 (550) 


 (1)
All models except ER 091 – ER 093 require an external ion filter. This filter is mounted on the rear of the unit and is   


               included in the Depth dimension.  Chillers also require additional spacing considerations which are addressed in section 
               2.1.4 


(2)
Microwave Bridge sizes are approximate. Contact Bruker if specific bridge size information is required. 


2.1.4 Chiller 


If the system is cooled with a chiller (see section 3.2.1, p. 27), additional spatial 
requirements have to be met (see Table 2-2 for dimension and weight details). The space 
requirements for the chillers are given in Table 2-3. 


 Table 2-3: Spatial requirements for chillers(1)  


Chiller Front(2)


mm  (in) 
Rear 


mm  (in) 
Left 


mm  (in) 
Right 


mm  (in) 
EMX 090 1000  (39) 154  (6) 154  (6) 154  (6) 
ER 09H-RA 1000  (39) 154  (6) 154  (6) 154  (6) 
ER 09H-RW   500  (20) 154  (6) 154  (6) 154  (6) 
ER 090-RA 1000  (39) 154  (6) 154  (6) 154  (6) 
ER 090-RW   500  (20) 154  (6) 154  (6) 154  (6) 
ER 091-RA 1000  (39) 154  (6) 154  (6) 154  (6) 
ER 091-RW   500  (20) 154  (6) 154  (6) 154  (6) 
ER 093-RA 1000  (39) 154  (6) 154  (6) 154  (6) 
ER 093-RW   500  (20) 154  (6) 154  (6) 154  (6) 
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(1)The dimensions are from the respective housing of the chiller and not from the center of the chiller 
(2)The front side is equivalent to the operator's side 
 


With an indoor chiller with forced air cooling, the heat is forced into the room. 
Therefore, it is necessary to consider the environmental conditions of the room and 
make sure that the air conditioning system can handle the increased heat load.  


It should also be noted that chillers are noisier than heat exchangers because of the 
added compressor.  Because of this, the chiller should be placed as far away from 
the EPR equipment as possible.  This may include placing the chiller in a separate 
room. The chiller's main power switch should then be connected remotely.  


2.2   Laboratory Environment and Infrastructure 


2.2.1 Transportation Route and Customer's Responsibilities 


The customer is responsible for moving the magnet and the instrument to the site 
within the building. Unless otherwise agreed, delivery is to your loading dock. It is 
the sole responsibility of the customer to hire riggers, if required, for transport to 
the end use site. 


Accessibility to the site must be considered to ensure adequate transportation route 
clearance for the instrument components. All flooring and elevators enroute to the 
lab must be able to support the weight of the instrument including the magnet. 


2.2.2 Transportation of Equipment to the Laboratory 


The spectrometer console and the magnet are shipped in crates or mounted on 
loading pallets. If possible, the sealed boxes should be transported to the installation 
site. Due to the weight of the magnet, it is usually necessary to uncrate the magnet 
on the loading dock as heavy equipment is usually required. 


2.2.3 Laboratory Access 


Extensive traffic or public access should be avoided. Access to the lab should be 
restricted to trained personnel.  


2.2.4 Environmental Conditions 


The laboratory environment is a significant consideration in the installation process. 


The heat dissipated into the room is approximately 12000 BTU / h, or 3.5 kW.  
Chillers, if used, will dissipate more heat. Sufficient air conditioning should be 
provided to maintain the following conditions: 
 Temperature: 18 °C ... 30 °C (64 °F ... 86 °F) 
   Humidity:        20 % ... 60 %         


If air conditioners are used, they must be filtered. 
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Microphonics due to noise as well as mechanical vibrations will make spectrum 
acquisition unreliable. However, no special vibration isolation is usually necessary 
(see also section 2.3 below). 


The magnet system must be protected from any drafts originating from heating 
systems, open windows and air conditioning outlets. Shielding may be required to 
minimize air flow. 


Dust and smoke should be avoided since they might leave deposits inside the cavity 
and add spurious lines to your spectra. 


Avoid installing the console below any fire safety sprinklers as water may severely 
damage parts within the console. 
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NOTE 


The site must meet all local safety codes. 


2.3   Floor Loading 


The load carrying capacity of the floor in the prospective laboratory is of utmost 
importance in selecting an installation site. 


The floor must be strong enough to support the weight of the instrument, especially 
of the magnet system. Table 2-1 and Table 2-2 list the weights of the respective 
units. The building specifications should be reviewed to determine the floor loading 
capability of the location. In case of insufficient structural strength, I-beams or a 
weight distribution plate may be utilized. 


The best floor for a laboratory is a concrete slab poured directly on the ground. 


To minimize the effects of an uneven floor a heavy felt mat or carpet may be placed 
between a weight distribution plate and the floor. Such padding must be anti-static. 
No special floor covering is necessary. However, if carpeting is used it must be of 
anti-static type. In case of floor tiles, a weight distribution plate may be necessary to 
prevent breakage. 


In addition, the floor should be rigid enough to suppress or at least dampen out 
vibrations. If one expects vibrations due to external factors such as heavy 
mechanical equipment, installation of heavy flat padding or carpeting under the 
magnet might be desirable. 


2.4   Magnetic and Electrical Environment 


2.4.1 Surrounding of the EPR system 


The EPR system should be placed away from other magnetic fields. If this cannot 
be avoided, their relative orientation should be perpendicular to each other.  


The EPR system should not be located adjacent to elevator shafts or other large 
metal objects in motion. The presence of such objects in the vicinity of the magnet 
might alter the homogeneity of the field inside the air gap. 


The EPR system should be located away from any source of electromagnetic 
radiation such as high power wires, high voltage lines, large motors, radio 
transmitters, radar, or any other microwave emitting source. 
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Stray Field Plot for the ER 070 Electromagnet 
 
 


 
 


 


The 5 G (0.5mT) line is depicted in case of  a magnetic field at the center of the 


magnet of 0.65 T 
 


The view is from the top of the electromagent, where the z axis is parallel to the 


magnetic field axis 
 


Figure 2-6: The 5 Gauss (0.5 mT) lines of the Bruker ER070 6” Electromagnet. 
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Stray Field Plot for the ER 075 Electromagnet 
 


 
 


The 5 G (0.5mT) line is depicted in case of a magnetic field at the center of 


the magnet of 1.3 T 
 
The view is from the top of the electromagent, where the z axis is parallel to the 
magnetic field axis 


 


Figure 2-7: The 5 Gauss (0.5 mT) lines of the Bruker ER075 9.5” Electromagnet. 
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Figure 2-8: The 5 Gauss (0.5 mT) lines of the Bruker ER073 10” Electromagnet for 
different center fields. 
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Caution 


The operation of cardiac pacemakers may be affected by magnetic fields. There is 
also a possibility of harmful effects to people fitted with ferromagnetic implants 
such as surgical clips.  


 
Under no circumstances should people fitted with cardiac pacemakers be allowed to 
approach the magnet.  


 
The 0.5 mT line represents a suitable safety limit for medical devices. This 
effectively imposes a safety limit upon the general public.  


 
The customer must ensure that areas within the fringe field that exceeds 0.5 mT are not 
open to the public. 


Table 2-4 gives a list of recommended limits outside which various objects should 
be located with respect to the fringe field. Note, the fringe field depends on the 
magnetic field strength as well. It must be emphasized that such recommendations 
represent a situation which may not always be achievable. 


Table 2-4: Recommended maximum fringe field strength for different objects 


Object max. Fringe Field 
Steel reinforced walls 5 mT / 50 G 
Iron beams 3 mT / 30 G 
Radiators, plumbing pipes 3 mT / 30 G 
Metal table, metal doors 3 mT / 30 G 
Filing cabinet, steel cabinet 3 mT / 30 G 
Massive objects, e.g. boiler 3 mT / 30 G 
Hand trolley 0.2 mT / 2 G 
Elevators 0.05 mT / 0.5 G 
Cars, fork-lifts 0.05 mT / 0.5G 
Trains, trams 0.01 mT / 0.1G 
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3 Site Preparation 


3.1   Electrical Aspects 


The power outlets within the laboratory must be of sufficient capacity to meet the 
power requirements of the instrument, the instrument accessories, and other 
possible instruments used inside the laboratory.  


The EPR spectrometer power consumption depends mainly on the magnet power 
supply. The power consumption of the console depends on the amount of 
accessories installed in the actual configuration. 


Both the magnet power supply and the spectrometer cabinet/console are based on 
208/230 VAC or 400 VAC. In countries in which the voltage differs, appropriate 
transformers have to be used. For the most common cases, Bruker offers 
transformers which have been tailored for the use with the EPR spectrometer 
systems. 


3.1.1 Power and Phase Requirements 


All systems with a power supply greater than 1 kW are three phase systems. Only 
the EMX, EMXplus, and EMXmicro 6/1 spectrometer systems (6" magnet and 1 
kW power supply) require one single phase supply at 208/230 VAC.  


The instrument power source must be a well grounded five wire, three phase star 
configuration. Tables 3-1, 3-2 and 3-3 list the power requirements for each system. 


3.1.2 Breaker Box 


The customer should provide the necessary termination(s) of a circuit breaker or 
fuse box, including any necessary strain relief:  
 One single phase termination for an EMXplus-6/1 or an EMXmicro-6/1 


 Two three phase terminations for the E 540 systems  


 One three phase termination for all the other systems.  


The termination should be located not more than 3 m (10 ft) from the designated 
position of the magnet power supply and/or console.  


Bruker recommends a hard-wired connection to avoid accidental loss of power. By 
such an occurrence, the instrument might be damaged. If the voltage variations 
exceed 10%, voltage regulation must be implemented. It is advisable not to 
connect any other appliances like an air conditioner to the same power lines of the 
spectrometer. 
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Caution 


Access to the circuit breaker must be kept unobstructed. 


3.1.3 Power Line Connectors 


Please note that the EPR spectrometer systems will be delivered without a power 
line connector. Please make sure that you have the proper connector available to fit 


the power outlet socket if used.  
 


 Table 3-1: Power consumption of the various EPR systems and recommended breaker current 


Spectrometer Type Magnet power 
supply power 
consumption 


Complete 
system power 


consumption
(1) 


Recommended minimum breaker 
current  


Three Phase unless noted 
208V / 230 V 480V 


EMXplus/micro-6/1 1.7 kW 3.2 kW 20 A 
 (single phase) 


N/A


EMXplus/micro-*/2.7
(2)


 3.4 kW 4.9 kW 30 A 15 A


EMXplus/micro-*/12 15.6kW 17.1 kW 50 A 25 A


EMXplus/micro-*/15 22.0 kW 23.8 kW 60 A 30 A


EMXplus/micro-*/22.5 30.0 kW 31.8 kW 80 A 40 A


E 500-A
(3) N/A 4.2 kW 20 A 


(single phase) 
10 A


E-500-*/2.7 3.4 kW 8.2 kW 40 A 20 A


E-500-*/12 15.6 kW 20.4 kW 50 A 25 A


E-500-*/15 22.0 kW 27.1 kW 60 A 30 A


E-500-*/22.5 30.0 kW 35.1 kW 80 A 40 A


E-540-*/2.7
(4)


 3.4 kW 8.1 kW 16A + 32 A 8 A + 16 A


E 580-A
(5) N/A 5.5 kW 20 A 10 A


E-580-*/2.7 3.4 Kw 9.7 kW 40 A 20 A


E-580-*/12 15.6 kW 21.9 kW 50 A 25 A


E-580-*/15 22.0 kW 28.5 kW 60 A 30 A


E-580-*/22.5 30.0 kW 36.5 kW 80 A 40 A


Cryogen-Free Compressor  


F-70H/L 7-8 kW 24 A 13 A


HC-4E1 3 kW 16 A 
(single phase) 


---
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  (1) In addition to the magnet power supply, under 'complete system' the following is considered:  
  EMX, EMXplus/micro:  Console, variable temperature unit; 
  E 500:  Console, variable temperature unit, and ENDOR unit; 
  E 540:  Console, gradient power supply; 
  E 580:  Console, variable temperature unit, ENDOR unit and TWTA; 
 (2) The * stands for the magnet size, e.g. 10 for a 10" magnet ER 073 
 (3) An E 500-A is an ELEXSYS E 500 system without magnet and magnet power supply. It may be possible to power this 
  console from your existing magnet power supply. Contact Bruker for details. 
 (4) Two three-phase lines with one breaker each are required.  
 (5) An E 580-A is an ELEXSYS E 580 system without magnet and magnet power supply. It may be possible to power this 
  console from your existing magnet power supply. Contact Bruker for details. 


 


Table 3-2: Recommended breaker current of the various Heat Exchangers  


 
Heat Exchanger Type Recommended minimum     


breaker current 
ER 091-ER 093 No additional power required  
EMX 090 Single phase  110V  20A 
ER 09H Single phase  208/230V  15A 
ER 09H-RA Single phase  208/230V  20A 
ER 09H-RW Single phase  208/230V  20A 
ER 090-RA Single phase  208/230V  30A TD 
ER 090-RW Single phase  208/230V  25A TD 
ER 091-H Single phase  208/230V  15A 
ER 091-RA Three phase   208/230V  35A  TD 
ER 091-RW Three phase   208/230V  30A  TD 
ER 093-H Single phase   208/230V  15A 
ER 093-RA Three phase   208/230V  70A  TD 
ER 093-RW Three phase   208/230V  45A  TD 


        These power requirements are in addition to those listed in Table 3-1. 
                      TD=Time Delay 


 


Table 3-3: Other additional power requirements 


 
Item Recommended circuit 


breaker current 
Where Used 


ENDOR RF Amplifier  ENDOR option 
     EN 373   Single phase  120V          10A  


Single phase  208/230V     5A 
 


     EN 374 Single phase  120V          15A  
Single phase  208/230V     8A 


 


     EN 375 Single phase  208/230V     8A  
     EN 376 Single phase  208/230V   10A  
     EN 377 Single phase  120V          10A  


Single phase  208/230V     5A 
 


     EN 378 Single phase  208/230V   10A  
These power requirements are in addition to those listed in Table 3-1and Table 3-2. 
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3.2   System Cooling 


In general, system cooling is done with either forced air or water cooling. Forced air 
cooling is applied on the cabinet or console as well as in case of the RF amplifier. 


The main equipment which has to be water-cooled is: 
 The magnet power supply 
 The electro-magnet 
 The microwave bridge 


3.2.1 Heat Exchanger vs. Chiller 


Bruker requires the use of a heat exchanger or chiller with all of the EPR 
spectrometers referred to in this document. Tap water or unfiltered chilled water 
may cause residues to build up in the cooling system. This may cause corrosion to 
occur. No warranty against any water-related problems is given under such 
circumstances. 


With a heat exchanger, water is pumped at sufficient rate through a closed circuit 
(the secondary circuit) continuously. Tap water (the primary circuit) is used only to 
that extent that it must provide the required cooling power to establish a constant 
temperature of the secondary circuit. This way, tap water consumption is minimized 
and tap water is not in contact with system devices. In addition, the EPR system is 
always cooled with constant temperature of the coolant, thus, establishing reliable 
system performance. 


It is recommended to use a chilled water loop instead of tap water. Chilled water 
loops often maintain a constant temperature and therefore help provide greater 
stability to the instrument and eliminate water waste. 


However, for heat exchanger operation, an upper temperature limit exists for the 
primary circuit: The maximum allowed temperature of the input water is restricted 
to 18 °C (64 °F). This is due to working principle of the heat exchanger in which 
the temperature difference between primary and secondary circuit is used only for 
heat exchange. For temperatures above that limit, a chiller has to be used for system 
cooling. 


Chillers are available for indoor and outdoor operation. The chiller features three 
circuits: the refrigeration circuit, the water circuit and the cooling circuit. The 
refrigeration circuit makes use of a refrigerant. The water circuit is a closed system 
for cooling the attached devices. Forced air or external water may be utilized for the 
cooling circuit. 
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3.2.2 Requirements of the primary water circuit 


In what follows, it is assumed that a heat exchanger (or chiller requiring water 
cooling) is utilized for system cooling (see above). The primary circuit water 
system must meet the requirements given in Table 3-4, which are mainly dependent 
on the magnet and the magnet power supply. 


For the secondary circuit, de-ionized distilled water must be used. The minimal 
resistivity should be 1 M.  


3.2.3 Tubing 


Inlet and outlet water piping depends on the magnet power supply and the magnet 
itself. New piping should be thoroughly flushed before the engineer arrives for the 
installation. The recommended tubing i.d.'s are given in Table 3-5. Appropriate 
hoses are part of the EPR system. The customer is responsible to supply the correct 
hose barb fitting listed in Table 3-4 for any facility water connections. 


The inlet pipe should be fit with a shut-off valve, a small particle filter, a flow 
meter, a pressure gauge, and a thermometer. The particle filter should remove dust 
and sediment greater than 50...100 m from the water. The low temperature control 
must be provided to avoid condensation inside the system. 


Table 3-4: Requirements for water cooling 


Spectrometer Type Approx. heat 
power(1) 


Recommended  
flow rate(2)  


Max. input water 
temperature 


Minimum  
pressure 


drop 


Facility Hose 
Barbs(3) 


EMXplus/micro-6/1 2.5 kW N/A N/A N/A N/A 
EMXplus/micro-*/2.7 
E 500-*/2.7 
E 580-*/2.7 


4.5 kW 14 l/min 18 °C (64 °F) 0.20 MPa    
(2.0 bar) 


5/16 inch 


E 540-*/2.7 6.5 kW 20 l/min 18 °C (64 °F) 0.25 MPa    
(2.5 bar) 


5/16 inch 


EMXplus/micro-*/12 
E 500-*/12 
E 580-*/12 


15 kW 45 l/min 18 °C (64 °F) 0.30 MPa    
(3.0 bar) 


5/8 inch 


EMXplus/micro-*/15 
E 500-*/15 
E 580-*/15 


23 kW 69 l/min 18 °C (64 °F) 0.40 MPa    
(4.0 bar) 


5/8 inch 


EMXplus/micro-*/22.5 
E 500-*/22.5 
E 580-*/22.5 


30 kW 90 l/min 18 °C (64 °F) 0.45 MPa    
(4.5 bar) 


1 inch 


F-70H/L 
HC-4E1 
Recirculator 


7-8 kW 
3.3 kW 
12 kW 


6-9 l/min 
3.3 l/min 
12 l/min 


25 °C (77 °F) 
27 °C (80 °F) 
25 °C (77 °F) 


<1 bar 
<1 bar 
<1 bar 


½” MNPT  
½” O.D. Tube 


½” MNPT  
(1) This approximate heat power contains only the heat to be dissipated by water cooling, not that part dissipated by forced air. 
(2) This recommendation is based on maximum allowed input water temperature of 18 °C. The lower the input water temperature, 
    the lower the flow rate required. 
(3) No fittings are required for systems with air cooled chillers. 
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Table 3-5: Recommended tubing i.d. for the different magnet power supplies and magnets 


Magnet or 
Magnet Power 
Supply  


ER 070 - ER 072 
ER 080 - ER 083 


EMX 080 - EMX 081 


 
ER 085 - ER 087 


ER 073 ER 077 - ER 078 


Tubing i.d. 8 mm  (5/16) 13 mm (1/2) 16 mm (5/8) 25 mm (1) 


3.3  Environmental Conditions 


The laboratory environment must meet the specifications given in section 2.2.4 (p. 
17). Appropriate air conditioning must be installed. 


4 Upon System's Arrival 
When the EPR spectrometer arrives examine the shipment for any damage or check 
the shock-/tilt-indicators attached to the crates or devices. In case of damages note it 
on the carrier's release form. 


Notify your Bruker's representative about any dented crates or any other apparent 
damage. 


Do not discard any packing materials before you are sure they do not contain any 
further spectrometer parts. 


5 Installation Preparation 


5.1   Moving the Instrument 


The magnet should be uncrated at the loading dock where it is easier to use heavy 
equipment and more space is generally available. Special equipment may be needed 
to uncrate the magnet, (i.e. hoists, fork lifts). Special care should be taken when 
moving the magnet. It is heavy and, moreover, has a high center of gravity. 
Uncrating the magnet should be done only by trained personnel. All safety 
precautions must be observed. 


The console should be moved to the lab while still mounted within crates or on 
shipping pallets. This helps to avoid any damage during transport.  


All other crates should be brought to the lab unopened to avoid the loss of system 
components during transportation. The crates should then be opened in a secure 
environment. 


Fork lifts or pallet jacks have to be organized by the customer. 


5.2   EMX, EMXplus, EMXmicro and ELEXSYS E 500, E 540 and E 580 Systems 


The necessary infrastructure has to be ready before the installation starts. 


Consult sections 'Site Selection' and 'Site Preparation' (section 2, p.8 and section 3, 
p. 24) for the details. 
 
Contact your Bruker representative when ready for installation. 
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Appendix A 


Fringe Field Limits for Selective Devices 


Various devices are affected by the magnet field produced by electromagnets. They 
should be located outside the limits specified in the Table 2-4. 


The magnet field produced by a superconducting magnet affects various devices. 
They should be located outside the limits specified below.  Facility planning 
information for superconducting magnet systems is provided in a different manual. 
The information below is included for reference only. 


5 mT  Magnet power supply, RF power amplifier, turbomolecular pumps, helium mass 
spectrometer leak detector.  


Electrical transformers that are a component of many electrical devices may be-
come magnetically saturated in fields above 5 mT. The safety characteristics of 
equipment may also be affected. 


2 mT Magnetic storage material, e.g. tapes.  


The information stored on tapes may be destroyed or corrupted. 


1 mT Computers, X-ray tubes, radiography equipment, credit cards, bankers cards, 
watches, clocks, cameras.  


The magnetically stored information in computers and credit cards may be cor-
rupted in fields greater than 1 mT. Small mechanical devices such as watches or 
cameras may be irreparably damaged. (Digital watches may be worn safely). 


0.5 mT Cathode ray tubes, monochrome computer displays.  


Magnetic fields greater than 0.5 mT will deflect a beam of electrons leading to 
distortion of the screen display. 


0.2 mT Color computer displays. 


Color displays, televisions, and video monitors are more sensitive to distortion than 
monochrome displays. The precise threshold field strength at which computer 
displays are distorted will depend on shielding and orientation relative to the 
magnet and the display itself. 


0.1 mT Only very sensitive electronic equipment such as image intensifiers, nuclear 
cameras, electron microscopes, PET scanners, CT scanners, ultrasound instruments, 
linear accelerators, lithotriptors, high-precision measuring scales, and cyclotrons 
will be affected. 
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Appendix B 
 


Facility Requirement Acknowledgement Form 


 
By signing below, I hereby state that all electrical and water requirements have been met at the 
spectrometer installation site.  I further state that the magnet is in its final position and all other 
system components are ready in the lab. 
 
If the representative from Bruker arrives and the electrical and water requirements are not 
complete, the customer is responsible for all travel charges if the installation must be postponed 
until another date.  The customer is also responsible for Service Call fees, which are currently 
$2200.00 per day if the engineer waits for power, water or lab access. 
 
The installation cannot be scheduled until this signed and dated form is received by Bruker 
BioSpin Corporation, EPR Division.  This form can be faxed to 978 670-8851. 
 
 
 
 
 
___________________________________    ____________________________ 
Signature - Authorized Customer Agent   Date 
 
___________________________________  
Print Name 
 
___________________________________  
Title 
 
___________________________________ 
Facility 
 
 
 
 Fax to:  Service Manager 
   Bruker BioSpin Corporation 
   EPR Division 
   978 670-8851 
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Section 1 - Guide Overview 
 


This guide provides: 


• Install site requirements 
• Installation specifications 
• Install Checklists 
• Timelines, and information required to assist in the ZEISS Xradia 800/810 Ultra 


installation 
• Instrument acceptance documents 


• Basic user training agenda 


Users should review all sections of the guide to familiarize themselves with the 
installation requirements, responsibilities, and activities. 


Please note that only trained, qualified and certified ZEISS personnel are authorized 
to uncrate and install the ZEISS Xradia Ultra Microscopy system.  The Xradia Ultra X-
ray microscope includes extremely sensitive mechanical, optical, and electronic 
components.  Strict adherence to ZEISS uncrating, installation, and setup procedures is 
required to prevent instrument damage and to achieve stated Xradia Ultra performance 
specifications. 


 


 


Any uncrating or installation activity conducted without ZEISS personnel present 
violates conditions of the ZEISS Xradia Ultra warranty.  Contact ZEISS prior to 


any installation activity. 
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Section 2 - Safety 


Refer to the Xradia Ultra User Guide Safety section for safety discussions and
procedures.  (ZEISS Document Number: G003708) 


Instrument users must read the Xradia Ultra User Guide Safety section prior to
performing or assisting in activities of any type described in this Installation 


Guide. 
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Section 3 – Xradia 800/810 Ultra Microscope Component Overview 
 
The following Ultra microscope system components require specific installation activities 
and consideration as detailed in this guide. 


1. Upper and lower microscope enclosure.  These enclosures internally house: 
a. X-ray source and X-ray generator electronics 
b. X-ray beam path optics 
c. Sample holder 
d. Detectors and VLS optics 
e. Electro-mechanical imaging motion control components 
f. Helium delivery 
g. System control workstation computer 
h. UPS 


2. X-ray generator.  This electronics package provides power and control of the X-
ray source. It is located within the right lower enclosure. 


3. External chiller unit.  This controller provides cooling for the X-ray source.  It 
can be either an air cooled or water cooled unit as specified in the sales order 
configuration guide.  The type of controller is an important consideration during 
site installation preparation as installation requirements for the two types are 
significantly different.  Confirm controller type prior to initiating any 
installation activities 


4. External roughing pump.  This pump provides rough vacuum for the X-ray 
source high vacuum turbo molecular pump. 


5. External PC video monitor, keyboard and mouse used to operate the Ultra. 
6. External Pre-Alignment Microscope.  (PAM)  This fully independent 


microscope is used to prepare samples prior to placement in the sample holder 
and X-ray imaging. 


7. External chiller unit used to control the upper enclosure interior temperature.  
This controller is only utilized on the Ultra 810 model. 


8. Optional external power transformer provides distribution of AC power to Ultra 
components.  This option is specified in the sales order configuration guide.  
Confirm power configuration prior to initiating any installation activities. 


See the Ultra User Guide for detailed functional descriptions of all system components 
and user system operation.  For ZEISS component part numbers, see the Ultra Parts 
Identifier Guide. 
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Section 4 – Shipping Crate Dimensions, Weights, Delivery Acceptance 
Table 1 


Shipping Crate Dimension & Weight Specifications 


Crate Description Height Width Depth Weight 
Ultra Main System 
Crate 


93 inches 
(2362 mm) 


91 inches 
(2311 mm) 


84 inches 
(2134 mm) 


5,560 pounds 
(2,527 kg) 


X-ray Generator Crate
43 inches 
(1092 mm) 


57 inches 
(1448 mm) 


36 inches 
(914 mm) 


710 pounds 
(322.7 kg) 


X-ray Chiller Crate
46 inches 
(1168 mm) 


40 inches 
(1016 mm) 


36 inches 
(914 mm) 


427 pounds 
(194 kg) 


Pre-Alignment 
Microscope Crate 


40 inches 
(1016 mm) 


51 inches 
(1295 mm) 


32 inches 
(813 mm) 


309 pounds 
(140.5 kg) 


Accessories Crate 53 inches 
(1346 mm) 


49 inches 
(1245 mm) 


48 inches 
(1219 mm) 


587 pounds 
(266 kg) 


Optional Transformer 
Crate 


38 inches 
(965 mm) 


42 inches 
(1067 mm) 


28 inches 
(711 mm) 


470 pounds 
(214 kg) 


Sample Chamber Crate 
– 810 Ultra Only


40 inches 
(1016 mm) 


51 inches 
(1295 mm) 


32 inches 
(813 mm) 


200 pounds 
(90.9 kg) 


Crate Handling Guidelines 


Only certified forklift operators are authorized to move the Ultra enclosure and 
accessory crates.  Improper lifting or handling of these crates can cause serious 
component damage. 


• A forklift must be used to unload the crates from the delivery vehicle as well as
removing the Ultra enclosure from the crate.


• Ensure that the fork-lift used to lift the main crate has a lift capacity sufficient for
the main system crate weight stated above.


• Ensure that the forks fully extend to the far side of the main crate.  Never lift with
only partial fork insertion.  Without complete front to back support, the main crate
high center of gravity presents a tip hazard.
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• Fork length must be 6 feet (1.8 m) minimum.  Typically, fork extensions are 
required, but must never be longer than 150% of supporting fork length. Confirm 
changes to fork-lift capacity ratings are still sufficient for the main crate weight 
and CG. 


• Never lift the main crate from ends. 
• For US customers, the Main Crate is re-usable, do not discard or destroy – 


return to ZEISS. 
• A pallet jack is required to move the accessory crates.  In some cases a second 


pallet jack may be required to move the Ultra enclosure onto and off of the 
elevator. 


• Crates comply with ISPM 15 certification as defined by the International Plant 
Protection Convention and are stamped as such for all international shipments. 


Standard hand tools are required for the uncrating, relocation and installation activities.  
At a minimum: 


• Electrical drill with a ½” socket and a #2 Phillips screwdriver bit. 
• Ratchet with socket sets – SAE and metric sizes 
• 12” adjustable wrench 
• Pry bars 


• Personal protection equipment – safety shoes, heavy gloves, safety glasses. 


 


Typical Forklift with 8,000 Lbs. (3,640 kg) Lift Capacity 


   Toyota Model 7FBCU35 


Figure 3 
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Typical Fork Extensions 


 


Figure 4 


Typical Pallet Jack Required for Crate and Component Maneuvering 
Minimum lift capacity:  4,000 Pounds 


 


 


Figure 5
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Shock/Tilt Indicators 


 


If a Shock or Tilt shipping event indicator shows RED; 


       


Figure 6 


Proceed as follows: 


1. Do not refuse shipment. 
2. Make notation on delivery receipt and inspect for damage. 
3. If crate damage is found, make an immediate request for a carrier/shipper conducted 


inspection. 
4. Contact ZEISS Customer Care immediately. 


 


Indicators  
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Section 5 – ZEISS Xradia 800/810 Ultra Dimensions and Weights 


Table 2 


Zeiss Xradia 800/810 Ultra Dimensions and Weights 


Component Height Width Depth Weight 
Ultra Enclosure as 
installed  - with 
generator and light 
tower 


85.60 in.  
(217 cm) 


85.75 in.  
(218 cm) 


54.00 in.  
(137 cm) 


5314.0 lbs.  
(2415.5 kgs) 


Ultra Enclosure for 
transport 


75.60 in.  
(192 cm) 


85.75 in.  
(218 cm) 


47.26 in.  
(120 cm) 


4787.0 lbs.  
(2175 kgs) 


Light Towers 
(reference) 


10.00 in.  
(25 cm) 


   


X-ray Generator 
(reference) 


34.00 in.  
(86 cm) 


24.00 in.  
(61 cm) 


44.00 in.  
(112 cm) 


527.0 lbs.  
(239.5 kgs) 


Rough Pump 19.69 in.  
(50 cm) 


19.69 in. 
 (50 cm) 


7.87 in.  
(20 cm) 


50.6 lbs.  
(23.0 kgs) 


X-ray Source Chiller 
– Water Cooled 


35.43 in.  
(90 cm) 


21.00 in.  
(53 cm) 


37.00 in.  
(94 cm) 


300.0 lbs.  
(136.4 kgs) 


X-ray Source Chiller 
– Air Cooled 


38.00 in.  
(97 cm) 


27.00 in.  
(69 cm) 


35.00 in.  
(89 cm) 


350.0 lbs.  
(159.1 kgs) 


Ultra 810 Enclosure 
Temp Controller 


32.00 in.  
(81 cm) 


15.50 in.  
(39 cm) 


23.00 in.  
(58 cm) 


122.0 lbs.  
(55.5 kgs) 


Monitor 
24.00 in.  
(61 cm) 


28.00 in.  
(71 cm) 


10.00 in.  
(25 cm) 


25.0 lbs.  
(11.4 kgs) 


Pre-Alignment 
Microscope 


21.0 in.  
(53 cm) 


32.0 in.  
(81 cm) 


30.0 in.  
(76 cm) 


150.0 lbs. 
 (68.2 kgs) 


Power Transformer 
(Optional) 


28.25 in.  
(72 cm) 


32.0 in.  
(81 cm) 


18.50 in.  
(47 cm) 


350.0 lbs.  
(159.1 kgs) 


Ultra System Caster Footprint 


Caster footprint 75.5 inches (191.8 cm) Width x 37.3 inches (94.62 cm) Depth 
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Enclosure Caster Footprint 


 


 


 


 


 


 


Figure 7


Front 


Note: 
All dimensions are in 


Millimeters and [Inches] 
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Section 6 – Xradia 800/810 Ultra System Environmental Requirements 


Table 3 


Environment Specifications 


Parameter Specification 


Room Size Minimum 16 feet (5 m) X 20 feet (6 m) 


Service Clearence 
Install location must provide service access from all sides,, full 


clearance for opening of the enclosure doors, and access to the       
X-ray service port on the left side 


Ambient Temperature 19° C – 23° C, (66° F – 74° F) 


Ambient Temperature 
Stability 


+/- 1° C over 48 hour period 


Ambient Relative 
Humidity 


Relative Humidity (RH) < 70% 


Vibration 
Generic Vibration Criterion Rating VC-C (12.5 micrometers/sec).  


See Table 5 and Figure 1 for specification description. 


Adjacent Equipment 


No physical interference with the opening of enclosure doors   See 
Section 18 Layout Drawings for clearance requirements.  No 


restriction of service access to the Xradia Ultra. 


EMI < ANSI, IEEE, UL standards 


Table 4 


Thermal Load Specifications 


Component VA Power (Watts) BTU/Hr. 
X-ray Generator 
(includes Rough Pump) 


4,500 15,500 


Ultra Enclosure 3,600 12,300 
Chiller for X-ray Source – 
Water Cooled 


2,900 3,000 


Chiller for X-ray Source – 
Air Cooled 


3,100 10,600 


PC Monitor 300 1,050 
PAM 660 2,300 
Ultra Enclosure 
Temperature Controller 
(810 Ultra only) 


900 3,100 


Totals – Water Cooled X-ray 
Source Chiller 


12,860 W 37,250 BTU/Hr. 


Totals – Air Cooled X-ray 
Source Chiller 


13,060 W 44,850 BTU/Hr. 
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Table 5.  Vibration Specification 


Criterion 
Curve 


Max. Level (1) 
micrometers/sec_rms 


Detail Size 
(2) Microns 


Description of Use 


Workshop 
(ISO) 


800 N/A 
Distinctly feel able vibration. Appropriate to 
workshops and non-sensitive areas 


Office (ISO) 400 N/A 
Feel able vibration.  Appropriate to offices and 
non-sensitive areas. 


Residential 
Day 


(ISO) 
200 75 


Barely feel able vibration. Appropriate to sleep 
areas in most instances. Probably adequate for 
computer equipment, probe test equipment, and 
low-power (to 20X) microscopes. 


Operating. 
Theater 


100 25 
Vibration not feel able. Suitable for sensitive sleep 
areas. Suitable in most instances for microscopes 
to 100X and for other equipment of low sensitivity. 


VC-A 50 8 
Adequate in most instances for optical 
microscopes to 400X, microbalances, optical 
balances, proximity and projection aligners, etc. 


VC-B 25 3 
An appropriate standard for optical microscopes to 
1000X, inspection and lithography equipment 
(including steppers) to 3 micron line widths. 


VC-C 12.5 1 
A good standard for most lithography and 
inspection equipment to 1 micron detail size. 


VC-D 6 0.3 


Suitable in most instances for the most demanding 
equipment including electron microscopes (TEM,s 
and SEM,s) and E-Beam systems, operating to the 
limits of their capability. 


VC-E 3 0.1 


A difficult criterion to meet in most instances.  
Assumed to be adequate for the most demanding 
of sensitive systems including long path, laser 
based, small target systems and other systems 
requiring extraordinary dynamic stability. 


 
 
Notes: 


(1) As measured in one-third octave bands of frequency over frequency range 8 to 100Hz. 
 


(2) The detail size refers to the line widths for microelectronics fabrication, the particle (cell) size for medical and 
pharmaceutical research, etc.  The values given take into account the observation that the vibration requirements 
of many items depend up-on the detail size of the process. 
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Figure 8 
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Section 7 – Physical Layout Requirements 


Table 6 


Installation Layout Requirements 


Requirement Description 
X-ray Source Chiller, Water Cooled option Maximum length of the water lines from 


the chiller to the Ultra is 30 feet (9 m).  
Maximum length of the facilities cooling 
water to the chiller is 30 feet (9 m). The 
Chillers should be on same floor as the 
enclosure. 


X-ray Source Chiller, Air Cooled option Maximum length of the water lines from 
the chiller to the Ultra is 30 feet (9 m). 


Note: 
The ideal location of the Air cooled chiller 


is in a separate room adjacent to the 
Ultra room.  This reduces the heat load 
on the Ultra room AC.  Location must be 
indoors and sufficient cooled air must be 
supplied for proper chiller performance. 


Roughing Pump 1 foot behind left rear lower enclosure 
Model 810 Enclosure Chiller Maximum length of water lines from 


chiller to enclosure is 4 feet (1.2 m) from 
left rear lower enclosure 


Computer workstation table for 
monitor/keyboard/mouse – Customer 
Supplied 


3 ft. Width X 2 ft. Depth (1m W x 0.6m D) 
table top capable of supporting a 
minimum of 100 lbs. (46 kg) minimum.  
Table must be within 35 feet (11 meters) 
from Ultra enclosure for interface cable 
interconnect. 


PAM Workstation Table – Customer 
Supplied 


3.5 ft. Width x 2.5 ft. Depth (1m W x 
0.75m D) surface capable of supporting a 
minimum of 200 lbs. (90 kg) 


Power Distribution Transformer 6’ from Ultra center rear 
Sample Preparation Workstation Table – 
Customer Supplied 


Sample preparation table separate from 
the PAM workstation table provides a 
workspace for sample staging and 
inspection.  A stereo optical microscope 
for inspection is recommended – 
Customer Supplied 
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Section 8 - Xradia 800/810 Ultra Electrical Requirements 


The following Ultra components require AC power facilities: 


1. Ultra Xradia 800/810 Enclosure
2. Ultra Xradia X-ray Generator
3. X-ray Generator Chiller
4. User Workstation. Includes: Monitor, Universal Serial Bus Extender, and Digital


Visual Interface Extender.
5. Pre-alignment Microscope


There are two options as to how the electrical facilities are configured and installed: 


Option 1: 


All Ultra component AC facility requirements are provided by the customer. 


This includes but is not limited to: 


1. Mains delivery to the install location
2. Provision of a suitable step down transformer(s) if the local voltage does not


meet stated requirements.
3. All required circuit protection and electrical safety components
4. All wall receptacles for all components.
5. Associated wiring and construction
6. Troubleshooting of any facility side AC issues


See sub-sections 8.1 through 8.5 for specific requirements, as well as the standard 
electrical configuration block diagram. 


Option 2: 


An optional Power Distribution Transformer supplies Ultra component AC requirements.  
With a single customer supplied AC facilities junction box connection, this external 
transformer provides: 


1. Step down from a wide range of mains voltages to stated requirements
2. All required circuit protection and electrical safety components
3. All Receptacles required for the main Ultra components
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See the Power Distribution Transformer electrical configuration block diagram.  See 
Section 9 for exact details on this transformer option. 


 


The option used is determined as a part of the pre-purchase sales order configuration 
activity.  It is essential that the option selected has been clearly documented and 
communicated to the entire management and installation team as there are significant 
differences. 


 


 


Ultra Component Electrical Requirement Tables 


The following sub-sections provide detailed electrical specifications for each of the Ultra 
components. A condensed table with these requirements is in the Guide Appendix A. 
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8.1 - X-ray Generator Electrical 


Table 7 


X-ray Generator Electrical Requirements 
Item Parameter Specification 


1 AC Voltage Requirement 200 VAC +/-10% 
2 Phase Configuration 3 Phase 4 Wire (L1-L2-L3-GND.) 
3 Frequency 50/60 Hz 
4 Circuit Breaker Required 20 Amps 
5 Operating Amperage 12.5 Amps 
6 Operating VA Load 4500 


7 
ZEISS Supplied Plug and Power Cord 
Length 


NEMA L15-20 P with 15 Foot (4.6 m) 
Foot Power Cord 


8 Customer Supplied Wall Receptacle NEMA L15-20 R 
(For Option 2 with Transformer, Table is for Reference only) 


Wiring Diagram 


 


Figure 9 


Customer Supplied Wall Receptacle Required 


 
Figure 10 
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8.2 - Ultra 800/810 Enclosure Electrical 


Table 8 


Ultra 800/810 Enclosure Requirements 
Item Parameter Specification 


1 AC Voltage Requirement 208 to 240 VAC and 120 VAC 


2 
Phase Configuration 2 Phase with neutral 


4 Wire (L1-L2-N-GND.) 
3 Frequency 50/60 Hz 
4 Circuit Breaker Required 30 Amps Non-GFI Type 
5 Operating Amperage 15 Amps 
6 Operating VA Load 3600 


7 
ZEISS Supplied Plug and Power Cord 
Length 


NEMA L14-30 P with 6 Foot (2.7 m) 
Power Cord 


8 Customer Supplied Wall Receptacle NEMA L14-30 R 
(For Option 2 with Transformer, Table is for Reference only) 


Wiring Diagram 


  


 


Figure 11 
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8.3 - X-ray Source chiller Electrical  


Table 9 


X-ray Source Chiller Electrical Requirements – Water and Air Cooled 
Item Parameter Specification 


1 AC Voltage Requirement 200 to 240 VAC 
2 Phase Configuration 1 Phase 3 Wire (L1-L2-GND.) 
3 Frequency 50/60 Hz 
4 Circuit Breaker Required 15 Amps Time-delay 
5 Operating Amperage 12.5 Amps 
6 Operating VA Load 3600 


7 
ZEISS Supplied Plug and Power Cord 
Length 


NEMA L16-15 P with 15 Foot (4.6 M) 
Power Cord 


8 Customer Supplied Wall Receptacle NEMA L6-15 R 
(For Option 2 with Transformer, Table is for Reference only) 


Wiring Diagram 


 


 


Figure 12 
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8.4 - Computer Monitor and USB/DVI Extender Electrical  


Table 10 


PC Monitor, USB Extender Power Adapter, and DVI Extender Power Adapter 
Power Strip Requirements 


Item Parameter Specification 
1 AC Voltage Requirement 100 to 240 VAC 
2 Phase Configuration 1 Phase  
3 Frequency 50/60 Hz 
4 Circuit Breaker Required 15 Amp 
5 Operating Amperage 3.5 Amps 
6 Operating VA Load 420 


7 
ZEISS Supplied Power Strip Provides 
Power to All 3 Components With a 
Single Plug 


NEMA 5-15 P 


8 
Customer Supplied Wall Receptacle – 
1 Required 


NEMA 5-15 R Duplex 


(For Option 2 with Transformer, Table is for Reference only) 


 


 


Figure 13 


These user interface components are compatible with international AC voltages.  AC 
plug adapters for Asia, Europe, and Australia are supplied. 
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8.5 - Pre-Alignment Microscope Electrical 
 
The Pre-alignment Microscope has five components that require AC voltage.  Each of 
these PAM components plug into a ZEISS supplied power strip.  Only a single customer 
facility receptacle is required. 


Table 11 


PAM Power Strip Electrical Requirements 
Item Parameter Specification 


1 AC Voltage Requirement 120/240 +/-10%VAC 
2 Phase Configuration 1 Phase  
3 Frequency 50/60 Hz 
4 Circuit Breaker Required 15 Amp Non-GFI 
5 Operating Amperage 12.5 Amps 
6 Operating VA Load 650 


7 
ZEISS Supplied Power Strip Provides 
Power to PAM Components With a 
Single Plug 


NEMA 5-15 P 


8 Customer Supplied Wall Receptacle NEMA 5-15 R 


9 


An International Power Conversion Kit 
is included with the Ultra.  
A step down transformer and 
compatible AC plugs for Europe, Asia 
and Australia are provided. 


Kit Part Number: A001696 


(For Option 2 with Transformer, Table is for Reference only) 


 


 


8.6 – Rough Pump and Model 810 Enclosure Chiller Electrical 
 
The X-ray source TMP rough pump and the Ultra Model 810 enclosure chiller connect 
directly to electrical receptacles within the Ultra enclosure.  They do not require 
customer supplied receptacles.   


The following is for reference only. 
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Table 12 


Enclosure Chiller Ultra Model 810 Only 
Item Parameter Specification 


1 AC Voltage Requirement 120 +/-10% VAC 
2 Phase Configuration 1 Phase 
3 Frequency 60 Hz 
4 Circuit Breaker Required TBD 
5 Operating Amperage 7 Amps 
6 Operating VA Load 850 


7 
ZEISS Supplied Plug and Power Cord 
Length 


NEMA 5-15 P with 4 Foot Power Cable 


8 Receptacle on Enclosure UPS NEMA 5-15 R 


 


Section 9 – Optional Ultra Power Distribution Transformer  Details 
 


ZEISS offers an optional Power Distribution Transformer unit that provides: 


1. A single customer supplied VAC facility requirement for the entire Ultra system 
2. Consolidation of all Ultra system circuit breakers and receptacles into a single 


module. 


 


 


Note that this optional transformer must be specified during completion of the Sales 
Order Configuration Guide.  If this option is not specified, customers must provide 
all facilities AC breakers and all wall mounted AC receptacles as detailed in 
Section 8. 


 


The transformer input voltage range is configurable from 180 to 440VAC.  This 
configuration is completed by a ZEISS service representative at the time of install.  
Configurable voltages and amperages are as follows: 
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Table 13 


Facilities VAC supplied 
to transformer primary, 3 


phase plus ground 


Amperage at 15kVA 
(Transformer maximum 


rating) 
Ultra Amperage Typical 


180 47.4 36.3 
200 43.3 33.2 
220 39.4 30.2 
240 36.1 27.7 
380 22.8 17.5 
400 21.7 16.6 
420 20.6 15.8 
440 19.7 15.1 
480 18.0 13.8 


 


The customer supplied, wall mounted junction box and circuit protection for the 
transformer must have ratings compatible with the input voltage configuration used. For 
the transformer to junction box, 20 foot 6 AWG power cable is provided. 


 


Transformer Outputs 


Table 14 


Output Connector Output Ultra System Component 
J1  NEMA L15-20 R 208VAC 20 A 3 Phase X-ray Generator 
J2  NEMA L14-30 R 208VAC 30A 2 Phase Ultra 800/810 Enclosure 


J3  NEMA L6-15 R 208VAC 15A 1 Phase 
X-ray Source Temp 


Controller 


J4  NEMA 5-15 R 120VAC 15A 1 Phase X2 
Open for 120 VAC 


Accessories as Required. 
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Power Distribution Transformer Layout Figure 14


J1 J2 


J3 


J4 
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9.1 - Optional Configuration Power Distribution Transformer Electrical Block Diagram 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Ultra 800/810 Enclosure 
200-240 VAC 


2 Phase, 4 Wire L1-L2-N-GND 


Open for 120 VAC Single 
Phase Accessories as 


Required 


X-ray Generator Source 
Chiller 200-240 VAC 
3 Wire L1-L2-GND. 


Model 810 
Enclosure 


Chiller 


Rough Pump 


Facility Mains 
180 – 440 


VAC, 3 
Phase 4 Wire 


L1- L2- L3- 
GND 


Customer 
Supplied 


Junction Box 


X-ray Generator Source 
200 +/-10% VAC 3 Phase, 


4 Wire L1 – L2 – L3 – 


ZEISS supplied 
optional Power 


Distribution 
Transformer - 


Configurable Input 
Voltage 


This power 
distribution unit 


provides all Ultra 
wiring, circuit 


protection, and 
receptacles with a 


single facility mains 
connection. 


Outputs: 
208 VAC 1/2/3 


Phase 
120 VAC Single 


Phase 


All Transformer Electrical Specifications and requirements 
are detailed in Section 9 


Customer Responsibility ZEISS Responsibility 
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Section 10 - Xradia 800/810 Ultra Helium Gas Delivery Requirements  
Table 15 


Helium Specifications and Requirements 


Gas – Customer supplied Helium 


Grade/Purity 99.997% 


Consumption 80CF/month 


Delivery Pressure to Ultra 
Gas Panel 


10 PSIG +/-1PSIG 


Dedicated Cylinder Source 
– Customer supplied 


Dual Stage Regulator,  
1st Stage 0-4000 PSIG Typical 
2nd Stage 0-50 PSIG Typical, 
Set to 10 PSIG 


Ultra Helium Gas Panel 
Connection 


1/8” Stainless Swagelock 
Compression Fitting 


 


Helium Supply Line, – 
Customer supplied 


1/8” Stainless Steel Line or 
Polymer tubing 


Line length is determined by 
the distance from the left rear 
corner of the enclosure to the 
helium bottle. 
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10.1 - Dedicated Cylinder Helium Gas Delivery Block Diagram 
 


 


                
 
 


Figure 15   Helium Tank regulator and valves 
 


 


    
 


Figure 16  Ultra - Helium Pneumatics Panel 
 


Helium Inlet 1/8 inch fitting (3.17mm). 


Customer to provide poly or stainless 
steel metal line 1/8 inch (3.17mm) 
outside diameter up to this Helium inlet. 


2 Stage Pressure Regulator for Helium required. 


Helium output pressure  set to 10 PSI (68.9 kPa) 


 


Shutoff valve 


 


 


Swagelok 1/8 inch (3.17 mm) compression 
adapter (or equivalent). 1/8 inch poly tubing 
going to Ultra pneumatics panel. 


 


Pressure Relief Valve  


15 PSI (100 kPa) 


(recommended) 
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All Helium delivery plumbing and hardware requirements are customer responsibilities.  Refer to 
Section 10 for detailed requirements. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 17


Continuous Helium Gas Flow delivered to the Gas 
Panel at 10 PSIG  


Single Input, 1/8 inch Compression Fitting, Direct 
Connection to He Input Regulator 


ATM 


Manual Shutoff Valve 


Manual Vent Valve 


1/8” Stainless or Poly 
Line 


2 Stage Regulator, Adjusted to 10 PSI (X kPa) 
Delivery Pressure to Gas Panel 


Single Point of Use High Pressure Helium 
Cylinder 


Ultra 800/810 
Helium Gas Panel 
Left Lower 
Enclosure, Rear 


Customer 


ZEISS 
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Section 11 - X-ray Source Water Cooled Option Chiller Requirements  
 


                                             


 


Figure 18  Chiller Cooling Lines 


 
 


Table 16 


Facilities Cooling Water Specifications 


Supply Temperature 70° F ±5°  (21° C ±3°) 
Flow 1.2 GPM ±0.1 GPM  (4.5 LPM ±0.5 LPM) 
Supply Pressure 50 PSI ±5 PSI (65 PSI Max) 
Differential Pressure 37.5 PSI ±7.5 PSI  (50 PSI Max) 
Water Quality Clean. pH > 8 


Facilities Cooling Water Hardware Requirements. 


Chiller SUPPLY & RETURN connection 
fittings  


0.75 inch FPT (Female Pipe Thread) on 
customers cooling water Supply and Return 
pipes. 
(House cooling water supply and return 
hoses supplied by ZEISS) 


Shutoff Valves 
Shutoff valve, 1 ea. on SUPPLY & RETURN 
lines 


X-ray Source Chiller  
Supply & Return Lines  


(provided by ZEISS) 


 


Lines are color coded: 


RED =   Return 


   


House Cooling Water Supply 
& Return Lines  


(provided by ZEISS) 


Lines should be labeled or 
color coded when installed. 


 


Require 0.75 inch FPT 
connection at house cooling 
water Supply and Return 
pipes. 


Filter and filter hose loops 
(provided by ZEISS)  
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Bypass Valves 
1 connected between the SUPPLY & 
RETURN lines, in front of the shutoff valves 


Pressure Gauge 
Pressure gauge (75 psi range), 1 each on 
SUPPLY & RETURN lines 


Flow Gauge 
Flow gauge connected to RETURN line  
(5 gal/min, 20 L/min   full scale) 


Temperature Gauge 
Temperature gauge connected to SUPPLY 
line (100 F, 40 C range) 


Environment 


Ambient Temperature 


If the chiller is located in the same room as 
the Ultra, the ambient temperature 
requirements for the Ultra apply. 
If the chiller is located in a separate, adjacent 
room to the Ultra: 
60 – 85 F  (15.5 – 30.0 C) 


Recirculating Water Specifications 


Chiller Recirculating Water to X-ray Source 


Distilled water ONLY.   
• pH:                               6.5-7.5 
• Electrical conductivity: 3µS/cm max. 
• Total hardness:            50ppm max. 
• Silica Sio2:                   20ppm max. 
• Fe³+ions:                      0.3ppm max. 
• C1 ions:                       10ppm max. 
• SO2 ions:                     50ppm max. 
• No impurities, such as moss, sand, 


wood chips, or metal fragments.  
• 7 gallons (26.5 liter s) initial fill 


capacity.   
• Consumption rate approx. 1 


gallon/month.  (4 liters/month) 


Recirculating Water Hardware Requirements 


Chiller to X-ray Source SUPPLY & RETURN 
connection fittings 


ZEISS Supplied. 
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11.1 - Water Cooled Chiller Facilities Cooling Water Plumbing Diagram 
 


 


 
 


Figure 19
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Section 12 - X-ray Source Air Cooled Option Chiller Requirements 
Table 17 


Air Cooled Chiller Environment 


Ambient Operating Temperature 60 to 80 F (15.5.to 30.0 C) 
Recommended Location It is recommended that the air cooled Chiller 


is located in a separate indoor room or 
facilities chase.  This space must have 
sufficient chilled air and exhaust handling to 
maintain ambient temperature stated above. 


Adjacent to Ultra Enclosure If the air cooled chiller must be located in the 
same room as the Ultra, sufficient chilled air 
must be supplied directly to the chiller as well 
as a 12” duct hot air exhaust. 


Recirculating Water Specification 


Chiller Recirculating Water to X-ray Source Distilled water only.  De-ionized water will 
damage the system.  8 gallons (30 liters) 
initial fill capacity.  Consumption rate approx. 
1 gallon/month.  (2.2 liters/month) 


Recirculating Water Hardware Requirements 


Chiller to X-ray Source SUPPLY & RETURN 
connection fittings and tubing size 


ZEISS Supplied. 


Maximum length of tubing to/from TCU to 
Ultra 


30 Feet (9 m) 
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11.1 – 12.1 X-ray Generator Recirculating Water Block Diagram 
 


All hardware and plumbing to/from the X-ray Source chiller, X-ray Generator, and 
particle filter is provided by ZEISS.  Diagram for reference only. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


  


 


 


Figure 20 


 


 


X-ray Source Chiller (Air-
cooled or water-cooled) 


 


Ultra Enclosure 


Bypass Valve 


X-ray Generator 


Inlet and Bypass Valve Module 


Supply/Return Manual Shutoff Valves 
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Section 13 – Network, USB, and DVI Connection Requirements 
 


 


 


Note: To prevent Xradia Ultra workstation operating system or application operation 
errors, only ZEISS personnel are allowed to physically connect and configure the 


network connection. 


Table 18 


Device Interconnect Requirements 


Parameter Specification 


Cable type CAT-6a 


Connector type RJ45  (IEC 60603-7 8P8C Modular connector.) 


Cable length 25 feet supplied  


USB and DVI Cables 50 feet supplied 


Interconnect ETHERNET 10BASE-T/100BASE-TX/1000BASE-T 


Cable interconnect 
confirmed 


Are all Appendix Interconnect Checklist Items Completed? 
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13.1 Network, Serial, and Video Interconnect Block Diagram 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 21


HI DVI Extender 


Ultra Lower Enclosure 
Workstation Rear panel 


connections 


Keyboard and Mouse USB 
Outputs 


HI USB Extender 


Customer Facilities RJ45 
Network Connection 


Computer Monitor, DVI In, 
USB Hub In/Out 


Motion Stop Button, DVI and 
USB Extension Cables 
connect between the 
enclosure workstation 
computer and the external 
monitor/keyboard/mouse 
devices.  Standard ZEISS 
provided cables are 30 feet 
(15.2 m). 


Ethernet cable connects the 
Ultra workstation computer to 
customer LAN.  Standard 
ZEISS provided cable is 25 
feet (7.6 m). 


 


Only ZEISS personnel to 
make this connection 


Motion Stop Button 
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Section 14 - Seismic Restraints 
 


ZEISS does not provide seismic restraints to reduce and/or stop equipment movement 
during a seismic event. Seismic restraints can minimize interruption of research or 
production activities. 


Customers are responsible for the preparation of the installation site and the selection 
and installation of the anchoring mechanism as these are integral to specific customer 
facilities. 


  


Figure 22 


 


 


 


 


 


Enclosure 
Anchor hole 


spacing 


Note: 
All dimensions are in 


Millimeters and [Inches] 


X-ray Source 
Anchor hole 


spacing 
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Section 15 – Customer Site Preparation Checklist 
 
Completion of the following checklist items are the responsibility of the customer.  All items must 
be verified and meet all specifications as stated in this guide prior to start of the installation.  A 
checklist data table is provided in the appendix for the recording of measured and observed 
parameters. 


Table 19 


 YES NO 


MOVE and MOVE PATH CHECKLIST 


Final install site confirmed and approved.    


The install location flooring is properly rated for the instrument weight.   


All required lift equipment has been qualified.   


All move path flooring is rated to accommodate the instrument weight.   


All doorway dimensions are confirmed.   


Doorway threshold/sills are low profile and passable.   


Hallway turns and corners provide clearance   


Elevator capacities, volume, door override and transition gap to building floor 
confirmed. 


  


No inclines or momentum hazards.   


Sufficient service access around the installed instrument.   


No carpet or soft flooring. Floor tile may crack under weight of Ultra during transit   


Personnel are scheduled and available to assist on the date and time of move – 5 
personnel required to move the instrument and crates. 


  


INSTALL FLOORPLAN and LAYOUT 


Room dimensions verified and sufficient clearance has been provided to allow 
enclosure doors to be fully opened. 


  


Location of X-ray chiller confirmed   


If required, location of optional power transformer confirmed.   


Room construction/modification completed and is free of dust   


Work table for computer monitor, keyboard, and mouse is  present and ready   


Work table for Pre-Alignment Microscope is present and ready   
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ELECTRICAL CHECKLIST  


Option 1:  Have all customer supplied electrical requirements been installed and 
tested per the Appendix Electrical Checklist Data sheet? 


 


  


Option 2:  Has the customer provided transformer AC junction box been installed?  


  


X-RAY SOURCE CHILLER CHECLIST  


Water cooled chiller facilities cooling water source confirmed  


Cooling water valving installed – Supply, Bypass, Return  


Cooling water instrumentation installed – pressure, temperature, flow  


8 Gallons (30 liters) of Distilled Water is onsite and available  


Air cooled chiller cooling air source confirmed  


HELIUM GAS DELIVERY CHECKLIST  


Helium Gas Source Confirmed  


House Helium source – two stage pressure regulator installed  


Helium gas cylinder – two stage regulator installed  


Helium valving installed – inlet, outlet, vent, and overpressure  


Has the 1/8” gas line/tubing been plumbed from the outlet valve to the inlet valve?  


ENVIROMENTAL CHECKLIST  


Room temperature and humidity over time stability confirmed  


Room A/C and air handlers have been running for >1 week  


  


WATER COOLED CHILLER HOUSE WATER CHECKLIST  


Have all facilities cooling water items been confirmed per Appendix Facilities Water 
Checklist Data Table?   


 


  


  


Site Name ______________________ 


Customer Name (Print) _____________________________     


Customer Signature: _______________________________    Date:  __________________ 
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Section 16 – General Installation Information 
 


The Xradia Ultra is equipped with 4 swiveling casters that allow movement of the 
instrument.  For the instrument size, it is relatively heavy. 


If there are move path transition issues, metal plates of sufficient load bearing capability 
may be required to facilitate rolling the casters between these transitions. 


 


 


All customer install checklist items must be satisfied prior to scheduling start of 
installation.  A signed copy of the completed Customer Site Preparation Checklist 


must be sent to ZEISS for confirmation. 


 


Prior to starting the move, walk the entire planned route with a ZEISS representative to 
confirm that no issues will arise that could stall or abort the activity once the move is in 
progress. Pay particular attention to any transition or floor conditions on the route that 
would exceed the stated leveling foot clearance. 


 


Update the detailed installation spreadsheet as the install progresses.  (This 
spreadsheet is a companion document provided with the Install Guide.) 
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Section 17 – Zeiss Xradia 800/810 Ultra Install Overview, Timeline, and 
Responsibilities 
 


Customer:  ____________________________ 


Install Site Location:  _____________________________ 


Xradia Ultra Serial Number:  ____________________________ 


Install Start Date:  ____________________________ 


Installation Overview 


 


 


Site Prep


•Customer receives install guide , confirms move path and install site
•Customer install checklist completed
•Installation start date confirmed


Receive


•Customer confirms all crates received
•Customer inspects crates for shipping damage


Uncrate


•ZEISS rep onsite
•Uncrate, inspect, confirm shipment complete
•Prep for move


Move


•Move team scheduled
•Move instrument to final install location


Faciltize 
and test


•Power and network connections
•Install activies, alignment, test, 
•Detailed timeline startup activities completed


Acceptance


•Customer acceptance and sign-off
•Basic user training
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Section 18 – Zeiss Xradia 800/810 Ultra Dimensional Layout Drawings 


 


 


 


Figure 23 


 


Enclosure door swing 
clearance requirements 


Note: 
All dimensions are in 


Millimeters and [Inches] 
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Dimensional Layout Drawings (cont’d) 


 


 


 


Figure 24 


 


 


 


 


 


 


 


 


Front view instrument width, 
height, and CG dimensions 


Note: 
All dimensions are in 


Millimeters and [Inches] 


X-ray Source 
Generator CG 


Enclosure 
and Optics 


CG 
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Dimensional Layout Drawings (cont’d) 


 


 


Figure 25 


 


` 


Note: 
All dimensions are in 


Millimeters and [Inches] 


Enclosure 
and Optics  
CG 


Left side view instrument 
depth and CG dimensions 
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18.1 - Typical Room Layout – Water Cooled Chiller 
 


 


 


Figure 26 
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18.2 Typical Room Layout – Air-cooled Chiller 
 


 


 


 


Figure 27 
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Section 19 – Customer Acceptance Certificate 


 


Important Acceptance Requirement! 


 


This page shows an example of the ZEISS 
Customer Acceptance Certificate.  The ZEISS 


installation team will provide a formal version 
of the certificate to be completed, signed, and 
submitted to ZEISS at the time of acceptance. 
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Appendix 


A.1 - Ultra 800/810 Electrical Requirements Table 
 


Component 
AC Voltage Requirement 


(VAC) 
Phase 


Configuration 
Frequency 


Operating 
Amperage 


Circuit Breaker 
Amperage 


Operating VA Load 
User Supplied Power 
Receptacle Required 


X-ray Generator 200 VAC +/-10% 
3 Phase 4 wire 
(L1-L2-L3-Gnd) 


50/60 Hz 12.5 20 4500 
NEMA L15-20 R 


(NEMA L15-20 P Supplied 


800/810 Ultra Enclosure 208-240 VAC 
Two Phase 4-wire 


(L1-L2-N-GND) 
50/60 Hz 15 


30 


Non-GFI Type 
Breaker  required 


3600 NEMA L14-30 R   


X-ray Generator Chiller - Option 1 - Water 
Cooled.  Confirm type specified on Purchase 
Order prior to facilities installation activities. 


208-240 VAC Single Phase 50/60 Hz 12.0 


15 


Time Delay Type 
Breaker Required 


2900 NEMA L6-15 R 


X-ray Generator Chiller - Option 2 - Air 
Cooled.  Confirm type specified on Purchase 
Order prior to facilities installation activities. 


208-240 VAC Single Phase 50/60 Hz 13.0 15 3100 NEMAL6-15 R 


PC Monitor, USB Extender, DVI Extender 
Power Strip 


100 to 240 VAC Single Phase 50/60 Hz 3.5 10 420 NEMA 5-15 R 


Pre-alignment Microscope  (A 120VAC 
power strip is included with the PAM for 
PAM subcomponents) 


120 VAC +/-10%  (Stepdown 
transformer required where 
120 VAC is not available.) 


Single Phase 50/60 Hz 5.4 10 650 NEMA 5-15 R 


Chiller for Ultra 810 Enclosure 120 VAC +/-10% Single Phase 60 Hz 7.0 
NA  Plugs into 810 


enclosure UPS 
850 (1750) 


NEMA 5-15 R/NEMA 5-15 P 
Supplied.  Plugs into 


enclosure UPS 


Power Distribution Transformer (Option)   
This option provides power receptacles 
rather than user supplied in wall receptacles 
as detailed above. 


200 to 440 VAC 
3 Phase 5 Wire 


(L1-L2-L3-N-GND) 
50/60 Hz See Section 9 for these transformer specifications. 
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A.2 - Customer Ultra 800/810 Installation Checklist Data Tables


Line
Requirement Measurement Measured Value Requirement Measurement Measured Value


1 2 Phase 4 Wire, L1-L2-N-GND L1 to L2 VAC 1 Phase 3 Wire, L1-L2-GND L1 to L2 VAC
2 L1 to N VAC L1 To GND VAC
3 L2 to N VAC L2 to GND VAC
4 L1 To GND VAC Installed time delay breaker rating Visual
5 L2 to GND VAC Power receptacle NEMA PN Visual
6 Installed breaker rating Visual Receptacle distance from TCU Visual
7 Power receptacle NEMA PN Visual Power receptacle NEMA PN Visual
8 Receptacle distance from Enclosure Visual Receptacle distance from Enclosure Visual


Requirement Measurement Measured Value Transformer Primary Input VAC
9 3 Phase 4 Wire, L1-L2-L3-GND L1 to L2 VAC Requirement Measurement Measured Value
10 L2 to L3 VAC 3 Phase 4 Wire, L1-L2-L3-GND L1 to L2 VAC
11 L3 to L1 VAC L2 to L3 VAC
12 L1 To GND VAC L3 to L1 VAC
13 L2 to GND VAC L1 to GND
14 L3 to GND L2 to GND
15 Installed breaker rating Visual L3 to GND
16 Power receptacle NEMA PN Visual Transformer Secondary Output VAC
17 Receptacle distance from Generator Visual 3 Phase 5 Wire, L1-L2-L3 - N - GND L1 to L2 VAC


L2 to L3 VAC
L3 to L1 VAC


Requirement Measurement Measured Value L1 to N
1 Phase 3 Wire, L1-L2-GND L1 to L2 VAC L2 to N


L1 To GND VAC L3 to N
L2 to GND VAC L1 to GND


Installed breaker rating Visual L2 to GND
Power receptacle NEMA PN Visual L3 to GND
Receptacle distance from TCU Visual Installed breaker rating


X-ray Souce Temperature Controller - Air and Water Cooled


Optional Power Transformer


Ultra System Enclosure


Ultra Enclosure Temperature Controller


X-ray Generator


BACK to Site Preparation Checklist 
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Requirement Measurement Measured Value
Purity As Labeled
Source to gas panel plumbing 
complete and leak teated
Inlet pressure Gauge


Requirement Measurement Measured Value
Water Temperature
Outlet Pressure
Return Pressure
Water Quality


Requirement Measurement Measured Value
Ambient Temperature Thermometer
Temperature Stability Temperature Recorder
Ambient Humidity Hygrometer
Vibration Accelerometer


Ultra Environmental Requirements


Ultra Helium Requirements


House Facilities Water


 


 


BACK to Site Preparation Checklist 
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Appendix E E.1
 


Appendix E – Checklist: High Performance Sustainable 
Buildings 


Checklist is a printed .pdf 


The native editable document Excel template is available at: 


https://www.energy.gov/eere/femp/guiding-principles-sustainable-federal-buildings 







Required 
or 


Additional


Compliance  
(dropdown box) 


Yes/No/In‐
Process/Not 
Applicable


C
o


m
m


is
s


io
n


in
g 2.  Commission and recommission at least every 4 years to 


optimize building performance using commissioning agents who 
are independent of the design and construction or operating 
team. Commissioning should be consistent with the Energy 
Independence and Security Act (EISA) section 4321 and Federal 
Energy Management Program (FEMP) commissioning guidance.2


 2016 Guiding Principles Checklist for New Construction and Modernization v2.0
In


te
g


ra
te


d
 A


s
s


e
s


s
m


e
n


t,
 


O
p


e
ra


ti
o


n
, 


a
n


d
 M


a
n


a
g


e
m


e
n


t


1. Consider the environmental impact of siting decisions and use 
an integrated project team to: establish energy and other 
environmental performance goals in the design process; follow 
sustainable landscape design principles; evaluate electric vehicle 
charging needs; consider design choices that improve 
environmental performance, support health and wellness of 
building occupants and consider climate risks including wildfire; 
and consider all stages of the building’s life cycle.


Yes


Integrated Team roster or equivalent 


Agency: 


Building Name: 


Federal Campus: 


Department/Region: 


Address: 


City & State:


Per Executive Order 13693, the 2016 Guiding Principles were issued on February 26, 2016 by the White House Council on Environmental Quality, Office of Sustainability, in two documents: “Determining Compliance with the Guiding Principles for Sustainable Federal 
Buildings” (GP Compliance Document), which outlines evaluation criteria on which the Guiding Principles will be scored, and the “Guiding Principles for Sustainable Federal Buildings and Associated Instructions,” which provides instructions, guidance and 
recommended practices. This Checklist was developed by the U.S. Department of Energy, Federal Energy Management Program, as a voluntary tool for evaluating and tracking a building’s progress towards meeting the evaluation criteria defined in the GP 
Compliance Document. Agencies are invited to use this Checklist as is, or to reformat it to suit agency needs. Some cells in this worksheet are protected.  For the password, contact the  FEMP sustainability program at the link below.


I. Employ Integrated Assessment, Operation, and Management Principles 


Baseline Guiding Principles assessment


Federal Real Property ID: 


Guiding 
Principle


Metric 


Sustainable design charrette 


      Suggested Evidence of Compliance                                  
(may need one or more)


Select Guiding Principle Metrics Type: 


For more information about the Guiding Principles and FEMP Support: http://energy.gov/eere/femp/guiding‐principles‐sustainable‐federal‐buildings
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Checklist Manager: 


Notes/Comments


[Sample] Project uses Integrated Project team; Energy goals and 
environmental goals established via LEED Gold; Sustainable design 
charrette was held on May 16, 2016 with the project team. Meeting 
results are available. 


Instructions:  For new construction, 20 out of 21 metrics are required, and for modernization, 19 out of 21 metrics are required.  For building evaluation purposes, “not applicable” may be used where the building’s inherent function, mission, safety, or designation prevents 
compliance with a specific Guiding Principle, element, or sub-element. "Not applicable” is equivalent to compliance with that Guiding Principle, element, or sub-element. Metrics marked as "N/A" should be justified and documented. 


RQD


RQD Yes


Date: 


Commissioning report 


Other


II. Optimize Energy Performance


In Compliance


(click menu above)


Site assessment 


New Construction Metrics


Other 


1 of 12







Required 
or 


Additional


Compliance  
(dropdown box) 


Yes/No/In‐
Process/Not 
Applicable


Guiding 
Principle


Metric 
      Suggested Evidence of Compliance                                  


(may need one or more)
Notes/Comments


Building‐level utility bills 


Document reduction calculation method and results 


Other 


B. For modernization, ensure:
1) Energy use is 20% below the fiscal year (FY) 2015 energy use 
baseline, OR
2) Energy use is 30% below the FY 2003 energy use baseline, OR
3) The building has an ENERGY STAR® rating of 75 or higher, OR
4) For building types not in ENERGY STAR Portfolio Manager, 
where adequate benchmarking data exists, the building is in the 
top quartile of energy performance for its building type, AND


3. A. For new construction, ensure energy efficiency is 30% better 
than the current American Society of Heating, Refrigerating and 
Air‐Conditioning Engineers (ASHRAE) 90.1 standard, OR


C. Use energy efficient products, as required by statute


5. Install building level meters for electricity, natural gas, and 
steam; install advanced or standard meters as appropriate.


III. Protect and Conserve Water 


RQD


7.   A. Build to ASHRAE standard 189.1‐2014 sections 6.3.2, 6.4.2, 


Photos of building‐level meters


Other


ENERGY STAR Portfolio Manager documentation 


Building‐level utility bills 


Other 


6. Benchmark building performance at least annually, preferably 
using ENERGY STAR Portfolio Manager; regularly monitor building 
energy performance against historic performance data and peer 
buildings.4


YesRQD


M
et


er
in


g
 


Yes
Design specifications for advanced meters


Photos of building‐level meters


B
en


ch
m


ar
ki


n
g


ENERGY STAR Portfolio Manager documentation 


E
n


er
g


y 
E


ff
ic


ie
n


cy


RQD Yes


Affirmative procurement reports


ENERGY STAR Portfolio Manager documentation 


Document reduction calculation method and results 


Agency or site purchasing policy


Purchasing contracts


Purchase orders


Other 


r 
U


se


Renewable energy contract


Utility records


Photos of on‐site renewable
Yes


Photos of alternative energy


Proof of purchase of RECs


RQD


4.  Evaluate and implement, where appropriate, life cycle cost‐
effective renewable energy projects on‐site; consider long‐term 
off‐site renewable sources and Renewable Energy Certificates 
(RECs); and utilize clean and alternative energy where possible.


R
e


n
e


w
a


b
le


 a
n


d
 C


le
a


n
 


E
n


er
g


y
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Required 
or 


Additional


Compliance  
(dropdown box) 


Yes/No/In‐
Process/Not 
Applicable


Guiding 
Principle


Metric 
      Suggested Evidence of Compliance                                  


(may need one or more)
Notes/Comments


ENERGY STAR Portfolio Manager documentation 


Other


and 6.4.3, or current comparable ASHRAE standards, AND
B. Use water‐efficient products; install building level water 
meters; optimize cooling tower operations; and eliminate single 
pass cooling.


RQD Yes


Document efficient products (photos, lists, product specs, etc.)


Agency or site purchasing policy


In
d


o
o


r 
W


at
e


r
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Required 
or 


Additional


Compliance  
(dropdown box) 


Yes/No/In‐
Process/Not 
Applicable


Guiding 
Principle


Metric 
      Suggested Evidence of Compliance                                  


(may need one or more)
Notes/Comments


Yes9.Consider alternative sources of water where cost‐effective and 
permitted by local laws and regulations.


10.  For new construction meet or exceed EISA section 438 
stormwater management requirements.


Document consideration of alternative sources 


Document use of alternative water (photos, narrative, etc.) 


Other 


8. A. Separately meter water for irrigation systems greater than 
25,000 square feet, AND
B. Use water efficient landscapes, AND
C. Limit potable water use for irrigation to 50% or more below 
conventional practices using methodologies from (but not the 
numeric requirements contained in) ASHRAE standard 189.1‐2014 
section 6.5.1, or current comparable ASHRAE standards, to 
calculate water use of conventional practices.


Yes


Yes


Yes


D
ay


li
g


h
ti


n
g


 
an


d
 L


ig
h


ti
n


g
 


C
o


n
tr


o
ls


 


Photos


Compilation of individual policies 


Document stormwater strategies (photos, narrative, etc.)


Schematic of floor layout 


RQD


RQD


RQD


13. Develop and implement an indoor air quality policy that 
considers the following: moisture control, use of low emitting 
materials and products with low pollutant emissions, necessary 
protocols to protect indoor air quality during construction and in 
the finished building, prohibition of smoking in any form inside 


Document when < 25,000 sf2 of landscape is irrigated


Document (photos, list, narrative, design specifications, etc.) 


RQD


Building‐level utility bills (showing metered use for irrigation)


RQD


Stormwater plan


Other 


Landscape plan and/or narrative of landscape


A
lt


er
n


at
iv


e 
W


a
te


r


Indoor air quality policy


Other


Yes


Other


Stormwater permit


Other


V
en


ti
la


ti
o


n
 a


n
d


 
T


h
er


m
al


 
C


o
m


fo
rt


 S
to


rm
w


at
er


  
M


a
n


a
g


e
m


e
n


t 


ENERGY STAR Certification 


Documentation from licensed architect, engineer or qualified building professional


RQD


r 
A


ir
 Q


u
al


it
y


IV. Enhance Indoor Environmental Quality


11.  Meet the current ASHRAE 55 and either 62.1or 62.2 
standards for ventilation and thermal comfort.    


12.  Maximize opportunities for daylighting in regularly occupied 
space, automatic dimming controls or accessible manual controls, 
task lighting, and shade and glare control.


[Sample] Drip irrigation to be used along side native plants for 15% of 
the landscape area. The remainder will have no irrigation.Yes


Document when no water is used to irrigate 


O
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W
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4 of 12







Required 
or 


Additional


Compliance  
(dropdown box) 


Yes/No/In‐
Process/Not 
Applicable


Guiding 
Principle


Metric 
      Suggested Evidence of Compliance                                  


(may need one or more)
Notes/Comments


ti
ca


li
ty


Climate resilience plan 


15.   Procure products that meet the following requirements 
where applicable:


16.  Where markets exist, provide reuse and recycling services for 
building occupants and divert at least 50% of non‐hazardous non‐
construction related materials from landfills. 


18. Determine long‐term mission criticality of the physical asset 


A. RCRA section 6002, AND


B. FSRIA section 9002, AND


C. Federally Recommended Specifications, Standards and 
Ecolabels or are on the Federal Green Procurement 
Compilation for other green products, as appropriate, AND 


D. Avoid ozone depleting compounds and high GWP chemicals. 


RQD


RQD


Plan to avoid ODC and GWP chemicals


Yes


Yes


Other 


Document no ODC and GWP chemicals 


Other


and within 25 feet of all building entrances, operable windows, 
and building ventilation intakes, and use of integrated pest 
management techniques.


Construction and Demolition (C&D) contract 


Construction and demolition policy


Yes


Other


Yes


Other


Waste stream report/s


Recycling contract


Other


Building or site‐wide health and fitness programs


M
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a
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M
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e
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t


RQD


RQD


W
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D


iv
e


rs
io


n
 


Fitness centers


Healthy dining options


Active/ergonomic work stations


Other 


M
at
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l 
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d
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ce


Agency or site purchasing policy
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H
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W
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n


e
s


s
In


d
o


o
r


14.   Promote opportunities for voluntary increased physical 
movement of building occupants such as making stairwells an 
option for circulation, active workstations, fitness centers, and 
bicycle commuter facilities; and support convenient access to 
healthy dining options, potable water, daylight, plants, and 
exterior views.


V.  Reduce the Environmental Impact of Materials 


17. Where markets exist, divert at least 50% of construction and 
demolition materials from landfills.


VI. Assess and Consider Climate Change Risks 
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Required 
or 


Additional


Compliance  
(dropdown box) 


Yes/No/In‐
Process/Not 
Applicable


Guiding 
Principle


Metric 
      Suggested Evidence of Compliance                                  


(may need one or more)
Notes/Comments


F
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F
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C


o
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s


Yes


Site plan 


Other 


Document building design features  Climate resilience plan 


Other 


Document building design features 


Other 


Climate resilience plan


Climate resilience plan


19. For new construction, avoid, to the extent possible, the long‐ 
and short‐term adverse impacts associated with the occupancy 
and modification of floodplains and avoid floodplain development 
whenever there is a practicable alternative.


RQD ‐ NC 


RQD ‐NC


20. For new construction, balance options to address predicted 
climate change impacts against mission criticality, cost, and 
security to determine design parameters; at a minimum, include 
low and no cost resilience measures to address predicted climate 
conditions.


Yes


No


M
is


si
o


n
 C


ri
t


YesRQD


21. For modernization, take action to mitigate identified risks, 
considering mission criticality, climate impacts, cost, and phased 
adaptation over time.


RQD ‐ M


g y p y
and operations to be housed in the facility to inform the design of 
new construction and modernization to increase climate 
resilience.


Other 


Version 2.0  released 26 October 2016. 
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Appendix F – Room Data Sheets and Lab Layouts 


 Room Data Sheets


 Lab Plan Layouts enlarged scale
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Symbol Key for Lab Plans
Not to Scale
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HOOD


BI-PARTING GLASS


DOORS


BATTELE FURNISHED


GLOVE  BOX.


PROVIDE & INSTALL


 ALL POWER, HVAC, GAS,


AND PLUMBING


CONNECTIONS


1. DASHED LINES (UNLESS UPPER CABINETS) INDICATE BATTELLE


FURNISHED, BATTELLE INSTALLED EQUIPMENT


2. REFER TO PERFORMANCE SPECIFICATION NARRATIVE, DIVISION 1,


AND UNIFORMAT SPECIFICATIONS IN APPENDIX FOR DETAILS
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NFPA Space Type:


Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


Yes length: 24'


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 1


Capped "Local Exhaust" 2


Furnace Exhaust: Yes


Lab Sink


Lab Sink


Yes


Yes


Room Data Sheet Grid Storage Launchpad
Program Space Name: Ambient Lab Industrial


Lab Group: ABF Prototyping


Ceiling Material:


Ceiling Height:


Cable Tray


Wall Finish: Paint


Laboratory for assembly and test of pouch cell prototype battery technology


Architectural Requirements                                                             


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Width:


Minimum Door Height:


:


Structural Requirements                                                                  


concrete slab


see Equipment below


Windows:


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Notes: Two (2) ceiling utility service carrier panels. Center service carrier. Lab 
Area includes vestibule airlock space for access to Dry Rooms
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House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher Yes at lab sink


Floor Drain No


Yes Qty: 1


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 1


No Qty:


Yes Qty: 1


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


GFCI protected receptacles sink proximity per NEC


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


Spacing 24" o.c. in multioutlet assembly


Special:


Emergency Light: per code reqts


General: lay-in LED troffers, direct/indirect


Verify Tube Furnace and Slurry Mixer power requirements; see 
Performance Spec Appendix J for Battery Cyclers and Environmental 
Chambers info. 


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec for configuration


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


Battery cyclers, environmental chambers


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Fire Protection


Notes:
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 2* D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 3 D/B D/B X
6' floor mt fume hood


6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table 3 D/B D/B


Env Chamber 2 Battelle Battelle X X X X X X
Battery Cyclers 3 Battelle Battelle


Slurry Mixer 1 Battelle Battelle


1 Battelle Battelle X
Vestibule


NOTES
* 1 chem stor cabinet in Service Corridor 24 x 48 x 66


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Tube Furnace


2 "sticky" floor pads, don/doff bench, wall mt coat rack, D/B furnished and installed


Equipment


Canopy Hoods (Vented 
Enclosure)


compressed air
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NFPA Space Type:


Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, moisture resistant


10'-0"


No length: -
Paint


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: none


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: Yes


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 1


Capped "Local Exhaust" 2


Furnace Exhaust: Yes


no


no


no


Room Data Sheet Grid Storage Launchpad
Program Space Name: Pouch Cell Dry Room Industrial


Lab Group: ABF Prototyping


Ceiling Material:


Ceiling Height:


Cable Tray


Wall Finish:


Ultra Low humidity lab for prototype battery assembly. Room consists of manufactured dry room 
assembled within building partition walls. Package to include walls, ceiling/roof, HVAC, doors. Refer 
to Performance Specification.


Architectural Requirements                                                                 


Floor Finish:


Slab Depression: no


Wainscot: no


Base: rubber base


Door Notes:


Hardware:


hollow metal, vision panel, doors by Dry Room Mfr


Sound Transmission: STC 43


Minimum Door Width:


Minimum Door Height:


Prox Card @ vestibule, keyed entry @ door to Service Corridor


Notes: Two (2) ceiling utility service carrier panels. Center service carrier. 


:


see Equipment below


Windows:


Inside Design Conditions: 70˚ +/- 2˚  


winter: 70˚ +/- 2˚ 


Minimum Air Changes per Hour: 4 unoccupied


Structural Requirements                                                                      


concrete slab


Heating, Ventilating, and Air Conditioning


AC Load (Equipment):


AC Load (Lights):


Occupancy:


Individual Temperature Control:


100% Exhaust Air:


Outside Air:


Room Air Balance:


Process Lab Cold Water:


Process Lab Hot Water:


Emergency Eyewash:


Noise Criteria:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


<0.5% RH (-40˚ dewpoint)


vapor control with perimeter sealants and flashings.


Sheet vinyl, grounded anti-static system
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no


House High Purity Water (House DI) no


Water Polisher no


Floor Drain No


Yes Qty: 1


Yes Qty: 2


Yes Qty: 2


Yes Qty: 4


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 1


No Qty:


Yes Qty: 1


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles per NEC


see Perf Spec 5.15.2


House Argon (Ar):


Special Gas (SG1):


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Safety Shower:


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


Notes:


Spacing 24" o.c. in multioutlet assembly


General: surface mount LED, wrap around lense


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Battery cyclers, ovens, environmental chambers. See Perf 5.15.2 for Dry 
Room requirements


Special:


Benchtop and freestanding equipment TBD. Surface mount conduit, 
minimize penetrations.


Lighting Level: 60 fc


Notes:


IT/Communications/Security


Emergency Light: per code reqts


Occupancy Sensor Yes


Fire Protection
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 2* D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 2 D/B D/B


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 1 D/B D/B X
6' floor mt fume hood


6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table 3 D/B D/B


De-Gas System 1 Battelle Battelle


Electrode Punch 1 Battelle Battelle


Pouch Form 1 Battelle Battelle


1 Battelle Battelle


Weld and Trim 1 Battelle Battelle


"Zig Zag" 1 Battelle Battelle


Side/Top Seal 1 Battelle Battelle


Vacuum Oven 1 Battelle Battelle X
Calendar Machine 1 Battelle Battelle


Electrode Coater 1 Battelle Battelle


NOTES


* 1 chem stor cabinet in Service Corridor 24 x 48 x 66


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)


Electrolyte Injection
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Cyl/Prismatic Cell Dry Rm NFPA Space Type:


Program Space Area : 726 sq ft net


Room Function:


PP


10'-0"


No length: -
Paint


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: none


Lab Furnishings:


Chair: telescoping stool with backrest qty: 2


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: Yes


NC-40


Lab Exhaust:


Vacuum Pots: 8


Snorkels 5


Capped "Local Exhaust" 6


Furnace Exhaust: no


no


no


no


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group: ABF Prototyping


Ceiling Material:


Ceiling Height:


Floor Finish: Sheet vinyl, grounded anti-static system


Door Notes: hollow metal, vision panel, doors by Dry Room Mfr


Notes:


Inside Design Conditions: 70˚ +/- 2˚  


winter: 70˚ +/- 2˚ 


Cable Tray


Wall Finish: vapor control with perimeter sealants and flashings.


Ultra Low humidity lab for prototype battery assembly. Room consists of manufactured dry room 
assembled within building partition walls. Package to include walls, ceiling/roof, HVAC, doors. 
Refer to Performance Specification.


Architectural Requirements                                                             


Slab Depression: no


Wainscot: no


Base: rubber base


Hardware:


Sound Transmission: STC 43


Minimum Door Width:


Minimum Door Height:


Prox Card @ vestibule, keyed entry @ doors to Service Corridor


:


see Equipment below


Windows:


Minimum Air Changes per Hour: 4 unoccupied


Structural Requirements                                                                  


concrete slab


Heating, Ventilating, and Air Conditioning


AC Load (Equipment):


AC Load (Lights):


Occupancy:


Individual Temperature Control:


100% Exhaust Air:


Outside Air:


Room Air Balance:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Process Lab Hot Water:


<0.5% RH (-40˚ dewpoint)
Noise Criteria:


(see Equipment page 3)


Notes:


Emergency Eyewash:
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no


House High Purity Water (House DI) no


Water Polisher no


Floor Drain no


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 3


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles sink proximity per NEC


Spacing 24" o.c. in multioutlet assembly


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


Special Gas (SG2):


Special Gas (SG3):


Safety Shower:


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


General: surface mount LED, wrap around lense


Hydrogen (H2):


Oxygen (O2):


Notes:


Other receptacles/power Battery cyclers, ovens, environmental chambers. See Perf 5.15.2 for Dry 


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle see Perf Spec 5.15.2


60 fc


Notes:


IT/Communications/Security


Special:


Emergency Light: per code reqts


Occupancy Sensor Yes


Benchtop equipment TBD. Surface mount conduit, minimize penetrations.


Fire Protection


Lighting Level:
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qty furnish install recept 
power


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 2 D/B D/B


Acid/Corrsv. cabinet 4* D/B D/B


Vented gas cabinet 2 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 2


4' lab bench - mobile


5' lab bench - mobile 12 D/B D/B X
6' floor mt fume hood


6' fume hood 2 D/B D/B X X X X X
8' fume hood


5' table 2 D/B D/B


Electrolyte Filling 1 Battelle Battelle


Crimping Machine 1 Battelle Battelle


Beading Machine 1 Battelle Battelle


1 Battelle Battelle


Slitting Machine 1 Battelle Battelle


Ultrasonic Welder 1 Battelle Battelle


SpotWelder 1 Battelle Battelle


NOTES
* 1 chem stor cabinet in Service Corridor 24 x 48 x 66


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)


Auto Winder
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NFPA Space Type:


Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


Yes length: 24'


3'-0" 5'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher Yes at lab sink


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height: 7'-0"


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Material:


Ceiling Height:


Cable Tray


Wall Finish: Paint


Laboratory for assembly and test of prototype battery technology


Architectural Requirements                                                             


Room Data Sheet Grid Storage Launchpad
Program Space Name: Cyl Battery Proto Industrial


Lab Group: ABF Prototyping
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Floor Drain No


Yes Qty: 1


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


Fire Protection


Notes:


IT/Communications/Security


General: lay-in LED troffers, direct/indirect


Benchtop equipment TBD


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


Chilled Water (CHWS/CHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles sink proximity per NEC


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Battery cyclers, ovens, environmental chambers
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 1 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 7 D/B D/B X
6' floor mt fume hood


6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table 1 D/B D/B


Glove Box 1 Battelle D/B X X X X X X


D/B


NOTES
* note not used


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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NFPA Space Type:


Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 3


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher No


Lab for fabrication and assembly of battery prototyping components


Architectural Requirements                                                             


Room Data Sheet Grid Storage Launchpad
Program Space Name: Fabrication Lab Industrial


Lab Group: ABF Prototyping


Wainscot: no


Base: rubber base


Ceiling Material:


Ceiling Height:


Cable Tray


Wall Finish: Paint


Sound Transmission: STC 43


Minimum DoorWidth:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:
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Floor Drain No


Yes Qty: 3


Yes Qty: 6


Yes Qty: 6


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power Shop Type equipment


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


IT/Communications/Security


Fire Protection
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 1 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 8 D/B D/B X
6' floor mt fume hood
6' fume hood 2 D/B D/B X X X X X
8' fume hood


5' table 1 D/B D/B


Glove Box


3-D printer 1 Battelle Battelle


CNC machine 1 Battelle Battelle


1 Battelle Battelle


Spot Welder 1 Battelle Battelle


Drill Press 1 Battelle Battelle


Floor Mt Grinder 1 Battelle Battelle


Tool Chests 1 Battelle Battelle


NOTES
* note not used


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)


Cut Off Saw
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NFPA Space Type:


Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


Yes length: 24'


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 4


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher Yes at lab sink


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


Outside Air:


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Minimum Door Width:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                             


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Laboratory for assembly and test of prototype flow battery technology


ABF Prototyping


Flow Battery Proto


Wainscot: no


Sound Transmission: STC 43


Heating, Ventilating, and Air Conditioning


Inside Design Conditions:
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Floor Drain No


Yes Qty: 5


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


No Qty:


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 1 D/B D/B


Equipment


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power Flow Batt Pumps


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):
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Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 7 D/B D/B X
6' floor mt fume hood


6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table 1 D/B D/B


1 D/B D/B X X


Glove Box


3-D Printer 1 Battelle Battelle


1 Battelle Battelle


NOTES
* note not used


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Strip Curtain 
Enclosure


Laser Cutter
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Flow Battery Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher Yes at lab sink


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                             


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery chemistry research laboratory
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Floor Drain No


Yes Qty: 4


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power per equip reqts


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 4* D/B D/B


Acid/Corrsv. cabinet 4* D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 5 D/B D/B X
4' lab bench - mobile


5' lab bench - mobile 6 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood


8' fume hood 3 D/B D/B X X X X X
5' table


Glove Box 1 Battelle D/B X X X X X X


NOTES
* One (1) Flam Cabinet full height, one chemstor cabinet full height 24 x 48 x 66


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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Lithium Ion Lab NFPA Space Type:


Materials Synthesis Program Space Area : 740


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


Yes length: 24'


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 3


Snorkels 2


Capped "Local Exhaust" 2


Furnace/Oven Exhaust: Yes


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Water Polisher No


Cable Tray


Heating, Ventilating, and Air Conditioning


Plumbing and Laboratory Gases


Paint
no


cove sheet vinyl


sheet vinyl, medical grade


no


STC 43


concrete slab


AC Load (Equipment):


AC Load (Lights):


Occupancy:


Individual Temperature Control:


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Outside Air:


Room Data Sheet


Industrial


Battery chemistry research laboratory


sq ft


(see Equipment page 3)


Ceiling Material:


Ceiling Height:


Architectural Requirements                                                             


Program Space Name:


Lab Group:


Wall Finish:


Wainscot:


Base:


Prox Card Lever mortise


Floor Finish:


Slab Depression:


Windows:


Sound Transmission:


Minimum Door Size:


Minimum Door Height:


Hardware:


Structural Requirements                                                                  


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


see Equipment below


Notes:


:


Door Notes: solid core wood, vision panel


70˚ +/- 2˚ ambient humiditywinter:


Room Air Balance:


Noise Criteria:


Notes:


Process Lab Cold Water:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


Grid Storage Launchpad
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Floor Drain No


Yes Qty: 3


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Qty: 1


Qty:


Yes Qty: 2


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1


IT/Communications/Security


Fire Protection


lay-in LED troffers, direct/indirect


per code reqts


Yes


Special Gas (SG2):


Special Gas (SG1):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


60 fc


General:


Special:


Chilled Water (PCHWS/PCHWR)


Notes:


House Argon (Ar):


House Compressed Air:


Lighting Level:


House Vacuum:


House Nitrogen (N2):


Emergency Light:


Occupancy Sensor


Notes:


General normal power recepticals Spacing 24" o.c. in multioutlet assembly


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles sink proximity per NEC


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


(7) tube furnaces, Chemical Vapor Deposition (CVD)
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qty furnish install recept 
power


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 3* D/B D/B


Acid cabinet 2 D/B D/B


Corrosive cabinet


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile 1 D/B D/B


4' lab bench - mobile D/B D/B


5' lab bench - mobile 4 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 2 D/B D/B X X X X X
8' fume hood D/B D/B


5' table 1 D/B D/B


1 D/B D/B X


Glove Box 3 Battelle D/B X X X X X X
Tube Furnace 7 Battelle Battelle X X
N2 Dry Box 1 Battelle Battelle X
CVD 1 Battelle Battelle X X X


NOTES
***see drawings for SG1, SG2, and SG3 placement


** not all fume hoods are served by process water, see plans


* One Flam cab full height 24 x 48 x66


Equipment


Canopy Hoods (Vented 
Enclosure)
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Materials Synthesis  - Lithium Oxygen Lab
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1 6/9/2020


Lithium Oxygen Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Water Polisher No


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                     


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height: 7'-0"


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                                


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery chemistry research laboratory







2 6/9/2020
Floor Drain No


Yes Qty: 3


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power per equip reqts


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):







3 6/9/2020


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 5* D/B D/B


Acid/Corrsv. cabinet 3 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile 1 D/B D/B X
4' lab bench - mobile 1 D/B D/B X
5' lab bench - mobile 4 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 3 D/B D/B X X X X X
8' fume hood


5' table 2 D/B D/B


Glove Box 2 Battelle D/B X X X X X X
Tube Furnace


N2 Dry Box 1 Battelle Battelle


NOTES
* One (1) Flam Cabinet full height


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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1 6/9/2020


Lithium Sulfur Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Water Polisher No


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                     


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                                


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery chemistry research laboratory







2 6/9/2020
Floor Drain No


Yes Qty: 3


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 1


No Qty:


Yes Qty: 2


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1 Class D: qty 1


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


General: lay-in LED troffers, direct/indirect


Verify Vacuum Oven power reqts


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


General normal power recepticals Spacing 24" o.c. in multioutlet assembly


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles sink proximity per NEC


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Notes:


per equip reqts (2 vacuum ovens)







3 6/9/2020


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 2* D/B D/B


Acid/Corrsv. cabinet 2 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 1 D/B D/B X
4' lab bench - mobile


5' lab bench - mobile 6 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table


Glove Box 4 Battelle D/B X X X X X X
Tube Furnace


N2 Dry Box


Vacuum Oven 2 Battelle Battelle X X


NOTES
* One (1) Flam Cabinet full height


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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1 6/9/2020


Metal Electrode Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Water Polisher No


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


(see Equipment page 3)


:


Structural Requirements                                                                     


concrete slab


Outside Air:


Room Air Balance:


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Ceiling Height:


Cable Tray


Wall Finish: Paint


Sound Transmission: STC 43


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery chemistry research laboratory


Wainscot: no


Architectural Requirements                                                                


Ceiling Material:


Base: cove sheet vinyl


Minimum Door Size:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


AC Load (Equipment):


AC Load (Lights):







2 6/9/2020
Floor Drain No


Yes Qty: 3


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 1


No Qty:


Yes Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


General: lay-in LED troffers, direct/indirect


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


General normal power recepticals Spacing 24" o.c. in multioutlet assembly


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles sink proximity per NEC


Other receptacles/power per equip reqts


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier







3 6/9/2020


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 3* D/B D/B


Acid/Corrsv. cabinet 2 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile 1 D/B D/B X
4' lab bench - mobile 1 D/B D/B X
5' lab bench - mobile 5 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table


Glove Box 3 Battelle D/B X X X X X X
Tube Furnace


N2 Dry Box 1 Battelle Battelle X
Vacuum Oven


Coatiing Machine 1 Battelle Battelle


NOTES
* One (1) Flam Cabinet full height


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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1 6/9/2020


Multi-Battery Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher Yes at lab sink


Architectural Requirements                                                                


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery chemistry research laboratory


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                     


concrete slab


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:







2 6/9/2020
Floor Drain No


Yes Qty: 3


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 1


No Qty:


Yes Qty: 1


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


per equip reqts


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


IT/Communications/Security


Fire Protection







3 6/9/2020


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 4* D/B D/B


Acid/Corrsv. cabinet 3 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 1 D/B D/B X
4' lab bench - mobile


5' lab bench - mobile 7 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 3 D/B D/B X X X X X
8' fume hood


5' table 2 D/B D/B


Glove Box 1 Battelle D/B X X X X X X
Hi temp Furnace 1 Battelle Battelle X X
N2 Dry Box


Spray dryer 1 Battelle Battelle


NOTES
* One (1) Flam Cabinet full height


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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1 6/9/2020


Sodium Ion Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: 3 local, plus 1 canopy hood


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher No


Safety Shower:


Process Lab Cold Water:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Wall Finish: Paint


Architectural Requirements                                                             


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery chemistry research laboratory


Ceiling Height:


Cable Tray







2 6/9/2020
Floor Drain No


Yes Qty: 3


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 1


No Qty:


Yes Qty: 3


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1 Class D: qty 1


Fire Protection


Notes:


IT/Communications/Security


Emergency Light: per code reqts


Occupancy Sensor Yes


Special:


Multi-outlet assembly (wall)


Notes:


Multi-outlet assy @ horiz svc carrier


Lighting Level: 60 fc


Other receptacles/power per equip reqts


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


General: lay-in LED troffers, direct/indirect


Standby power receptacle


GFCI protected receptacles


Notes:


General normal power recepticals


Special normal power recepticals


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


House Argon (Ar):


Special Gas (SG1):


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):







3 6/9/2020


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 5* D/B D/B


Acid/Corrsv. cabinet 4 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile 1 D/B D/B


4' lab bench - mobile


5' lab bench - mobile 3 D/B D/B X
6' floor mt fume hood


6' fume hood 4 D/B D/B X X X X X
8' fume hood


5' table 3 D/B D/B


1 D/B D/B X


Glove Box 3 Battelle D/B X X X X X X
Tube Furnace 5 Battelle Battelle X X


NOTES
* One (1) Flam Cabinet full height


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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1 6/9/2020


Sodium Mtl Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust:


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Water Polisher No


Canopy


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                             


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery chemistry research laboratory







2 6/9/2020
Floor Drain No


Yes Qty: 3


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 5


Yes Qty: 1


No Qty:


Yes Qty: 1


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1 Class D: qty 1


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power per equip reqts


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):







3 6/9/2020


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 2* D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet D/B D/B


3' lab bench - mobile D/B D/B


4' lab bench - mobile D/B D/B


5' lab bench - mobile 2 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 1 D/B D/B X X X X X
8' fume hood D/B D/B


5' table 3 D/B D/B


1 D/B D/B X


Glove Box 4 Battelle D/B X X X X X X
Tube Furnace 9 Battelle Battelle


NOTES
* One (1) Chem Stor Cabinet in Service Corridor 24 x 48 x 66


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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1 6/9/2020


Zinc Lab NFPA Space Type:


Materials Synthesis Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Water Polisher No


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Material:


Ceiling Height:


Cable Tray


Wall Finish: Paint


Battery chemistry research laboratory


Architectural Requirements                                                             


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:







2 6/9/2020
Floor Drain No


Yes Qty: 3


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives


Extinguishers Yes Class A:B:C: qty 1 Class D: qty 1


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


UPS Standby power receptacles one 120v circuit, min (2) receptacles


(1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Notes:


General: lay-in LED troffers, direct/indirect


Horizontal service carrier


GFCI protected receptacles


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


sink proximity per NEC


per equip reqts


General normal power recepticals


Special normal power recepticals


Standby power receptacle


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):







3 6/9/2020


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 3* D/B* D/B X*
Acid/Corrsv. cabinet 3 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile 1 D/B D/B X
4' lab bench - mobile 1 D/B D/B X
5' lab bench - mobile 9 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 2 D/B D/B X X X X X
8' fume hood D/B D/B


5' table 1 D/B D/B


Glove Box


Tube Furnace 1 Battelle Battelle X
N2 Dry Box Battelle Battelle


NOTES
*One (1) freestanding vented flammable gas cabinet , Battelle Furnished


** not all fume hoods are served by process water, see plans


***see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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OE Fellowship Labs NFPA Space Type:


OE Fellowship Labs Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                      


concrete slab


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                                 


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Multi-purpose general chemistry labs for various energy storage applications
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Floor Drain No


Yes Qty: 5


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power per equip reqts


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 3 D/B D/B


Acid/Corrsv. cabinet 3 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1


3' lab bench - mobile 2 D/B D/B X
4' lab bench - mobile


5' lab bench - mobile 10 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 3 D/B D/B X X X X X
8' fume hood


5' table


Glove Box 1 Battelle D/B X X X X X X


NOTES
* note not used


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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Standard Cell Test #1 NFPA Space Type:


Standard Cell Test Program Space Area : 1089 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


Yes length: 24'


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 2


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 4


Snorkels 4


Capped "Local Exhaust" 4


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                  


concrete slab


Two (2) ceiling utility service carrier panels. Two (2) Center service 
carriers. 


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                             


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery reliability and testing laboratory, redox flow batteries
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Water Polisher Yes at lab sink


Floor Drain No


Yes Qty: 6


Yes Qty: 7


Yes Qty: 9


Yes Qty: 9


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 2


No Qty:


No Qty:


Power


Yes qty: 2


Yes qty: 2


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


St 


GFCI protected receptacles sink proximity per NEC


Other receptacles/power Verify N2 Purge Box power reqts. Pumps for Flow Batteries.


Fire Protection


Notes:


IT/Communications/Security


General: lay-in LED troffers, direct/indirect


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assemblyGeneral normal power recepticals


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


See Performance Specification Appendix J


Special normal power recepticals (2) 208v 20a, (5) 208v 30a see Perf Spec 5.11.1


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


Chilled Water (CHWS/CHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 5* D/B D/B


Acid/Corrsv. cabinet 4 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 2 D/B D/B X
4' lab bench - mobile


5' lab bench - mobile 14 D/B D/B X
6' floor mt fume hood 1 D/B D/B X X X X X
6' fume hood 2 D/B D/B X X X X X
8' fume hood 2 D/B D/B X X X X X
5' table 3 D/B D/B


Glove Box 1 Battelle D/B X X X X X X
N2 Purge Box 3 Battelle Battelle X
Battery Cyclers 3 Battelle Battelle


NOTES
* One (1) Flam cabinet is not under fume hood 24 x 48 x 66


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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Standard Cell Test #2 NFPA Space Type:


Standard Cell Test Program Space Area : 1089 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


Yes length: 48'


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 2


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 4


Snorkels 4


Capped "Local Exhaust" 4


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


concrete slab


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes: Two (2) ceiling utility service carrier panels. Two (2) Center service 
carriers. 


:


Structural Requirements                                                                  


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Wall Finish: Paint


Architectural Requirements                                                             


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Battery reliability and testing laboratory, various small scale battery tehnologies


Ceiling Height:


Cable Tray
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Water Polisher No


Floor Drain No


Yes Qty: 5


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 2


No Qty:


Yes Qty: 4


Power


Yes qty: 2


Yes qty: 2


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


General normal power recepticals


Special normal power recepticals (2) 208v 20a, (5) 208v 30a see Perf Spec 5.11.1


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles sink proximity per NEC


Fire Protection


Notes:


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


General: lay-in LED troffers, direct/indirect


See Performance Specification Appendix J


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Battery cyclers, ovens, environmental chambers


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


Chilled Water (CHWS/CHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 2 D/B D/B


Acid/Corrsv. cabinet 3* D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 4 D/B D/B X
4' lab bench - mobile 7 D/B D/B X
5' lab bench - mobile 9 D/B D/B X
6' floor mt fume hood


6' fume hood 2 D/B D/B X X X X X
8' fume hood


5' table


Oven 28 Battelle Battelle X X X X
Environ Chamber 9 Battelle Battelle X X X
Battery Cyclers (sm) 140 Battelle Battelle


Battery Cyclers (lg) 4 Battelle Battelle


NOTES
* One (1) Chem Stor in Service Corridor 24 x 48 x 66


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


see Performance Spec for further info on Battery Cyclers


Equipment


Canopy Hoods (Vented 
Enclosure)


see Performance Spec for further info on Battery Cyclers
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Analytical Lab NFPA Space Type:


In Operando Program Space Area : 1452 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


Yes length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 2


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity: Yes


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 6


Snorkels 5


Capped "Local Exhaust" 6


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes qty


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower: 2


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


:


Structural Requirements                                                                  


concrete slab


Two (2) ceiling utility service carrier panels.Two (2) center clg service 
carriers


Outside Air:


Room Air Balance:


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Ceiling Height:


Cable Tray


Wall Finish: Paint


Sound Transmission: STC 43


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Imaging and analysis research laboratory


Wainscot: no


perimeter slab isolation required


Architectural Requirements                                                             


Ceiling Material:


Base: cove sheet vinyl


Minimum Door Size:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


AC Load (Equipment):


AC Load (Lights):


(see Equipment page 3)
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Water Polisher Yes at one (1) lab sink


Floor Drain No


Yes Qty: 5


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 7


Yes Qty: 3


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry 4 doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables no


Corrosives yes


Extinguishers Yes Class A:B:C: qty 1


Fire Protection


Notes:


IT/Communications/Security


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


General: lay-in LED troffers, direct/indirect


See Performance Specification Appendix for equipment Pre-Installation 
manuals


Occupancy Sensor Yes


GFCI protected receptacles


Other receptacles/power High Performance Imaging equipment: XPS, XAFS/Zanes. Atomic Layer 
Deposition equip. , see Performance Specification 5.15.1 and Appendix


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


General normal power recepticals


Special normal power recepticals (2) 208v 20a, (5) 208v 30a see Perf Spec 5.11.1 


Standby power receptacle See Performance Specification and Appendix


UPS Standby power receptacles one 120v circuit, min (2) receptacles
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 2 D/B D/B


Acid/Corrsv. cabinet 2 D/B D/B


Vented gas cabinet 2 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 8 D/B D/B X
6' floor mt fume hood


6' fume hood 2 **** D/B D/B X X X X X
8' fume hood


5' table


Glove Box 4* Battelle Battelle X X X X X X
XPS/RAMAN Battelle Battelle


XAFS Battelle Battelle


Xanes Battelle Battelle


Transfer Turntable Battelle Battelle


NOTES
* Battelle Research custom arrangement configuration for In Operando 


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


**** One (1) Laminar Flow


Equipment


Canopy Hoods (Vented 
Enclosure)


see equipment data in Perf Spec


see equipment data in Perf Spec


see equipment data in Perf Spec
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Matls Char. Lab NFPA Space Type:


In Operando Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity: Yes


Magnetic field: Refer to Perf Spec and equipment data sheets in PSpec Appendix


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes qty


House High Purity Water (House DI) No


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Computerized Tomography (CT) Imaging and analysis equipment


Wainscot: no


Ceiling Height:


Cable Tray


Architectural Requirements                                                             


Ceiling Material:


Base: cove sheet vinyl


Wall Finish: Paint


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


concrete slab see P Spec Appendix for equipment weights


Refer to Perf Spec and equipment data sheets in PSpec Appendix


Heating, Ventilating, and Air Conditioning


Notes: Two (2) ceiling utility service carrier panels.Two (2) center clg service 
carriers


:


Structural Requirements                                                                  


100% Exhaust Air:


Outside Air:


Room Air Balance:


Inside Design Conditions: 72˚ +/- 2˚  ambient humidity


note: temp fluctuations to be minimized winter: 72˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


Noise Criteria:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


AC Load (Equipment):


AC Load (Lights):


Occupancy:


Individual Temperature Control:


Safety Shower: 1


Process Lab Cold Water:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


perimeter slab isolation required
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Water Polisher Yes at lab sink


Floor Drain No


Yes Qty: 1


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


No Qty:


No Qty:


No


Liquid Nitrogen (LN2) No


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables no


Corrosives no


Extinguishers Yes Class A:B:C: qty 1


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


Helium (He)


Notes:


Spacing 24" o.c. in multioutlet assembly


House Argon (Ar):


Special Gas (SG1):


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


General: lay-in LED troffers, direct/indirect


See Performance Specification Appendix for equipment Pre-Installation 
manuals


GFCI protected receptacles


Other receptacles/power (2) Computerized Tomography (CT) instruments, (2) analyzers


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Lighting Level: 60 fc


Notes:


IT/Communications/Security


Special:


Emergency Light: per code reqts


Occupancy Sensor Yes


Fire Protection


General normal power recepticals


Special normal power recepticals (2) 208v 20a, (5) 208v 30a see Perf Spec 5.11.1 and 5.15.1


Standby power receptacle See Performance Specification and Appendix


UPS Standby power receptacles one 120v circuit, min (2) receptacles
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 1 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 12 D/B D/B X
6' floor mt fume hood


6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table


Glove Box


Nano CT* 1* Battelle Battelle


Micro CT* 1* Battelle Battelle


XRD 1 Battelle Battelle


Analyzer 1 Battelle Battelle


Dilatometer 1 Battelle Battelle


NOTES
* CT Scan is radiation source, verify shielding requirements


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)


Battelle to provide equipment data


Battelle to provide equipment data
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NMR Lab NFPA Space Type:


In Operando Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


12'-0" no obstructions  to 14'-0"


Yes length: 24'


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity: Yes


Magnetic field: See Appendix for requirements for magnetic field facility reqts


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


1


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes qty


House High Purity Water (House DI) No


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Nuclear Magnetic Resonance Imaging


Ceiling Height:


Cable Tray


Wall Finish: Paint


Architectural Requirements                                                             


Ceiling Material:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


Wainscot: no


Base: cove sheet vinyl


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


:


Structural Requirements                                                                  


see Equipment below


Windows:


concrete slab


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 72˚ +/- 2˚  ambient humidity


Notes: Two (2) ceiling utility service carrier panels.One (1) center clg service 
carrier


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


note: temp fluctuations to be minimized winter: 72˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower: 1


Yes


perimeter slab isolation required


Verify with NMR manufacturuer reqts
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Water Polisher No


Floor Drain No


Yes Qty: 1


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


No Qty:


No Qty:


Yes


Liquid Nitrogen (LN2) Yes


Power


No qty:


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables no


Corrosives no


Extinguishers Yes


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


See Performance Specification Appendix for equipment Pre-Installation 
manuals


Spacing 24" o.c. in multioutlet assembly


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Helium (He)


Notes:


GFCI protected receptacles sink proximity per NEC


Other receptacles/power Nuclear Magnetic Resonance imaging equipment, see Performance 
Specification and Appendix


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Special:


Emergency Light: per code reqts


General: lay-in LED troffers, direct/indirect


Dewar Battelle furnished and installed


Dewar Battelle furnished and installed


Fire Protection


Notes:


One clean agent type, 1A:10B:C HCFC-123


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle See Performance Specification and Appendix


UPS Standby power receptacles one 120v circuit, min (2) receptacles


IT/Communications/Security


Occupancy Sensor Yes


Lighting Level: 60 fc
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 1 D/B D/B


Acid/Corrsv. cabinet 1 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet 1 D/B D/B


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 6 D/B D/B X
6' floor mt fume hood


6' fume hood 1 D/B D/B X X X X X
8' fume hood


5' table


Glove Box


NMR* 1* Battelle Battelle


NOTES
* NMR consists of several pieces of associated equipment, see Pre-Installation Manual in P Spec Appendix


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)


see equipment data in Perf Spec
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 Instrument Lab #1 NFPA Space Type:


In Operando Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity: Yes


Vibration Sensitivity: Yes


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) No


Water Polisher Yes at lab sink


Ceiling Height:


Cable Tray


Architectural Requirements                                                                


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Imaging Instrument Lab


Wainscot: no


Base: cove sheet vinyl


Wall Finish: Paint


Sound Transmission:


Minimum Door Size:


Minimum Door Height:


STC Min 48 Resilient channel or sound board


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                     


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


isolated concrete slab
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Floor Drain No


Yes Qty: 3


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 6


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


General: lay-in LED troffers, direct/indirect


See Performance Specification Appendix for equipment Pre-Installation 
manuals


GFCI protected receptacles sink proximity per NEC


Other receptacles/power X-Ray Diffraction (XRD) ,See Performance Specification and Appendix


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Fire Protection


Notes:


IT/Communications/Security


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle See Performance Specification and Appendix


UPS Standby power receptacles one 120v circuit, min (2) receptacles
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 2 D/B D/B


Acid/Corrsv. cabinet 2 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 4 D/B D/B X
4' lab bench - mobile 2 D/B D/B X
5' lab bench - mobile 7 D/B D/B X
6' floor mt fume hood


6' fume hood 2 D/B D/B X X X X X
8' fume hood


5' table


Glove Box


Tube Furnace


N2 Dry Box


XRD 1 Battelle D/B


NOTES
* not used


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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Instrument Lab #2 NFPA Space Type:


In Operando Program Space Area : 726 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


3'-0" 5'-0" at Service Corridor


7'-0" 8'-0" at Service Corridor


Casework: upper/lower @ sink, glass door fronts @ upper cabinets


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


roller shades manually operated


Two (2) ceiling utility service carrier panels. Center service carrier


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity: Yes


Vibration Sensitivity: Yes


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


4


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 2


Snorkels 2


Capped "Local Exhaust" 2


Furnace Exhaust: No


Lab Sink


Lab Sink


Yes


Yes


House High Purity Water (House DI) Yes 15-17 M ohm-cm


Water Polisher no


Architectural Requirements                                                                


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Imaging Instrument Lab


Wainscot: no


Base: cove sheet vinyl


Ceiling Height:


Cable Tray


Wall Finish: Paint


Sound Transmission:


Minimum Door Size:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:


:


Structural Requirements                                                                     


isolated concrete slab


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


STC Min 48 Resilient channel or sound board
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Floor Drain No


Yes Qty: 1


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 4


Yes Qty: 1


No Qty:


No Qty:


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


General: lay-in LED troffers, direct/indirect, dimmable


See Performance Specification Appendix for equipment Pre-Installation 
manuals


See Performance Specification and Appendix


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


Occupancy Sensor Yes


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Fire Protection


Notes:


IT/Communications/Security


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1


Standby power receptacle


UPS Standby power receptacles one 120v circuit, min (2) receptacles


GFCI protected receptacles sink proximity per NEC


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


X-Ray Diffraction (XRD) and Scanning Electron Microscope (SEM), See 
Performance Specification and Appendix
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qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 2 D/B D/B


Acid/Corrsv. cabinet 2 D/B D/B


Vented gas cabinet 1 D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile 5 D/B D/B X
4' lab bench - mobile 2 D/B D/B X
5' lab bench - mobile 8 D/B D/B X
6' floor mt fume hood


6' fume hood 2 D/B D/B X X X X X
8' fume hood


5' table


Glove Box


Tube Furnace


N2 Dry Box


XRD/SEM 1 Battelle Battelle


SEM 1 Battelle Battelle


NOTES
* not used


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


Equipment


Canopy Hoods (Vented 
Enclosure)
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Quiet Suite NFPA Space Type:


In Operando Program Space Area : 572 sq ft net


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


16'-0" no obstructions  to 14'-0"


Yes length: 20'


Paint


STC 55


3'-0" 6'-0" at Service Corridor


7'-0"


Casework: none


Lab Furnishings:


Chair: telescoping stool with backrest qty: 1


none


Floor: notes: 


Walls:


Ceilings:


EMI Sensitivity: Yes


Vibration Sensitivity: Yes


Magnetic field:


summer: 


6 occupied


Yes


100%


Negative


see equiment specs


1


Yes


Humidity Control: No


NRC 0.75


Lab Exhaust:


Vacuum Pots: 0


Snorkels 0


Capped "Local Exhaust" 0


Furnace Exhaust: No


Architectural Requirements                                                              


Ceiling Material:


Base: cove sheet vinyl


Minimum Door Size:


concrete slab


perimeter slab isolation required


Heating, Ventilating, and Air Conditioning


pre cast concrete roof panels


Notes:


Noise Criteria:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Two High Performance Instrument Labs: (one is Focused Ion Beam (FIB), one is Transmission 
Electron Miscroscope (TEM)


Wainscot: no


Ceiling Height:


Cable Tray


Wall Finish: note: add acoustic panels per acoustics and vibration consultant 
analysis results


Sound Transmission:


Minimum Door Height:


Floor Finish: sheet vinyl, medical grade


Slab Depression: no


8'-0" for operation, note that greater height will be 
required for equipment installation and service. Refer to 
Appendix D, pre-installation manuals


see Equipment below


Windows:


Door Notes: 2 pairs of doors each room, 
i l t d t i idHardware: Prox Card Lever mortise


:


Structural Requirements                                                                   


100% Exhaust Air:


Outside Air:


Room Air Balance:


Inside Design Conditions: 68.5˚ +/- 1.8˚  ambient humidity
note: temp fluctuations to be minimized winter: 68.5˚ +/- 1.8˚ ambient humidity
Minimum Air Changes per Hour: 4 unoccupied


see Perf Spec for HVAC ducting requirements


AC Load (Equipment):


AC Load (Lights):


Occupancy:


Individual Temperature Control:


minimum


CMU interior walls, cold form framing (metal studs) perimeter exterior. 
Service corridor to be independently framed


1. Slab isolation required.                            2. 
partial depression in slab for base isolation 
assembly.                                        3. Flatness: 
1/8" over 10'                               See Mfrs 
instruction in P Spec Appendix


see Performance Specification


see performance Spec for criteria
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no


no


no


no


House High Purity Water (House DI) no


Water Polisher No


Floor Drain No


Yes Qty:


Yes Qty: 2


Yes Qty: 2


Yes Qty: 2


no Qty:


Yes Qty: 2


Yes Qty: 2


Yes Qty: 1


Yes Qty: 1


No Qty:


No Qty:


No


Liquid Nitrogen (LN2) Yes


Power


Yes qty: 2


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes to Visualization Room
Security PPA Prox Card Entry both doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection Yes


Flammables no


Corrosives no


Extinguishers Yes Class A:B:C: qty 1


See Performance Specification Appendix for equipment Pre-Installation 
manuals


Note EMI reduction requirememnts


Special Gas (SG3):


Safety Shower:


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


2 supply/return at Service Corridor


Process Lab Cold Water:


Process Lab Hot Water:


Emergency Eyewash:


Helium (He)


Dewar Battelle furnished and installed


Notes:


House Argon (Ar):


Special Gas (SG1):


Special Gas (SG2):


Special Gas (SG4):


Hydrogen (H2):


Oxygen (O2):


Special:


Emergency Light: per code reqts


Occupancy Sensor Yes


General: lay-in LED troffers, direct/indirect, dimmable


Lighting Level: 60 fc


Notes:


IT/Communications/Security


Fire Protection


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.1 and 5.15.1
Standby power receptacle See Performance Specification and Appendix


UPS Standby power receptacles one 120v circuit, min (2) receptacles


Spacing 24" o.c. in multioutlet assembly


GFCI protected receptacles


Other receptacles/power Transmission Electron Microscope (TEM), Scanning Electron Microscope 
(SEM) with Focused Ion Beam (FIB) , see Performance Specification and 
Appendix


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier
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qty furnish install receptpo
wer


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet


Acid/Corrsv. cabinet


Vented gas cabinet 1 ea D/B D/B X X
Metal stor. cabinet


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile


6' floor mt fume hood


6' fume hood


8' fume hood


5' table


Glove Box


TEM/SEM/FIB* 1* Battelle Battelle


NOTES


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


* TEM, SEM/ FIB consist of several pieces of associated equipment, including pumps, chillers, lab gases, and ancillary 
equipment; see Pre-Installation Manual in P Spec Appendix


Equipment


Canopy Hoods (Vented 
Enclosure)


see equipment data in Perf Spec
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Test Area #1 NFPA Space Type:


kW Test Program Space Area : 5,500 sq ft net


Room Function:


Related Areas:


Open to structure above, painted


14'-0"


Yes length:


3'-0" 8'-0 wide coiling overhead doors


8'-0"


Casework: none


Lab Furnishings:


Chair: telescoping stool with backrest qty: 6


none


Refer to Performance Spec, and NFPA 855


Floor:


Walls: see Perf Spec


Ceilings: to support cable trays, lab gas, and process chilled water runs


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


10 watts/sq ft min


10


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Vacuum Pots: 0


Snorkels 0


Capped "Local Exhaust" 0


Env Chamber Exhaust: Yes qty 21


Refer to Performance Spec, and NFPA 855


Utility Sink


Utility Sink


Yes


Yes


House High Purity Water (House DI) no


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Testing of assembled battery assembles and ancillary equipment


Test Area #2, Control Room, Cable Storage, IT closet, Receiving/Shipping, kW Test Dock


Ceiling Height:


Cable Tray


Wall Finish: Paint


see plans


Architectural Requirements                                                                 


Ceiling Material:


Floor Finish: sealed concrete


Slab Depression: no


Wainscot: no


Base: rubber base


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


natural light desirable, no vision glass at ext walls


Sound Transmission: STC 43


Minimum Door Size:


Minimum Door Height:


Notes:


:


Structural Requirements                                                                      


concrete slab max equipment weight: 6,000 lbs


see Equipment below


Windows:


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Occupancy:


Individual Temperature Control:


Noise Criteria:


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:
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Water Polisher no


Floor Drain No


Yes Qty: 15


Yes Qty: 21


no Qty:


Yes Qty: 21


no Qty:


no Qty:


no Qty:


no Qty:


No Qty:


No Qty:


Power


No qty:


Yes


Yes


Yes


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA Yes
CCTV Yes to Control and Visualization Rooms
Security PPA Prox Card Entry all entry  doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection Yes


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 3 Class D: qty 1


Special Gas (SG2):


Special Gas (SG3):


Hydrogen (H2):


Oxygen (O2):


Notes:


Spacing 24" o.c. in multioutlet assembly


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


General: suspended pendant Industrial


See Performance Specification Section 5.15.3 and Appendix for further 
information


Occupancy Sensor Yes


see Perf Spec 5.11.3


Lighting Level: 60 fc


Special:


Emergency Light: per code reqts


Notes:


IT/Communications/Security


Fire Protection


General normal power recepticals


Special normal power recepticals (1) 208v 20a, (4) 208v 30a see Perf Spec 5.11.3


Standby power receptacle


UPS Standby power receptacles four 120v circuit, min (8) receptacles


GFCI protected receptacles sink proximity per NEC


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


Battery Cyclers, Environmental Chambers, Vented Enclosures


Note: cable tray per Example Plan in Appendix
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qty furnish install receptp
ower


process 
water 


data SG house 
gas


exhst


Flammable cabinet 2 D/B D/B


Acid/Corrsv. cabinet 2 D/B D/B


Vented gas cabinet D/B D/B


Metal stor. cabinet 18


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 8 D/B D/B X
6' floor mt fume hood


6' fume hood


8' fume hood


5' table


17 D/B D/B X X X X X


Battery Cyclers** 27 Battelle D/B X X
Env Chambers*** 14 Battelle D/B X X X


NOTES
*  Flam Cabinet full height 24 x 48 x 66


** varying sizes see plans and Performance Specification


*** manufactured chambers. Varying sizes. See plans and Performance Specification Appendix


Equipment


Canopy Hoods (and 
Vented Enclosures)
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Test Area #2 NFPA Space Type:


kW Test Program Space Area : 1,500 sq ft net


Room Function:


Related Areas:


Open to structure above, painted


15'-0'


no length:


3'-6" 8'-0 wide coiling doors


Casework: none


Lab Furnishings:


Chair: none


none


Refer to Performance Spec, and NFPA 855


Floor:


Walls:


Ceilings: concrete 


EMI Sensitivity:


Vibration Sensitivity:


Other: Refer to Performance Spec, and NFPA 855


summer: 


see performance spec


Yes


100%


Negative


0


Yes


Humidity Control: No


Lab Exhaust:


Vacuum Pots: 0


Snorkels 0


Capped "Local Exhaust" 0


qty


Refer to Performance Spec, and NFPA 855


House High Purity Water (House DI) no


Water Polisher no


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Testing of assembled battery assembles in highly controlled environment


Minimum Air Changes per Hour:


100% Exhaust Air:


Outside Air:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Process Lab Hot Water:


Individual Temperature Control:


Noise Criteria:


Ceiling Material:


Ceiling Height:


Base: none


Minimum Door Size:


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 85˚ +/- 5˚  ambient humidity


winter: 65˚ +/- 5˚ ambient humidity


:


Structural Requirements                                                                      


concrete slab max equipment weight: 6,000 lbs


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


Occupancy:


Cable Tray


Test Area #1, Control Room, Cable Storage, IT closet, Receiving/Shipping, kW Test Dock


Architectural Requirements                                                                 


Floor Finish: sealed concrete


Wall Finish: Paint
Wainscot: no


Minimum Door Height: 8'-0"


Door Notes: hollow metal


Slab Depression: trench drain


Sound Transmission:


Windows:


Notes:


Hardware: Prox Card Lever mortise exterior, exit device (crash bar) interior


none


(see Equipment page 3)


Notes:


Emergency Eyewash:


Safety Shower:


blast resist, expl. venting, anchor points, see Perf Spec
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Floor Drain No


No Qty:


Yes Qty:


no Qty:


no Qty:


no Qty:


no Qty:


no Qty:


no Qty:


No Qty:


No Qty:


Power


No qty:


No


No


No


Notes:


Lighting


Data/VOIP Yes
Intercom Yes
PA Yes
CCTV Yes to Control and Visualization Rooms
Security PPA Prox Card Entry all swinging  doors


Sprinklers Yes


Fire Alarm Yes


Smoke Detection Yes


Heat Detection Yes


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 3 Class D: qty 1


Refer to Performance Spec, and NFPA 855


qty furnish install receptp
ower


process 
water 


data SG house 
gas


exhst


research furnished


Battelle installed


surface conduit convenience outlets @ 4' o.c.


"test in progress" and failure warning lights - see Perf Spec


See Performance Specification Section 5.15.3 and Appendix for further 
information


Thermal Imaging - see Performance Spec


House Vacuum:


House Nitrogen (N2):


House Argon (Ar):


Special Gas (SG1):


Special Gas (SG2):


Special Gas (SG3):


Chilled Water (PCHWS/PCHWR)


House Compressed Air:


Hydrogen (H2):


Oxygen (O2):


Notes:


60 fc


Notes:


IT/Communications/Security


Special:


Emergency Light: per code reqts


Occupancy Sensor Yes


General normal power recepticals


Special normal power recepticals (2) 208v 20a, (5) 208v 30a see Perf Spec 5.11.1 


Equipment


1 per room


Notes:


Fire Protection


Lighting Level:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assembly (wall)


Multi-outlet assy @ horiz svc carrier


General: surf mt LED wrap-around lexan lenses


Standby power receptacle See Performance Specification and Appendix


UPS Standby power receptacles See Performance Specification and Appendix


GFCI protected receptacles


Other receptacles/power Research equip power feeds from outside room


Power distribution methods:
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"90 DAY" / Chemical Storage
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Chemical Storage NFPA Space Type:


Non Lab Program Space Area :


Room Function:


Acoustic Lay-in Panels, scrubbable microbe resistant


10'-0" no obstructions  to 14'-0"


No length: -


4'-0" 5'-0" @ 90 Day


Casework: sink base, door and drawer modules


Lab Furnishings:


Chair: no qty: 0


none


Floor:


Walls: keep infrastructure from within walls for future modifications


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


6 occupied


Yes


100%


Negative


0


Yes


Humidity Control: No


NC-40


Lab Exhaust:


Chem Stor 2


Flam Stor 4


at Sink


at Sink


Yes


Yes


House High Purity Water (House DI) no


Water Polisher


Floor Drain No


Architectural Requirements                                                                


Ceiling Material:


Room Data Sheet Grid Storage Launchpad
Program Space Name: Industrial


Lab Group:


Three rooms: Storage for chemicals, lab gas, and "90 day" haz waste


+/- 700 sq ft net


Wainscot: no


Base: Rubber base.


Ceiling Height:


Cable Tray


Wall Finish: Paint


Sound Transmission: STC 43


Minimum Door Width:


Minimum Door Height: 7'-0"


Floor Finish: Sealed concrete.


Slab Depression: no


see Equipment below


Windows:


Door Notes: solid core wood, vision panel


Hardware: Prox Card Lever mortise


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Notes:
:


Structural Requirements                                                                     


concrete slab


Spill containment required at "90 Day " and Chemical Storage Rms.


Outside Air:


Room Air Balance:


AC Load (Equipment):


AC Load (Lights):


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour: 4 unoccupied


100% Exhaust Air:


(see Equipment page 3)


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:


Occupancy:


Individual Temperature Control:


Noise Criteria:


Notes:


Process Lab Hot Water:


Emergency Eyewash: drench hose type


Safety Shower:
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Power


No qty:


No


Yes


No


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV no
Security PPA Prox Card Entry all doors


Separation Yes


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables Yes


Corrosives Yes


Extinguishers Yes Class A:B:C: qty 1


qty furnish install receptp
ower


process 
water **


data ***SG house 
gas


exhst


Flammable cabinet 4 D/B D/B X
Acid/Corrsv. cabinet 2 D/B D/B X
Vented gas cabinet 2 D/B D/B X
Metal stor. cabinet 10 D/B D/B


3' lab bench - mobile


4' lab bench - mobile


5' lab bench - mobile 4 D/B D/B X
6' floor mt fume hood


6' fume hood 1 D/B D/B X X
8' fume hood


1 D/B D/B


NOTES


* note not used


** not all fume hoods are served by process water, see plans


*** see drawings for SG1, SG2, and SG3 placement


General normal power recepticals


Special normal power recepticals


Standby power receptacle


GFCI protected receptacles


Spacing 24" o.c. in multioutlet assembly


(1) 208v 20a


UPS Standby power receptacles one 120v circuit, min (2) receptacles


sink proximity per NEC


Notes:


General: lay-in LED troffers, direct/indirect


Multi-outlet assembly (wall)


Other receptacles/power No


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


Occupancy Sensor Yes


Lighting Level: 40 fc


Special:


Emergency Light: per code reqts


8 cyl wall mt gas cyl 
rack


Notes:


IT/Communications/Security


Equipment


Fire Protection


1 hr separation, rooms and perimeter
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Visualization Rm NFPA Space Type:


Non Lab Program Space Area :


Room Function:


Acoustic Lay-in Panels, sound attenuation


16'-0"


No length: -


yes


3'-0"


Casework: no


Furnishings:


Chair: Yes qty: 26


Floor:


Walls:


Ceilings:


EMI Sensitivity:


Vibration Sensitivity:


Other:


summer: 


no


Neutral


50


Yes


Humidity Control: No


NC-40


Lab Exhaust: N/A


Chem Stor


Flam Stor


House High Purity Water (House DI)


Ceiling Material:


Ceiling Height:


Floor Finish: Carpet


Door Notes: solid core wood, vision panel


concrete slab


Wainscot:


Sound Transmission:


:


Structural Requirements                                                                     


Multimedia room for meetings, conferences, tours


Architectural Requirements                                                                


Room Data Sheet Grid Storage Launchpad
Program Space Name: Business


Lab Group: +/- 750 sq ft net


Base: Rubber base.


chair rail


Cable Tray


Wall Finish: Paint


Minimum Door Width:


Minimum Door Height: 7'-0"


see Performance Specification


Slab Depression: no


see Equipment below


Windows:


Notes:


Hardware: Prox Card Lever mortise


roller shadesview to Lobby


per ASHRAE 90.1


Heating, Ventilating, and Air Conditioning


Inside Design Conditions: 75˚ +/- 2˚  ambient humidity


Occupancy:


audio sensitivity, see perf Spec


per P SpecOutside Air:


Room Air Balance:


winter: 70˚ +/- 2˚ ambient humidity


Minimum Air Changes per Hour:


100% Exhaust Air:


Individual Temperature Control:


Noise Criteria:


or per occupancy


AC Load (Equipment):


AC Load (Lights):


Process Lab Hot Water:


Emergency Eyewash:


Safety Shower:


Notes:


Plumbing and Laboratory Gases


Process Lab Cold Water:
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Water Polisher


Floor Drain


Power


No qty:


No


No


No


qty


GFCI no


Ceiling Utility Svc Panel no qty: 0


Lighting


Data/VOIP Yes
Intercom Yes
PA


CCTV Yes
Security PPA Prox Card Entry all doors


Separation no


Sprinklers Yes


Fire Alarm Yes


Smoke Detection


Flammables no


Corrosives no


Extinguishers Yes Class A:B:C: qty 1


qty furnish install recept 
power


mobile table 2 D/B D/B


mobile desks 10 D/B D/B X


video wall 1 D/B D/B


lg format monitor 1 D/B D/B


head end video 1 D/B D/B


GFCI protected receptacles


Multi-outlet assembly (wall)


Notes:


General normal power recepticals


Special normal power recepticals


Standby power receptacle


Flush mount 48" @ room perimeter


No


General: suspended pendants


Special:


Emergency Light: per code reqts


480v 3Ø


Notes:


dimmable lighting for video presentations


Occupancy Sensor Yes


Lighting Level: 40 fc


Note: See Performance Specification for Audio/Video requirements


Equipment


Fire Protection


Notes:


UPS Standby power receptacles one 120v circuit, min (2) receptacles


No


Other receptacles/power


Power distribution methods:


Clg service panel (lay-in)


Horizontal service carrier


Multi-outlet assy @ horiz svc carrier


Notes:


Audio and Video equipment, see Perf Spec 5.12


head end video equipment


IT/Communications/Security
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


SECTION # MasterFormat #


INTRODUCTION


10 PROJECT DESCRIPTION
1020 Project Program


●  Project Summary:  85,000 square foot partial 1 and 2 story research laboratory with labs, offices, 01 10 00
support spaces, and associated site work. Located on PNNL Richland WA Campus.


1030.20 Code Analysis 01 41 13


●  Occupancy:  NFPA Group B (Business) for offices and Group I (Industrial) for research laboratories
●  Fire Protection:  Automatic sprinkler system; in accordance with NFPA 13
●  Type of Construction:  Type II-B (0-HR structure, floors and roof construction); 
Interstitial of non-combustible 0-HR construction
●  Number of Exits:  Established on the basis of 2 exits for design occupant load of
    50 to 500 and 3 exits for design occupant load of 501 to 1,000; occupant loads 
    determined as greater of actual space use or by area calculation using occupant 
    load factors from NFPA Chapter 7
●  One exit access allowed for occupant load not greater than 49 persons when 
    common path of travel does not exceed 100 ft. for business occupancy, per 
    NFPA 101 7.4
●  Control Areas: Control areas reside on 1-HR floor, separated by 1-HR fire barriers
    First Floor is allowed 4 CA's at 100% MAQ; Second Floor is allowed 3 at 75% MAQ;
    maximum allowable quantity (MAQ), determined from IBC Tables 307.1(1) and (2)
●  Travel distance:  Maximum 300 ft.; maximum common path of travel is 100 ft.
●  Interstitial:  Not considered a "story above grade" due to size
●  Exterior Walls:  Non-combustible 0-HR rating
●  Corridors:  Not fire-rated; maximum dead-end corridor is 50 ft.


●  Stairs:  Enclosed by 1-HR fire barrier shafts with 1-HR doors; 2 means of egress 
    required from interstitial
●  Elevators:  Not an accessible means of egress
●  Laboratory Spaces:  Designed In accordance with NFPA 45 and NFPA 855 with applicable life 
    safety, accessibility, and building code criteria
●  Accessible Means of Egress:  2 accessible means of egress provided from each 
    occupied floor level
●  Fire alarm:  Automatically activated by sprinkler water flow
●  Portable Fire Extinguishers: 75-ft travel distance to fire extinguisher
●  Plumbing Fixtures:  Determined by special code-prescribed occupant load factor, 
    Washington State Modified Table 2902.1,  Group B:  200 SF per occupant


1030.30 Jurisdiction and Applicable Codes


●  Building Official:  PNNL Chief Engineer
● Fire Protection / Life Safety Official:  PNNL Fire Protection AHJ
● Electrical Authority Having Jurisdiction (AHJ):  PNNL Electrical Safety AHJ
●  Building Code: 2018 NFPA 101, 2015 IBC
●  Fire Code:  NFPA 1
●  Laboratory Safety: NFPA 45, Standard on Fire Protection for Laboratories Using Chemicals
●  Battery Use and Storage  Safety: NFPA 855, Standard for Installation of Stationary Energy Storage Systems
●  Accessibility Code:  2015 IBC, Chapter 11 with 
   amendments and portions of ICC A117.1;  2010 ADA also applies
●  Energy Code:  ASHRAE 90.1-2016
●  Mechanical Code:  2015 International Mechanical Code
●  Electrical Code:  NFPA 70
●  Plumbing Code: 2015 International Plumbing Code
●  Plumbing Fixtures:  Fixture numbers per Washington State Building Code modified 
   Table 2902.1
●  Elevator Code:  (WSBC Chapter 30) and referenced standards, including 
    National Elevator Code ASME A17.1
  ●  OSHA


 ●  Guarding floor and wall openings and holes, 29 CFR 1910.23
 ●  Fixed Industrial Stairs, 29 CFR 1910.24
 ●  Fixed Ladders, 29 CFR 1910.27
●  Emergency Shower and Eye Wash, 29 CFR 1910.151(c)


 SECTION TITLE
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


 ●  Emergency Shower and Eye Wash, ANSI/ISEA Z358.1-04
 ●  Bulk Inert Gas Systems, CGA P-18-2006, CGA P-9-2001, and NFPA 55


1030.50 Sustainable Design Requirements 01 81 13


Project is required to comply with High Performance Sustainable Buildings (HPSB) requirements
of the Department of Energy's (DOE) O 413.3A, Guiding Principles for Sustainable Federal Buildings.


A10 FOUNDATIONS
A1010 Standard Foundations 03 30 00


●  Cast-in-place, reinforced concrete footings and foundation walls; 
    4000 psi compressive strength; fly ash as partial replacement for portland cement


●  Reinforcing Bars; ASTM A 615/A 615M, Grade 60 , deformed
●  Plain-Steel Welded Wire Reinforcement; ASTM A 185/A 185M


●  Portland Cement; ASTM C 150, Type I/II 
●  Fly Ash; ASTM C 618, Class F or C
●  Normal-Weight Aggregates;  ASTM C 33, Class 3S
●  Quality Assurance:


●  ACI 301 "Specifications for Structural Concrete," Sections 1 through 5
●  ACI 117 "Specifications for Tolerances for Concrete Construction and Materials"
●  ACI-certified Flatwork Technician and Finisher
●  Ready-mix manufacturer certified per NRMCA's "Certification of Ready Mixed 
    Concrete Production Facilities"
● Testing agency qualified according to ASTM C 1077 and ASTM E 329


●  Concrete Testing:  D/B responsibility; test for slump, air content, compressive strength


A40 SLABS-ON-GRADE
A4010 Standard Slabs-on-Grade 03 30 00


●  Reinforced concrete slab-on-grade; 6-inch thick; 4000 psi compressive strength;
    fly ash as partial replacement for portland cement; bearing on drainage fill


●  Reinforcing Bars; ASTM A 615/A 615M, Grade 60 , deformed
●  Plain-Steel Welded Wire Reinforcement; ASTM A 185/A 185M


●  Portland Cement; ASTM C 150, Type I/II 
●  Fly Ash; ASTM C 618, Class F or C
●  Normal-Weight Aggregates;  ASTM C 33, Class 3S


●  Quality Assurance:
●  ACI 301 "Specifications for Structural Concrete," Sections 1 through 5
    Concrete Production Facilities"
●  ACI 117 "Specifications for Tolerances for Concrete Construction and Materials"
●  ACI-certified Flatwork Technician and Finisher
●  Ready-mix manufacturer certified per NRMCA's "Certification of Ready Mixed 
    Concrete Production Facilities"
● Testing agency qualified according to ASTM C 1077 and ASTM E 329
● Overall flatness, F(F) 35 and levelness, F(L) 25; min. local flatness, F(F) 24
  and levelness, F(L) 17


●  Concrete Testing:  D/B contracted; test for slump, air content, compressive strength, 
    and floor flatness and levelness


A4090 Slab-On-Grade Supplementary Components 03 30 00
● Rigid extruded polystyrene perimeter insulation; 15 mil vapor retarder


A90 SUBSTRUCTURE RELATED ACTIVITIES
A9010 Substructure Excavation 31 23 16


●  Excavation (unclassified), backfill and compaction for footings and foundations,    
     utility trenches, walks, pavements, grasses and plants, drainage fill for slabs-on-grade 


●  Satisfactory Soils; Soil Classification Groups GW, GP, GM, SW, SP, and SM 
    according to ASTM D 2487
●  Unsatisfactory Soils:  Soil Classification Groups GC, SC, CL, ML, OL, CH, MH, 
    OH, and PT according to ASTM D 2487
●  D/B contracted Geotechnical Testing Agency qualified according to ASTM E 329 and ASTM D 3740
     for testing indicated


A SUBSTRUCTURE
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Soil Compaction, according to ASTM D 1557
●  Under structures, building slabs, and pavements, 95% 
●  Under walkways, 92%
●  Under turf and unpaved areas, 85% 


●  Construction Testing:  D/B contracted; test soil compaction below foundations and slabs-on-grade  


B10 SUPERSTRUCTURE
Structural Steel Framing 05 12 00


●  W-Shapes; ASTM A 992/A 992M 
●  Cold-Formed Hollow Structural Sections; ASTM A 500/A 500M, Grade C
●  Type 1, Heavy Hex, High-Strength Bolts, Nuts, and Washers; ASTM A 325


●  Surface preparation for shop priming; SSPC-SP 3, "Power Tool Cleaning
●  Galvanize steel used on building exterior with hot-dip galvanized finish
    according to ASTM A 123/A 123M
●  Quality Assurance


●  Fabricator that participates in AISC Quality Certification Program and is
   designated an AISC-Certified Plant, Category STD
●  Installer that participates in AISC Quality Certification Program and is 


    designated an AISC-Certified Erector, Category CSE
●  Performance Requirements


●  Framing members sized to support gravity, wind, and other imposed loads
●  Testing:  D/B contracted; test field welds, bolted connections, and shear connectors  


B1010 Floor Construction 05 31 00
●  Composite metal floor deck; galvanized steel sheet


●  Concrete fill; 4000 psi
●  Mechanically fastened or welded installation
●  Quality Assurance


●  Steel floor deck evaluated by FM Global and listed in its  "Approval
    Guide, Building Materials" for Class 1 fire rating and Class 1-90 windstorm
● Testing agency qualified according to ASTM C 1077 and ASTM E 329


●  Performance Requirements
●  Comply with calculated structural characteristics of steel deck according to AISI
    "North American Specification for the Design of Cold-Formed Steel Structural"
●  Fire Rating:  Comply with ASTM E 119; testing by a qualified testing agency
● Testing agency qualified according to ASTM C 1077 and ASTM E 329


●  Testing:  D/B contracted; test field welds  


B1020 Roof Construction 05 31 00
●  Metal roof deck; galvanized steel sheet


●  Mechanically fastened or welded installation
●  Quality Assurance


●  Steel roof deck evaluated by FM Global and listed in its  "Approval


        Guide, Building Materials" for Class 1 fire rating and Class 1-90 windstorm
● Testing agency qualified according to ASTM C 1077 and ASTM E 329


●  Performance Requirements
●  Comply with calculated structural characteristics of steel deck according to AISI


       "North American Specification for the Design of Cold-Formed Steel Structural"
●  Fire Rating:  Comply with ASTM E 119; testing by a qualified testing agency


●  Testing:  D/B contracted; test field welds  


B1080 Stairs 05 51 13
●  Enclosed Steel stair framing with concrete-filled treads and platforms; steel railings and handrails 
    attached to stair framing and adjacent walls


●  Concrete infill; 3000 psi
●  Open Steel stair framing to support pre-cast components; stainless steel or glass railings and 
    handrails attached to stair framing, pre-cast components and/or adjacent walls


●  Steel Tubing: ASTM A 500 (cold formed)
    Uncoated, Cold-Rolled Steel Sheet; ASTM A 1008,commercial steel, Type B,  Grade 25
    Architectural grade Stainless Steel; 316 Austenitic Stainless Steel, Satin finish
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Welded Wire Reinforcement; ASTM A 185/A 185M, 6 by 6 inches, W1.4 by W1.4
●  Performance Requirements


●  Structural Performance: Stairs and railings shall withstand the effects of 
    of uniform and concentrated loads per applicable code requirements


●  Stairs and railings designed by qualified professional engineer


B20 EXTERIOR VERTICAL ENCLOSURES
●  General


●  Exterior walls shall be constructed from a mix of exterior materials, balanced 
    to achieve Architectural "Signature" appearance goals, and to be compatible with
    ESC overall appearance per Battelle architect.
●  The building exterior envelope shall be constructed from the following material
    quantities:


●  Total masonry veneer wall systems:  20% (min), 40% (max)
●  Total metal panel wall systems:  20% (min), 40% (max)
●  Total glazing wall systems:  20% (min), 40% (max)


●  Exterior wall assemblies shall be R-21 (minimum) thermal performance 
   (not including glazing systems)


B2010 Exterior Walls
●  Precast Architectural Concrete Veneer Wall Panels (Option for Masonry Veneer) 03 45 00


●  Thin-brick-faced, architectural precast concrete wall panels
●  Reinforcing Bars:  ASTM A 615/A 615M, Grade 60, deformed
●  Portland Cement:  ASTM C 150/C 150M, Type I or Type III, gray
●  Aggregates: ASTM C 33/C 33M, with coarse aggregates complying with Class 5S


●  5000 psi compressive strength


●  Connection Materials:  Carbon-steel shapes and plates; ASTM A 36/A 36M
●  Thin Brick:  1 inch thick
●  Bearing pads, grout, and sealant
●  Cold-formed steel stud backup


●  Steel sheet;  ASTM A 1003/A 1003M, Structural Grade, Type H, 
    Grade ST33H; G90 galvanized coating
●  Structural Performance:  Horizontal deflection of 1/360 of wall height


●  Performance Requirements


●  Comply with ACI 318 and design recommendations of PCI MNL 120,  
   "PCI Design Handbook - Precast and Prestressed Concrete"


●  Structural Performance:  Provide architectural precast concrete units and 
    connections capable of withstanding dead loads and live loads


●  Quality Assurance


●  PCI MNL 117, "Manual for Quality Control for Plants and Production of 
    Architectural Precast Concrete Products
● Testing agency qualified according to ASTM C 1077 and ASTM E 329


●  Testing:  D/B Responsibility; test field welds  


●  Terracotta Veneer Wall Panels  (Option for Masonry Veneer) 04 21 00
●  Face panel; 3/4" (min) x 10" high (min) x 48" wide (min)
●  Installed on aluminum framing track system
●  Rigid polystyrene insulation; ASTM C 578; flame spread 75, smoke developed 450
●  Exterior grade glass-mat gypsum sheathing
●  Vapor-retarding, fluid-applied membrane air barrier; 


●  Air Permeance:  Max. 0.004 cfm/psf of surface area at 1.57-lbf/sq. ft . 
    pressure difference; ASTM E 2178
●  Surface Burning Characteristics: UL Listed Class A, when tested in accordance 
    with ASTM E84. Flame Spread Index: 25 or less, Smoke Developed: 50 or less.


●  Vapor Permeance:  Max. 0.1 perm; ASTM E 96/E 96M


●  Installer licensed in accordance with ABAA's Quality Assurance Program 
    and shall employ ABAA-certified installers and supervisors on Project


●  Cold-formed steel stud backup


●  Steel sheet;  ASTM A 1003/A 1003M, Structural Grade, Type H, 
    Grade ST33H; G90 galvanized coating
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Structural Performance:  Horizontal deflection of 1/600 of wall height
 ●  Ties and anchors; stainless steel flashing; weep/vents; cavity drainage 


    materials; masonry cleaners; mortar
●  Performance Requirements


●  Rain screen, draining moisture that enters cavity to exterior; comply with 
    air and vapor permeance requirements


●  Quality Assurance


●  Masonry Standard:  Comply with ACI 530.1/ASCE 6/TMS 602 


●  Cold-Formed Steel Framing Design Standards:  AISI 211.1
●  Cold-formed  steel framing designed by contractor-engaged 
    professional engineer


●  Brick Veneer Cavity Wall Systems  (Option for Masonry Veneer) 04 21 13
●  Face brick; ASTM C 216; grade SW, type FBX
●  Rigid polystyrene insulation; ASTM C 578; flame spread 75, smoke developed 450
●  Exterior grade glass-mat gypsum sheathing
●  Vapor-retarding, fluid-applied membrane air barrier; 


●  Air Permeance:  Max. 0.004 cfm/psf of surface area at 1.57-lbf/sq. ft . 
    pressure difference; ASTM E 2178
●  Vapor Permeance:  Max. 0.1 perm; ASTM E 96/E 96M


●  Installer licensed in accordance with ABAA's Quality Assurance Program 
    and shall employ ABAA-certified installers and supervisors on Project


●  Cold-formed steel stud backup


●  Steel sheet;  ASTM A 1003/A 1003M, Structural Grade, Type H, 
    Grade ST33H; G90 galvanized coating
●  Structural Performance:  Horizontal deflection of 1/600 of wall height


 ●  Ties and anchors; stainless steel flashing; weep/vents; cavity drainage 
    materials; masonry cleaners; mortar


●  Performance Requirements
●  Rain screen, drain moisture that enters cavity to exterior; comply with 
    air and vapor permeance requirements


●  Quality Assurance


●  Masonry Standard:  Comply with ACI 530.1/ASCE 6/TMS 602 


●  Cold-Formed Steel Framing Design Standards:  AISI 211.1
●  Cold-formed  steel framing designed by contractor-engaged 
    professional engineer


●  Aluminum Composite Material (ACM) Wall Panel Systems 07 42 13.13


●  Flush-profile, concealed-fastener metal wall panels, with flat pan between panel
    edges and flush joint between panels.  Panel thickness:  4 mm, minimum
●  Two, 0.50" aluminum alloy sheets, AA3000 Series for painted, AA5000 for anodized
●  Anodized or two-coat fluoropolymer finish.
●  Pressure Equalized Rain Screen system installed on aluminum framing track system over 
    membrane weather barrier


●  Quality Assurance


●  Structural Performance:  Metal panel system capable of withstanding wind 
    loads, based on testing according to ASTM E 72


●  Performance Requirements
●  Rain screen, drain moisture that enters cavity to exterior; comply with 
    air and vapor permeance requirements


●  Warranty:  Materials and workmanship, 2 years; panel finish, 20 years


B2020 Exterior Windows
●  Aluminum-framed storefront for punched openings 08 41 13


●  Extruded aluminum framing members, ASTM B 209 and B 211
●  Thermally-broken; glazing retained mechanically with gaskets on four sides
●  Two-coat fluoropolymer finish


●  Glazing


●  Insulated solar-control glazing with low-e coating; tinted glass exterior lite, 
    clear glass interior lite, heat-strengthened, tempered where required for safety
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Performance Requirements for Glazing


●  Visible Light Transmittance:  60 percent minimum
●  Winter Nighttime U-Factor:  0.29 maximum
●  Summer Daytime U-Factor:  0.30 maximum
●  Solar Heat Gain Coefficient:  0.30 maximum


●  Performance Requirements for Aluminum Storefront Framing 
● Air Infiltration: Test per ASTM E 283; max. air leakage of 0.06 cfm/sq. ft.   
   at static-air-pressure differential of 6.24 lbf/sq. ft.
● Water Penetration: Test per ASTM E 331; no water penetration at min. 
   static-air-pressure differential of not less than 6.24 lbf/sq. ft.
● Thermal Transmittance:  Fixed glazing and framing areas shall have U-factor of 
   not more than 0.57 Btu/sq. ft. x h x deg F


●  Glazed Aluminum Curtain Wall 08 44 13


●  Extruded aluminum framing members, ASTM B 209 and B 211
●  Thermally-broken; glazing retained mechanically with gaskets on four sides
●  Two-coat fluoropolymer finish


●  Glazing


●  Insulated solar-control glazing with low-e coating; tinted glass exterior lite, 
    clear glass interior lite; heat-strengthened or tempered where required for safety
●  Insulated spandrel glass; solar-control glazing with low-e coating; tinted glass, 
    exterior lite, ceramic-frit coated interior lite; heat-strengthened or tempered where 
    required for safety


●  Performance Requirements for Glazing


●  Visible Light Transmittance:  60 percent minimum
●  Winter Nighttime U-Factor:  0.29 maximum
●  Summer Daytime U-Factor:  0.30 maximum
●  Solar Heat Gain Coefficient:  0.30 maximum


●  Performance Requirements for Aluminum Curtain Wall Framing 
● Air Infiltration: Test per ASTM E 283; max. air leakage of 0.06 cfm/sq. ft.   
   at static-air-pressure differential of 6.24 lbf/sq. ft.
● Water Penetration: Test per ASTM E 331; no water penetration at min. 
   static-air-pressure differential of not less than 6.24 lbf/sq. ft.
● Thermal Transmittance:  Fixed glazing and framing areas shall have U-factor of 
   not more than 0.57 Btu/sq. ft. x h x deg F


●  High Performance Translucent Wall Systems


●Kalwall Translucent Sandwich Panel Glazing Systems, or equivalent pre-approved systems
●Kalwall Explosion Venting Wall System or equivalent pre-approved systems


B2050 Exterior Doors
●  Hollow Metal Doors and Frames 08 11 13


●  Exterior Doors: Extra-Heavy-Duty Doors; SDI A250.8, Level 3; Model 2;
    1-3/4 inch thick; galvanized cold-rolled steel sheet; vertical steel stiffener core
●  Exterior Frames: Galvanized steel sheet, min. thickness 0.067 inch; face welded 
●  Finish:  Shop-primed for finish painting in the field


●  Aluminum-Framed Entrances 08 42 13
●  Aluminum doors and thermally-broken door framing


●  Extruded aluminum framing members, ASTM B 209 and B 211
●  Thermally-broken; glazing retained mechanically with gaskets on four sides
●  Two-coat fluoropolymer finish


●  Glazing


●  Insulated solar-control glazing with low-e coating; tinted glass exterior lite, 
    clear glass interior lite, tempered for safety


●  Performance Requirements for Glazing


●  Visible Light Transmittance:  60 percent minimum
●  Winter Nighttime U-Factor:  0.29 maximum
●  Summer Daytime U-Factor:  0.30 maximum
●  Solar Heat Gain Coefficient:  0.30 maximum
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Overhead Coiling Doors 08 33 23
●  Insulated coiling service door with curtain of interlocking flat aluminum slats


●  Electric door operator; medium duty, up to 12 cycles per hour 
    and 50 cycles per day


●  Obstruction Detection Device:  Automatic photoelectric sensor
●  Door Finish:  Baked-enamel or powder-coated finish


●  Performance Requirements


●  Structural Performance:  Capable of withstanding design wind loads
●  Operation Cycles:  Capable of operating for not less than 20,000 cycles 
●  Curtain R-Value of not less than 4.5 deg F x h x sq. ft./Btu 


●  Pressure Venting Overhead Doors


●  Custom overhead doors to relieve pressure per calculations from NFPA 68/NFPA 69
●  tnrdoors.com


B2070 Exterior Louvers and Vents
●  Fixed Louvers 08 91 19


●  Fixed, extruded, pre-finished aluminum louvers; horizontal drainable blade


●  Frame and blade nominal thickness, not less than 0.080 inch
●  Bird screens and blank-off panels
● Two-coat fluoropolymer finish  


● Performance Requirements 
● Structural Performance:  Withstand effects of gravity loads and wind loads  
● Air Performance: Comply with requirements by testing units per AMCA 500-L


● Thermal Movements:  Allow for thermal movements from ambient and surface
    temperature changes
● Sizing: Intake - 400 ft/min; Relief - 500 ft/min; Exhaust - 500 ft/min
● Free Area: 40% minimum
● Location: Intake, Relief - 10 ft minimum above grade; Exhaust -10 ft minimum above
adjacent area


B2090 Exterior Wall Specialties
● Exterior Sun Control Devices / Sun Screens / Sun Shades / Light Shelves


●  Fixed, extruded, pre-finished aluminum louvers; horizontal blade
●  Eliminate direct solar gain and glare to the greatest extent possible


● Exterior Locations:  South, East and West facades at glazing locations 


B30
B3010 Roofing


●  Single-ply membrane roof; adhered installation 07 53 23


●  Fabric-reinforced membrane sheet;  ASTM D 6878, uniform, flexible roll sheets.
●  Color:  White


 ●  80-mil thickness
 ●  SRI not less than 78
●  Quality Assurance


●  FM Global approved roof system manufacturer


●  Installer approved or licensed by roofing system mfr. to install mfr's product 
    and is eligible to receive mfr's special warranty


●  Performance Requirements
●  Roof system that complies with FM Global 4450 or FM Global 4470 and is listed 
    in FM Global's "RoofNav" for Class 1 or noncombustible construction
●  20 year warranty
●  R-50 insulation thermal performance required 
●  R-38 over laboratory and interstitial spaces.


B3020 Roof Appurtenances
●  Polyisocyanurate insulation; ASTM C 1289; R-value min. 7.0 per inch of thickness
●  Self-adhering-sheet vapor retarder; ASTM D 1970; min. 40-mil- thickness
●  Cover board; ASTM C 1177/1177M, glass-mat, water-resistant gyp. substrate 


 ●  Substrate board; ASTM C 1177/1177M, glass-mat, water-resistant gyp. substrate 


EXTERIOR HORIZONTAL ENCLOSURES
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Walkways pads; factory-formed, nonporous, solid-rubber, slip-resisting


B3040 Traffic Bearing Horizontal Enclosures 
●  Traffic Bearing Coatings 07 18 00


●  Traffic coatings for mechanical equipment room floors


●  Traffic-bearing, seamless, high-solids-content, cold liquid-applied, elastomeric, 
    waterproofing membrane with integral wearing surface; according to ASTM C 957


●  Performance Requirements


●  No intrusion of water, oils, gasoline, grease, salt, deicer chemicals, or acids
    into deck substrate
●  5 year warranty


C1010 Interior Partitions 09 21 16


●  Gypsum board and non-load-bearing steel framing
●  Studs and Runners: 3-5/8-inch deep; 0.033 inch-thick; 16 inches o.c. 


●  Suspension systems for ceilings and soffits; 1-1/2-inch deep cold-rolled carrying
    channels; 3/4-inch deep furring channels; base-metal thickness of 0.053 inch  
●  Gypsum Board:  5/8-inch thick; type X
●  Shaft Board Liner:  1-inch thick
●  Joint Treatment:  Joint compound, setting and curing types; joint tape  
●  Flat strap and backing plates for wall-mounted items; 0.033 inch


●  Performance Requirements
●  Fire-Resistance-Rated Assemblies:  Assembly tested according to ASTM E 119  
    by an independent testing agency


●  STC-Rated Assemblies:  Assembly indicated according to ASTM E 90 and 
    classified according to ASTM E 413 by an independent testing agency


Penetration Firestopping
●  UL listed penetration seals for piping, conduits, cables, ducts, and junction boxes. 07 84 13


●  Use cable raceway pass through device for data cables.  Cable trays must not penetrate 
    fire barriers or walls.
●  Each through or membrane penetration will have a label identifying the system number
    and the sealant product.


Fire-Resistive Joint Systems
●  UL listed fire-resistive joint systems for fire barriers and fire walls 07 84 46


●  Head-of-wall joints.
●  Bottom-of-wall joints.


C1030 Interior Doors
●  Hollow Metal Doors and Frames 08 11 13


●  Interior Doors: Extra-Heavy-Duty Doors; SDI A250.8, Level 3; Model 2;
    1-3/4 inch thick; uncoated cold-rolled steel sheet; vertical steel stiffener core
●  Interior Frames: Uncoated, steel sheet, min. thickness 0.053 inch; face welded 
●  Finish:  Shop-primed for finish painting in the field


●  Quality Assurance


●  Fire-Rated Assemblies: Comply with NFPA 80; UL listed and labeled for fire-
    protection ratings based on positive pressure testing per NFPA 252 or UL 10C.


●  Flush Wood Doors 08 14 16
●  Solid core doors with wood veneer faces; 1-3/4-inch thick
●  Particleboard Core Doors: ANSI A208.1, Grade LD-2, made with binder 
    containing no urea-formaldehyde
●  Veneer Face:  Premium, Grade A; plain sliced, book matched; balance matched
●  Factory finish; conversion varnish


●  Quality Assurance


●  Quality Standard: AWI's, AWMAC's, and WI's "Architectural Woodwork Standards


●  WDMA I.S.1-A Performance Grade:  Extra Heavy Duty
●  Fire-Rated Assemblies: Comply with NFPA 80; UL listed and labeled for fire-
    protection ratings based on positive pressure testing per NFPA 252 or UL 10C.


C INTERIORS
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BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Interior Folding Doors
●  Manually operable partition with structure to carry track  ; SDI A250.8, Level 3; Model 2;
●  Carpet finish, Class A
●  Textile finish, NFPA 101 Chapter 10 UL listed Class A rating
●  STC 54 minimum
●  Finish:  Shop-primed for finish painting in the field


C1070 Office, Conference Rm and Hallway Acoustical Panel Ceilings 09 51 13
●  Manufacturer


●  Armstrong Ultima High NRC or Battelle approved equal
●  Acoustical panels and exposed suspension systems for ceilings
●  Acoustical panels complying with ASTM E 1264, Type IV, mineral base with
    painted finish; Form 2, water felted; 24 by 24 inches, tegular edge
●  Direct-hung metal suspension system that complies with ASTM C 635/C 635M
●  Wire hangers, braces, ties; zinc-coated, carbon-steel wire, ASTM A 641/A 641M


●  Performance Requirements
●  Surface-Burning Characteristics (ASTM E 84):  UL listed flame-Spread 25 or less;  
    Smoke-Developed 450 or less
●  NRC, minimum of 0.80; CAC, minimum of 40


Lab Acoustical Panel Ceilings 09 51 13
●  Manufacturer


●  Armstrong CleanRoom Mylar FL or Battelle approved equal
●  Acoustical panels and exposed suspension systems for ceilings
●  Acoustical panels complying with ASTM E 1264, Type III, mineral base with
   mylar wrap factory finish; 24 by 48 inches, lay-in
●  Direct-hung metal suspension system that complies with ASTM C 635/C 635M
●  Wire hangers, braces, ties; zinc-coated, carbon-steel wire, ASTM A 641/A 641M


●  Performance Requirements
●  Surface-Burning Characteristics (ASTM E 84):  Flame-Spread 25 or less;  
    Smoke-Developed 450 or less
●  NRC, minimum of 0.55: CAC, minimum of 40


C1090 Interior Specialties
●  Wall and Door Protection 10 26 00
●  PVC plastic wall guards 
●  Stainless steel corner guards


●  Toilet, Bath, and Laundry Accessories 10 28 00
●  Toilet tissue dispensers, waste receptacles,  grab bars, 


    mop and broom holders, mirrors, soap dispensers
● Electric operated automated paper towel dispensers
●  Material:  Stainless steel; no. 4 finish


C20 INTERIOR FINISHES
C2010 Wall Finishes


●  Interior Painting 09 91 00
●  Painting of concrete masonry units, steel, galvanized metal, and gypsum board
●  Acrylic latex block fillers, primers, and finish coats
●  Flat, satin, and semi-gloss, gloss levels 


●  Performance Requirements
●  VOC Content: Flat paints, 50 g/L; nonflat paints, 150 g/L


C2030 Flooring
●  Porcelain Tile 09 30 13


●  Polished paver tile
●  6 by 6 inches by 1/4-inch thick


●  Cove base; same module size as paver tile
●  Waterproof membrane
● Epoxy grout
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●  Performance Requirements


●  ANSI Ceramic Tile Standard:  ANSI A137.1


●  Resilient Sheet Flooring 09 65 16
●  Sheet vinyl flooring; unbacked; ASTM F 1913


●  0.080-inch thick; heat-welded seams and integral cove base
●  Rubber sheet flooring; unbacked; ASTM F 1859; Type I (homogeneous sheet)


●  0.080-inch thick; heat-welded seams and integral cove base
●  Performance Requirements


●  Critical Radiant Flux: Class I, not less than 0.45 W/sq. cm; when tested in 
     accordance with ASTM E 648 or NFPA 253


●  Epoxy Resin Terrazzo (Quality Basis for Lobby) 09 66 23
●  3/8-inch thick flooring; integral coved base
●  Reinforcing membrane, primer, epoxy matrix, aggregate
●  Divider, control joint, and accessory strips of white zinc alloy


●  Performance Requirements


●  Comply with NTMA's "Terrazzo Specifications and Design Guide"


●  Carpet Tile 09 68 13


●  Size:  24 by 24 inches
●  Fiber:  100 percent nylon 6
●  Yarn Weight:  21 oz per sq yd
●  Direct glue-down installation


●  Performance Requirements


●  Comply with CRI Carpet Installation Standard 2011
●  Critical Radiant Flux: Class I, not less than 0.45 W/sq. cm; when tested in 
     accordance with ASTM E 648 or NFPA 253


C2040 Stair Finishes
●  Custom, pre-cast Terrazzo stair treads with integral risers (Lobby Open Stair) 09 40 00


●  Comply with NTMA's "Terrazzo Specifications and Design Guide"
●  Embossed texture with embedded black epoxy strip.
●  1/8"  chamfer at all edges.


●  Rubber stair treads with integral risers; ASTM F 2169 09 65 13


●  Embossed texture with embedded abrasive strip; 1/4 inch thick.
    


C2050 Ceiling Finishes 09 21 16
●  Gypsum board and non-load-bearing steel framing


●  Suspension systems for ceilings and soffits; 1-1/2-inch deep cold-rolled carrying
    channels; 3/4-inch deep furring channels; base-metal thickness of 0.053 inch  
●  Gypsum Board:  5/8-inch thick; type X
●  Joint Treatment:  Joint compound, setting and curing types; joint tape  


D10 CONVEYING
D1010.1 Vertical Conveying Systems


●  Hydraulic Passenger Elevators 14 24 00
●  Under-car, single cylinder
●  Rated load of 2500 lbs.
●  Rated speed of 125 fpm
●  Car Finishes


●  Front walls, satin stainless steel; side and rear walls, plastic laminate
●  Door face, satin stainless steel
●  Ceiling, satin stainless steel
●  Handrails, satin stainless steel; sides and rear of car
●  Floor, seamless sheet vinyl


●  Hoistway Entrances
●  Frames, satin stainless steel
●  Doors and transoms, satin stainless steel


D SERVICES
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●  Sills, aluminum
●  Performance Requirements


●  Regulatory Requirements:  Comply with ASME A17.1/CSA B44; NFPA 72
●   Accessibility: Comply with Sect. 407 in U.S. Architectural & Transportation 
    Barriers Compliance Board's ADA-ABA Accessibility Guidelines and ICC A117.1.
●   Cab Size: Comply with City of Richland Municipal Code 20.09.010, minimum interior 
    dimensions of 80 inches width and 51 inches depth. The minimum door opening 
    shall be 42 inches.
●   Design: Coordinate design and construction details for complete system, including
     including: shaft, hoist bema, pit, sump, ladder, lighting, communications, 
     machine room, etc.


D1010.20 Lifts 14 40 00


●  Hydraulic/Mechanical Platform Lift 


● Type A, equipment only (non-ridable)
● Minimum deck footprint: 36 sq ft
● 2,500 lb weight rating
● Access from ground floor to interstitial, and to roof. Roof access shall be an enclosed structure with 
6' wide access doors.
● ASME 17.1 compliant


D1050 Cranes
●  Monorail Cranes 41 22 13
●  3 ton (6,000 lb) capacity
● electric remote operated trolley and hoist
● Meet or exceed OSHA requirements,  Crane Manufacturers Association of America requirements, and


D20 PLUMBING 22 00 00
●  Basic Requirements


●  General: Provide systems and components to make a fully functional system
●  Hazardous Materials: Do not use products containing asbestos, lead, arsenic, or
any other material defined by EPA as hazardous to human or animal life.


●  Laboratory Gas System Basic Requirements
●  Calculations: See S746884-ENG-001 Section 5.3
●  Code Requirements: NFPA 55. See Applicable Section Below
●  Work shall not be covered until tests completed and authorization received from
AHJ or Authorized Engineering Representative.
●  Design Pressure: See Applicable Section Below
●  Leak Testing: Pneumatic with Test Pressure Defined below.  2 Hour minimum, check  
all joints with soapy solution. Acceptance is no leaks. Provide documentation.
●  Piping/Tubing:  See Applicable Section Below
●  Fittings:  See Applicable Section Below
●  System Valves: Full port ball valves to match material type. 
●  Point-Of-Use Valves: Provide manual shutoff valve in an accessible location. When
    connecting gases into a fume hood, ensure that shut-off valves are outside of the hood.
●  Supports/Hangers: Provide in accordance with the code.  Include cushioned pipe clamps.
●  Pressure Relief Valves: Provide to protect downstream components that cannot
   withstand the worst case source pressure (e.g. tank, compressor, pump).  Set pressure
   and size shall be for maximum flow rate such that backpressure cannot exceed design
   pressure Manual pull test capable.  ASME code compliant.
● Flush: Blow clean with dry oil-free nitrogen or air.  Maintain at 10 ft/sec for a
   minimum of 5 minutes.  Use screen to capture debris. Provide documentation.
● Branch Lines:  Provide shut off ball valves at each branch line. Outlet valve cocks do
   not meet this requirement
● Special Requirements: Tubing, piping, fittings, components, etc. shall be rated for the 


   specific gas service. Pressure monitors and gauges shall be visible outside of cabinets.
●  Laboratory "House" Gas Systems - Low Pressure Compressed Air and Nitrogen (below 150 psi):


●  Code Requirements: ASME B31.9, NFPA 55
●  Design Pressure: 150 psi


ASME B30.17.
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●  Leak Test Pressure: 200 psi
●  Cleanliness: Flush. House CA, N2, and Ar do not have special cleanliness requirements
●  Piping/Tubing:  Type K Copper 
●  Fittings:  Press fittings. Viega, Nibco, or Mueller
●  Gas Turrets:  Needle Valve Type.  Ball valve type not allowed. Wall or fume hood mounted.  


    Work surface mounting not allowed.
    Fume hood mounted turrets to be rated for 150 psig minimum. 
●  Allow one (1) SCFM for each laboratory outlet
● Size piping main and branch take-off w/ following simultaneous use factor


Number of Outlets          Use Factor         Minimum SCFM
1 to 2                                  100%                  ----
3 to 12                                80%                     6
13 to 38                              60%                    15
39 to 115                            40%                    30
116 to 250                          30%                   60


● Size piping based on above, including 30% additional future load
● Minimum pipe size shall be:


● 3/8-inch branch to single or double outlet (short run)
● 1/2-inch other branches to multiple outlet
● 3/4-inch to 1-1/4-inch for other mains


● Size piping with the maximum pressure loss, as follows:
● 0.35 PSI per 100 fee maximum friction loss rate
● 5 PSI maximum pressure loss to the farthest outlet


●  Laboratory "Specialty" Gas Systems - Specialty Bottle Gases
●  Code Requirements: NFPA 45 and 55. Design, Install, and Test in accordance 
    with ASME B31.3.  ASME B31.3 inspection not required.
●  Design Pressure: 2250 psi
●  Leak Testing: 2500 psi.  Use Helium for Toxic, flammable, or Hydrogen 
● Cleanliness:  Factory Cleaned to CGA G-4.1 for Oxygen Service. Swagelok SC-11 is acceptable. 
  Post factory cleaned per WAC 296-24-68207(3)g requires Battelle Engineering approval.
●  Piping/Tubing:  Stainless Steel
●  Fittings:  Compression Fittings, Swagelok. Orbital welding to ASME B31.3 allowed.
●  Fume Hood Turrets: Shall be rated for 2500 psi.  See sketch detail for example
●  Pressure Regulators:  Selected for the specific gas type. 
●  Cylinder Holders:  Attached to Permanent Structure.
●  Manifolds: Matheson Gas Delivery Systems rated for 3000 psi or Battelle Engineering 
    Approved Equal. Provide with hardwired status indication and changeover for 
    connection to FMCS. 
●  Special Requirements


Relief valves not allowed for Oxygen Service, Toxic, Highly Toxic, Flammable
Space/Separate Oxidizers and Flammable Gases per code
Medical gas installation qualification required for Oxygen installers
Install Toxic and Highly Toxic gases in ventilated gas bottle cabinets 


with an open access window face velocity of 200 fpm.
Regulators require tied seats for toxic and highly toxic gases
Provide UL listed flashback flame arrestors where flammable and oxidizing
gases will be connected to a torch or an individual instrument


●  Laboratory Systems - Laboratory Vacuum
●  Code Requirements: ASME B31.9,
●  Design Pressure: - 15 psi to 100 psi
●  Leak Testing: Pneumatic 150 psi 
●  Cleanliness: Flush
●  Piping/Tubing:  Type L Copper or Stainless Steel, Cleaning to Oxygen Service not required.
●  Fittings:  Compression Fittings, Swagelok. Press fittings, Viega, Nibco, or Mueller
●  Allow 0.5 SCFM for each laboratory inlet
● Size piping main and branch take off w/ following simultaneous use factor


Number of Outlets          Use Factor         Minimum SCFM
1 to 5                                  100%                  ----
6 to 12                                80%                     7
13 to 33                              60%                    14
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34 to 80                              50%                    29
81 to 150                            40%                    46
151 to 315                          35%                    82
316 to 500                          30%                   122


● Size piping based on above and including 20% additional future load.
● Minimum pipe size shall be as follows:


● 1/2-inch for branch to single or duplex inlet (short run)
● 3/4-inch for other branches to multiple outlets
● 1-inch for mains (group of outlets)
● Size piping w/ maximum pressure drop of 3-inch Hg for longest run of piping


● Laboratory Cryogenic Liquid Basic Requirements
●  Code Requirements: NFPA 55. Design, Install, and Test in accordance 
    with ASME B31.3.  ASME B31.3 inspection not required.
    Bulk cryogen tanks shall be ASME code stamped (DOT for portable cylinders)
●  Design Pressure: 150 psi minimum
●  Leak Testing:  Pneumatic test at 200 psi. In-service cryogen test.  Fill cryogen 
    piping system with cryogenic fluid after other leak test completed.  
    100% inspection after 24 hours for cold spots. Replace or repair any 
    portion of the system exhibiting abnormal frost and/or loss of vacuum.
    Documentation required.
●  Piping/Tubing:  Vacuum Jacketed Stainless Steel Cryogen Piping
    with an extremely low leak rate of 1.0 BTU/FT/HR or less.  Vacuum 
    fitting/vacuum pump connection required on each pipe segment to
    allow restoration of vacuum in the installed location.  


Rigid: Cryotech, Cryorigid
Semi-Rigid: Cryotech, Statiflex
Flexible Piping: Cryotech, Cryoteck Flex


●  Fittings:  Bayonet type vacuum fittings
●  Cover: Shall not be covered until tests completed and authorization received 
    from AHJ or Authorized Engineering Representative
●  Pressure Relief Valves: Provide on each section of piping. Set at 150 psi 
    rated for cryogenic service.  Install on "candy cane" or "gooseneck".
●  Flush: Blow clean with dry oil-free nitrogen or air.  Maintain at 10 ft/sec for 
    a minimum of 5 minutes.  Use screen to capture debris. Provide Documentation
●  Cleanliness:  Factory Cleaned to CGA G-4.1 for Oxygen Service unless 
    otherwise noted. 
●  Branch Lines:  Provide shut off ball valves at each branch line 
    Outlet valve cocks do not meet this requirement
●  Line Regulators: Set at 23 psig.  Rated for Liquid Cryogen service
●  O2 Monitors: Provide in locations with potential for oxygen deficiency and at Dewar fill 
    stations as determined by calculations.
●  Automatic Fill Stations:  Completely automated fill station that allows for 
    immediate use of cryogenic Dewar being filled.  Included two vacuum 
    jacketed insulated flex hoses 4'x 1/2" ID and appropriate connections. 
    Solenoid valve operation, vent check valve, and integral 150 psig safety 
    relief valve that is routed to the building exterior.  Vent interlock and 
    secured key switch. Stainless steel exterior with NEMA 4X CE
    Compliance.  Maximum operating pressure 15-100 psig.  
●  Special Requirements


Provide a relief valve set to 125 psig that is either outside the facility
or is routed outside the facility.  Relief devices inside the facility shall
not be set to a lower pressure than 150 psig to prevent an upset 
condition where a relief valve in the building could be activated and empty 
the entire contents of the LN tank inside the building


● Plumbing Materials and Methods
● Manufacturer's Inspection: Inspect flanges, fittings and field welds in 
   accordance with manufacturer's standard written quality control procedure in
   accordance with the following techniques:


●  Visual Method:  Comply with MSS SP 55 except as otherwise indicated
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●  Radiographic (X Ray) Method:  Employ wherever recommended or 
    required for pressurized piping systems


● Welding Qualification:  Qualify welding procedures, welders and operators
   in accordance with ANSI B31.9 for shop and project site welding of piping work
●  Access Panels:  For walls and ceilings; flush-mounted type for maintenance and   
   inspection; provide fire-rated panels in fire-rated assemblies


● Manufacturers:  Milcor, Karp, Elmdor, In-Ryko, Acudor, or approved.
● General Plumbing Systems


● Regulatory Requirements: 


●   Federal Standards:  Comply with applicable Federal Specification 
     WW P 541 Series sections pertaining to plumbing fixtures
●   ADA Compliance:  Construct and install barrier-free plumbing
     fixtures in accordance with "The Americans with Disabilities" Act
●  UL and NEMA Compliance:  Provide electric motors and electrical 
    components required as part of plumbing equipment, which
    have been listed and labeled by UL and which comply with NEMA
    standards. See motor specification for motor requirements.


●  Plumbing Fixtures, General:  Provide factory fabricated fixtures of type, style 


and material indicated on the plumbing fixture connection schedule
 on the Drawings.  For each type fixture, provide fixture 
manufacturer's standard trim, carrier, seats, and valves as indicated
 by their published product information; either as designed and 
constructed, or as recommended by manufacturer, and as required 
for complete installation.  Where more than one type is indicated, 
selection is installer's option; but, fixtures of same type must be 
furnished by a single manufacturer.  Where type is not otherwise
 indicated, provide fixtures complying with governing regulations.
● Fixtures:  Complete with fittings, supports, fastening devices, faucets,


   valves, traps, stops and appurtenances required.
● Exposed IPS Piping and Tubing:  Brass, chrome plated.
● Escutcheons:  Brass, chrome plated.
● Stops:  Stops installed in each supply pipe at each fixture accessibly


   located with wall escutcheons.
● Showers:  Provide flow control device to prevent flow over 1.5 GPM 
● Public Lavatories: Provide flow control device to prevent flow over 0.5 GPM
● Interior Faucets Except Public Lavatories:  Provide with flow control 


   device to prevent flow over 2.2 GPM.
● General Plumbing Piping Systems


● Soil, Waste, Vent, and Drainage Piping
● Underground Piping to 5 Feet Outside Building Line: 10 Inches


   and Smaller:  "No-Hub" cast iron soil pipe and fittings with 
   heavy-duty stainless steel couplings and neoprene gaskets.
● Aboveground Piping: 10 Inches and Smaller:  "No-Hub" cast iron soil 


   pipe and fittings with standard-duty stainless steel couplings
   and neoprene gaskets.


● Domestic Water Piping
●  Above Ground:  Type "L" copper tubing.  Wrought copper or cast 


bronze sweat fittings.
●  Piping 3 Inches and Above:  Brazed or copper press fittings.
● Piping 2-1/2 Inches and Smaller:  Soldered (95/5 solder)
 joints or copper press fittings.


● Below Ground: Type "K" copper tubing with brazed joints.  
● Condensate Drain Piping


● Type "M" copper tubing and wrought copper, cast bronze sweat fittings, or copper
press fittings.


    On sizes 1-1/4 inches and larger, provide "DWV" pattern drainage fittings.
● Pump Pressure Piping


● Above Grade:  Type "L" copper with solder joints or  copper press fittings.
● Below Grade:  Type "L" copper with brazed joints or  copper press fittings.


● Cleanouts - General:  Locate cleanouts as shown on Drawings and as
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 required by local code.  Cleanouts same size as pipe except that 
greater than 4 inches will not be required.  Plastic components not 
allowed, except unless specifically noted.
● Tile Floor Cleanouts:  J. R. Smith 4040 with square heavy-duty nickel 


bronze top, taper thread, ABS plug and standard screws.
● Concrete Floor Cleanout (General):  J. R. Smith 4020 with round 


heavy-duty nickel bronze top, taper thread and ABS plug with
 standard screws.


● Concrete Floor Cleanout (Heavy Load):  Same as for "General"


 locations, Item 3 above, except J. R. Smith 4100.
● Wall Cleanout:  J. R. Smith 4472-U, countersunk bronze taper thread


 plug, stainless steel shallow cover and vandal proof screws.
● Outside Area Walks and Drives:  J. R. Smith 4023-U with round 


heavy-duty nickel bronze top, taper thread, ABS plug and 
top secured with vandal proof screws.  Install in 18- by 18- by
 6-inch deep concrete pad flush with grade.


● Manufacturers:  J. R. Smith, Mifab, Zurn, Wade, Watts, or approved. 


 J. R. Smith model numbers used as a basis of selection.
● Subsurface Drain Pipe Below Grade


● Corrugated polyethylene drainage tubing, perforated with maximum 


1/8-inch wide slots.  ADS, or approved.
● Valves


●  Service - Domestic and Process Hot and Cold Water Shutoff and Isolation Valves: 


●  Pipe Sizes 2-1/2 Inches and Smaller:  Ball valve. 
●  Pipe Sizes 3 Inches and Larger: Gate valve or butterfly valve.


●  Service - Drain Service; All pipe sizes: Drain Valves
●  Service - Strainer Blowoff: Ball valve.
●  Service - Bypass Around Pressure Reducing Valves: Globe Valves.
●  Relief Valve: ASME code approved pressure and temperature relief


valve.  Run full size pipe to floor drain, or as noted otherwise.
Cash-Acme, Watts, or approved.


●  Pressure Regulating Valves
● Water:  Bronze body, diaphragm or piston type, spring actuated,


 with separate or integral strainer, pressure range to suit 
conditions, code approved for potable water use.    
Cash-Acme, Watts, Wilkins, Mueller approved.
● Water:  Automatic control pressure regulating valve, stainless 


steel seat, stem and spring, diaphragm actuated with brass 
body, hydraulic control pilots with effluent operating
 temperature range 32F to 180F, FDA and AWWA approved.
● Water:  Bronze body construction, stainless steel strainer 


screen, thermal expansion bypass with renewable stainless 
steel seat and high temperature resisting diaphragm.  Watts, 
Febco, Wilkins, or approved.


● Water Hammer Arrestors (Shock Absorbers)
● Bellows-type, stainless steel casing and bellows, pressure 


rated, tested and certified in accordance with PDI WH-201.  
Manufacturers:  Amtrol, Inc., J. R. Smith, Wade, Zurn, or approved
● Piston-type, copper, brass or stainless steel with O-ring piston, 


pressure rated, tested and certified in accordance with PDI 
WH-201.  Manufacturers:  PPP, Sioux Chief, or approved.


● Vent Flashing Sleeves
● Cast iron caulking type roof coupling for cast iron stacks, cast 


iron threaded type roof coupling for steel stacks, and cast 
bronze stack flashing sleeve for copper tubing.


● Trap Primers
● Trap seal primer valve with integral automatic antisiphon 
protection.  Code approval required.  SureSeal, Wade, Mifab, Zurn, J. R. Smith, 


PPP, or approved.
● Thermometers
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● 3-inch diameter bi-metal dial thermometer with stainless steel 


case, white dial, black numbers with 4-inch stainless steel
 stem and brass separable socket.  0F to 200F range. 
 Manufacturers:  Weiss Model 3BMS, Palmer, Ashcroft, 
Trerice, Marshaltown, Weksler, or approved.


● Pressure Gauges
● Single-pointer gauge with 0 to 100 PSI range, 10 PSI intervals 


and 1 PSI increments intermediate graduations.  Aluminum 
dial with 1 percent accuracy and low bottom connections for 
wall mounting.    Manufacturers:  Weiss, Palmer, 
Marshaltown, Trerice, Ashcroft, Weksler, U.S.  Gauge, or 
approved.


● Backflow Preventers
● Atmospheric Vacuum Breaker:  Watts Model 288A with Watts 


777S "Y" strainer.  Febco, Wilkins, or approved.
● Pressure Vacuum Breaker:  Watts Model 800MCQT with 777S 


Y strainer.  Febco, Wilkins, Conbraco, or approved.
● Double Check Backflow Preventer:  Watts Model 007QT Series 


with strainer, Febco, Wilkins, Conbraco, or approved.
● Reduced Pressure Backflow Preventer:  Watts Model 909QT 


Series with strainer.  Febco, Wilkins, Conbraco, or approved. 
 Provide with air gap fitting and indirect drain piping to drain.


● Water Filters
● Wound-type micronic filter with disposable cartridge.  Provide 


1 additional set of cartridges for each filter.  
Manufacturers:  Cuno, or approved 


● Premanufactured Counterflashings
● Provide for pipe sizes as required.  Manufacturers: A&B Sheetmetal.


D2010 Domestic Water Distribution
●  Hangers and Supports for Plumbing Piping and Equipment.


●  Piping Hangers and Supports
●  General:


●  Horizontal Piping Hangers and Supports-Horizontal and 
Vertical Piping, and Hanger Rod Attachments:  Select size 
of hangers and supports to exactly fit pipe size for bare 
piping, and to exactly fit around piping insulation with saddle
 or shield for insulated piping.  Provide copper-plated hangers 
and supports for uninsulated copper piping systems.
● Saddles and Shields:  Factory fabricated saddles or shields 


under piping hangers and supports for insulated piping.  Size 
saddles and shields for exact fit to mate with pipe insulation. 
 1/2 round, 18 gauge, minimum 12-inches in length 
(4-inch pipe and larger to be three times longer than pipe diameter)
●  Roller Hangers:  Adjustable roller hanger.  Black steel yoke, 


cast iron roller.
● Concrete Inserts:  Malleable iron body, black finish. 
● Continuous Concrete Insert:  Steel construction, minimum 


   12 gauge; electrogalvanized; pipe clamps and insert nuts to match
● Pipe Hangers Size 2 Inches and Smaller:  Adjustable swivel ring 


hanger, UL listed.  Michigan 100 or 101.
● Pipe Hangers Size 2-1/2 Inches and Larger:  Adjustable clevis type,


 UL listed.  Michigan 400.
● Riser Clamps:  Steel, UL listed.  Michigan 510 or 511.  Copper 


coated; Michigan 368.
● Plumbers Tape:  Not permitted as pipe hangers or pipe straps.
● Michigan numbers are indicated for type and quality.  Comparable


products manufactured by Globe, Elcen, B-Line, Kindorf, 
Kinline, Unistrut, Anvil, Super Strut, Tolco, PHD,
 Power-Strut, or approved.


PNNL
June 2020


S785272
 Appendix G - GSL Performance Specifications


Page 16







BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


●  Freestanding Roof Pipe Supports
● Support piping on roof with polyethylene high-density U.V. resistant 


quick "pipe" block with foam pad, manufactured by Erico Pipe 


Piers or Nelson-Olsen Inc., distributed by Bongard 
Corporation.  Recommended installation is for quick "pipe" 
 blocks to be freestanding.  Piping 3 inch and larger mounted on


 roller hangers.  Wood block supports are not acceptable.
●  Wall and Floor Sleeves


●  General:
●  "Link-Seal" Pipe Sleeves:  Neoprene gasket links bolted


 together around an interior sleeve forming a watertight seal. 
 Provide Type S unless otherwise noted.  Thunderline 
Corporation, or approved.
●  Pre-Engineered Firestop Pipe Penetration Systems:  UL listed 


assemblies for maintaining fire rating of piping penetrations
 through fire-rated assemblies.  Comply with ASTM E814.
● Insulating Caulking:  Eagle, Pitcher Super 66 high temperature 


cement, or approved.
● Vibration and Seismic Controls for Plumbing Piping and Equipment


● Seismic Control and Restraint
● Plumbing Equipment: Brace/ anchor plumbing equipment to resist horizontal
   force acting in any direction using IBC Seismic Restraint requirements
● Vibration Isolated Equipment:  Provide factory fabricated seismic 


restrained vibration isolating components.  Earthquake
 resistant designs for plumbing equipment, i.e., water 
heaters, motors, and plumbing piping, to conform to the 
regulations of the WSBC Seismic Restraint requirements.  
Where standard factory fabricated components are not
 available, provide properly designed custom components
 which meet the requirements herein.


● Metal Parts Installed Out-of-Doors
● Cold dip galvanized, cadmium plated or neoprene coated after fabrication


● Seismic Restraints for Piping
● Sway bracing is not required for pipes that are installed on individual


 hangers 12 inches or less below structure.
● Secure plumbing piping bracing at every fourth hanger transversely


 and every eighth hanger longitudinally.
● As approved by code authority, use a bracing system manufactured


by Superstrut, Mason, or Pipe Shields Inc., or approved.
● Equipment


● Provide a means to prohibit excessive motion of plumbing


 equipment during an earthquake.
● Provide plumbing equipment, both hanging and base mounted, with 


mounting connection points of sufficient strength to resist 
lateral seismic forces equal to 0.5 of equipment operating weight


● Floor Spring and Neoprene (FSN)
● Freestanding and laterally stable without any housing.  
● Spring Element in the Isolator:  Set in a neoprene cup and have a 


steel washer to distribute the load evenly over the neoprene.  
● FSN isolators (neoprene pad, if used, selected from NP):  Amber/Booth type SW.
● Manufacturers:  Supply vibration isolation mounts by a single 


manufacturer.  Acceptable suppliers are as follows: 
 Amber/Booth Co.   A.B., Korfund Dynamics   K.D., Mason
 Industries, Inc. M.I., Peabody Noise Control Inc. P.N.C., 
Vibration Mountings & Controls, Inc., IAC, Koppers, Vibrex.


● Neoprene Pad (NP)
● One layer, 5/16 inch thick ribbed or waffled neoprene, 40 to 50 durometer 
● NP Isolators:  Amber/Booth type NR.
● Acceptable suppliers are as follows:  Amber/Booth Co.   A.B., 


Korfund Dynamics   K.D., Mason Industries, Inc.    M.I., 
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Peabody Noise Control Inc.    P.N.C., Vibration Mountings &
 Controls, Inc.    V.M.&C., IAC, Koppers, Vibrex.


● Flexible Pipe Connections {FPC)
● FPC:  Mason MFTNC.
● Manufacturers:  Supply vibration isolation mounts by a single 


manufacturer.  Acceptable suppliers are as follows:  
Amber/Booth Co.   A.B., Korfund Dynamics   K.D., Mason
 Industries, Inc.    M.I., Peabody Noise Control Inc.    P.N.C., 
Vibration Mountings & Controls, Inc. V.M.&C., Metraflex, Vibrex


● Connections to match piping system.
● Three Flexible Grooved Couplings Option:  Where grooved systems


 are used, three Victaulic Style 77 couplings may be used in
 lieu of double sphere or metallic type flexible pipe 
connectors.  See Victaulic publication "Vibration Attenuation 
Characteristics of Victaulic Couplings 26.04" for additional details


● Grommets
● Combine a neoprene washer and sleeve.
● Isogrommets manufactured by MBPS, Inc.
● Series W by Barry Controls, or approved.
● Neoprene Durometer:  Between 40 and 50.  Grommets:  Specially


 formed to prevent fastening bolts from directly contacting the
 isolator base plate.


● Resilient Nonhardening Sealant
● Sealants for Acoustical Purposes:  DAP acoustical sealant.
● Manufacturers:  Pecra, Tremco, USG, or approved.


● Identification  for Plumbing Piping and Equipment
● Plumbing Identifications Materials


● Manufacturers:  Allen Systems, Inc., W. H. Brady Co., Signmark 


Division, Industrial Safety Supply Co., Inc., Seton Name 
Plate Corporation, or approved.


● Plastic Pipe Markers
● Provide one of the following: Snap-on Type:  Manufacturer's standard 


preprinted, semi-rigid snap-on, color-coded pipe markers.
Pressure-Sensitive Type: Manufacturer's standard preprinted,
permanent adhesive, color-coded, pressure sensitive, vinyl pipe markers.


● Small Pipes:  For external diameters less than 6 inches (including


 insulation, if any), provide full-band pipe markers, extending 
360 degrees around pipe at each location, fastened by one 
of the following methods:
● Snap-on application of pretensioned semi-rigid plastic pipe marker.
● Adhesive lap joint in pipe marker overlap.
● Laminated or bonded application of pipe marker to pipe (or insulation).
●Taped to pipe (or insulation) with color-coded plastic adhesive 


tape, not less than 3/4 inch wide; full circle at both ends of 
pipe marker, tape lapped 1-1/2 inches.


● Large Pipes:  For external diameters of 6 inches and larger (including


 insulation, if any), provide either full-band or strip-type pipe 
markers, but not narrower than three times letter height (and 
of required length), fastened by one of the following methods:
● Laminated or bonded application of pipe marker to pipe (or insulation).
● Taped to pipe (or insulation) with color-coded plastic adhesive


 tape, not less than 1-1/2 inches wide; full circle at both 
ends of pipe marker, tape lapped 3 inches.
● Strapped-to-pipe (or insulation) application of semi-rigid type, 


with manufacturer's standard stainless steel bands.
● Lettering:  Comply with piping system nomenclature as specified,


scheduled or shown, and abbreviate only as necessary for 
each application length.


● Arrows:  Print each pipe marker with arrows indicating direction of 


flow, either integrally with piping system service lettering (to
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 accommodate both directions), or as separate unit of plastic.
● Valve Tags


● Brass Valve Tags:  Polished brass valve tags with stamp-engraved 


piping system abbreviation in 1/4-inch high letters and 
sequenced valve numbers 1/2 inch high, and with hole for
 fastener.  1-1/2-inch diameter tags, except as otherwise indicated


● Valve Schedule Frames
● General:  Glazed display frame with removable mounting as 


appropriate for wall construction upon which frame is to be
 mounted.  Frames of finished hardwood or extruded
 aluminum, with SSB-grade sheet glass.


● Engraved Plastic-Laminate Signs
● General:  Engraving stock melamine plastic laminate, Federal 


Specification L-P-387. Thickness:  1/16 inch for units up to
 20 sq.in. or 8 inches in length; 1/8 inch for larger units


● Fasteners:  Self-tapping stainless steel screws, except contact-type 


permanent adhesive where screws cannot or should not 
penetrate the substrate.


● Plastic Equipment Markers
● General:  Manufacturer's standard laminated plastic, color-coded 


equipment markers.  
● Nomenclature:  Match terminology used on drawing schedules as 


closely as possible.
● Size:  Provide approximate 2-1/2- by 4-inch markers for control devices,


dampers, and valves; and 4-1/2- by 6-inch markers for equipment.
● Ceiling Tile Labels


● Machine-generated, adhesive-backed tape labels with black letters on clear tape.
● Plumbing Pipe and Fittings


● Piping - General: Provide pipe, tube and fittings of the type, fitting 


requirements, grade, class, size and weight indicated or required 
for each service, as indicated in other Division 22 Specifications. 


 Where type, grade, or class is not indicated, provide proper 
selection as determined by installer for installation requirements, 
and comply with governing regulations and industry standards.


● Steel Pipe
● ASTM A53, Black Welded or Seamless, Grade B:  Schedule as specified
● ASTM A135, Electric Resistance Welded, Grade B:  Black, unless 


otherwise indicated, schedule as specified. 
● Copper Tube


● Temper:  Annealed (hard drawn).
● Water Service:  ASTM B88, Type as indicated for each service.
● Drain, Waste, and Vent (DWV):  ASTM B306.


● Cast Iron Pipe
● ASTM A74, hub-and-spigot, service weight.
●  ASTM A888/CISPI 301 hubless, including coupling assembly.


● Fittings for Steel Pipe
● General:  Flanges, fittings, unions and other products, mark in 


accordance with MSS SP 25.
● Welding Fittings:  Wrought carbon steel fittings, ASTM A234, 


ANSI B16.9, B16.28.  Butt-welding type unless otherwise 
indicated to be socket welding type.


● Branch Connections:  From mains or headers 2-1/2 inches or larger, 


welded tees or forged welding outlets.
● Welding Outlets:  "Weldolets" or "Threadolets" equivalent to Bonney


Forge.  Use forged welding outlets wherever branch line is at
least 1 nominal pipe size smaller than local main or header.


● Threaded Fittings:  ANSI B2.1, ASTM A47, 150 PSI rating.
● Flanges:  Carbon steel conforming to ASTM A105, ANSI B16.5.
● Unions:  ANSI B16.39, ASTM A47.
● Fasteners:  Semi-finished carbon steel bolts and hex nuts 
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conforming to ASTM A307.  Threads and Dimensions:  
ANSI B1.1 and B18.2.


● Threaded Pipe Plugs:  ANSI B16.14.
● Thread Lubricant: RectorSeal No. 5 or Slic-tite Teflon Paste.


● Fittings for Copper Tube
● Wrought copper/bronze solder joint fittings complying with ANSI B16.22


 ● DWV Service:


● Cast Copper Solder Joint Drainage Fittings:  ANSI B16.23.
●  Wrought Copper Solder Joint Drainage Fittings:  ANSI B16.29


● Fittings for Cast Iron Pipe
● Hubless Cast Iron Drainage Pipe Fittings:  CISPI 301 as manufactured by


ABI, Charlotte or Tyler with stainless steel clamp assemblies
● Manufacturers for heavy-duty or below grade applications 
meeting FM-1680:  Husky SD4000 or Clamp-All Hi-Torq 125 couplings
● Manufacturers for standard duty applications: Anaco, Mission, Tyler


● Cast Iron Hub-and-Spigot Drainage Pipe Fittings:  Match drainage 


pipe units, ASTM A74.  Fitting joints:  Positive seal 
compression type gaskets, ASTM C564.


● Miscellaneous Piping Materials/Products
● Insulating (Dielectric) Unions:  Standard units recommended by 


manufacturer for use in the service indicated, which isolate
ferrous from nonferrous piping, and prevent galvanic corrosion
action.  Minimum rated "flashover" voltage:  600 volts. 
Watts 3000 Series.  Provide insulated flanges for flanged
 piping system connection to dissimilar metals.


● Welding Materials:  Comply with Section 2-C of ASME Boiler Code, 


as applicable.
● Tin-Antimony Soldering Materials:  ASTM B13.
● Gaskets for Flanged Joints:  ANSI B16.12; full faced for cast iron


flanges; raised face for steel flanges.
● Acid-Resistant Drain Pipe


● Above Grade: Schedule 40 flame resistant polypropylene pipe with


mechanical or electrofusion type joints.
● Below Grade: Schedule 80 flame resistant polypropylene pipe with


electrofusion type joints.
● Unions


● Steel Pipe Union:  150 PSI malleable iron, brass to iron seat, ground


 joint, black or galvanized to match pipe.
● Copper Pipe Union:  200 PSI working pressure.  Bronze body, solder 


or grooved ends.  Pipes 2 inches and under use ground joint,
pipes 2-1/2 inches and larger use flanged face or grooved ends


● Insulating Unions:  250 PSI working pressure.  Pipe ends and 


material to match piping.  Electric current below 1 percent of
 galvanic current.  Epco or approved.


● Escutcheons
● Brass material, chrome plated finish.  Size sufficient to cover pipe


openings through wall, floor or ceiling.  Set screw or spring
 to secure to pipe.  Coordinate opening sizes.


● Access Panels
● Provide flush mounting access panels as required for service of 


cleanouts, valves, and the like, and other items requiring 
maintenance or inspection.  Where access panels are
located in fire-rated assemblies of building, rate access
panels accordingly.  Ceiling access panels to be minimum 
24x24 (or required and approved size).  Wall access panels
 to be minimum 12x12 (or required and approved size).


● Manufacturers:  Milcor, Karp, Elmdor, In-Ryko, Acudor, or approved. 
● Plumbing Systems Insulation


● Manufacturers - Piping:  Armacell LLC Armaflex, Certainteed, Imcoa, Johns 
Manville, Knauf, Nomaco, Owens-Corning, PPG, or approved.
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● Type 1 - Fiberglass Pipe Insulation
 ● Glass Fiber:  ASTM C547; rigid molded, noncombustible. 


● Thermal Conductivity Value:  0.27 at 75F.
● UL listed FHC 25/50
● Maximum Service Temperature:  850F. 
● Vapor Retarder Jacket:  White Kraft paper reinforced with 
glass fiber and bonded to aluminum foil, secure with self
 sealing longitudinal laps and butt strips or AP Jacket with outward
clinch expanding staples or vapor barrier mastic as needed.


● Type 7 - ADA Accessible Lavatory/Sink Insulation Kit
● P-traps, hot water and cold water insulating guards. Molded closed 


cell vinyl with nylon fasteners, paintable. Thermal 
conductivity; K = 1.17 (BTU/in)/ (hr/sq.ft./deg. F) at 75F 
mean temperature. Color white. Truebro Inc. Model 102. 
 McGuire, ProWrap, Brocar Trap Wrap, or approved.


● Jacketing
● PVC Plastic Fitting Covers (indoor use only): Schuller Zeston 2000. 
● Aluminum Jacket (for outdoor use): 0.016-inch-thick sheet, (smooth/embossed) finish, 


with longitudinal slip joints and 2-inch laps, die-shaped fitting 
covers with factory attached protective liner.


● Accessories
● Equipment Insulation Jacketing: Presized glass cloth, not less than 


7.8 ounces/sq.yd., except as otherwise indicated. Coat with
 gypsum based cement.


● Pipe Fitting Insulation Covers
● PVC preformed molded insulation covers. Zeston, or approved.


fire retardant lagging adhesive.
● Labeling and Marking


● Provide labels, arrows and color coding on piping per items under 


Identification for Plumbing Piping and Equipment. Attach
 labels and arrows to the jacketing.


● Piping Surfaces to be Insulated: Note: Insulation thickness shown is a 


minimum. If state codes or AHJ require additional thickness, provide
 insulation thickness per code and AHJ requirements.
● Domestic hot water and hot water circulation piping above grade:


●System Insulation type: 1
●Pipe Size: Runouts up to 2-inches; Insulation Thickness: 1-inch
●Pipe Size: Mains = < 2-inches; Insulation Thickness: 1-inch
●Pipe Size: Mains > 2-inches; Insulation Thickness: 1 1/2-inches


● Domestic water piping exposed to weather:


●System Insulation type: 1
●Pipe Size: All ; Insulation Thickness: 1 1/2-inches


● Domestic cold water except minor branch piping within walls serving


 fixtures:
●System Insulation type: 1
●Pipe Size: = < 2-inches ; Insulation Thickness: 1/2-inches
●Pipe Size: > 2-inches ; Insulation Thickness: 1-inches


● ADA accessible lavatory/sink:


●System Insulation type: 7
●Pipe Size: All ; Insulation Thickness: as listed


● Condensate Drain Piping:


●System Insulation type: 1
●Pipe Size: All ; Insulation Thickness: 1/2-inches


● Aboveground Steam and Steam Condensate Piping:


●System Insulation type: 1
●Pipe Size: runouts up to 2-inches ; Insulation Thickness: 1-inch
●Pipe Size: all others; Insulation Thickness: 1 1/2-inches


● ADA Accessible Lavatories/Sinks
● Install lavatory/sink insulation kit.


● Insulated Pipe Exposed to Weather
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● Where piping is exposed on roof, cover insulation with aluminum


 jacket. Seal watertight jacket per manufacturer's recommendations.
Provide heat tracing on piping subject to freezing.


● Storage Tanks
● Cover with hydrous calcium silicate, 2-inches thick. Finish with 


canvas jacket and adhesive. Overlap joints minimum of
 4-inches. Apply two coats latex paint; color selected by Architect.


● Insulations Shields
● Provide full size diameter hangers and shields (18 gauge minimum)


 for cold piping. Hot water piping hangers may penetrate
 insulation to contact pipe directly. Provide 18-inch long, 
noncompressible insulation section at insulation shields for
 lines 2 inches and larger (steam and cold piping).


● Plumbing Fixtures
● China Fixtures: American Standard, Kohler, Eljer, or approved.
● Stainless Steel Fixtures: Elkay, Just, Haws, or approved.
● Molded Resin or Stone Fixtures: Fiat, Mustee, or approved.
● Enameled Steel Fixtures: Eljer, Kohler, Crane, or approved.
● Enameled Cast Iton: American Standard, Eljer, Kohler, or approved.
● Fiberglass Fixtures: Fiber-Fab, Aqua-Galss, Mustee, Hytect, or approved.
● Electric Water Cools/Fountains: Elkay, Halsey-Taylor, Haws, Sunroc, Oasis, 


or approved.
● Flushometers: Sloan, Zurn, Delaney, or approved.
● Faucet Fittings:


● Private: Chicago, Speakman, T&S Brass, or approved.
● Public: Chicago, T&S Brass, American Standard, or approved.
● Laboratory Faucets: Water Saver, Chicago.


● Water Closet Seats: Solid white reinforced plastic, hinge with insert integrally
in seat. Olsonite, Church, Beneke, Bemis, or approved.


● Emergency Showers/Eyewash: Bradley, Haws, Encon, Guardian, Speakman
or approved.


● Floor Drains: Cast iron body, double drainage flange with weep holes, nickel


bronze or heavy C.P. strainer/grate/funnel finishes, flashing clamp
device, adjustable or insert type strainer. Comply with ANSI A112.21.1.


Smith, Wade, Watts, Zurn, Mifab, or approved.
● Floor Sinks: Coated or enameled cast iron body, double drainage flange 


with weep holes, nickel bronze or heavy C.P. strainer/grate/funnel 
finishes, flashing clamp device, adjustable or insert type strainer. 


Comply with ANSI A112.21.1. Smith, Wade, Watts, Zurn, Mifab, or
 approved. (Plastic components not allowed.)


● Hose Bibbs: Cast brass heavy duty hydrant, brass operating parts, 
renewable seat, hose outlet, vacuum breaker and removable "T" handle


 J. R. Smith, Woodford, Wade, Zurn, Mifab, Chicago, or approved.
● Garbage Disposers: First grade quality suitable for commercial or 


residential kitchen use, complete with switches, controls, solenoid 
and flow control valves, vacuum breakers and appropriate sink or cone


 attachments. Motors, switches, solenoid valves and electrical 
controls compatible. In-Sink-Erator, or approved.


● Fixture Trim
● Traps: Provide traps on fixtures except fixtures with integral traps. 


Exposed traps chromium plated cast brass or 17 gauge 
chromium plated brass tubing. American Standard, Kohler,
 Chicago, BrassCraft, Eastman, Speedway, McGuire, or approved.


● Supplies and Stops: First quality, chrome plated with brass stems. 


Stops: Loose key type. American Standard, Kohler, 
Chicago, BrassCraft, Eastman, Legend, Speedway,
 McGuire, or approved.


● Thermostatic Mixing Valves: Symmons, Powers, Bradley, or approved.
● General-Duty Valves for Plumbing Piping


● Valves - General
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● Sizes: Unless otherwise indicated, provide valves of same size as 


upstream pipe size.
● Operators: Provide handwheels, fastened to valve stem, for valves 


other than quarter-turn. Lever handle for quarter-turn valves 
6 inches and smaller, and 4 inches and smaller for plug
 valves. Gear operators for quarter-turn valves 8 inches and 
larger and plug valves 5 inches and larger. Provide chain 
operated sheaves and chains for overhead valves.


● Service - Domestic and Process Hot and Cold Water Shutoff and Isolations Valves:
● Pipe Sizes 2-1/2 Inches and Smaller: Ball valve.


● Pipe Sizes 3 Inches and Larger: Butterfly valve.
● Drain Service; All Pipe Sizes: Drain valves with hose connection and cap.
● Service - Strainer Blow-Off: Ball valve with hose connection and cap.
● Service - Bypass Around Pressure-Reducing Valves: Globe valves.
● Service - Check Valves: Swing check valve.
● Manufacturers: Crane, Fairbanks, Anvil, Jenkins, Kennedy, Walworth, 


Red/White (commercial grade), Mueller, Legend, Conbraco, 
Nibco, DeZurik, Hays, Powell, Stockham, Hammond, Watts, 
Milwaukee, or approved. 


● Globe Valves
● 2 Inches and Smaller: Class 125, bronze body, screw-in bonnet, 


integral seat, renewable disc, straight body, Nibco 211. Angle 
body, Nibco 311.


● 2 1/2 Inches and Larger: Class 125, iron body, bolted bonnet, 


flanged ends, renewable seat and disc, bronze mounted. 
 Straight Body: Nibco F 718 B. Angle Body: Nibco F 818 B.


● Drain Valves
● Class 125, bronze body, screw-in bonnet, rising stem, composition disc,


3/4-inch hose outlet with hose connection and cap. Threaded: Nibco 73.
● Balancing Valves


● Bronze with a machined orifice flow restriction, multi-turn globe type 


valve, internal O rings, rated working pressure of at least 240 
PSIG (175 PSI iron construction, 2-1/2 inches and larger),
flow setting indicating pointer and calibrated nameplate, 
memory stops, and pressure readout port with integral check
 valve on each side of the orifice. Nibco, Wheatley, 
Tour & Anderson, or Illinois.


● Combination check valve/balancing valve not allowed, 1/4 turn plug


type allowed on 8 inches and larger pipe only.
● Ball Valves


● 2-1/2 Inches and Smaller: 150 PSI, bronze body, full port, bronze trim,


three-piece construction, TFE seats and seals. Threaded: 
Nibco T-595 Y. Soldered: Nibco S-595-Y.


● Butterfly Valves
● Select lug type valves suitable for bidirectional dead-end service.
● 6 Inches and Smaller: 200 PSI, ductile iron body, extended neck,


aluminum bronze disc, reinforced resilient EDPM seat, 
manual lever and lock. Nibco LD2000.


● Swing Check Valves
● 2 Inches and Smaller: Class 125, bronze body, horizontal swing,


 regrinding type, Y pattern, renewable disc. Nibco 413.
● 2 1/2 Inches and Larger: Class 125, iron body, bolted bonnet, horizontal


swing, renewable seat and disc, flanged ends. Nibco F918.
● Rubber Flapper Check Valve: Horizontal or vertical upward flow 


installation. Working pressure to 175 PSI. Ductile iron or 
cast iron body. Steel reinforced Buna-N rubber flapper epoxy
coating on wetted parts. Apco Series 100l, Crispin RF Series.


● Pressure and Temperature Relief Valves
● Bronze body , ASME/CSA rated. Sized to meet BTUH and code


requirements. Manual lever operator, ANSI listed. Stainless
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steel and thermal bond coated thermostat tube. Watts,
Cash-Acme, or approved.


● Pressure Regulating Valves
● Water: Bronze body, diaphragm or piston type, spring actuated, with 


separate or integral strainer, pressure range to suit conditions
code approved for potable water use. Provide shutoff valves, 
unions, drain valve and bypass in accordance with code
requirements. Manufacturers: Cash-Acme, Watts, Wilkins, 
Mueller, or approved.


● Water: Bronze body construction, stainless steel strainer screen, thermal


expansion bypass with renewable stainless steel seat and high
temperature resisting diaphragm. Watts, Febco, Wilkins or approved.


● Plumbing Equipment
● Water Heaters: Water heaters and storage tanks to meet current energy


efficiency code requirements and be provided with anode rod corrosion 


protection, internal glass lining, insulated steel jacket with baked 
enamel finish, and pressure-temperature relief valve to match tank 


working pressure. Rate water heaters at 150 PSIG working pressure;
 rate storage tanks at 125 PSI working pressure.
● ANSI Compliance: Comply with ANSI Z223.1 (NFPA 54) "National Fuel Gas


Code," as applicable to installation of gas-fired water heaters.
● CSA and NSF Labels: Provide water heaters which have been listed 


and labeled by CSA and NSF.
● ASME Code Symbol Stamps: For applicable equipment, comply with 


ASME Boiler and Pressure Vessel Code for construction, 
and stamp with ASME code symbol.


● Code Compliance:  Comply with the IPC and ASHRAE 90.1.
● PDI Compliance:  Comply with applicable Plumbing and Drainage 


Institute Standards pertaining to factory fabricated water heaters.
● Pumps: 


● HI Compliance: Design, manufacture and install pumps in 


accordance with HI "Hydraulic Institute Standards."
● UL Compliance: Design, manufacture and install in accordance with


 UL 778 "Motor-Operated Water Pumps."
● Acceptable Manufacturers: US Filter, or approved equal.
● Water Heaters - Commercial Gas-Fired, Packaged Water Heater/Storage Tank


● General: Package unit, factory-assembled to include heater and 


storage tank, pump, related packaged copper piping, wiring to
controls and associated power wiring to single point connection.


● Heater: Design certified and bear the seal of CSA. Construct heater 


in accordance with the requirements of the ASME boiler and
pressure vessel code and to bear the appropriate ASME
label and stamp. Heater to meet local and state standards
for energy efficiency. Heater coil of extruded integral copper 
fin construction and of continuous waterway design. Furnish 
heater with intermittent pilot burner ignition system with 90 
second or less shutoff response to pilot failure. Equip heater 
with energy cutoff and high limit aquastat. Warranty heater 
for 5 years against failure due to defects in material and 
quality of work according to stipulations set forth in the 
manufacturer's warranty.


● Storage Tank: Construct and test in accordance with the ASME code 


and to bear the ASME stamp and where applicable, a 
National Board number. Tanks to have an assigned working 
pressure of 125 PSI and to have openings and sizes as 
shown on the Drawings or as required. Provide tanks with 
an 11 by 15-inch manhole. Glass-lined tank over sandblasted
base metal with a uniform 1-inch covering or provided with an
lining. Warranty tank for a period of 10 years as set forth in the
manufacturer's written warranty.  Provide anchor attachment point 
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at top of tank for seismic restraint purposes.
● Manufacturers: A. O. Smith, Lochinvar, RayPak, Weben-Jarco, State, 


Bradford White, Rheem, Ruud, or approved.
● Circulation Pumps


● General: Provide in-line factory tested pumps, cleaned, and painted 


with enamel prior to shipment. Provide pumps of same type
 by same manufacturer.


● Type: Horizontal, oil-lubricated, designed for 125 PSI working 


pressure, 210F continuous water temperature.
● Body: Bronze or stainless steel construction.
● Shaft: Steel, ground and polished, integral thrust collar.
● Bearings: Two horizontal sleeve bearings designed to circulate oil.
● Seal: Mechanical, with carbon seal face rotating against ceramic seat.
● Motor: Nonoverloading at any point on pump curve, open, dripproof, 


sleeve bearings, quiet operating, rubber mounted construction,
 built-in thermal overload protection.


● Coupling: Self-aligning, flexible.
● Manufacturers: Amtrol, Armstrong, Bell & Gossett, Grundfos, Paco,


Taco, or approved.
● High Purity Water System


● High purity water system shall be supplied by a single company with 


at least 10 years of operating and supplying pure water systems
 located within 300 miles of Richland, WA.


● Contractor shall provide equipment to generate Type II water quality.


System pre-packaged by King Soft Water Co. or approved 
equal in accordance with the rules and regulations 
of State of Washington.


● Conformance to the latest codes and other regulatory requirements


 is the responsibility of the Contractor. Equipment shall be UL listed.
● Entire unit is to be delivered complete with operating controls and 


require only plumbing, electrical, and FMCS connections.
● The system shall produce a minimum of 500 gallons of purified water


per day.
● Packaged system shall be installed on site by manufacturer or manufacturer's


representative. Contractor coordinates locations of FMCS,
 plumbing and electrical utility connections and makes
 provisions for final connections.


● Each packaged system includes but not be limited to powder-coat


carbon steel frame, control panel, multi-Stage centrifugal pumps,
5 micron sediment-pre-filter, inlet solenoid valve, Schedule 80
 PVC piping and valve, concentrate control valve, concentrate
 pressure gauge, flow meters, 220VAC, single-phase, 60Hz 
3/4-inces water inlet.


● Startup: Representative performs system startup in accordance with


manufacturer's recommended startup procedures. Battelle's 
representative present at time of startup.


● Testing: Provide an independent lab analysis to certify that water


purification system is producing water that meets specified 
purity.  Manufacturer or manufacturer's representative
corrects system until exact purification level is delivered to system. 
Battelle's warranty not to begin until system is placed on line and is
 accepted by Engineer or Battelle's Representative.


● Sterilization: Sterilization of high purity water system is to be performed 


after all equipment has been installed and pressure tested, 
but prior to putting the system into service.


● Operator Training: Manufacturer's representative performs 4 hours of 


onsite operating training.
● FMCS Monitoring: Provide hardwired or BACnet MS/TP connection to FMCS


to monitor/control at a minimum pump status, pump alarm, tank level, 
UV status, conductivity, and general alarm.  Coordinate with 


PNNL
June 2020


S785272
 Appendix G - GSL Performance Specifications


Page 25







BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


D3060.91 (230900) for integration requirements. 
● Storage Tanks: Tank constructed and stamped 


according to ASME Specifications for 125 PSI working pressure. 


Include manhole and inspection openings in accordance with 
ASME code requirements and manufacturer's standard practice 
(except on glass lined, galvanized or cement lined). Carbon steel 


construction. Epoxy lining. Magnesium anode rods sufficient to
 provide adequate protection for the tank lining. Tank to be vertical
 design and provided with four angle iron legs.
● Manufacturers: Ace, A. O. Smith, State, Bradford-White, RayPak, or approved.


● Expansion Tanks
● Manufacturers: Amtrol, Armstrong, Taco, Bell & Gossett, Watts, or approved.
● Welded steel, constructed, tested and stamped in accordance with 


ASME Boiler and Pressure Vessel Code for working pressure
 of 125 PSI. Support floor mounted tanks with steel legs or
 base. Diaphragm: Removable and replaceable.


D2020 Sanitary Drainage
● Plumbing Pipe and Fittings


● Steel Pipe
● ASTM A53, Black Welded or Seamless, Grade B: Schedule as specified.
● ASTM A135, Electric Resistance Welded, Grade B: Black, unless 


otherwise indicated, schedule as specified. 
● Cast Iron Pipe


● ASTM A74, hub-and-spigot, service weight.
● ASTM A888/CISPI 301 hubless, including coupling assembly.


● Fittings for Steel Pipe
● General: Flanges, fittings, unions and other products, mark in 


accordance with MSS SP 25.
● Welding Fittings: Wrought carbon steel fittings, ASTM A234, 


ANSI B16.9, B16.28. Butt-welding type unless otherwise 
indicated to be socket welding type.


● Branch Connections: From mains or headers 2-1/2 inches or larger, 


welded tees or forged welding outlets.
● Welding Outlets: "Weldolets" or "Threadolets" equivalent to Bonney


Forge. Use forged welding outlets wherever branch line is at
least 1 nominal pipe size smaller than local main or header.


● Threaded Fittings: ANSI B2.1, ASTM A47, 150 PSI rating.
● Flanges: Carbon steel conforming to ASTM A105, ANSI B16.5.
● Unions: ANSI B16.39, ASTM A47.
● Fasteners: Semi-finished carbon steel bolts and hex nuts conforming to


ASTM A307. Threads and Dimensions: ANSI B1.1 and B18.2.
● Threaded Pipe Plugs: ANSI B16.14.
● Thread Lubricant: RectorSeal No. 5 or Slic-tite Teflon Paste.


● Fittings for Cast Iron Pipe
● Hubless Cast Iron Drainage Pipe Fittings: CISPI 301 as 


manufactured by ABI, Charlotte or Tyler with stainless steel 
clamp assemblies. 
● Manufacturers for heavy-duty or below grade applications 
meeting FM-1680: Husky SD4000 or Clamp-All Hi-Torq 125
 couplings.
● Manufacturers for standard duty applications: Anaco, 
Mission, or Tyler. 


● Cast Iron Hub-and-Spigot Drainage Pipe Fittings: Match drainage 


pipe units, ASTM A74. Fitting joints: Positive seal 
compression type gaskets, ASTM C564.


● Escutcheons
● Brass material, chrome plated finish. Size sufficient to cover pipe


openings through wall, floor or ceiling. Set screw or spring
 to secure to pipe. Coordinate opening sizes.


● Access Panels


PNNL
June 2020


S785272
 Appendix G - GSL Performance Specifications


Page 26







BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


● Provide flush mounting access panels as required for service of 


cleanouts, valves, and the like, and other items requiring 
maintenance or inspection. Where access panels are
located in fire-rated assemblies of building, rate access
panels accordingly. Ceiling access panels to be minimum 
24x24 (or required and approved size). Wall access panels
 to be minimum 12x12 (or required and approved size).


● Manufacturers: Milcor, Karp, Elmdor, In-Ryko, Acudor, or approved. 


● Provide two keys for each set of locks provided.
D2030 Building Support Plumbing Systems


● Plumbing Pipe and Fittings
● Cast Iron Pipe


● ASTM A74, hub-and-spigot, service weight.
● ASTM A888/CISPI 301 hubless, including coupling assembly.


● Fittings for Cast Iron Pipe
● Hubless Cast Iron Drainage Pipe Fittings: CISPI 301 as manufactured by


ABI, Charlotte or Tyler with stainless steel clamp assemblies.
● Manufacturers for heavy-duty or below grade applications meeting
FM-1680: Husky SD4000 or Clamp-All Hi-Torq 125 couplings.
● Manufacturers for standard duty applications: Anaco, Mission, or Tyler.
● Cast Iron Hub-and-Spigot Drainage Pipe Fittings: Match drainage pipe units,


ASTM A74. Fitting joints: Positive seal compression type gaskets, ASTM C564.
D2060 Process Support Plumbing Systems


● Plumbing Pipe and Fittings
● Copper Tube


● Temper: Annealed (hard drawn).
● Water Service: ASTM B88, Type as indicated for each service.
● Drain, Waste, and Vent (DWV): ASTM B306.


● Fittings for Copper Tube
 ● Wrought copper/bronze solder joint fittings complying with ANSI B16.22.


 ● DWV Service:


● Cast Copper Solder Joint Drainage Fittings: ANSI B16.23.
● Wrought Copper Solder Joint Drainage Fittings: ANSI B16.29.


● Acid-Resistant Drain Pipe
● Above Grade: Schedule 40 flame resistant polypropylene pipe with


mechanical or electrofusion type joints.
● Below Grade: Schedule 80 flame resistant polypropylene pipe with


electrofusion type joints.
● Unions


● Steel Pipe Union: 150 PSI malleable iron, brass to iron seat, ground


 joint, black or galvanized to match pipe.
● Copper Pipe Union: 200 PSI working pressure. Bronze body, solder 


or grooved ends. Pipes 2 inches and under use ground joint,
pipes 2-1/2 inches and larger use flanged face or grooved 
ends.


● Insulating Unions: 250 PSI working pressure. Pipe ends and 


material to match piping. Electric current below 1 percent of
 galvanic current. Epco or approved.


● Access Panels
● Provide flush mounting access panels as required for service of 


cleanouts, valves, and the like, and other items requiring 
maintenance or inspection. Where access panels are
located in fire-rated assemblies of building, rate access
panels accordingly. Ceiling access panels to be minimum 
24x24 (or required and approved size). Wall access panels
 to be minimum 12x12 (or required and approved size).


● Manufacturers: Milcor, Karp, Elmdor, In-Ryko, Acudor, or approved. 


Provide two keys for each set of locks provided.


● Gas Systems for Laboratory Facilities
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● Sizing and General Arrangement: Refer to One-Line Sketches for Minimum Requirements
● Vibration Isolation: Provide vibration isolation for rotating equipment and connected piping
● Submit calculations for Gas System Designs:


Air Compressor, Tank, and System Sizing
Lab Vacuum Pump, Tank, and System Sizing
Tubing and Piping Sizing Calculations
Relief Valve Sizing
Oxygen Deficiency for Spaces with Inert Gases
Nitrogen System Sizing
Specialty Gas System Sizing


● Pressure Switches: High-low line pressure switch with response capabilities for


actuating alarm display devices at range of 20% below normal line pressure to 20%
above normal line pressure. Suitable for oxygen service. Vacuum switch similar to


pressure switch.
● Vacuum Pump/Receiver Tanks: Provide Redundant Pumps


● VFD Required
● Simplex, rotary vane type, pump capable of delivering required SCFM. 


Single point electrical connection at control panel unit. 
Pumps may be "lubricated" or "oil less" type. Suitable and
 compatible with pumps and control panel features. Pumps
 to be tank mounted on receiver.


● Receiver Tank: Horizontal type, code approved and suitable for 


vacuum service, complete with integral legs, inlet and drain
 tappings, outlet tappings, and the like. Receiver unit to be 
compatible with pumps and control panel unit, including 
framework and accessory devices.


● Manufacturers: Atlas Copco, Busch Becker, or approved.
● Laboratory Air Compressors: Provide Redundant Air Compressor


● VFD Required
● Air or Liquid cooled by chilled water system
● Oil-free simplex type. Compressor capable of maintaining the supply air to the 


   system at peak demand and with controls.
● Provide low pressure alarm switch.
● Accessories: Intake filter mufflers, aftercoolers and air dryers, line filters


   and pressure regulators.
● Manufacturers: Atlas Copco, Ingersol-Rand, or approved.


D30 HEATING, VENTILATION, AND AIR CONDITIONING (HVAC) 23 00 00
● Basic Requirements


● Hazardous Materials
● Do not use products containing asbestos, lead, arsenic, or any other 


   material defined by EPA as hazardous to human or animal life. 
   Comply with State of Washington requirements.


● Materials
● Base contract upon furnishing materials as specified. Materials, equipment


   and fixtures used for construction are to be new, the latest products as listed
   in manufacturer's printed catalog data and UL approved.
● Articles, fixtures, and equipment of a kind to be standard product of one


  manufacturer.
● Trade names and manufacturer's names denote character and quality of


  equipment desired, and are not to be construed as limiting competition.
● Welding Qualification: Qualify welding procedures, welders and operators in 
   accordance with ANSI B31.9 for shop and project site welding of piping work.


● Heating, Ventilating and Air Conditioning 23 05 00
● Qualifications: Firms regularly engaged in the manufacture of HVAC equipment, of the
   types and capacities required.
● Regulatory Requirements: Provide units which are UL and CSA listed.
● Unless otherwise noted, where this Specification refers to SMACNA for sheet-metal
   or flexible ductwork accessories, this refers to HVAC Duct Construction Standards,
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   Metal and Flexible, latest edition published by SMACNA.
 ● Delivery, Storage and Handling


 ● Comply with manufacturer's rigging and installation instructions for 


   unloading and installing HVAC equipment.
 ● Protect accessories from damage during shipping, storage and handling.


●  Piping Hangers and Supports 23 05 29
●  General:


●  Horizontal Piping Hangers and Supports-Horizontal and 
Vertical Piping, and Hanger Rod Attachments:  Select size 
of hangers and supports to exactly fit pipe size for bare 
piping, and to exactly fit around piping insulation with saddle
 or shield for insulated piping.  Provide copper-plated hangers 
and supports for uninsulated copper piping systems.
● Saddles and Shields:  Factory fabricated saddles or shields 


under piping hangers and supports for insulated piping.  Size 
saddles and shields for exact fit to mate with pipe insulation. 
 1/2 round, 18 gauge, minimum 12-inches in length 
(4-inch pipe and larger to be three times longer than pipe diameter)
●  Roller Hangers:  Adjustable roller hanger.  Black steel yoke, 


cast iron roller.
● Concrete Inserts:  Malleable iron body, black finish. 
● Continuous Concrete Insert:  Steel construction, minimum 


   12 gauge; electrogalvanized; pipe clamps and insert nuts to match
● Pipe Hangers Size 2 Inches and Smaller:  Adjustable swivel ring hanger,


UL listed.  Michigan 100 or 101.
● Pipe Hangers Size 2-1/2 Inches and Larger:  Adjustable clevis type,


 UL listed.  Michigan 400.
● Riser Clamps:  Steel, UL listed.  Michigan 510 or 511.  Copper coated; Michigan 368.
● Plumbers Tape:  Not permitted as pipe hangers or pipe straps.
● Michigan numbers are indicated for type and quality.  Comparable products


products manufactured by Globe, Elcen, B-Line, Kindorf, Kinline, Unistrut, Anvil, 
Super Strut, Tolco, PHD, Power-Strut, or approved.


●  Identification for HVAC Piping and Equipment 23 05 53
● Comply with PNNL Administrative Procedure ADM-064 "Equipment Identification
and Labeling Requirements"
● Equipment Labels: Self-adhesive vinyl with aluminum backing, minimum
minimum size 1-inch x 4-inch or larger as required for label content.
● Pipe Labels: Pre-printed, color coded, with lettering indicating service and
direction of flow; self-adhesive vinyl tape for piping with outside diameter 
(including insulation) of 3/4-inch or smaller; for piping with outside diameter
(including insulation) larger than 3/4-inch, pre-coiled, semirigid plastic formed
to cover full circumference of pipe and to attach to pipe without adhesive. 
Lettering to be 1 1/2-inches high, minimum. Include directional arrows
● Duct Labels: Laminated plastic, color coded, 3/4-inch x 3-inch or larger as


required for label content.  Attach with adhesive, stainless steel rivets or
self-tapping screws. Include directional arrows. Alternative: stenciled labels.
● Valve Tags: Stainless steel or aluminum, stamped or engraved, pre-drilled
for attachment hardware. Brass wire-link or beaded chain fasteners.


● Provide valve tag schedule.
● Manufacturers:  Allen Systems, Industrial Safety Supply, Seton or approved.


●  Testing, Adjusting and Balancing 23 05 93
● TAB Contractor qualifications: Engage a TAB entity certified by the Associated


   Air Balance Council or the National Environmental Balancing Bureau.
● Comply with applicable sections of ASHRAE 62.1 and ASHRAE 90.1.
● Perform testing and balancing according to AABC or NEBB procedures.
● Provide TAB plan for Battelle's review and approval prior to commencing TAB activities.
● Provide certified TAB report for Battelle's review and approval.
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● Provide flow measuring devices for measurement and remote monitoring by FMCS of
   supply air, return air, exhaust air, heating water, chilled water, process chilled water
   systems.
● Test/commission laboratory fume hoods per ASHRAE 110. Conduct face velocity 
   (min and max) testing and smoke visualization testing.


D3010 Facility Fuel Systems


D3010.10 Fuel Piping 23 11 00
● Underground Natural Gas Piping


● Code Requirements: NFPA 54 and ASME B31.8.
● Materials: Welded HDPE rated for 100 psi minimum. Conform to ASTM D3350 and 
   ASTM D2513, pipe designations PE 2406 and PE 2708, minimum SDR 11.
● Shall be marked "GAS".
● Fittings: Butt fusion or electrofusion. Minimize quantity of fittings used.
● Certifications: Butt and electro fusion installers shall be certified for use on the
   equipment in accordance with 49 CFR 192.285.  Provide proof for each operator.
● Provide tracer wire per NFPA 54
● Inspection and Tests: Inspect, test, and purge in accordance with NFPA 54. 


● Above Ground Natural Gas Piping
● Code Requirements: NFPA 54.
● Pipe: ASTM A53, black steel, Schedule 40, Type E or S, Grape B.
● Fittings: Malleable iron, threaded per ASME B16.3, Class 150; wrought steel per
   ASTM A234, butt welded; forged steel per ASME B16.5, flanged, Class 150.
● Flexible connections: UL listed, stainless steel hose and braid, 175 psig rating.
● Shut-off valves: full port ball valves, UL listed, 600 psig CWP, suitable for natural gas service.
● Appliance pressure regulators: Comply with ANSI Z21.8.


D3020 Heating Systems
D3020.10 Heat Generation


● 23 52 16


● Ultra High Efficiency Condensing Boilers
● General - packaged high efficiency hot water boiler, complete with boiler 


fittings, burner, UL/FM approved gas train suitable for natural gas, 
safety shut-off valve, gas differential regulator, air/fuel valve,
 neutralization tank and boiler management system.
<10 ppm ultra-low Nox Emissions, <50 dBA


● Boiler controls: Panel mounted microprocessor based operating controls
and safety devices for automatic operation.


● Flue venting: Provide UL Listed stainless steel AL29-4C positive pressure venting
   materials. Sized and installed per manufacturer's installation in accordance with
   local mechanical code. PVC, CPVC, ABS are not acceptable venting materials.


● Boiler Shutdown - remote switch: Provide 1-inch diameter turn-reset red push-button


● Provide red phenol label "Emergency Boiler Shutdown" located above pushbutton. 


 to cut power to gas solenoid valve locations.


● Controls: Boiler to be furnished with a factory supplied unit mounted, stand-alone, 


Heating Boilers: Manufacturers: Aerco Platinum or Fulton Endura+


● Boiler management system shall be capable of interfacing with FMCS via BACnet 
communications.


● Pushbutton to be mounted by latch side of each boiler room door within  interior of boiler 
room, unless otherwise directed. Provide electrical wiring and raceway as necessary for 
installation. Provide additional relay and wiring


● Select hot water boilers of the condensing type. Specific emission requirements shall be 


● Boilers shall be complete with gas trains, direct outside air vents, flues, condensate treatment, 


● Pushbutton to disconnect power to the boiler via shunt trip breaker  burner controls and gas 
service in room. Install pushbutton under clear, impact-resistant flip lid. 


● Boiler combustion air duct: Each boilers shall be provided with a dedicated combustion air 
duct constructed of galvanized steel.


coordinated with the Benton Clean Air Authority as applicable. Boilers shall be complete with gas
trains, direct outside air vents, flues, condensate treatment, and a circulating water chemical
treatment system.
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   microprocessor-based controls in NEMA 3R enclosure, hinged or lockable, factory
   wired with a single point power connection and separate control circuit. The control
   panel provides boiler operation and staging, including monitoring of sensors and 
   actuators. The boiler controls to be furnished with display and keypad which is
   externally accessible without opening the panel and exposing user to voltages above
   24 VAC. The boiler will be furnished with a hardwired start/stop point and Discharge 
   temperature setpoint. The boiler will be integrated with the building automation system 
   using BACnet MS/TP. See D3060.91 (230900) for additional requirements. Coordinate 
   with D3060.91 contractor for integration requirements. 


D3030 Cooling Systems
● Refrigerant Monitor: Provide code evaluation per NFPA-1 and IMC.  If required by code 
connect to building fire alarm system. 23 64 16
● Chillers:


● Controls: Chillers to be furnished with a factory supplied unit mounted, stand-alone, 
   microprocessor-based controls in NEMA 3R enclosure, hinged or lockable, factory
   wired with a single point power connection and separate control circuit. The control
   panel provides chiller operation, including monitoring of sensors and 
   actuators. The chiller controls to be furnished with display and keypad which is
   externally accessible without opening the panel and exposing user to voltages 
   above 24 VAC. The chillers will be furnished with a hardwired start/stop point and 
   Discharge temperature setpoint. The chillers will be integrated with the building 
   automation system using BACnet MS/TP. See D3060.91 (230900) for addition
   requirements. Coordinate with D3060.91 contractor for integration requirements. 


● Centrifugal Water Cooled Magnetic Bearing Chiller


● General:  Provide a minimum of (2) chillers, minimum capacity 200 tons each
Provide and install a factory assembled, charged, and tested water-cooled 
packaged centrifugal chiller. Chillers shall have two oil-free, magnetic bearing, 
semi-hermetic centrifugal compressors. Each compressor shall have an 
integrated variable-frequency drive operating in concert with inlet guide vanes for 
optimized full and part load efficiency. The evaporator and condenser refrigerant 
sides and the expansion valve shall be common and the chiller shall be capable 
of running on one compressor with the other compressor or any of its auxiliaries 
inoperable or removed. 


● Minimum chiller Efficiency:  NPLV.IP:  0.300 kw/ton at project conditions.
● Chiller EWT: 60°F, LWT 45°F.  Condenser Water EWT 75°F, LWT 95°F
● Copper tube wall thickness:  0.28 minimum


● Provide HOA switches for condenser water and chilled water control valves at 
chillers.  Switches shall be within 15' of chilled water and condenser water 


● Harmonic Distortion


1. Each compressor circuit shall be equipped with a 5% line reactor to help 
protect against incoming power surges and help reduce harmonic distortion. 


2. The chiller shall be equipped with a factory-mounted and wired 460V passive 
harmonic filter guaranteed to meet the IEEE Standard 519 at an Isc/ IL ratio 
greater than 20. 


● Sound maximum:


● Manufacturers: Basis of Design Daikin WMC048, Acceptable alternate manufactures: 
York YMC2


● Install chillers in a variable primary flow configuration.  Provide bypass valve to 
maintain minimum chiller flow rate.


● Provide flow meter on condenser and chiller water piping connected to chiller for visual 
display at local chiller control screen
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●  Chiller shall be mounted on seismically restrained spring vibration isolation with minimum 2" of deflection.


● Provide Factory Start-Up Services for as long a time as is necessary to ensure proper 
operation of the unit, but in no case for less than two full working days. During the 
period of start-up, the start-up technician shall instruct Battelle's representative in 
proper care and operation of the unit. 


● General: Factory-assembled indoor packaged simultaneous heating and cooling,
   heat recovery chiller. starters integral condenser, and controls mounted on a welded 
   steel base.
● Applicable Standard: Heat pump chillers are to be rated and certified according to 
   ARI 550-590, ETL listed and to be stamped in compliance with ARI certification.
● Load Water Heater Exchanger: Each load water heat exchanger to be a brazed
   plate heat exchangers constructed of 316 stainless steel; designed, tested and 
   stamped in accordance with ASME code for 260 psig water-side working pressure.


● Compressor: Each module to contain two hermetic scroll compressors in a tandem
   piping arrangement mounted to the module with rubber-in-shear isolators. Each
   system also includes high discharge pressure and low suction pressure safety cut-outs.
● Chiller shall be mounted on seismically restrained spring vibration isolation with 


minimum 2" of deflection.


D3030.70 ● Fan Coil Units 23 82 19
● Comply with NFPA 70, ASHRAE 90.1, AHRI 440; unit shall be UL/ETL listed. 
● Galvanized steel chassis and steel cabinet with baked enamel finish, direct-driven
   centrifugal fan with electronically commutated motor (ECM). 
● Hydronic coils: Copper tube with mechanically bonded aluminum fins, 10 fins
   per inch maximum, rated for 200 psig working pressure and 220 deg F
   maximum water temperature. Include manual air vent and drain.
● Filtration: pleated cotton-polyester media, MERV 8 rating per ASHRAE 52.2.


● Controls: Provide Fan Coil Units with either a BACnet MSTP controller or a 
BACnet MSTP thermostat . See D3060.91 (230900) for addition requirements. 
Coordinate with D3060.91 contractor for integration requirements. 


D3050 Facility HVAC Distribution Systems
● Hydronic Distribution
● Hydronic Pumps 23 21 23


Acceptable Manufacturers: Basis of Design: Armstrong.  B&G, 


separately coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed
 for installation with pump and motor shafts mounted vertically.  Rate pump for 


175-psig minimum working pressure and a continuous water temperature of  150 deg F


Pumps shall be sized for calculated GPM and Head plus 15%.
Motor : see motor section


● Hydronic Piping 23 21 13
● Piping shall be sized per ASHRAE 90.1-2016
● Manufacturer's Qualifications: Firms regularly engaged in manufacture of 


piping products of types and sizes required.
● Welding Qualification: Qualify welding procedures, welders and operators in
   accordance with ANSI B31.9 for shop and project site welding of piping work.
● Manufacturer's Inspection: Inspect flanges, fittings and field applied welds in


● Simultaneous Heating and Cooling Heat Recovery Modular Chiller, minimum nominal capacity 
of 150 tons.


● Manufacturers:  Basis of design: ClimaCool.  Alternate acceptable manufacturers: 
ArticChill or Battelle approved equal.


● Install in primary-secondary configuration with minimum 1000 gallon buffer tank on 
both chilled water and heating water piping.


● Provide a minimum of (4) 50 ton modules, each with (2) per module.


●  Factory shall provide factory startup report and 150 psig pressure test prior to shipping 
chiller for review and approval by engineer.


Description:  Factory-assembled and -tested, centrifugal, overhung-impeller,


Pump Specialty Fitting: A. Suction Diffuser:  Angle pattern, 175-psig pressure rating, cast 
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   accordance with manufacturer's standard written quality control procedure in
   accordance with the following techniques:
● Dual temperature coils with a design flow rate of 10 gpm or less shall be provided with


a 6-way pressure independent characterized control valve similar to a Belimo
6-way ePIV or Battelle approved equal.
● Visual Method: Comply with MSS SP-55 except as otherwise indicated.


● Piping - General: Provide pipe, tube and fittings of the type, fitting
 requirements, grade, class, size and weight indicated or required for 
each service, as indicated in other Section D30 Specifications. Where 
type, grade, or class is not indicated, provide proper selection as
 determined by installer for installation requirements, and comply with 
governing regulations and industry standards.


●Minimum chilled water, process chilled water and heating hot water pipe size 
shall be 3/4"
●Heating Hot-water, aboveground, NPS 4 and smaller, shall be Type L, drawn-
temper copper tubing, wrought-copper fittings, and soldered or pressure-seal 
joints or Sch. 40 steel (ASTM A53) pipe with Veiga Mega Press fittings or  
Mechanical Couplings.


●Hot-water heating piping, aboveground, NPS 5 and larger, shall be any of the 
following:
          ● Type L, drawn-temper copper tubing, wrought-copper fittings, and 
soldered joints.
           ● Schedule 40 steel pipe (ASTM A53), wrought-steel fittings and wrought-
cast or forged-steel flanges and flange fittings, and welded and flanged joints.


●Chilled-water and process chilled-water piping, aboveground, NPS 4 and 
smaller, shall be Type L, drawn-temper copper tubing, wrought-copper fittings, 
and soldered or pressure-seal joints or  Mechanical Couplings.


● Size process chilled water piping for a minimum of 36 MBH per laboratory.


●Chilled-water and process chilled water piping, aboveground, NPS 5 and larger, 
shall be any of the following:


          ● Type L, drawn-temper copper tubing, wrought-copper fittings, and 
soldered joints.
          ● Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-
steel flanges and flange fittings, and welded and flanged joints.
●Condenser water piping installed belowground:
●HDPE Pipe: PE 4710, DR 11 (200 psi)
A. Materials: materials used for the manufacture of polyethylene pipe and fittings 
shall be pe3408 high density polyethylene meeting Cell Classification 345444C or 
345444E per ASTM D-3350 and shall be listed in the name of the pipe and fitting 
manufacturer in Plastics Pipe Institute (PPI) TR-4 with a standard grade HDB 
rating of 1600 psi at 73 degrees F. The manufacturer shall certify that the 
materials used to manufacture pipe and fittings meet these requirements


B. Pressure Rating: piping to be installed under this project shall be DR 11 and 
designed for a pressure rating of 200 psi at 73 degrees F.
● ASTM A135, Electric Resistance Welded, Grade B: Black, unless
 otherwise indicated, schedule as specified.


● Fittings for Steel Pipe
● General: Flanges, fittings, unions and other products, 
mark in accordance with MSS SP 25.
● Welding Fittings: Wrought carbon steel fittings, ASTM A234,
ANSI B16.9, B16.28. Butt-welding type unless otherwise
indicated to be socket welding type


● Branch Connections: From mains or headers 2-1/2 inches or larger, 
welded tees or forged welding outlets
● Welding Outlets: "Weldolets" or "Threadolets" equivalent to Bonney
Forge. Use forged welding outlets wherever branch line is at
least 1 nominal pipe size smaller than local main or header.


● Threaded Fittings: Comply with ANSI B2.1, ASTM A47, 150 PSI except
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 where use of 300 PSI rating is otherwise specified.
● Fabricate from standard malleable iron with dimensions 
conforming to ANSI B16.3. 1. Fitting requirements for 
galvanized steel piping systems to be the same as for black
steel pipe except each to have galvanized coating. 2. Fittings
 for waste, vent and drainage piping to be drainage pattern type. 
● Flanges: Carbon steel conforming to ASTM A105, ANSI B16.5
● Unions: ANSI B16.39, ASTM A47, and be fabricated from malleable 
iron with bronze-to-iron ground joints rated at 150 percent design 
operating pressure. Threads: ANSI B2.1.
● Fasteners: Semi-finished carbon steel bolts and hex nuts 
conforming to ASTM A307. Threads and Dimensions: ANSI B1.1 and 
B18.2.Threads: ANSI B2.1.
● Threaded Pipe Plugs: ANSI B16.14.
● Thread Lubricant: RectorSeal No. 5 or Slic-tite Teflon Paste.
● Mechanical Couplings
● Manufacturers: Victaulic, Gruvlok, or approved.
● Coupling housings: Malleable iron ASTM A47 or ductile iron ASTM A536.
●Coupling Housing Description: Grooved or rolled mechanical
 type, which engages grooved or rolled shouldered pipe ends, 
encasing an elastomeric gasket which bridges pipe ends to 
create seal. Cast in two or more parts, secured together during 
assembly with nuts and bolts. Permit degree of contraction and 
expansion as specified in manufacturer's published literature.
● Gaskets: Mechanical grooved or rolled coupling design,
 pressure responsive so that internal pressure serves to
 increase seal's tightness, constructed of elastomers having
 properties as designated by ASTM D2000. Water Services: 
EDPM Grade E, with green color code identification.
● Bolts and Nuts: Heat treated carbon steel, ASTM A183, 
minimum tensile 110,000 PSI.
● Branch Stub-Ins: Upper housing with full locating collar for 
rigid positioning engaging machine-cut hole in pipe, encasing 
elastomeric gasket conforming to pipe outside diameter around
 hole, and lower housing with positioning lugs, secured together
 during assembly with nuts and bolts.
● Fittings: Grooved or rolled shouldered end design: 
Malleable Iron: ASTM A47; Ductile Iron: ASTM A536; Fabricated
 Steel: ASTM A53 - Type F for 3/4 to 1-1/2 inches; Type E or S, 
Grade B for 2 to 20 inches.; Steel: ASTM A234.
● Flanges: Class 125 cast iron and Class 150 steel bolt hole 
alignment. a. Malleable Iron: ASTM A47. b. Ductile Iron:  ASTM A536.
● Pipe/Grooved: Carbon steel, A-53B/A-106B/A135 Schedule 40. 
 Roll or cut grooved-ends as appropriate to pipe material, wall
 thickness, pressures, size and method of joining. Pipe ends to
 be grooved or rolled in accordance with current listed standards 
conforming to ANSI/AWWA C-606.


● Miscellaneous Piping Materials/Products
● Insulating (Dielectric) Unions: Standard units recommended by 
manufacturer for use in the service indicated, which isolate
 ferrous from nonferrous piping, and prevent galvanic corrosion 
action. Minimum rated "flashover" voltage: 600 volts. Watts 
3000 Series. Provide insulated flanges for flanged piping 
system connection to dissimilar metals.
● Welding Materials: Comply with Section 2-C of ASME Boiler Code, 
as applicable.
● Gaskets for Flanged Joints: ANSI B16.12; full faced for cast iron
flanges; raised face for steel flanges, unless otherwise indicated 
or recommended by manufacturer. Gaskets: Minimum 1/8-inch
 thick fabricated from nonasbestos bases.
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● Unions
● Steel Pipe Union: 150 PSI malleable iron, brass to iron seat, 
ground joint, black or galvanized to match pipe.
● Copper Pipe Union: 200 PSI working pressure. Bronze body, solder
 or grooved ends. Pipes 2 inches and under use ground joint, pipes 
2-1/2 inches and larger use flanged face or grooved ends.
● Insulating Unions: 250 PSI working pressure. Pipe ends and 
material to match piping. Electric current below 1 percent of galvanic 
current. Gasket material as recommended by manufacturer. 
 Epco or approved.


● Escutcheons: Brass material, chrome plated finish. Size sufficient to cover 
pipe openings through wall, floor or ceiling. Set screw or spring to 
secure to pipe. Coordinate opening sizes. Only to be used in exposed
 areas other than mechanical and storage spaces.


● Access Panels
● Manufacturers: Milcor, Karp, Elmdor, In-Ryko, Acudor, or approved. 
Provide two keys for each set of locks provided.
● Provide flush mounting access panels as required for service of 
valves, and the like, and other items requiring maintenance or
 inspection. Where access panels are located in fire-rated 
assemblies of building, rate access panels accordingly. Ceiling 
access panels to be minimum 24x24 (or required and approved 
size). Wall access panels to be minimum 12x12 (or required 
and approved size).


● General Duty Valves for HVAC Piping 23 05 23
● Pipes - General: Sizes: Unless otherwise indicated, provide valves of same 
   size as upstream pipe size. Valves shall be lockable.


● Operators: Provide handwheels, fastened to valve stem, for valves 
   other than quarter-turn. Provide lever handle for quarter-turn 
   valves 4 inches and smaller, and 4 inches and smaller for plug 
   valves. Provide gear operators for quarter-turn valves 6 inches 
   and larger. Provide chain operated sheaves and chains for 
   overhead valves greater than 8 feet above finished floor.
   Chains shall extend down to 6 feet above finished floor
● End Connections: Mate with pipe, tube and equipment connections.
 Where more than one type is indicated, selection is installer's option.


 ● Service: Water Shutoff and Isolation Valves:
● Pipe Sizes 4 Inches and Smaller: Ball valve 
● Pipe Sizes 5 Inches and Larger: Butterfly valve.


 ● Drain Service; All Pipe Sizes: Drain valves with hose connection and cap
 ● Service - Bypass Around Pressure-Reducing Valves: Globe valves.


 ● Service - Check Valves: Swing check valve.
 ● Manufacturers: Crane, Fairbanks, Anvil, Jenkins, Kennedy, Walworth, 


   Red/White (commercial grade), Mueller, Legend, Conbraco, 
   Nibco, DeZurik, Hays, Powell, Stockham, Hammond, Watts, 
   Milwaukee, Victaulic, or approved. Note: See individual sections 
   for specialty valves (balancing valves, pressure regulators, relief 
   valves, earthquake valves, gas valves).


● Globe Valves
● 2 Inches and Smaller: Class 125, bronze body, screw-in bonnet, integral seat,
renewable disc, straight body, Nibco 211. Angle body, Nibco 311.
● 2 1/2 Inches and Larger: Class 125, iron body, bolted bonnet, flanged
 ends, renewable seat and disc, bronze mounted. Straight Body: 
 Nibco F 718 B. Angle Body: Nibco F 818 B.


● Drain Valves
● Class 125, bronze body, screw-in bonnet, rising stem, composition 
   disc, 3/4-inch hose outlet.  Threaded:  Nibco 73.   


● Ball Valves
● 4 Inches and Smaller:  150 PSI 600 CWP, bronze body, full port, bronze trim,


   three-piece construction, TFE seats and seals.  Threaded:  
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   Milwaukee BA-400 or Battelle approved equal.  
● Butterfly Valves


● Select lug type valves.


● 12 Inches and Smaller:  200 PSI, bi-directional dead-end service, ductile iron 


● 14 Inches and Larger:  200 PSI, bi-directional dead-end service, ductile 


   iron body, extended neck, aluminum bronze disc, reinforced resilient
   EDPM seat, gear operator.  Milwaukee ML134B or Battelle approved equal


● Swing Check Valves
● 2 Inches and Smaller:  Class 125, bronze body, horizontal swing,
 regrinding type, Y pattern, renewable disc.  Nibco 413.
● 2 1/2 Inches and Larger:  Class 125, iron body, bolted bonnet, 
horizontal swing, renewable seat and disc, flanged ends.  Nibco F918
● Rubber Flapper Check Valve:  Horizontal or vertical upward flow 
installation.  Working pressure to 175 PSI.  Ductile iron or cast 
iron body.  Steel reinforced Buna-N rubber flapper epoxy coating 
on wetted parts.  Apco Series 100l, Crispin RF Series.
● Victaulic Series 712 Check Valve:  Horizontal installation.  Working pressure
to 300 PSI.  Ductile body, ASTM A536, and stainless clapper, EPDM, nitrile or
optional Viton bumper and bonnet seals. Stainless wetted parts.


● Wafer Check Valves
● Butterfly type, spring actuated designed to be installed with gaskets 
   between two standard Class 125 flanges.  125 PSI, cast iron 
   body, aluminum bronze disc.  Nibco W920 W.
● Victaulic Series 716 or 779 Check Valve:  PPS coated ductile iron 
   body, ASTM A536, aluminum bronze nonslamming disc, 
   stainless steel spring and shaft.  Rubber seat for intended service.


● Lift Check Valves
● 2 Inches and Smaller:  Bronze body, 125 PSI, spring loaded, Teflon 
   seat.  Steam Service, Teflon Disc:  Nibco 480Y.  Water, Gas or 
   Oil Service, Buna-N Disc:  Nibco 480.
● 2-1/2 Inches and Larger:  Iron body, 125 PSI, spring loaded, bronze
   seat and disc. 125 PSI Service:  Nibco W910.  250 PSI Service: Nibco W960.


● Pressure and Temperature Relief Valves
● Bronze body, ASME/CSA rated.  Sized to meet BTUH and code 
   requirements.  Manual lever operator, ANSI listed.  Stainless steel or
   thermal bond coated thermostat tube.  Watts, Cash-Acme, or approved.


● Automatic Flow-control Valves


Brass or ferrous metal body, piston and spring assembly of stainless steel, self-
cleaning, removable, capable of maintaining constant flow ±5% over system 
operating pressure range. 175 psig CWP rating, 250 deg F operating temperature.
Manufacturers: Hays, Flow Design Inc., Griswold or approved.


● Calibrated Manual Balancing Valves
Bronze or brass body, venturi/valve arrangement with integral pointer and


calibrated scale, memory stop, pressure taps with integral check valves and
seals.  Manufacturers: Taco, B&G, Armstrong or approved.


● Manual Air Vent Valves
● Manufacturers:  Armstrong, Bell & Gossett, Hoffman, Spirax Sarco, 
   or approved.
● Operated manually with screwdriver or thumbscrew, 1/8-inch NPS or 
   1/4-inch NPS connection as required.


● Automatic Air Vent Valves
● Manufacturers:  Taco Hy Vent, Bell & Gossett, Hoffman, or approved
   for branch lines.  Hoffman 78 or approved at air separators, 


   mains, in mechanical rooms.
● Float type with pressure rating equal to or greater than the system in
   which it is installed.


● Pressure Independent Flow Control Valve (see controls for actuator requirements)


PNNL
June 2020


S785272
 Appendix G - GSL Performance Specifications


Page 36







BUSINESS SENSITIVE GSL UNIFORMAT SPECIFICATIONS


Pressure independent design, constructed to provide variable flow over a range 
of differential pressures, with field adjustable control point. Flow shall be field 
verifiable via (3) factory installed pressure/temperature ports.
● 100:1 turndown, class III or better shutoff.  10-year warranty.
● Accuracy:  Plus or minus 5 percent.


● Actuators: Belimo or approved equal
● Manufacturer:  Delta P or Warren Valves.


● Strainers
● Manufacturers:  Mueller, Armstrong, Keckley, Hoffman, Hayward, 
   Wheatley, Victaulic, or approved.


● Coalescing Air and Dirt Separators
● Manufacturers:  Spirovent or Caleffi


● Expansion Tanks


● Manufacturers: Mueller, Amtrol, Armstrong, Taco, Bell & Gossett, or approved.
● Section VIII of ASME Boiler and Pressure Vessel Code for working pressure of 
150 PSI.  Bladder type.
● Size for 200% of calculated system volume.  Submit calculation.


● Water Relief Valves
● Comply with ANSI Z21.22 listing  requirements for temperature discharge
   capacity.  Provide temperature relief at 210F, and pressure relief at 125 PSI.
● Pressure Relief Valves:  Bronze body, test lever, ASME rated. 


● Pressure Reducing Valves
● Manufacturers:  Amtrol, Armstrong Pumps, Bell & Gossett, Taco, or approved.


● Thermometers
● Manufacturers:  Ashcroft, Trerice, Weiss, Palmer, Marshaltown, 
   Weksler, or approved.
● 3-inch diameter bimetal dial thermometer, stainless steel case, white
   dial, black numbers, 4-inch stainless steel stem, brass 
   separable socket.  Back or bottom connections as required.


● Thermometer Wells
● Manufacturers:  Same as thermometer manufacturer. 
● Pressure tight, socket type fitting for insertion in pipe tee.


● Pressure Gauges
● Manufacturers:  Amtek/U.S.  Gauge, Ashcroft, Palmer, Marshaltown 
   Instruments, Trerice, Weiss, Weksler, or approved.
● Case:  Drawn steel or brass, glass lens, 4 1/2-inch diameter.


 ● Range: 1. Pump Suctions:  30-inch Hg   60 PSI. 2. Water:  0 - 100 PSI.
● Differential Pressure Switches


● Manufacturers:  Dwyer Instruments, or approved.
● Instrument Probe Fittings


● Manufacturers:  Pete's Plug, or approved.
● Brass or stainless steel body and cap.


● Expansion Joints
● Manufacturers:  Flexonics, Mason Industries, Amber-Bush, Metraflex,
 or approved.
● Furnish and install controlled flexing expansion joints where shown
 or required.  Expansion Joints:  Minimum of 150 PSI working pressure.


● Pipe Guides
● Manufacturers:  Flexonics "Flexon," Mason Industries, Amber-Bush,
 Metraflex, or approved.


● Pipe Anchors
● Manufacturers:  Flexonics, Mason Industries, Amber-Bush, Metraflex,
or approved.


 ● Y Strainers: 
Body: ASTM A 126, Class B, cast iron with bolted over and bottom drain 
connection.
End Connection: Threaded ends for 2" and smaller, flanged ends for 2-1/2" and 
larger
Strainer Screen: 40-mesh startup strainer, and perforated stainless-steel basked 
with 50 percent free area
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CWP Rating: 150 psig
● Expansion Tanks


● Manufacturers:  Mueller, Amtrol, Armstrong, Taco, Bell & Gossett, or approved.
● Welded steel, constructed, tested and stamped in accordance with Section VIII of


    ASME Boiler and Pressure Vessel Code for working pressure of 150 PSI. Bladder
    type.  Size for 200% of calculated system volume.  Submit calculations.


● Liquid Flow Switches
● Manufacturers:  McDonnell & Miller, Dwyer, or approved.


● Water Relief Valves
● Manufacturers:  Amtrol, Bell & Gossett, Spirax Sarco, Watts Regulator, 
or approved.
● Combined Pressure-Temperature Relief Valves:  Bronze body, test 
lever, thermostat, complying with ANSI Z21.22 listing 
requirements for temperature discharge capacity.  Provide
 temperature relief at 210F, and pressure relief at 125 PSI.
● Pressure Relief Valves:  Bronze body, test lever, ASME rated.  Provide 
pressure relief at 30 PSI.


● Pressure Reducing Valves
● Manufacturers:  Amtrol, Armstrong Pumps, Bell & Gossett, Taco, or approved.


● Thermometers
● Manufacturers:  Ashcroft, Trerice, Weiss, Palmer, Marshaltown, 
Weksler, or approved.
● 3-inch diameter bimetal dial thermometer, stainless steel case, white
 dial, black numbers, 4-inch stainless steel stem, brass 
separable socket.  Back or bottom connections as required.
● Thermometer Wells


● Standard: ASME B40-200
● Description: Pressure-tight, socket-type fitting made for insertion in piping tee 
fitting
● Material for use with Copper Tubing: CUNI
● Material for use with Steel Piping: CRES
● Lagging Extension: Include on thermowells for insulated piping and tubing


● Pressure Gauges
● Standard: ASME B40-100
●Manufacturers:  Amtek/U.S.  Gauge, Ashcroft, Palmer, Marshaltown 
Instruments, Trerice, Weiss, Weksler, or approved.
● Case: Liguide filled,  Drawn steel or brass, glass lens, 4 1/2-inch diameter.


 ● Range: 1. Pump Suctions:  30-inch Hg   60 PSI. 2. Water:  0 - 100 PSI.
● Accuracy: Grade B, plus or minus 2 percent of middle half of scale range.


● Differential Pressure Switches
● Manufacturers:  Dwyer Instruments, or approved.


● Instrument Probe Fittings
● Manufacturers:  Pete's Plug, or approved.
● Brass or stainless steel body and cap.


● Expansion Joints
● Manufacturers:  Flexonics, Mason Industries, Amber-Bush, Metraflex,  or approved.
● Furnish and install controlled flexing expansion joints where shown
 or required.  Expansion Joints:  Minimum of 150 PSI working pressure.


● Pipe Guides
● Manufacturers:  Flexonics "Flexon," Mason Industries, Amber-Bush,
 Metraflex, or approved.


● Pipe Anchors
● Manufacturers:  Flexonics, Mason Industries, Amber-Bush, Metraflex, or approved.


● Access Panels
● Manufacturers:  Milcor, Karp, Elmdor, In-Ryko, Acudor, or approved.  
Provide two keys for each set of locks provided.


● Plate and Frame Heat Exchanger 23 57 00
● Acceptable Manufacturers:  APV, Alfa-Laval, Tranter, Mueller, Armstrong, Bell & Gossett.
● General: Heat exchangers shall be seleced for a 2°F approach temperature.
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● Plate and frame heat exchanger shall be a freestanding assembly consisting of      
   frame support, fixed and movable end plates, tie rods, plates, and one-piece 
  gaskets, constructed of the following materials:


 ● Plates: 304 stainless steel with a minimum thickness of 0.8 millimeters.


● Construct the upper Tee-section hanger and the lower guide bar of stainless 
   steel and provide a positive steering and locking mechanism for plate-to-plate
   alignment.
● Furnish snap-in nitrile gaskets suitable for the respective maximum system 
   working pressures, temperatures and water treatment of each water system.
● Carbon steel nozzles shall be rated for 150 percent of maximum system 
   operating pressure and shall be of the flanged type.
● Install the following items on the units:


● Two lifting lugs located on top.
● Roller assembly on the movable cover for ease of opening.
● Ball bearing assemblies for ease of tightening and untightening the unit.
● Paint exterior surfaces of carbon steel fabricated components with epoxy.
● Provide sufficient surface area to perform the specified thermal duty plus 
additional surface area for fouling as recommended by the equipment 
manufacturer, but not less than 5 percent additional area.
● Plate-Frame Exchanger shall be equipped with enclosure panels supplied by 
the unit manufacturer to meet OSHA requirements.


● Controls: Controls required to perform the sequence of operation shall be provided by
   the D3060.91 (230900) contractor. Coordinate with D3060.91 (230900) for additional
   requirements. 


●  HVAC Water Treatment (Closed Loop) 23 25 13
●  Provide complete system plan prepared by water treatment company:
●  If black iron pipe is used, passivate the system using Chemcoa Chem-Pass or
    Mt. Hood Chemical Polyquest at their recommended dosage. Circulate the system 
    for 4 -24 hours, then flush the system the same way the cleaning solution was flushed.
    The water treatment representative shall determine when the system is flushed clear. 
    During this process check all strainers for cleanliness.
●  Add a nonfoaming or nonoxidizing biocide to the system, to be performed by
    water treatment contractor.
●  Water treatment representative will then charge system with 800 to 1,200 ppm of
    CHEMCOA 520, Mt. Hood Chemical Inhibitor No. 34, or approved.  The system should 
    be tested monthly for 3 months, then quarterly for a total period of 1 year. Water 
    treatment representative shall add inhibitor if level falls below recommendation.
● Treat with chemicals using a bypass pot feeder.
● Glycol shall be BioChill PG HD or Battelle approved equal
● Gauge adjusting and cleaning:


●  Adjust faces of meter and gauges to proper angle for best visibility.
●  Clean windows of meters and gauges and factory finished surfaces. Replace
    cracked or broken windows, repair any scratched or marred surfaces with
    manufacturer's touch-up paint.


● Documentation and testing:
● Provide lab test for water systems before and after final water treatment.
● Provide report of final chemical and glycol quantifies added to system(s).


● Controls: System to be furnished with a factory supplied unit mounted, stand-alone, 
   microprocessor-based controls in NEMA 3R enclosure, hinged and lockable. Provide 
   hardwired or BACnet MS/TP connection for FMCS monitoring of a general alarm and water 


   conductivity on chemical feed system and non-chemical treatment system.  
   Coordinate with D3060.91 (230900) contractor for integration requirements. 


●  Automatic Glycol Feed Package.


● Controls: Provide hardwired or BACnet MS/TP connection for FMCS monitoring of a general


 ● Frame: Carbon steel structural frame, consisting of both stationary and movable 
covers, upper and lower carrying bars, outrigger and compression bolting. The frame 
shall be sized to accommodate 120 percent of the required number of plates. Provide 
b d bl i ti f t d l t ith l d tt b d


● Package shall consist of a polyethylene tank, hinged polyethylene lid, carbon
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   hardwired or BACnet MS/TP connection for FMCS monitoring of a general alarm and water 
   alarm. Coordinate with D3060.91 (230900) contractor for integration requirements. 
●  J.L.  WINGERT CO. or Battelle Engineer Approved equal.


D3050.50 ●  Custom, Outdoor Central Station Air-Handling Units 23 75 00
●  Performance Requirements


●  Wind Restraint: Withstand wind to 110 mph.
●  Comply with AHRI 430, ASHRAE 90.1, ASHRAE 33 for hydronic coils.
●  Comply with NFPA 70 for electrical components, NFPA 90A and 90B.
●  Comply with UL 1995.
●  Units shall be listed and labeled by a nationally recognized testing agency.


●  Construction
●  Reinforced double wall, minimum R-12 insulation having flame spread 
    index/smoke developed rating not exceeding 25/50 per ASTM E84.
    16-gauge galvanized steel exterior casing and 20-gauge galvanized
    steel inner lining.  Sealed joints.  Construct to allow removal of panels
    without compromising structural integrity of the unit.
●  Provide stainless steel inner lining at cooling coil section.
●  Base frame shall be welded and fabricated of heavy gauge structural
    steel tubing with C-channel cross supports located at 24" on center,
    maximum and welded to perimeter base. Provide integral lifting lugs.
●  Fabricate floor of minimum 16-gauge diamond plate steel, fully seam
    welded to the base.
●  Casing leakage rate shall not exceed 1% of airflow at 8" w.c.


●  Fans
●  Provide multiple supply fans in fanwall array with backdraft dampers
    for each fan, plenum type, direct driven, individually VFD-controlled,
    acoustical silencers, inlet airflow straighteners, premium efficient motors,
    integral air monitoring probes at each fan inlet cone (probes shall not
    obstruct airflow or have any effect on airflow performance), spring isolated.


●  Coils
●  Hydronic heating and cooling coils shall be leak tested and performance
    certified to ARI 410.  Copper tubing with aluminum fins spaced at 10 fins
    per inch maximum, suitable for working pressure of 250 psig. Provide
    intermediate drain pans and stainless steel rack for stacked cooling coils.
    Size unit for maximum coil face velocity of 450 ft/min for cooling and 500 ft/min
    for heating.
●  Provide with bypass damper for each coil if life cycle cost effective.
●  Select coils for ~2 ft/s minimum tube velocity at 50% of design flow rate.
●  Provide stainless steel drain pan at each coil section (pre-heat, re-heat and cooling).


●  Filters
●  Provide MERV 8 pre-filters and MERV 14 final filters, per 23 40 00.
●  Provide access space between pre-filters final filters.
●  Filter banks shall not overlap.


●  Finishes
● Base Rails:  Rust-inhibiting prime coat, enamel or epoxy finish coat.
● Cabinet frame, Fan base, Safety Guards, Fan Wheels:  Non-galvanized
   steel components shall be primed and painted.
● Inner Liner:  Galvanized.
● Walls, Roof, Door Panels (outer): Galvanneal with powder coated,
   baked epoxy finish.


●  Dampers
●  Galvanized steel airfoil blades, cold weather edge seals, AMCA 511


    Class 1 air leakage: maximum leakage of 4 cfm/ft 2 at 1-inch w.g. 
●  Roof Curbs


●  Galvanized steel with corrosion-protection coating, watertight gaskets,
    factory-installed wood nailer, vibration isolation, 2-inch thick insulation,
    12-inch height, or as required.
●  Provide vibration isolation curb unless engineer's acoustical/vibration
    analysis demonstrates specified sound and vibration criteria are satisfied
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    without a vibration isolation curb.
●  Other


●  Provide with access sections between coils and other components.
●  Provide single point electrical connection.
●  Provide interior lighting in AHU sections.
●  Provide access doors with windows, airtight gaskets.
●  Provide air intake hood
●  Provide service vestibule for coil piping and valves. Vestibule to be sized to
    allow ready access to all valves and pumps (where supplied) for service and 
    repair or replacement, 6 ft wide x full unit height and length, minimum. Provide
    fully insulated and with access door(s) at front, removable panel at each end.
    Vestibule shall include electric unit heater sized to maintain vestibule temperature
    of 60 deg F at winter design temperature, with thermostat control. Vestibule floor
    shall be same as the AHU. Provide interior lighting and ventilation for removal of
    heat from motor starters or other devices located within the vestibule.
●  Provide sound attenuators as dictated by engineer's acoustical analysis.


● Manufacturers:  Haakon, TMI Climate Solutions, Energy Labs, Scott Springfield,
   or approved equal.


             ● Controls: Controls required to perform the sequence of operation shall be provided by
   the D3060.91 (230900) contractor. Coordinate with D3060.91 (230900) for additional
   requirements. 


●  Packaged Rooftop Air-Handling Units 23 74 00
●  Performance Requirements


●  Wind Restraint: Withstand wind to 110 mph.
●  Comply with AHRI 430, ASHRAE 90.1, ASHRAE 33 for hydronic coils.
●  Comply with NFPA 70 for electrical components, NFPA 90A and 90B.
●  Comply with UL 1995.
●  Units shall be listed and labeled by a nationally recognized testing agency.


●  Construction
●  Double wall, 18-gauge galvanized steel exterior casing and 20-gauge galvanized
    steel inner lining, R-12 insulation with thermal break, neoprene-gasketed access doors
    with full length piano hinges, corrosion resistant paint to exceed 2,500-hour salt spray 
    test, stainless steel drain pans.


●  Fans
●  Centrifugal supply and return or relief fans, statically and dynamically balanced and rated
    for continuous operation at max-rated fan speed and motor horsepower.  Direct driven, 
    VFD-controlled, premium efficient motors, bearings with rated life of minimum 
    100,000 hours according to ABMA 9, internally vibration isolated.


●  Coils
●  Hydronic heating and cooling coils shall be leak tested and performance
    certified to ARI 410.  Copper tubing with aluminum fins spaced at 10 fins
    per inch maximum, suitable for working pressure of 250 psig. 


●  Heat Wheel
●  Rotary heat exchanger, aluminum or polymer construction, direct drive fractional
    horsepower motor, variable speed, permanently lubricated wheel bearings, with
    bypass dampers.


●  Filters: Panel filters, factory-fabricated, self-supported, MERV 14.
●  Economizer: Capacity of 100% of the fan capacity, outdoor air enthalpy or outdoor dry bulb
    air temperature control, integral outdoor air flow measuring station, carbon dioxide monitoring
    for control of minimum outside air flow.
●  Unit shall have a single power connection with unit-mounted disconnect switch accessible


    from outside the unit.
●  Electronic DDC controller, factory or field installed, fully integrated into the FMCS via


    BACnet MS/TP.
●  Provide with vibration isolated roof curb, smoke detector(s) per NFPA 90A, duplex 115V 


     GFI protected electrical outlet with 15A overcurrent protectionm outdoor air intake hood.
● Manufacturers:  Aaon, Daikin, Trane, or approved equal.


D3050.90 ●  Facility Distribution Systems Supplementary Components
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● Common Motor Requirements for HVAC Systems 23 05 13
● Comply with ANSI/IEEE 112 and NEMA MG-1, Part 31.


 ● Electric Motors
 ● Energy efficient, suitable for non-overloading operation, and capable of


   continuous operation at full nameplate rating.  Motors 1 HP and larger must 
   meet Energy Independence and Security  act of 2007 (EISA) and NEMA MG1.  
● Motors to be premium efficient type in accordance with DOE 10 CFR 431.


 ● Single-phase motors smaller than 1/2 horsepower and 3-phase motors 1/2
   horsepower and larger: maximum motor speed of 1750 RPM. 
● Single-phase motors to have internal thermal overload protection with
   automatic reset.
● Motors larger than 1 horsepower shall be 3-phase.
● Provide inverter rated motors per NEMA MG1-30 where variable frequency
   drives or soft start starters are applied.
● Provide shaft grounding for motors over 2 HP serving variable speed drives.  
● Provide shaft grounding and insulated bearings on motors 25 HP and larger
   serving variable frequency drives.
● Shielded cable shall be used for power wiring from variable frequency drives to
   motor connection.
● Insulation System:  NEMA Class B or better.  Use class F insulation


● Premium-efficient motors: Class B temperature rise, Class F insulation.
● Inverter-Duty motors: Class F temperature rise, Class H insulation.


● Manufacturers: General Electric, Westinghouse, U.S.  Motors, Baldor, or approved.
  ● Motor starters: Provided by Electrical.


  ● Disconnects: Provided by Electrical.


● Vibration and Seismic Controls for HVAC Piping and Equipment 23 05 48
● Seismic Control and Restraint


● Mechanical Equipment: Brace or anchor mechanical equipment to resist a
   horizontal force acting in any direction using the IBC, latest edition.
● Support HVAC ductwork, piping and equipment per SMACNA "HVAC Duct Construction
   Standards: Metal and Flexible" and SMACNA "Seismic Restraints Manual: Guidelines
   for Mechanical Systems" (3rd Edition).
● Vibration Isolated Equipment: Provide factory-fabricated seismically restrained
    vibration isolating components.  Earthquake resistant designs for equipment, i.e.
    air handling units, blowers, motors, ductwork, and mechanical piping, to conform 
    to the regulations of the IBC, latest edition.  Where standard factory fabricated
    components are not available, provide properly designed custom components
    which meet the requirements herein.
● Submit engineer's calculations and stamped drawings.
● Manufacturers: Amber/Booth Company, Cooper B-Line, Hilti, Kinetics Noise 
   Noise Control, Mason Industries, TOLCO, Unistrut, Vibro-Acoustics, or approved.


● HVAC Piping Insulation 23 07 19
● Manufacturers: Certainteed, Imcoa, Johns Manville, Knauf.
● PVC Jacket Color: Provide hydronic piping with PVC jacketing system as described below.


Heating Hot Water - RED
Chilled Water - Blue
Process Chilled Water - Light Blue
Energy Recovery Water (HTB) Green


● Pipe Jacketing
● Johns Manville Zeston 2000 PVC System for Indoor Applications: 20-mil-thick, color
   by system type, barrier film with permeance of 0.02 perm when tested according to
   ASTM E 96/E 96M and with a flame-spread index of 5 and a smoke-developed index
   of 20 when tested according to ASTM E 84.
● PVC Plastic Fitting Covers:  Schuller Zeston 2000.  One piece molded type fitting
   covers and jacketing material, color to match system type.  Connections: Tacks;
   pressure sensitive color matching vinyl tape.
● Aluminum Jacket (exterior piping):  0.016 inch-thick sheet, (smooth/embossed)
   finish, with longitudinal slip joints and 2-inch laps, die-shaped fitting covers with
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   factory attached protective liner.
● Insulated Pipe Exposed to Weather: Where piping is exposed on roof, cover insulation
   with aluminum jacket.  Seal watertight jacket per manufacturer's recommendations.
● Provide heat tracing on piping subject to freezing.
● Calcium Silicate Pipe Insulation: Install in accordance with manufacturer's instructions.
   Seal canvas jacket tight to insulation at lap joints.  
● Install insulation continuous over pipe, fitting and supports or hangers.  No holidays or
   gaps permitted.
● Insulation Shields: Provide full size diameter hangers and shields (18 gauge min)
   for cold piping.  Hot water piping hangers may penetrate insulation to contact pipe 
   directly.  Provide 18-inch long, noncompressible insulation section at insulation shield
   for lines 2-inches and larger.


● Variable Frequency Drives 23 09 13
● Manufacturers: ABB E-Clipse ACH580 or approved equal by Danfoss
● VFD shall convert incoming fixed frequency, 3-phase, AC power into an adjustable frequency
    and voltage for control of AC motors.  Motor current shall approximate a sine wave.  VFD
    shall be UL listed, 480-V, vertical style with circuit breaker, sized for horsepower of driven
    motor. VFD shall include the following:


● Maintain a power factor near 1.0. 
● Minimize power line harmonics and protect the VFD from power line transients. 
● Protection against input transients, loss of AC line phase, output short circuit, output
    ground fault, under- and over-voltage, VFD over temperature and motor over
    temperature, standard RFI filter.
● Temperature controlled cooling fan(s). 
● Hand-Off-Auto keys. 
● Digital display. 
● BACNet interface with (4) dedicated programmable digital inputs, (2) programmable
    relay outputs, (2) programmable analog inputs, (1) programmable analog current 
    output, (2) additional terminals that can be programmed as either digital inputs or
    outputs.
● Where drive is located outside: UL/NEMA outdoor rated enclosure with external keypad and display. 
● 100 kA short circuit current rating. 
● Lockable main disconnect switch. 
● Drive fuses. 
● Drive service switch (drive input disconnect). 
● 36-month (from date of shipment) on-site parts and labor warranty and factory
    start-up service.


● All VFDs provided for project shall be from the same manufacturer.
● VFD's with downsteam disconnects shall be interlocked to shutdown when disconnect is open.
● VFD's; on a loss of power, VFD''s shall automatically restart when power is restored.


D3060 Ventilation
D3060.10 ●  Supply Air, Return Air and environmental (general laboratory) Exhaust Air Ductwork 23 31 00


●  Ductwork: Galvanized steel with G90 coating designation, per the International Mechanical


    Code and per SMACNA HVAC Duct Construction Standards-Metal and Flexible.
   steel with G90 coating designation.


●  Round sheet metal, spiral lock seam type.  Fittings: Same
 construction as the duct.
●  SMACNA Seal Class, all types: A.
●  Pressure Class:


●  Supply ducts, upstream of Air Terminal units: 3-inches w.g. minimum
●  Supply ducts, downstream of Air Terminal units: 1-inch w.g. minimum
●  Return, Exhaust ducts: 1-inch w.g. minimum


●  Duct Sizing, Supply Air: 0.1" w.g. per 100 feet downstream of air terminal units;
    2000 ft/min max velocity upstream of air terminal units.
●  Duct Sizing, Return Air: 0.08" w.g. per 100 feet.
●  Duct Sizing, non-lab Exhaust Air: 0.1" w.g. per 100 feet.
●  Exhaust Air Ductwork: Fume hood, local exhaust snorkels, ventilated gas cabinets


●  Stainless Steel , ASTM A480, Type 304L, No. 2B Finish, butt-welded.
●  Thickness: 18 gauge minimum.
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●  Fittings and Joints: Butt-welded with appropriate filler rod. Grind welds
    smooth on exposed ducts.
●  Flanged Joints: Acceptable only at duct and equipment connections 
    where approved PRIOR to installation. Provide with 1-inch minimum 
    companion angles and 3/16-inch thick, 40-50 durometer neoprene/silicone
    gasket, bolted.
●  Pressure Class: negative 10-inch w.g. (or equal to maximum exhaust fan static
    pressure if greater than 10" w.g); SMACNA Leakage Class 3.


●  Duct Sizing, Lab Exhaust Air: 0.1" to 0.3" w.g. per 100 feet, 1,500 ft/min minimum
    velocity in branch ducts to fume hoods (at maximum airflow); 3,200 ft/min maximum.
●  Fume Hood Exhaust flow rate: 100 ft/min face velocity at 18-inch sash opening height;
    minimum airflow equal to 200 air changes per hour within the hood.
●  Lab Exhaust discharge shall be at 3,000 ft/min minimum velocity, 10 feet minimum
    above roof surface; maximize separation from air intakes 
●  Ductwork with pressure class greater than 3" w.g. shall be leak tested per ASHRAE 90.1.
●  Acoustical Duct Liner: fibrous glass per ASTM C1071 and NAIMA  AH124, or closed
    cell EPDM per ASTM C534. Compliant with NFPA 90A or 90B, flame spread index/smoke 
    developed rating of 25/50 per ASTM E84, anti-microbial coating, low-VOC adhesive,


    maximum k-factor of 0.27 BTU-in/hr-ft 2-deg F. Duct liner not permitted in chemical exhaust ducts
●  Manufacturers: CertainTeed, Knauf, Johns Manville, Aeroflex USA or approved.  


●  Sheet Metal Duct Sealer: Water-based, low VOC (<75 g/L), brush on application,
    flame spread/smoke developed index of 25/50 per UL 181B.


●  Manufacturers: Hardcast "Duct-Seal 321", Ductmate Pro Seal or approved.  


●  Ductwork Accessories 23 33 00
●  Volume Dampers: Multiple or single blade, galvanized steel, 16 gauge,
    bronze bearings, full length axles, neoprene blade seals, locking device, low
    leakage. Provide remote operators for dampers that are inaccessible.


●  Provide volume dampers at branches in supply, return and non-lab
    exhaust ducts and diffuser/grilles/registers to facilitate system balancing.
●  Manufacturers: Ruskin, McGill AirFlow or approved.  


● Backdraft Dampers:  All welded 14 gauge aluminum, with blades pivoting off 
   center, double crimped front and rear, polyurethane seals.  


●  Manufacturers: Ruskin, Louvers & Dampers, Greenheck, or approved. 
● Control Dampers:  See 23 09 00
●  Fire Dampers, Smoke Dampers, Combination Fire/Smoke Dampers: 


●  UL 555 listed and labeled with access panels
●  Manufacturers: Ruskin, Greenheck, Potorff or approved. 


●  Flexible Ducts: UL 181, Class 1, black polymer film supported by helically
    wound steel wire spring, glass fiber insulation and vapor barrier. Maximum
    length of 4 linear feet.


●  Manufacturers: Thermaflex M-KC or approved. 


●  Air Terminal Units - Non Laboratory 23 36 00
● ARI Compliance: Provide air terminals which have been tested and rated in 
   accordance with ARI 880-98, Air Terminals, and bear ARI certification seal.
● NFPA Compliance: Construct air terminals using acoustical and thermal 
   insulations complying with NFPA 90A, Air Conditioning and Ventilating Systems.
● Sound Levels: Radiated and discharge sound power levels at octave bands
    2 to 6 minimum, full range of rated inlet static pressure for each terminal
    size and required airflow; per ARI 880. NC levels based on 10dB room
    effect, 10dB ceiling transmission loss and 1 1/2 inch inlet static 
   pressure for each terminal size and required air flow; per ARI 880.
● Parallel Fan-Powered Terminal Units


● Volume damper assembly and fan in parallel arrangement inside unit
   casing with factory mounted control components inside protective shroud,
   glass fiber acoustical lining having maximum 25/50 flame spread index/
   smoke-developed rating per ASTM E-84, forward curved centrifugal fan
   located at plenum inlet, electronically commutated motor.


● Shut-off, Single duct Terminal Units
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● Volume damper assembly inside unit casing with factory-mounted
   control components inside protective shroud, glass fiber acoustical
   lining having maximum 25/50 flame spread index/smoke developed
   rating per ASTM E-84.


● Attenuator Section
● Steel construction, 1-inch thick glass fiber lining with maximum 25/50 
   flame spread index/smoke developed rating per ASTM E-84.


● Hydronic Water Coils
● Copper tube, with mechanically bonded aluminum fins spaced, rated


   for a minimum working pressure of 200 psig and a maximum entering
   water temperature of 220 deg F. Include manual air vent and drain valve.
●  Select coils for ~2 ft/s minimum tube velocity at 50% of design flow rate.


● Controls:  Packaged, unitary direct digital controller provided by the D3060.91 (230900) 
   contractor, factory mounted by terminal unit manufacturer.
● Manufacturers:  Trane, Titus, Johnson Controls, Krueger, Price, or approved. 


●  Air Terminal Units - Laboratory 23 36 10
●  Variable air flow Venturi valve type, pressure independent over a range of
    0.6 - 3.0 inches w.g. The integral pressure independent assembly shall
    respond and maintain specific airflow irrespective of the magnitude of change
    in duct static pressure and/or quantity of devices on a manifold system. Air 
    terminals shall not require any minimum straight duct distance at inlet or outlet 
    to ensure pressure independence or accuracy. Airflow shall be controlled by
    a spring-controlled cone that adjusts automatically to pressure variations
    upstream or downstream of the valve, with electric actuator to control air flow.
●  Response time to vary airflow to within 90% of setpoint shall be no more
    than 1 second, with less than 5% under- or over-shoot.
●  Accuracy: 5% of airflow over turndown range of 10:1.
●  Supply and General Exhaust units shall be 16-gauge aluminum with shaft,
    support brackets and springs of stainless steel.
●  Fume Hood and snorkel/gas cabinet exhaust units shall be 16-gauge 
    aluminum with baked phenolic coating, or 18-gauge stainless steel. Shaft,
    support brackets and springs of stainless steel.
●  Electric actuator shall be factory mounted to air terminal unit.  Loss of power
    shall cause exhaust air terminals to fail open to maximum scheduled design
    flow and supply air terminals to fail to minimum scheduled design
●  Actuators shall be UL 916 listed.
●  Venturi valves for snorkel and gas cabinet exhaust service shall be set for constant volume.
●  Air terminal units shall be factory calibrated to project-specific airflows.
●  Accessories: Steel drawband clamps, UL 94 neoprene gaskets, PTFE tape
    with silicon adhesive.
● Zone control: Each lab module shall be a separate zone of temperature control.
●  Controls (Hood)


●  Provide individual controller for each fume hood to maintain face velocity
    setpoint in response to sash position as sash is raised/lowered.


●  Controller shall be integrated to the FMCS and provide at minimum the following
     data via BACnet MS/TP or Hardwired:  Flow Alarm, Sash Position, and airflow.
●  Loss of power shall not affect controller's setpoints or mode status.
●  Provide airflow monitor at each fume hood. Monitor shall include audible and
    visual alarms, operation indication LEDs, emergency exhaust override button and
    audible alarm mute button.


● Controls: (Room)
Room controls, including temperature and airflow control, required to perform the 
sequence of operation shall be provided by the D3060.91 (230900) contractor. 
See D3060.91 (230900) for addition requirements. Coordinate with D3060.91 
contractor for integration requirements. 


● Manufacturers:  Phoenix Controls, Price, TSI or Battelle Engineer approved equal. 
● Hydronic Water Coils


● Tested and rated according to ARI 410 and ASHRAE 33.
● Copper tube, with mechanically bonded aluminum fins spaced, rated
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   for a minimum working pressure of 200 psig and a maximum entering
   water temperature of 220 deg F. Include manual air vent and drain valve.
● Provide drain pans for cooling and dual-temperature coils.
●  Select coils for ~2 ft/s minimum tube velocity at 50% of design flow rate.
● Manufacturers:  Aerofin, Trane, Greenheck or approved. 


● Air Outlets and Inlets 23 37 00
● Provide diffusers, registers and grilles rated according to ASHRAE 70.
● Provide architectural diffusers (round or square), louvered face, perforated, bar grille
   type, linear slot type, ceiling or wall mounted as applicable, steel or aluminum.


● Manufacturers: Titus, Krueger, Price or approved.
● Provide laminar flow supply diffusers in Laboratory spaces with fume hoods,
   sized and located to prevent discharge air from adversely affecting airflow at fume
   hoods--air flow velocity at fume hood sash openings shall not exceed 1/3-1/2 of hood
   face velocity to prevent loss of hood containment.


● Manufacturers: Trox, Swegon, Titus, or approved.
● Diffusers for use in high performance instrument lab spaces:


● Provide devices specifically designed for quiet operation in laboratory
   application and variable volume air flow, fabricated of steel, diffuser backing


● Return/Exhaust grilles for use in high performance instrument lab spaces:
● Provide linear bar grilles specifically designed for quiet operation in laboratory
   application and variable volume air flow.
● Manufacturers: Swegon ALG or approved.


● In rooms larger than 150 sq ft, provide multiple diffusers.
● In non-lab spaces, locate return air grilles over door entry.


D3060.30 ● HVAC Fans 23 34 00
● Size exhaust fans to accommodate an increase of 25% above calculated airflow 
   and static pressure.
● Provide flexible connections to ductwork.


● Controls: Controls required to perform the sequence of operation shall be
provided by the D3060.91 (230900) contractor. Coordinate with D3060.91 (230900)
for addition requirements. 


● Laboratory Exhaust Fans, Mixed Flow type


● Factory fabricated, assembled, tested. Direct drive with housing, wheel, fan
   shaft, bearings, motor and disconnect switch, drive assembly and support 
   structure, mixed flow design, internally coated with epoxy (e.g. Heresite®) that is 
   corrosion resistant to acids, alkalis and solvents. Welded steel construction, roof 
   mounted and designed for 100+mph wind without external supports or guy wires.
   Include inlet mixing plenum, welded, stainless steel or internally epoxy coated, 
   bypass dampers with 24-V actuators, acoustical silencer nozzles, roof curb, fan 
   inlet safety screens, control package to maintain system static pressure and fan 
   discharge velocity of 3,000 ft/min regardless of building airflow. Fan motors
   VFD-controlled, fans factory balanced to BV-3 per AMCA 204, Fan bearings with
   L10 life of 200,000 hours, Type “B” spark-resistant construction per AMCA 99-401.
● Provide motorized isolation damper for each fan to allow isolation for service
   and maintenance without system interruption.  Dampers shall be Class 1 air


   leakage (maximum leakage of 4 cfm/ft 2 at 1-inch w.g.) per AMCA 511.
● Manufacturers:  Greenheck Vektor MD, Strobic Air Tri-Stack, Twin City TVIFE
   or approved.


● Laboratory Exhaust Fans, Centrifugal type


● Factory fabricated, assembled, tested. Direct drive, internal components in
   contact with the airstream coated with epoxy (e.g. Heresite®) that is
   corrosion resistant to acids, alkalis and solvents. Welded steel construction,
   roof-mounted, airfoil fan, Class III construction, Type "B" spark-resistant
   construction per AMCA 99-401, drain connection, inlet screen, mounting
   rails and restrained spring isolators, factory balanced to AMCA 204-05 
   Category BV5, OSHA-compliant shaft guard, bearings with L10 life of
   200,000 hours, bolted access door, integral airflow measuring station.
● Provide motorized isolation damper for each fan to allow isolation for service
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   and maintenance without system interruption.  Dampers shall be Class 1 air


   leakage (maximum leakage of 4 cfm/ft 2 at 1-inch w.g.) per AMCA 511.
● Manufacturers:  Greenheck, Twin City, Loren Cook or approved.


● Non-Laboratory, Centrifugal Roof Exhaust Fans
● Upblast, spun aluminum, direct drive, roof mounted with curb, welded curb cap,
   hinged top cap for motor access, motorized backdraft damper with actuator
   position monitored by FMCS.
● Manufacturers:  Greenheck, Cook, Twin City or approved. 
● Controls: Controls required to perform the sequence of operation shall be provided 
by the D3060.91 (230900) contractor. See D3060.91 (230900) for addition
requirements. Coordinate with D3060.91 contractor for integration requirements. 


● Non-Laboratory, Inline Cabinet Fans
● Duct mounted inline cabinet fan, belt or direct driven insulated.
   housing, vibration isolation.
● Manufacturers:  Greenheck, Cook, Twin City or approved. 
● Controls: Controls required to perform the sequence of operation shall be provided 
by the D3060.91 (230900) contractor. See D3060.91 (230900) for additional
requirements. Coordinate with D3060.91 contractor for integration requirements. 


D3060.70 ● Air Filters - MERV 8: 23 40 00
●  Manufacturer:  Camfil US 30/30,  American Air Filter, or approved equal.
●  2-inch thick disposable pleated type, with blend of cotton and 
   synthetic fabric media, support grid and enclosing frame.  UL Class 
   2 filters.  30 percent efficient based on ASHRAE Test Standard 52.2. 
   Initial resistance at 500 FPM not to exceed 0.28 in. w.c.  
  Welded wire grid media support bonded to the filter media.  Construct 
   enclosing frame of rigid, heavy-duty, high strength board with diagonal 
   support members bonded to the air entering and air exiting side of 
   each pleat to ensure pleat stability.  Bond the inside periphery of the 
   enclosure frame to the filter pack to eliminate air bypass.


● Air Filters - MERV 14: 
●  Manufacturer:  Camfil Riga-Flo,  American Air Filter, or approved equal.
● High performance extended area disposable type filters.  Each filter 
   consists of high density glass microfiber media, individual dust holding
   compartments and a corrosion resistant galvanized steel enclosing
   frame.  Completely factory assembled filter unit and classified by 
   Underwriters Laboratories as Class 2 or Class 1.
● Filter Media: High density glass microfibers, reinforced with a backing 
   to form a lifted filter blanket.  The filter media to have an average 
   efficiency of 90 to 95 percent on ASHRAE 52.2 and to have an average
   arrestance of not less than 98 percent on that stand.  Initial resistance
   at 500 FPM not to exceed 0.6 in w.g.


● Filter Racks: Filters removable from either front or side as appropriate for the installation.


D3060.90 ● HVAC Ductwork Insulation 23 07 00
● Products shall not contain asbestos, lead, mercury or mercury compounds.
● Insulation installed indoors shall have a UL listed flame spread index of 25 or less and 
   smoke-developed index of 50 or less.
● Insulation installed outdoors shall have a UL listed flame spread index of 75 or less and 
   smoke-developed index of 150 or less.
● Insulation materials 


● Closed cell, sponge or expanded rubber flexible elastomeric complying
   with ASTM C 534, Type II.
● Mineral or glass fiber blanket insulation complying with ASTM C 553,
   Type II and ASTM C 1290 with factory applied jacket.
● Mineral fiber board insulation complying with ASTM C 612, Type 1A
   or 1B with factory applied jacket.
● Jacket for outdoor use: Self-adhesive, 45-mil thick, laminated vapor
   barrier and waterproofing membrane consisting of rubberized bituminous
   resin on laminated polyethylene film with aluminum foil facing.
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● Manufacturers: PolyGuard,  MFM Building Products
● Insulation thicknesses and R-values: Per ASHRAE 90.1.
● Ductwork Surfaces to be Insulated:


● Supply Ductwork within conditioned space(where ductwork is not 
   lined internally with acoustical insulation)
● Supply Ductwork not within conditioned space
● Outside air intake ductwork
● Laboratory exhaust air ductwork not within conditoned space and
   upstream of Energy recovery units
● Environmental exhaust air ductwork within conditioned space and
   within 3 feet of exterior envelope.
● HVAC plenums and unit housings not pre-insulated:


D3060.91 Instrumentation and Control 23 09 00
● Design Requirements:


● Each air filter shall be provide with a dedicated pressure transducer to indicate 
   differential pressure.
● Meters - Provide at a minimum meters and temperature sensors as required to calculate 
   BTU usage chilled water system, heating hot water system, process chilled and heating 
   water systems,  terminal unit coils, AHU coils, and heat exchangers. Provide flow meters 
   for Supply CFM, Outside Air CFM, Exhaust CFM, Return CFM, Natural Gas Usage, 
   Make-up water usage, Irrigation Water usage, and electrical usage.  Coordinate
   with other sections within the contract documents to provide metered data to FMCS. 
● Small fans, such as toilet exhaust, shall be designed with a minimum of a fan status, fan
    command, and damper status.
● Each coil shall be provided with an averaging temperature sensor for 
   monitoring coil discharge air temperature.
● Actuators shall be designed as two position or modulating. Floating control 
   shall not be permitted. 
● Install lockable guards on thermostats in the Entrances and Public areas.
● Systems shall be fully implemented with control sensors including but not limited to: 
   individual discharge air sensors on each heating/cooling/reheat coils, differential
   pressure transducer on each filter in the system, current transducers for equipment  status 
   including fans, pumps, energy recover systems, and compressors, freeze stats monitor and 
   status, smoke detector status, high pressure monitor and status, mixed and return air 
   temperature,  sensors required for calculation of efficiency of the energy recovery system, 
   isolation damper status, entering and leaving water temperature for heat exchangers, any 
   other sensor required to complete the sequence of operation specified. 
● Lab Vacuum and Compressed air: Provide hardwired and/or BACnet MS/TP connection 
    for start/stop command, compressor status, runtime,  general alarm, flow, and pressures.
● Lab Nitrogen: Provide hardwired and/or BACnet MS/TP connection for flow monitoring.  
● Systems that serve more that one space (terminal unit, multizone unit, etc) 
   shall be equipment with multiple space sensors (minimum one per
   room) and averaged for space control. Larger spaces (greater than 800 square feet) shall 
   be designed with multiple sensors to accurately measure room temperature and averaged 
   for space control. 
● Each Lab and integral system shall be designed with a dedicated enclosure for controls to 
 allow isolation (lockout/tagout) of the associated individual lab/system without affecting other 
labs/systems including power. 
● HVAC Water Treatment - Chemical treatment system shall be designed with hardwired general 
   alarm. Non chemical treatment system shall be design to monitor conductivity via a hardwired
   or MS/TP connection. 
● Building Level Controls Design:  All process control loops for an integral system shall 
    reside in a single dedicated controller and not require a network connection to operate. 
    Examples of integral systems are: Air handling units, Chilled water system, Process 
    chilled water system, Heating hot water system, and Laboratory controls, pressure 
    and temperature (each lab). 


● Submittal Requirements: 


● Submit action submittals concurrently but as separate submittals and
    separate documents. 
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● Product Data: Include manufacturer's technical literature for each control device. 
    Indicate dimensions, capacities, performance characteristics, electrical 
    characteristics, finishes for materials, and installation and startup instructions 
    for each type of product indicated.


●  Include cover sheet with project name,  location, owner information, 
    contractor information, and release date. Arrange product 
    information sheets based on the Bill of materials list.  Provide 
    Product data as single Adobe Acrobat portable document 
    format (PDF) document. Bill of materials list shall contain 


    bookmarks to their associated technical sheets for quick  


    access to documents. 


● Complete bill of materials of equipment indicating quantity, 


   manufacturer, and model number for each unique product.  This


   includes, but is not limited to, technical data for operator workstation 


   equipment, interface equipment, control units, transducers/ 


   transmitters, sensors, actuators, valves, relays/switches, control 


   panels, and operator interface equipment.  When manufacturer's 


   product datasheets apply to a product series rather than a 


   specific product model, clearly indicate and highlight only 


   applicable information.


● Control System Software: Include technical data for operating 


    system software, operator interface, color graphics, and other 


    third-party applications.


● Shop Drawings: Detail equipment assemblies and indicate dimensions, 


    weights, loads, required clearances, method of field assembly, components, 


    and location and size of each field connection.  Shop drawings shall be updated


    to reflect any changes during construction and re-submitted as “As-Built” at 
    end of construction. 


● Equipment Location Drawings: Show location of pressure 
   sensors, include reference locations, temperature and humidity
   sensors, and control panel locations. Include name of each 
  control panel that is representative of how it will be identified.  
● System Architecture Design Diagram: This is a riser diagram that
   shall show the IP layer and all of the field bus layers. It shall show 
   each computer, printer, router, repeater, controller, protocol translator, 
   and end-of-line resistor locations that are connected to either the IP 
   layer or any of the field busses.  Include approximate fieldbus wire
   lengths between individual connection points.  This diagram shall 
   include the enterprise level system connection. Each component 
   that is shown shall have a name that is representative of how it will 
   be identified in the completed database, the manufacturer’s name, 
   model number, mac address and device instance. The physical 
   relationship of one component to another component shall reflect 
   the proposed installation.  Example:  If AHU1 controller is the closest 
   controller to the Building Controller on the field bus, then this device
   shall be shown as the first device on the riser diagram just below 
   the Building Controller. This diagram shall not include power 
   supplies, sensors or end devices.
● Damper Schedule:  The damper schedule shall contain a unique
    identifier corresponding to and in sequence with the existing 
   identification scheme, nominal and actual sizes, orientation of axis 
   and frame, direction of blade rotation, spring ranges, positive 
   positioner ranges, locations of actuators and damper end switches, 
   arrangement of sections in multisection dampers, and methods of 
   connecting dampers, actuators, and linkages for each damper and 
   actuator furnished.  The damper schedule shall include the 
   maximum expected velocity through the damper at the intended 
   location, and the maximum leakage rate at the operating static 
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   pressure differential.  The damper schedule shall contain actuator 
   selection data supported by calculations of the torque required to 
   move and seal the dampers, and shall show access and clearance 
   requirements.
● Valve Schedule: The valve schedule shall include a unique identifier 
   corresponding to and in sequence with the existing identification 
   scheme, size, flow coefficient (Cv), pressure drop at specified flow 
   rate, spring range, positive positioner range and actuator size, 
   supported by close-off pressure data, dimensions, and access and 
   clearance requirements data for each valve furnished.
● System Flow Design Diagram for each controlled system: A 
   two-dimensional cross-sectional diagram showing key components 
   such as fans, coils, dampers, valves, pump, etc. Identify the 
   locations and names of all sensors and end devices that are 
   associated with the control system.  Label the panel name and 
   terminal numbers where the connections are landed. Provide a 
   legend for all symbols used.  Provide a Bill of materials for 
   equipment indicating quantity, manufacturer, and model number.
   Written description of sequence of operation. 
● Layout Design Drawing for each control panel: The layout drawing 
   shall be to scale with all devices shown in their proposed positions.
   Include name of each control panel and control device that is 
   representative of how it will be identified, the manufacturer’s name, 
   model number, MAC address and device instance.  All terminal strips 
   and wire channels shall be shown.  Identify control transformer and 
   120 VAC feeding control panel. 
● Control Panel Wiring Design Diagram for individual components
   (controllers, protocol translators, etc.): The wiring diagram for each 
   component shall identify all I/O, power, and communication wiring 
   and the locations on the terminal blocks to which the wires are 
   landed.  When universal inputs or outputs are used, indicate point 
   type (AI, DI, AO, DO) and configuration of any hardware dip switches 
   for point configuration and controller configuration. 
● Installation Design Detail for each I/O device: A drawing of the wiring 
   details for each sensor and/or end device. b. For devices with multiple 
   quantities, a standard detail may be submitted.
● Control Transformer Design Drawing: The layout drawing shall be to 
   scale with all devices shown in their proposed positions for each 
   type of transformer panel provided. Include name of each control 
   panel and transformer that is representative of how it will be identified.
   Include a list of devices connected to each transformer with power 
   requirements for each device. 


● Startup Testing Plan:  Submit a startup testing plan for each unique system.  
● The purpose of a startup test is to demonstrate the “completeness” 
   of the physical tasks associated with installation and the physical 
   performance of the components.
● For each task on the startup test checklist, the plan shall require the 
   technician to enter his or her initials and the date the test was 
   completed along with any recorded data such as voltages, offsets, 
   or tuning parameters.  Any deviations from the submitted installation 
   plan shall also be recorded.
● Required elements of the startup testing include: Measurement of 
   voltage sources, primary and secondary.  b. Verification of proper 
   controller power wiring. Verification of component inventory when 
   compared to the submittals.  Verification of labeling on components 
   and wiring. Verification of connection integrity and quality (loose 
   strands and tight connections). Verification of bus topology, 
   grounding of shields and installation of termination devices. 
   Verification of point checkout. Documentation of analog sensor 
   calibration (measured value, reported value and calculated offset).
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   Documentation of Loop tuning (sample rate, gain and integral time 
   constant). Submit at least four weeks prior to any scheduled start-up
    tests. Submit completed Startup Testing Report.
● Submit Performance data for each building network controller 
   provided. Performance data to include CPU Usage, Flash Usage, 
   Memory Usage, COV Receive Rate and COV Transmit Rate. Submit 
   snap shots of the following information at time of project completion 
   including data and time of test, last clear date of data (must be one 
   week or more than the time of test), bus health, bus performance, 
   token loop time, packets timed out, framing errors, overrun errors,
   internal errors, lost tokens, and retries. Submission to be done upon 
  substantial completion of work and upon completion of commissioning. 


● Control Panel Schedules:  Provide Panel Schedule for each control panel 
   provided. Include controller name, Manufacture, Model, Associated NAC, 
   Device Instance, MAC address, Power feed from, panel Number, and  
   Points Device Connected. Point information to include Label, Type, 
   Object Name, Description, Termination information, Intermediate 
   Device Information, and Field Device. Prepare and submit in Excel format. 


●Integration Requirements:
● Boilers: Provide hardwired start/stop and discharge temperature setpoint. Provide  
   integration with the boiler via BACnet MSTP and/or hardwired sensors as 
   required to provided a minimum of the following data for each boiler: Status and 
   Command, Gas Input, Specific Boiler Alarms, Circulation Pump Status and 
   Command, Capacity and current Boiler Efficiency. 
● Chillers: Provide hardwired start/stop and discharge temperature setpoint. Provide  
   integration with the chiller via BACnet MSTP and/or hardwired sensors as 
   required to provided the following data for each chiller: Status and Command, 
   Specific chiller Alarms, Circulation Pump Status and Command, Capacity, 
   Current (Amps) for each phase, Run Hours, Power, Pressure 
   Evaporator/Condenser, Temperature Evaporator/Condenser, Supply Temperature 
   Evaporator/Condenser, Return Temperature Evaporator/Condenser 
   and current Chiller Efficiency. 
● Fan Coil Units with be integrated to the Building Automation system and will provide at a 


  minimum the space setpoint and Temperature, fan command and Status, coil 
  command %, and Discharge air temperature. 
● VFDS: Provide hardwired start/stop, status via current transducer and frequency setpoint. 
    Provide  integration with  the VFD via BACnet MSTP and/or hardwired sensors as 
    required to provided the following data for each chiller: Runtime, Kilowatt Hour, Power,
    Torque, Current, Output Voltage, DC Bus Voltage, Output Frequency, Input Ref, Run/Stop 
    Command Status, Alarm Status, Last Fault/Alarm, Hand/Auto Status. 
● VFD Bypass: VFDs that have a bypass installed provide integration with Bypass via 
    BACnet MS/TP to provide Bypass Status, Voltage for each phase, runtime, Kilowatt hours, 
    current, AND alarm status. 
● UPS, Transfer Switch, and Generator: Provide integration to systems via BACnet MS/TP. 
● Lighting Controls: Provide integration to lighting system controls via BACnet. Occupancy 
   sensors shall be integrated to the FMCS via hardwired connections. 


● Building Network Controller:
● Manufacturers: Johnson Controls
● General Network Controller Requirements: 


● Include adequate number of controllers to achieve performance indicated.
● System shall consist of one or more independent, standalone, 
microprocessor-based network controllers to manage global 
strategies indicated. 
● Controller shall have enough memory to support its operating system, 
database, and programming requirements. 
● Data shall be shared between networked controllers and other network devices.
● Operating system of controller shall manage input and output
communication signals to allow distributed controllers to share
real and virtual object information and allow for central monitoring 
and alarms. 
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● Controllers shall be able to support a minimum of 5,000 programming objects.
● Communication: 


● Network controllers shall communicate with other devices on FMCS field bus.
● Network controller also shall perform routing if connected to a network 
 individual building of programmable application and 
application-specific controllers. 


● Performance: The following are the maximum limits allowed for each
network controller:
● CPU Usage: Limit 60%
● Flash Usage: Limit 100%
● Memory Usage: Limit 80%
● Change of Value Receive Rate: Limit 500
● Change of Value Transmit Rate: Limit 500
● Bus Health: Limit 1
● Bus Performance: Limit 2.0
● Token Loop Time: 1500 ms


● Building Level Controller Requirements:
● General:


● ASHRAE 135 communication protocol shall be the protocol used 
throughout the FMCS. 
● FMCS shall not require use of gateways except to integrate HVAC equipment 
and other building systems and equipment not required to use ASHRAE 135 
communication protocol per their associated specifications.  
● Operator workstations, controllers and other network devices shall be
tested and listed by BACnet Testing Laboratories.


● Manufacturers: Johnson Controls Inc, Alerton, and Automated Logic
● BACnet Network Management:


● Coordination with Owner: 
● For unique naming and addressing for networks and devices. 
● For ADX and Facility codes.
● For list of allowed and required abbreviations. 


● BACnet Addressing:
● MAC Address: Every device shall have an assigned and documented 
MAC address unique to its network.  
● Network Numbering: 


● A site-specific plan for assigning network numbers is required. 


Every network shall have an assigned and documented 
unique number.  
● Provide ability for changing network number through device 
● The network number will be generated using an ADX server 
switches or operator interface. code “A,” a facility code “FF,” and 
network number “NN”, AFFNN.


● Device Object Identifier Property Number:
● Assign and document a unique device object identifier property 


number or device instance for each device on 
the network. 
● Provide for future modification of device instance number by 


device switches or operator interface
● The Device Object Identifier Property Number will be generated 


using a facility code “FF,” a network number “NN”, 
and the device number DD, FFNNDD.


● Device Object Name Property Text: 
● Device object name property field shall support 30 minimum 


printable characters. 
● Assign unique device "Object Name" property names with 


plain-English descriptive names for each device. 
● Device and Point Naming:


● The PNNL object/point naming method will be 


Facility.System.Component.Point (F_S_C_P).  
● Object Name Property Text for Other Than Device Objects: 
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● Object name property field shall support 30 minimum 


printable characters. 
● Assign object name properties with plain-English names 


descriptive of application.
●  IBAS Standardization Requirements


● User Access and User Groups:
● The contractor shall coordinate with the owner to create a custom 


object category for points, graphics, and folders on the system.   
● The contractor shall configure four users groups, one for each level of   


security. The group names shall be similar to:
● North Core Campus Administrators
● North Core Campus Engineers
● North Core Campus Operators
● North Core Campus Viewers


●  Alarm Processing:
●  Coordinate with the owner for a list of alarm priorities required for the 
building. A minimum of 15 separate priorities shall be configured. 
● Alarms required by the sequence of control shall be fully configured for  
delivery to the operator workstations and the alarm files.
● A common alarm file shall be established to receive alarms from the
field devices.
● A separate alarm file shall be established on a per building basis to 
receive just the alarms from that building.
●  The alarm messages shall be descriptive and include as a minimum 
building identification, System Identification, Date, Time to the 
second, and nature of the alarm such as high value, low value, or. 
fail to start
●  The system shall be configured to send an alarm message on return to normal.
●  Additional alarms that are required to be added to building systems  
include fans, pumps, chillers, etc. used for preventative maintenance.


●  Run time alarm for preventative maintenance. 
●  Performance deviation reports that compare actual performance 


with specified performance.  
●  Trends:


●  Trend I/O point present values, set points, and other parameters used 
in the sequence of operation.
●  Trends shall be stored within the controller and uploaded to server 
automatically on reaching 80% of controller buffer limit, or by  
operator request, or by archiving time schedule. 
●  Standard trend intervals for each I/O point are as follows:


● Temperature noncritical – 5 min, 
● Temperature Critical – COV of 0.25°
● Manual Setpoints – COV
● Auto Resetting Setpoints – COV 0.5°
● Zone Humidity noncritical – 5 min
● Zone Humidity Critical – COV of 3%
● Static Pressure – 1 Min
● Damper position – COV 5%
● Fan status – COV
● Fan Command - COV
● Fan speed – COV 5% 
● Valve command – COV 5% 
● Valve feedback – COV 5%
● Damper position – COV 5%
● Occupancy mode - COV
● Water temperature – 5 Min
● Water setpoint - COV
● Equipment load – 5 Min 
● Pump status – COV
● Pump Command - COV
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● Water gpm – COV 5% of Max Flow
● Differential pressure – 5 Min
● Electrical Consumption – 15 Min


● Minimum number of consecutive trend values stored at one time shall  


be 100 per variable.
● Archived and real-time trend data shall be available for viewing  


numerically and graphically.
●  System Performance


●  Graphic Display: Display graphic with minimum 20 dynamic points with current data 
within 3 seconds.


●  Graphic Refresh: Update graphic with minimum 20 dynamic points with current data 
within 3 seconds.


●  Object Command: Reaction time of less than two seconds between operator command 
of a binary object and device reaction.


●  Object Scan: Transmit change of state and change of analog values to control units 
or workstation within 3 seconds.


●  Alarm Response Time: Annunciate alarm at workstation within 45 seconds. Multiple 
workstations must receive alarms within five seconds of each other.


●  Program Execution Frequency: Run capability of applications as often as 
five seconds, but selected consistent with mechanical process under control.


●  Performance: Programmable controllers shall execute DDC PID control loops, and 
scan and update process values and outputs at least once per second.


●  Reporting Accuracy and Stability of Control: Report values and maintain measured 
variables within tolerances as follows:
●  Water Temperature: Plus or minus 0.5°F.
●  Water Flow: Plus or minus 5 percent of full scale.
●  Water Pressure: Plus or minus 2 percent of full scale.
●  Space Temperature: Plus or minus 0.5°F.
●  Ducted Air Temperature: Plus or minus 0.5°F.
●  Outside Air Temperature: Plus or minus 0.5°F.
●  Dew Point Temperature: Plus or minus 3°F.
●  Temperature Differential: Plus or minus 0.25°F.
●  Relative Humidity: Plus or minus 3 percent.
●  Airflow (Pressurized Spaces): Plus or minus 3 percent of full scale.
●  Airflow (Measuring Stations): Plus or minus 5 percent of full scale.
●  Airflow (Terminal): Plus or minus 5 percent of full scale.
●  Air Pressure (Space): Plus or minus 0.01-inch wg.
●  Air Pressure (Ducts): Plus or minus 0.1-inch wg.
●  Carbon Monoxide: Plus or minus 3 percent of reading.
●  Carbon Dioxide: Plus or minus 50 ppm.
●  Electrical: Plus or minus 5 percent of reading.


●  Output Devices, Valves, and Dampers
● Actuators:


● Actuators shall be electric (electronic). 
● Actuators shall be 24VAC. 
● Actuators shall be normally open (NO), normally closed (NC) or fail-in-last-
position (FILP) as shown.  Normally open and normally closed actuators shall be
mechanical spring return type.
● Electric actuators shall have an electronic cut off or other means to provide
burnout protection if stalled.  Actuators shall have a visible position indicator.
● Electric actuators shall have a full stroke response time in both 
directions of 90 seconds or less at rated load unless specified elsewhere.
Electric actuators shall be the direct-coupled type.
● Valve Actuators:  Valve actuators shall provide shut-off pressures 
and torques as shown on the Valve Schedule.
● Damper Actuators:  Damper actuators shall provide the torque 
necessary per damper manufacturer's instructions to modulate  
the dampers smoothly over its full range of operation and torque  
shall be at least 6 inch-pounds per square foot of damper area for 
opposed blade dampers and 9 inch-pounds per square foot of  
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damper area for parallel blade dampers.
●  Transformers


● Size for the total connected load, plus an additional 25% of connected load.
● Transformer shall be at least 40 VA.
● Locate in a dedicated enclosure for each control panel provided.
● Terminals with voltage higher than 24 VAC will be covered to provide  finger-safe design.


●  Enclosures
● General Requirements:


● House each controller and associated control accessories in an enclosure.
● Include wall-mounted enclosures with brackets suitable for mounting 
enclosures to wall or freestanding support stand. 
● Enclosures will be lockable with a common key for control panels. 
● Enclosures housing BNCs or BLCs shall limit the voltage to 24 VAC/VDC.


● Internal Arrangement: 
● Arrange layout to group similar products together.


● Provide power distribution terminals in panel with minimum of two 
additional unused connection points for future growth.


● Each Lab and integral system shall be designed with a dedicated enclosure for controls to 
 allow isolation (lockout/tagout) of the associated individual lab/system without affecting other 
labs/systems including power. 


D40 FIRE PROTECTION 
D4010 Fire Suppression 21 00 00


● Full coverage, design-build, hydraulically calculated wet pipe fire sprinkler system, designed
   under the supervision and control of a Fire Protection Engineer registered in the State of
   Washington. Submittals shall be stamped by the Fire Protection Engineer.
● Occupancy Category/Minimum Density:


Laboratory Areas: Ordinary Hazard Group 2
Other Areas: Ordinary Hazard Group 1, minimum


● The fire system shall be hydraulically designed to provide for a supply pressure at least 10%,
   but not less than 10 psi, below the water supply curve.  Current fire flow test results shall be
   provided with hydraulic calculations to show the capability of the water supply system at the
   building site. 
● Meet NFPA 13, NFPA 24, NFPA 30, NFPA 45, NFPA 101 Requirements
● Meet State and Local Code requirements and DOE requirements
● Meet requirements of FM Global and FM Global Loss Prevention Data Sheets 1-6 and 5-4, 
    as applicable.
● Materials:


● UL Listed and FM Approved for their fire protection purpose.
● Piping: 2" and smaller shall be schedule 40 black steel.  Piping larger than 2"
   may be Schedule 10 black steel.  Pipe joints 2" and smaller shall be 
   threaded.  Piping 2"  and larger shall be rolled grooved with mechanical
   couplings and gaskets.  Plain end fittings and fittings which use steel gripping 
   devices to bite into the piping as pressure is applied will not be permitted.


● Submit drawings, calculations and material cut sheets to Battelle
   for up to two reviews. Bear costs for reviews in excess of two reviews
● Provide backflow preventer and means of forward flow testing backflow preventer
● Provide fire department connection (at accessible location on building exterior) 
   and check valve.
● Provide valves, switches, gauges, drains, pipe, sprinklers, and the like for a 
   complete fire sprinkler system.
● Provide hanging, sway bracing, end and interval branch line restraints per NFPA 13
● Provide stainless steel braided flexible branch line, maximum of 3' in length
    to sprinkler connectors
● Provide sprinkler protection for ducts greater than 10-inches carrying hazardous 
   or combustible materials.
● Provide dry sprinklers or a dry pipe sprinkler system for areas subject to 
   temperatures less than 40 degrees Fahrenheit.
● Provide quick response sprinklers throughout
● Coordinate design and installation with other trades
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● Post-installed concrete anchors to be suitable for concrete which can crack, such 
   as in a seismic event.
● Provide sprinklers in all occupied and unoccupied spaces that have floor areas.


D4030 Fire Protection Specialties
● Full Coverage Fire Alarm
● Interconnect Fire Alarm with Campus Monitoring System
● Include Voice Evacuation 
● Meet NFPA 72 Requirements


D50 ELECTRICAL 26 00 00
D5010 Facility Power Generation


● Standby generator with the following minimum salient characteristics: minimum size of 
 937kVA/750kW, diesel with 24 hour UL 142 double wall steel base tank with interstitial leak 
monitoring, sound attenuation enclosure not to exceed 75dBA at 23’, 
exterior weather proof skin tight enclosure with hinged doors,  lighting or lighting near generator, 
batteries, block heaters, battery chargers, remote annunciator panel,  remote emergency stop button, 
controller with communication connected to building FMCS, breaker with minimum of long, short and 
instantaneous trip settings, two year warranty. Basis of performance specification is 
Caterpillar CAT C18 750kW diesel generator. Acceptable manufacturers are Caterpillar and Cummins. 
●  Generator OutTap distribution unit with breaker and PNNL color coded cam style female 
receptacles by ESL Power Solutions or equivalent
●  Design and installation of the generator shall comply with NFPA 37, Standard for the Installation 
and use of Stationary Combustion Engines and Gas Turbines.
● APC Symmetra PX series UPS with the following minimum salient characteristics: 
minimum size 250kVA/250kW scalable to 500kVA/500kW, 3 breaker bypass (recommend front 
access with no distribution breakers), plug and play rack able battery modules, 
 communication connection to building FMCS, adjust size to ensure that in five years the UPS will ride 
through the generator startup and load transfer time plus spare capacity. UPS equivalent substitution 
is not permitted.
● Automatic transfer switch - utility to generator transfer, open transition with bypass isolation switch, 
 generator start, generator shunt trip relay, test switch with event logging


D5020 Electrical Service and Distribution
● Coordinate with Local Utility (City of Richland) to Install electrical Service.
● Coordinate installation with other existing and new utilities.


26 21 00
● Provide power to mechanical systems, owner-provided equipment, and other building 
   systems or equipment requiring power. 
● Transformers shall have the following minimum saleint characteristics:  dry type, energy efficient, 
copper windings, minimum 150°C rise and 200°C system.
● Surface mount panels in  electrical rooms, interstitial spaces, service corridors, 
Flush mount rest of locations. Do not place panels on demountable partitions.


D5030 General Purpose Electrical Power


● Multi-outlet assembly shall be Wiremold 4800 series or Hubbell 4800 series 
  constructed of aluminum with clear or satin anodized finish


D5040 Lighting


D5080 Miscellaneous Electrical Systems


D60 COMMUNICATIONS 27 00 00
●  Do not install on demountable partitions


●  Utilize service carriers and umbilicals in labs
● Shielded Category 6 copper cable required in High Performance Instrument Lab s
● Special cable tray design is required for communiction pathway for High Performance Instrument Labs


D6010 Data Communications 27 20 00
● Install Fiber services extended from campus owned system
● Direct public utility connections to the building are not required


● Main switchboard shall be similar to Square D QED-2 switchboard.
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●  24 strand fiber incoming to structure
●  CAT 6 wiring: Color code per campus standards
●  Provide secured wireless access points for full coverage in structure
 ●   Provide Coxial cable to Distributed Antenna System within structure
 ●  Provide Riser cable between MDF and IDF's;  48 strand singlemode fiber, 48 strand OM4 
multimode fiber and Category 6, 25 pair copper cable. 


D6020 Voice Communications 27 30 00
● Install Copper services extended from campus owned system
●  50 pair UTP Copper incoming to structure.
●   CAT 6 wiring
●  Public Address system not required 27 33 00


D6030 Audio-Video Communication 27 40 00
Audio-Video Systems 27 41 00
●  Support the following:


●   Video conferencing internal to the campus
●  Video conferencing external to the campus
●  Ability to host calls from more than one external location at the same time 27 42 00


D6060 Distributed Communications and Monitoring 27 50 00


D6090 Communications Supplementary Components


D70 ELECTRONIC SAFETY AND SECURITY 28 00 00


D7010.1 ● Conductors, Cables, and Connectors 28 05 11
● Cables shall be UL listed for the intended use and #18awg minimum unless 


listed otherwise.
● For projects located where UL does not apply, provide materials approved by local 


applicable codes, statutes and regulations or by Authorities Having Jurisdiction
 (AHJ).


● Cables shall meet or exceed NEC, or equivalent local standard:
● Article 725 Class 1, Class 2, and Class 3 Remote-Control, Signaling, and 


Power- Limited Circuits
● Commercial Cable Types: Type CL2
● Riser Cable Types: Type CLR
● Plenum Cable Types: Type CL2P


● Article 800 Communications Circuits


● Commercial Cable Types: Type CMG, CM
● Riser Cable Types: Type CMR
● Plenum Cable Types: Type CMP


● Cable Marking


● Cables and Conductors - 18 AWG minimum unless noted otherwise
● Unshielded Multi-conductor Cable, Standard


● Bare copper conductors, polypropylene insulation and PVC Jacket.
● Unshielded Multi-conductor Cable, Plenum  


● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.


● Bare copper conductors, Flame arrest insulation, and natural Flame arrest 
Jacket with rip cord.


● Shielded Multi-conductor Cable, Standard
● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.
● Bare copper conductors, PVC, cabled, BeldFoil shield tape (foil side out) with 
drain wire, PVC Jacket and rip cord.


● Shielded Multi-conductor Cable, Type Plenum


● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.


● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.


● Provide manufacturers name, manufacturers part number, manufacturers UL file 
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● Bare copper conductors, Flame arrest insulation, conductors cabled, overall 
BeldFoil shield tape (foil side out) with drain wire, and natural Flame arrest jacket 
with rip cord.


● Unshielded Twisted Pair Cable, Standard
● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.
   ● Bare copper conductors, PVC insulation, conductors twisted into      pairs, 
multiple pairs cabled together and PVC jacket with rip cord.


● Unshielded Twisted Pair Cable, Plenum
● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.


   ● Bare copper conductors, Flame arrest insulation, conductors twisted into 
pairs, multiple pairs cabled together and Flame arrest jacket with rip cord.


● Shielded Twisted Pair Cable, Standard


● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.


   ● Bare copper conductors, PVC, conductors twisted into pairs, BeldFoil shield 
tape (foil side out) with drain wire, PVC Jacket and rip cord.


● Shielded Twisted Pair Cable, Plenum


● Belden “New Generation” cables (cable part number determined by need) or 
approved equal.


   ● Bare copper conductors, Flame arrest insulation, conductors twisted into 
pairs, overall BeldFoil shield tape (foil side out) with drain wire, and natural Flame 
arrest jacket with rip cord.


● UTP Cables, 4 pair, 23 AWG, CAT 6, Riser
● General GenSPEED 6, 7133801 riser rated, or approved equal.
   ● Polyolefin insulation.
   ● 100 ohm nominal impedance.


● UTP Cables, 4 pair, 24 AWG, CAT 6, Plenum.


● General GenSPEED 6, 7131801 plenum rated or approved equal.


   ● FEP Teflon Insulation.
   ● 100 ohm nominal impedance.


● Connectors


● Insulation displacement connectors


● 3M Scotchlok™ Insulation Displacement Connectors (Solid wires only).
● Dry type: UAL, UP2, UP3, UR2-D, UY2-D etc. or approved equal.
● Gel Filled: UG, UR, UY2, etc. or approved equal.
● Utilize only single stroke, parallel jaw, and ratchet-release connector tool with 
minimum 10:1 mechanical advantage or approved equal.  Use of non-ratchet 
style connector tools is not acceptable.


● Insulated electrical crimp sleeve connectors or approved equal
● 3M Scotchlok S-11
   ● 22 AWG to 14 AWG
   ● UL Listed
   ● CSA Certified
   ● .091” ID copper insert
● 3M Scotchlok S-31
   ● 18 AWG to 10 AWG
   ● UL Listed
   ● CSA Certified
   ● .152” ID copper insert


● Wire Labels
● Provide Brady IDXpert labeler or approved equal.
● Labels shall be sleeved heat shrink type, machine-printed, polyolefin wire 
markers for all cables, or approved equal.


D7010.2 ● Relays, Terminal Blocks, Patch Panels, and Punch Blocks 28 05 21


● Relays and Relay Sockets
Relays, Single  Pole: 


● Furnish each device or assembly manufactured as an integral unit, complete with all parts 
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● IDEC RJ1S SPDT, voltage as required, or approved equal 
● IDEC SJ1S-05B Din Rail or panel mount socket 


● Relays, double pole, double throw,  plug-in with indicator light:
● IDEC SY2S-UL, voltage as required, or approved equal 


● Relay Sockets: 
● IDEC SY2S-05C Screw type, Finger safe Din Rail Mount socket or approved equal
● IDEC SY2S-51 Screw type , Panel Mount socket or approved equal 


● Relays four pole, double throw, plug-in with indicator light: 
● IDEC SY4S-UL, voltage as required, or approved equal 


● Relay sockets: 
● IDEC SY4S-05C Screw type , Finger safe Din Rail Mount socket or approved equal 
● IDEC SY4S-51 Screw type , Panel Mount socket or approved equal 


● DIN rail: 


● Phoenix Contact NS 15 PERF 2000MM or approved equal 


● Terminal Blocks and Terminal Strips
● Terminal Blocks: 


● Phoenix Contact MBK 2,5/E or approved equal 
● Feed through style, 24 – 14 AWG wire, DIN rail mount 


● Phoenix Contact E/MBK End bracket or approved equal 
● Phoenix Contact NS 15 PERF 2000MM or approved equal 
● Phoenix Contact 1401417 BNB WH Terminal Labels 


● Category 6 Copper Modular Patch Panels, Rack Mount
● Panduit QuickNet Angled 24-Port 1RU Patch Panels or approved equal. 


D7010.3


●  IDF/MDF rooms will be utilized for equipment installation.  


● Provide all cables between the Security Junction Box and the Intelligent System 
Controller (ISC).  A service loop will be left at each end long enough to reach their 
termination points, and each cable will be labeled on each end.  
● Provided and install all other cables from the Security Junction Box to the devices per 
Plan Details.


● Provide and install necessary Lenel ACS intelligent controllers, reader interface 
boards, alarm input interface boards and relay output interface boards in 
sufficient quantities to support new ACS devices.  Allow the ability for 50% future 
expansion.


● The modification, replacement, termination and testing of existing installed card 
access devices and door hardware to electronically control authorized access.


● Provide conduit and junction boxes with pull strings.  No loose cable pull should be 
visible from below the finished ceiling.


● Provide all additional labor, materials, equipment, Intelligent System Controller(s) (ISC) and 
testing, etc., necessary to provide a complete and properly operating card access control 
system in accordance with the requirements and criteria of these Specifications and Drawings 
including, but not limited to, the following:


● Contractor is responsible for identifying all equipment necessary for fully functional and 
operational ACS.  Review the specifications and drawings to identify all products and 
components required to provide a complete system.  Verify all required quantities.


● Provide access control equipment using card readers and Intelligent System Controller (ISC), 
and other required equipment, that are fully compatible with Lenel OnGuard (Integrated) access 
control system.  Refer to Plans and Details for system layout.


● Contractor is responsible for identifying all equipment necessary for a fully functional and 
operational ACS.  Review the specifications and drawings to identify all products and 
components required to provide a complete system.  Verify all required quantities. 


● Existing cabling between existing doors/readers may be reused where possible 


● Provide card readers, electrical door hardware, associated monitoring devices, 
contacts, field panels, cabinets, tampers, and cabling which will operate, control, and 
monitor the specified access points within the building and selected control areas as 
specified on the Drawings.


● Drawings are intended to be diagrammatic and not to be scaled off of.   The exact 
installation locations shall be coordinated with the CM/PM.


Access Control and Intrusion Detection - Basis of design: Lenel OnGuard Access Control 
System, no substitutions. 
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● Install new Category 6 network cables from Battelle LAN room data switches to 
the Lenel ICS locations. 


● All field devices, including wiring, card readers, door position switches, request 
to exit devices, door locking mechanisms, wired transfer hinges and the like will 
be connected to the new Lenel controllers and hardware devices. 


● Install new EOL resistor assemblies to provide 4-state supervision for all Lenel 
ACS input circuits, at the device.  
● Label and terminate all new or existing low voltage ACS cables, conductors, 
wall enclosures, terminals, relays, power supplies and batteries as directed under 
section 28 0511. 
● Provide and install all required wire connectors, patch cables and cable 
management under section 28 0511. 


● Program and configure all hardware and system settings in ACS application 
software in order to achieve the functionality defined in this section. 


● Provide manufacturer’s professional services and support as required. 
● Provide all required permits and inspections. 


● Description of Operation


● Access Control System Equipment


● LNL-4420 X Series to support future government PIV-I credentials.  


● 8 Flexible I/O Modules per ISC for strong authentication
● PNNL will provide ISC Name, Workstation/Authorized IP, Address, Connection 
Type, ISC Primary Connection IP Address and Subnet Mask


● LNL-1300 3 Series Single Reader Interface module (SRI) (elevator control only) 
● LNL-1320 3 Series Dual Reader Interface Module (DRI)
● LNL-1300e 3 Series Flexible Network-Connected Door I/O Module (Where applicable)


 ● 8 Flexible I/O Modules per ISC for strong authentication
● LNL-1100 3 Series Input Control Module (ICM)
● LNL-1200 3 Series Output Control Module (OCM)


● Proximity Card Readers - Black


● The Emergency Exit Only (EOO) doors shall not be used unless it is an emergency.  
The doors will be alarmed 24/7 and are to have signage stating, “EMERGENCY EXIT 
ONLY, DOOR ALARMED.”


● The Exit Only (EO) doors shall use a Request to Exit (REX) device to allow exiting 
from the secured side without generating an alarm.  If the door is held open longer than 
the programmed period allocated, a signal shall be sent to the appropriate control 
hardware as an alarm until the door is closed. 


● Intelligent System Controller (ISC) - Half Duplex (OSDP) Protocol - Individually network 
connected - 25% future growth


● HID reader model RPK40-H pivCLASS reader with 8 bit keypad.  Half Duplex (OSDP).  


● Communications from the Intelligent System Controller(s) shall be transmitted to the 
existing Host Computer via PNNL provided network equipment.  Termination of the Card 
Access Equipment to PNNL communications circuits and network equipment shall be 
done under the supervision or direction of PNNL.  Each Intelligent System Controller 
shall utilize an approved firewall to connect to the PNNL network.


without impacting service beyond normal door cutover requirements.  Where no 
existing cabling is present or wiring is insufficient to support the new Lenel 
devices without disruption, contractor is required to install new cabling. 


● The security operators shall be notified of the alarm condition by a computer terminal 
with programmable text messages describing each alarm location and the procedures to 
follow.


● The Access Control System shall monitor and control ingress and egress of authorized 
personnel as well as monitoring digital input alarm points.


● The Access Control System shall, upon receiving a signal from a reader activated by 
an authorized card, activate an electronic opening device (i.e., electric lock) to allow 
access.  Should an attempt be made to enter with an unauthorized card, the electronic 
device shall not be activated.  A door forced alarm shall be available to indicate the 
opening of a monitored door without the use of an authorized access card If the door is
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● Mount plumb to outlet or back boxes unless otherwise noted.  Provide surface 
back boxes as required to facilitate installation of card readers on concrete or 
metal walls.  The box color shall match the adjacent frame.


● All Card Reader wiring shall be terminated only at the immediately adjacent 
door board junction box and at the Intelligent System Controller as shown in the 
details.  Intermediate splices or termination points are not allowed and will result 
in the removal and re-installation of the offending cable(s).


● In the event that the reader pig tail is not long enough to be terminated at the 
door board junction box, jumper wires may be added using approved connectors 
and wire and using approved crimper. 
● For 12V readers using cable runs over 300 feet, refer to your reader manual for 
additional requirements.
● Once access controlled doors have been identified during the design process, 
PNNL will provide assistance with reader names, access levels and time zone 
information.
● Once access controlled doors have been identified during the design process, 
PNNL will provide assistance with reader names, access levels and time zone 
information.


● Door Contacts - Alarm Contacts
● Magnasphere HSS-L2C-A Flush Mount Contacts (fits standard ANSI cutout)
● Magnasphere HSS-L2S Surface Mount Contacts
● Magnasphere Overhead/Roll-up Door Bracket Kits


● Install per manufacturer’s installation instructions as per the UL listing.


● Hidden contacts shall be used where specified on drawings.  If surface 
mounted contacts are necessary, protect the ends of cable and coil the unused 
armored cable inside the junction box, making sure the cable is not damaged by 
sharp edges.


● Terminate and test alarm contacts such that an alarm condition occurs upon 
door activation.  Performance of the contacts shall meet the manufacturer's 
specifications, usually by opening the door 1”.
● Coordinate programming of alarm contacts with the PNNL Facilities Security 
Engineering.
● EOL resistors shall always be installed per manufacturer s instructions and 
design drawings
● Coordinate programming of alarm contacts with the PNNL Facilities Security 
Engineering.
● EOL resistors shall always be installed per manufacturer's instructions and 
design drawings.


● Request To Exit
● Bosch DS160 - White


door to provide a valid request-to-exit function.  The motion detector's detection 
pattern shall be field adjusted to ensure proper coverage without interfering with 


● Motion detectors shall be capable of mounting above the secure side of the 
door to provide a valid request-to-exit function.  The motion detector's detection 
pattern shall be field adjusted to ensure proper coverage without interfering with 
nearby foot traffic.  The REX contact cycle time shall be set for no more than one 
second, unless specified otherwise.


● Enclosures


● Lockable, with hinged covers and back plates. 


● Include cabinet tamper switch 


● LifeSafetyPower Mercury Prowire 16 door wired system and lock power 12V and 24V, 
400W, Networked.    Ampacity size per application, manufacturers’ recommendations 
and future expansion.  Quite latch retraction may require an additional power supply 
b d


● HID reader model RP40-H pivCLASS reader.  Half Duplex (OSDP).  Upgradable to 


● Dip Switch Settings:  1.  ON, 2. ON, 3. ON, 4. OFF, 5. OFF, 6. ON, 7. ON, 8. OFF, 9. 


● Enclosures for ACS equipment shall be provisioned and installed as recommended by 
the manufacturer to ensure that all manufacturers’ UL equipment listings are maintained. 


● Provide a terminal strip inside junction boxes and cable splices shall be made with the 
terminal strip unless unavoidable. 


● Provide quantity sufficient to support number and type of devices required to provide a 
completely functioning Lenel OnGuard ACS and 25% future growth.
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● The panel door must be able to fully open to a minimum of 90°.


● Power Supplies


● Install in a neat and unobtrusive manner.


● Door must be able to fully open to a minimum of 90°.


● Cabinet/enclosure locks 


D7030 Electronic Surveillance
● Products


● General


● Video Surveillance Cameras


● Acceptable Manufacturers
● Axis Communications – No substitutions


● Basis of Design Product:


● HD, UHD, megapixel and 4K cameras:  as developed by Axis Communications


● Features/Capabilities - minimum requirements are those of the cameras listed below


● Provide locks and keys for all access control equipment enclosures and power 
supplies.


● LifeSafetyPower Mercury Prowire 16 door wired system and lock power 12V and 24V, 
400W, Networked.  Ampacity size per application, manufacturers’ recommendations and 
future expansion.  Quite latch retraction may require an additional power supply board.  


● Back up batteries - Yuasa NP7-12, 12 VDC, 7 Amp Hour or approved equal, UL Listed -
Mark batteries with date of installation and/or 5 year life span for replacement. 


● Power supply boards shall be wired and installed in accordance with the 
manufacturer's instructions using correct wire sizes and insulation types and fuses of the 
correct rating and size.  


● Cameras shall be IP-based and comply with established network and video standards.


● Cameras shall be powered by the switch utilizing the network cable. Power injectors 
(midspans) shall be provided by the contractor when required for proper operation.


● Cameras shall be fully supported by an open and published API (Application 
Programmers Interface), which shall provide necessary information for integration of 
functionality into third party applications.


● Mount on backboards and in accordance with referenced standards and regulations in 
this and other sections of these specifications.  Structural channel may be used in 
special locations where specified on the Drawings or as directed by the CM/PM.


● Power supplies and transformers shall have all 120VAC terminals that have removable 
protective barrier from incidental contact, or provide Lexan guards to cover the exposed 
terminals. 


● Locks for all security enclosures and power supply enclosures are to be keyed alike. 


● Cameras shall comply with relevant ONVIF profile as defined by the ONVIF 
Organization.


● Provide locks and keys for all access control equipment enclosures and power 
supplies. 


● Cameras shall be based on open IP standards, connect to any kind of IP network, 
including the Internet, and enable remote viewing and recording from anywhere in the 
world.  They also shall provide advanced video analytics features, such as motion 
detection, event triggers, event actions and tampering alarm.


● Ensure that there is a clear working area of 30" width, or the width of the panel, 
whichever is greater, in front of and the full width of each enclosure to a height of at least 
6' above the finished floor.


● Security junction boxes shall be tampered as specified in the plan details only when 
located in accessible public areas.  Tamper not required if above the finished ceiling or is 
not accessible.


● Locks for all security enclosures and power supply enclosures are to be keyed alike. 
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● All outdoor and indoor cameras to include smoked domes.


● Outdoor PTZ Camera
● Basis of Design Product - Axis Q6155-E


● Indoor PTZ Camera - 


● Basis of Design Product - Axis M5065


● Outdoor Fixed
● Basis of Design Product - Axis P3227-LVE 


● Indoor Fixed


● Basis of Design Product - Axis P3227-LV


● Multi-head Indoor Fixed


● Multi-head Indoor - Basis of Design Product - Axis P3707-PE


● Multi-head Outdoor Fixed


● Multi-head Outdoor - Basis of Design Product - Axis P3717-PLE


● Additional Camera Equipment
● Acceptable Manufacturers:


● Axis Communications, Network Video Technologies, Altronix, Level one or 
approved equal


●  Additional Camera Equipment Description


●  All system wiring shall be plenum rated.
●  Wire gauge and shielding shall follow the manufacturer’s installation guidelines.


●  Video Management System Equipment Description - Server and Failover Server


● Acceptable Manufacturers:  DELL - No Substitutions
● PowerEdge R740XD - PowerEdge R740XD Server
● Motherboard - PowerEdge R740/R740XD Motherboard
● Trusted Platform Module - No Trusted Platform Module
● Chassis Configuration - Chassis with Up to 12 x 3.5” Hard Drives for 2CPU Configuration
● Shipping - PowerEdge R740XD Shipping
● Shipping Material - PowerEdge R740 Shipping Material
● RAID Configuration - C7, Unconfigured RAID for HDDs or SSDs (Mixed Drive Types Allowed)


● RAID/Internal Storage Controllers - PERC H740P RAID Controller, 8
GB NV Cache, Adapter, Low Profile
● Hard Drives - (8) 480GB SSD SATA Mix Use 6Gbps 512 2.5in 
Hot-plug AG Drive,3.5in HYB CARR, 
3 DWPD, 2628 TBW; 4TB 7.2K RPM NLSAS 12Gbps 512n 3.5in Hot-plug Hard Drive
● Operating System - No Operating System
● OS Media Kits - No Media Required
● Embedded Systems Management - iDRAC9,Enterprise
● Group Manager - iDRAC Group Manager, Disabled
● Password - iDRAC,Factory Generated Password
● PCIe Riser - Riser Config 1, 4 x8 slots


● If not included with camera, provide Power over Ethernet (PoE), Power over Ethernet 
Plus (PoE+) and High Power over Ethernet midspans.  Manufacturer of the midspan to 
be the same manufacturer as the camera.  Refer to camera specifications for correct 
type.


●  Cables penetrating floors and firewalls must be routed through a metallic sleeve and 


●  All wiring shall be concealed where possible. All exposed wiring shall be installed in a 
protective metallic housing such as conduit or Wiremold.


● Where Ethernet transmission cable lengths exceed 100 meters, which do not have an 
associated wireless bridge, will require an Ethernet extender or other transmission 
formats such as Fiber to Ethernet converter.


●  All wiring shall be installed in accordance with the National Electric Code (NEC) and 
the National Fire Protection Agency (NFPA).


● Unless otherwise specified, cameras are to utilize existing mounting means or mounts 
that are included with specified camera.


● Axis Communications, Network Video Technologies, Altronix, Level one or 
approved equal
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● Network Daughter Card - Broadcom 57416 Dual Port 10GbE BASE-T & 5720 
Dual Port 1GbE BASE-T, rNDC
● Shipping Information - US No Canada Ship Charge
● Dell Services: Hardware Support - Basic Next Business Day 36Months, 36 Month(s)


● Processor - Intel Xeon Silver 4215 2.5G, 8C/16T, 9.6GT/s, 11M Cache, T
Turbo, HT (85W) DDR4-2400
● Additional Processor - Intel® Xeon® Silver 4215 2.5G, 8C/16T, 9.6GT/s, 
11M Cache, Turbo, HT (85W) DDR4-2400
● Processor Thermal Configuration - 2 Standard Heatsinks for 125W or less CPUs
● Memory DIMM Type and Speed - 2666MT/s RDIMMs
● Memory Configuration Type - Performance Optimized
● Memory Capacity - (4) 8GB RDIMM, 2666MT/s, Single Rank - 6 Standard Fans for R740/740XD
● Power Supply - Dual, Hot-plug, Redundant Power Supply (1+1), 495W
● Power Cords - (2) C13 to C14, PDU Style, 12 AMP, 2 Feet (.6m) Power Cord, North America
● Bezel - No Bezel
● Quick Sync 2 (Wireless At-the-box mgmt) - No Quick Sync
● BIOS and Advanced System Configuration Settings - Performance BIOS Setting
● Advanced System Configurations - UEFI BIOS Boot Mode with GPT Partition
● Rack Rails - ReadyRails™ Static Rails for 2/4-post Racks
● System Documentation - No Systems Documentation, No OpenManage DVD Kit
● Deployment Services - No Installation
● Remote Consulting Services - Declined Remote Consulting Service
● Deployment Services - No Installation
● Remote Consulting Services - Declined Remote Consulting Service


●  Camera Poles
● Acceptable Manufacturers:  Valmont, or Battelle approved equal


● 25'-0" tall, 4 bolt anchor base, clear natural aluminum, model R-2240840606T4-
204


E EQUIPMENT AND FURNISHINGS


E10 EQUIPMENT 11 00 00
E1040 Institutional Equipment 11 50 00


●  Emergency Eye Wash/Shower Combination Unit 11 53 53


●  Barrier-free combination emergency shower, swing down eye/face wash with drain pan
●  Deck mounted eye wash unit with two outlet heads, swing arm AutoFlow actuated valve


●  Flammable Liquid Storage Cabinets
●  Comply with requirements of OSHA, NFPA 30, FM Global, and UL Standard 1275
●  Self-closing and self-latching doors; liquid-tight polyethylene pan at cabinet bottom;
    equip doors with fusible-link hold-open; lettering on cabinet: "Flammable Keep Fire Away" 
● Double door cabinets shall be provided with a coordinator to synchronize the self-closing doors.


 ●  Base cabinet type flammable liquid storage cabinets may be vented tothe chemical exhaust
    system.  The cabinet vent shall be taken from the lower cabinet vent opening and the vent pipe
    shall be steel pipe or flexible steel vent hose (not dryer duct). The vent shall be plumbed to the
    chemical exhaust system duct above the chemical fume hood. The top vent opening in the cabinet
    shall have a plug or cap installed in the vent opening. Free-standing flammable liquid storage
    cabinets do not require venting. However, if during space programming ventilation is determined to be 
    required for specific cabinets, provide a shut-off valve capable of automatic closure in the cabinet 
    vent pipe/duct.  The valve shall be normally open, spring-to-close, with a 135°F fusible link.
    Manufacturer: Jamesbury Figure 1075 emergency shutoff valve, or approved equal.


●  Compressed Gas Cylinder Cabinets  


●  12-gauge steel construction, lockable access panel, cylinder restraints, Exhaust air flow rate
equal to 200 ft/min face velocity at the access panel, with fire sprinkler connected to fire suppression
system, exhaust duct connection, hinged door(s) with neoprene gasket, suitable for toxic
and hazardous gases.  Sized for (3) gas cylinders.  Matheson 1170 series or approved equal.


●  Vacuum Pump Cabinets  
●  Cabinet with sound-deadening for operational vacuum pump; supply air slots in cabinet 
    base; gasket-tight, 2-inch dia. polypropylene tubing; duplex receptacle; non-locking door.
●  Sound-deadening materials shall have a UL listed FHC 25/50 and shall have a vinyl facing to 
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    prevent the material from absorbing oil.


●  Post-and-Shelf Stainless Steel Wire Shelving
●  Mobile Instrument Carts


● Mobile cart with 11 ga. tubular steel framework that holds bench top, shelving, casework
   & lattice rod assembly; can be configured as lower frame or full-height frame, single or 
   double design.  Adjustable bench top & shelving; 900-lb load capacity; lockable swiveling  


   casters; pre-wired power strip.  Chemical-resistant paint finish; plastic. laminate or epoxy top
●  Balance Tables 
●  Marble side & top slabs; tubular steel brace between side slabs; 4 rubber isolator pads


●  Gas Cylinder Restraint
●  Metal angle support with 1-inch adjustable safety strap and nickel-plated spring catch


●  Local Exhaust Vents
●  4-inch articulated snorkel; with aluminum tubing, polypropylene joints, acrylic plastic dome 


●  4-inch flexible duct; two-ply acrylic/polyester fabric, reinforced with carbon-steel wire
●  Laboratory Fume Hoods 11 5313


●  Variable Air Volume (VAV) Fume Hoods - Restricted Bypass
   ●  High performance type; provides containment with face velocity as low as 60 fpm;


    factory pre-piped and pre-wired


●  Double wall construction, consisting of steel outer shell and inner liner of 1/4-inch 
    thick chemical-and-heat resistant, glass fiber reinforced polyester resin panel


●  Vertical rising sash; bottom rail formed as pull; glazed w/ laminated safety glass
●  Rear baffle of same material as fume hood lining at rear of hood with openings at 


    top and bottom for airflow through hood
●  Exhaust plenum affords uniform airflow from hood; w/ duct stub exhaust connection
●  LED light fixtures; vaporproof, shielded with safety glass


●  Work top of epoxy resin; 1-inch thick; w/ raised edge to create dished surface
●  Base Cabinet:  Fabricated to match metal laboratory casework   
●  Water, laboratory gas, and electrical service fittings
●  Fume hood controls, airflow and sash alarms


●  Quality Assurance


●  Comply with SEFA 1, "Laboratory Fume Hoods - Recommended Practices."
● Testing agency qualified according to ASTM C 1077 and ASTM E 329, UL 1805 listed


●  Field Quality Control


●  Field test all installed fume hoods according to "Face Velocity Measurement Procedure"
    requirements in ASHRAE 110-2016.
●  Field test one fume hood for each type of hood installed according to the requirements of
    the "Flow Visualization Procedure" in ASHRAE 110-2016.
●  If fume hood(s) fail the performance requirements, adjust or replace hoods, adjust fans, HVAC
    system, and make other corrections necessary until tested hoods perform as specified and
    perform tests on additional hood(s) as directed by Battelle.
●  Airflow Visualization Testing: Battelle witnessed.


E20 FURNISHINGS 12 00 00
E2010 Fixed Furnishings


●  Metal Laboratory Casework 12 3553
●  Laboratory Casework System:  Includes fixed and mobile metal casework, wall cabinets,
     mobile carts, shelving, support & utility-space framing, filler and closure panels, 
    undercabinet lighting, sinks and work surfaces/countertops
●  Upper wall cabinets and wall shelving shall be installed on adjustable rails that allow for 
    user adjustability and component interchangeability


●  Fabricate casework from cold-rolled, commercial steel (CS) sheet; ASTM A 1008/A 1008M
    Use precision dies for interchangeability of like-size drawers, doors, and similar parts.  
    Assemble units on precision jigs.  Reinforce units w/ angles, gussets, and channels.  
    Integrally frame and weld cabinet bodies to form dirt- and vermin-resistant enclosures.
●  Hardware:  Butt hinges, full-extension drawer slides, pulls, catches, and locks 
●  Epoxy resin countertops, 1-inch thick
●  Stainless steel countertops, 18 ga. type 304
●  Epoxy resin sinks, 1-inch thick; w/ marine edge; bonded to countertop, with invisible joint
●  Stainless steel sinks, integral with countertop, marine edge 
●  Utility-Space Framing:  Two steel slotted channels, 1-5/8 inches square by 0.105-inch 
    thick, connected at top and bottom by U-shaped brackets made from 1-1/4-by-1/4-inch 
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    steel flat bars or made by welding channel material into rectangular frames
●  Undercabinet Task-Lights:  LED strip fixtures with switch, heavy-duty cord
     and plug; baked enamel finish; virgin acrylic diffusers


●  Water, laboratory gas, and electrical service fittings
●  Satin nickel finish with clear epoxy coating
●  Standard and fine control needle valves; ball valves


●  Overhead service carriers and umbilical's containing power and gas utilities
●  Quality Assurance


●  Comply with SEFA 8, "Laboratory Casework, Furniture, Shelving and Tables - 
     Recommended Practices"


G10 SITE PREPARATION
G1010 Site Clearing 31 10 00


●  Clearing and grubbing; stripping and stockpiling topsoil
●  Protecting existing vegetation to remain


●  Disconnecting, capping or sealing, and removing site utilities


G20 SITE IMPROVEMENTS
G2020 Parking Lots


●  Asphalt Paving 32 12 16
●  Hot-mix asphalt paving for parking lots and roadways


●  Coarse Aggregate:  ASTM D 692/D 692M
●  Fine Aggregate: ASTM D 1073 
●  Asphalt Binder:  AASHTO M 320, PG 58-28 
●  Tack Coat:  ASTM D 977 or AASHTO M 140 emulsified asphalt
●  Asphalt Plant Mix: Dense-graded, hot-laid, asphalt mix approved by state DOT


●  Quality Assurance


●  Regulatory Requirements:  Comply with materials, workmanship, and other 
    applicable requirements of state DOT
● Testing agency qualified according to ASTM C 1077 and ASTM E 329


●  Testing:  D/B contracted; test thickness, surface smoothness, in-place density   


G2030 Pedestrian Plazas and Walkways
●  Pedestrian Pavement: Standard paving and decorative paving 32 13 13


●  Form Materials:  Plywood, metal, metal-framed plywood,
●  Plain-Steel Welded Wire Reinforcement:  ASTM A 185/A 185M,
●  Portland Cement:  ASTM C 150, gray portland cement Type I/II
●  Fly Ash:  ASTM C 618, Class C or Class F
●  Normal-Weight Aggregates:  ASTM C 33, Class 4S
●  Color Pigment:  ASTM C 979, synthetic mineral-oxide pigments; color stable,


    free of carbon black, nonfading, resistant to lime and other alkalis
●  Evaporation retarder; curing compound


●  3000 psi compressive strength


●  Ready-Mixed Concrete:  Measure, batch, mix concrete materials per ASTM C 94/C 94M
●  Quality Assurance


●  Concrete Ready-Mix Manufacturer Qualifications:  A firm that complies with  
   ASTM C 94/C 94M requirements


G2080 Landscaping
●  Turf and Grasses 32 92 00
●  Seeding of grass
●  Wildflower and native grass seeding
●  Commercial fertilizer
●  Straw mulch
●  Quality Assurance


●  Certification of Grass Seed: From seed vendor for grass-seed mixture  
●  Installer Qualifications:  Not less than 10 years' experience in turf installation


●  Maintenance Service for Seeding of Grasses and Wildflowers:  Maintenance by 
    skilled employees of landscape Installer for 12 months following planting completion


G SITEWORK
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●  Plants 32 93 00
●  Planting of trees and shrubs
●  Organic mulch and mineral mulch
●  Tree stabilization materials
●  Landscaping edging, aluminum
●  Quality Assurance


●  Provide variety of plants indicated, complying with requirements in ANSI Z60.1
●  Installer Qualifications:  Not less than 10 years' experience in tree and 
    shrub installation


●  Maintenance Service for Trees and Shrubs:  Maintenance by skilled employees 
    of landscape Installer for 12 months following planting completion


G40 ELECTRICAL SITE IMPROVEMENTS
●  LED Parking Lighting. Match Campus Standard


G4010 Site Electric Distribution Systems
●  Extend utility 12kV system to building in steel reinforced concrete duct bank 33 71 73
    with 20% spare raceways.
●  Coordinate utility step down pad mount utility service transformer w/ copper windings 33 73 00


● Transformer oil to be bio degradable where utility allows


G4050 Site Lighting 26 56 29
●  Dark Sky rated fixtures with light pollution control 26 56 23


G50 SITE COMMUNICATIONS
G5010 Site Communications Systems 33 80 00


●  Extend Battelle's low voltage system to building in steel reinforced concrete duct bank  33 71 73
    duct bank with 20% spare raceways.


● 4-inch Conduits:1 data, 1 telco,  Each conduit is to be equipped with 3 inch 3 -cell Maxcell innerduct


Z GENERAL


Z10 GENERAL REQUIREMENTS
Z1090 Life Cycle Activities
Z1090.10 Commissioning (Cx) 01 91 00


●  The Commissioning Authority is the Battelle AHJ.
●  A Commissioning Agent (CxA) will be retained by Battelle under a contract separate from the


Design/Build Contract.
●  Design/Build Contractor commissioning responsibilities:


● Designate representatives from the design disciplines and subcontractors as applicable
to participate on the commissioning team and attend Cx meetings during both design


and construction phases. Meetings and Cx Activities will be scheduled and
managed by Battelle's contracted CxA.
● Integrate Cx activities into the project schedule.
● Furnish copies of design progress submittals and final design to CxA for review.
● Include cost of coordinating with CxA in contract price, including all sub-contractors.
● Ensure that design team representatives, all sub-contractors and equipment suppliers 
execute applicable CxA activities.


● HVAC Designer responsibilities: Include detailed commissioning instructions
in the construction documents for HVAC systems per ASHRAE 90.1 and ASHRAE
Guideline 1.1.
● Sub-contractor responsibilities: Perform Cx tests at the direction of the CxA,


attend Cx team meetings, attend construction phase DDC controls 
coordination meeting, attend testing/adjusting/balancing review and coordination
meeting, review and accept construction checklists provided by CxA, complete
construction checklists as work is completed and submit to CxA, complete
Cx test procedures provided by CxA, participate in CxA-directed inspections
of mechanical systems and equipment, provide information requested by CxA
for verification of CxA activities and for completion of final Cx documentation,
provide instruments and data logging devices to record test data as requested
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by the CxA.
● Equipment supplier responsibilities: Provide all requested submittal data,


including start-up procedures and Battelle's responsibilities under Warranty
agreements, assist in equipment testing per agreements with sub-contractors,
provide information requested by the CxA regarding sequences of operation
and testing requirements.


● Coordinate training of Battelle's personnel.
● Prepare O&M manuals.
● Participate in development of functional performance test procedures, provide qualified
representatives for start-up testing and functional performance testing.
● Review and comment on CxA's Commissioning Plan.
● Correct or otherwise resolve deficiencies of systems, construction or performance 
identified during Cx and testing activities.
● At least 1 month prior end of Warranty, participate in on-site meeting with Battelle, CxA,
design representative(s), and appropriate subcontractors to identify operational and
warranty issues.  Investigate, test and resolve the issues identified prior to the end
of the warranty period.
● Systems to be commissioned: 


● HVAC system, equipment and components
● Hydronic heating, cooling and process cooling systems
● Potable and Process Hot water systems
● Laboratory piping systems (compressed air, vacuum)
● Laboratory high purity water systems 
● Facility Management Control System (FMCS)
● Lighting control system
● Electrical metering
● Standby generator and transfer switch


END OF UNIFORMAT SPECIFICATIONS
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APPENDIX H 


POWER SYSTEM STUDY 


BATTELLE SPECIFICATION 


PART 1 GENERAL 


1.1 SCOPE 


A. Provide power system study including short-circuit study, equipment evaluation study, protective device 
coordination study, arc flash analysis as specified in this specification and per the contractual 
requirements. 


B. Provide an arc flash analysis study per the requirements set forth in NFPA 70E, “Standard for Electrical 
Safety in the Workplace”. The arc flash hazard analysis shall be performed in accordance with IEEE 
Standard 1584 equations that are referenced in NFPA 70E, as applicable. 


C. The scope of the studies shall include analysis for distribution and utilization equipment, unless otherwise 
noted. 
 


1.2 REFERENCES 


A. Institute of Electrical and Electronics Engineers, Inc. (IEEE) 


1. IEEE 141 – Recommended Practice for Electric Power Distribution and Coordination of Industrial and 
Commercial Power Systems 


2. IEEE 242 – Recommended Practice for Protection and Coordination of Industrial and Commercial 
Power Systems 


3. IEEE 399 – Recommended Practice for Industrial and Commercial Power System Analysis 


4. IEEE 241 – Recommended Practice for Electric Power Systems in Commercial Buildings 


5. IEEE 1015 – Recommended Practice for Applying Low-Voltage Circuit Breakers Used in Industrial 
and Commercial Power Systems. 


6. IEEE 1584 -2018 edition - Guide for Performing Arc-Flash Hazard Calculations 
 


B. American National Standards Institute (ANSI) 


1. ANSI C57.12.00 – Standard General Requirements for Liquid-Immersed Distribution, Power, and 
Regulating Transformers 


2. ANSI C37.13 – Standard for Low Voltage AC Power Circuit Breakers Used in Enclosures 


3. ANSI C37.010 – Standard Application Guide for AC High Voltage Circuit Breakers Rated on a 
Symmetrical Current Basis 


4. ANSI C 37.41 – Standard Design Tests for High Voltage Fuses, Distribution Enclosed Single-Pole Air 
Switches, Fuse Disconnecting Switches and Accessories. 


 


C. The National Fire Protection Association (NFPA) 


1.  NFPA 70 - National Electrical Code, latest edition 


2. NFPA 70E – 2015 edition - Standard for Electrical Safety in the Workplace 
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1.3 SUBMITTALS FOR REVIEW/APPROVAL 


A. Submittals shall be reviewed by the design engineer of record for compliance with contract documents 
prior to submitting for Battelle review. 


B. Submit resume for Professional Engineer including evidence of qualifications detailed in qualifications 
section. 


C. Submit power system study report for 50% and 95% review. Engineering changes during construction 
shall be incorporated and Battelle comments resolved prior to final report. 


D. The results of the power system study submitted for review and approval shall include a copy of the SKM 
backup electronic database including SKM project and library files and folders submitted electronically to 
facilitate Battelle’s review process. Field adjustment photos shall be included in this electronic submittal. 
 


1.4 QUALIFICATIONS 


A. The short-circuit, equipment evaluation, protective device coordination and arc flash hazard analysis 
studies shall be conducted under the supervision and approval of a licensed professional electrical engineer 
skilled in performing and interpreting the power system study results.  The report shall have a calculation 
checker and include the signature and stamp of the licensed professional engineer from State of 
Washington. 


B. The professional electrical engineer shall be a full-time employee of the engineering firm performing the 
calculations.  


C. The professional electrical engineer shall have a minimum of five (5) years of experience in performing 
power system studies and minimum of one year using SKM PTW software.  


 


1.5 COMPUTER ANALYSIS SOFTWARE 


A. Perform using the latest version of the SKM System Analysis Power*Tools for Windows (PTW) software 
program. The version of the software used and license number shall be clearly listed in the final report. 
 


PART 2 PRODUCT 


2.1 POWER SYSTEM STUDIES 


A. Engineering firm shall furnish the final short-circuit, equipment evaluation, protective device coordination, 
and the arc flash studies as specified in this specification.  
 


2.2 DATA COLLECTION 


A. Engineering firm is responsible for the data collection. 


B. Discrepancies in the field data versus the engineering drawings found shall be resolved prior to submitting 
the final report. 
 


2.3 SHORT-CIRCUIT AND EQUIPMENT EVALUATION STUDY 
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A.  For utility contribution assume infinite bus for short circuit current and equipment evaluation. For arc 
flash evaluations create a scenario using 50% of the maximum secondary fault current of the utility 
transformer. Use the worst case for the arc flash incident energy.  


B. Use the actual conductor impedances if they are known. If SKM library models are not available from the 
manufacturer, use typical conductor impedances based on the data available per IEEE Standard 141 within 
the SKM library. 


C. Transformer typical impedances shall be used when nameplate impedances are not yet available. Once 
these impedances are known update model prior to final report. 


D. Motors shall be modeled in SKM. For motors larger than 5 horsepower use actual nameplate data when 
available. Motors fed from VFDs shall have the VFD modeled with no bypass option selected. 


E. Generators and other short circuit contributing sources (i.e. capacitors, fuel cells, PV arrays) shall be 
modeled in the short circuit study. For buses that have the ability to dual feed from alternate and normal 
power, the greatest short circuit current source shall be used for the short circuit study.  


F. The following shall be provided in the final study: 


1. Executive Summary 


2. Purpose, assumptions, scope of the study, and conclusions 


3. Tabulations of circuit breaker, fuse, and other protective devices ratings versus calculated short circuit 
results as part of equipment evaluation study 


4. System Input Data (e.g., cable size and lengths, transformer size, impedance values etc.) 


5. Protective device TCC coordination graphs shall include the one-line portion related to the study, data 
blocks and labels for fuses, relays, and circuit breaker trip settings 


6. Fault current calculation results including a definition of terms and guide for interpretation of the 
computer printout 


7. Tabulation of the incident energy and arc flash protection boundary calculations 


8. SKM software supplied main electrical One-line diagram.  This One-line diagram shall match and 
utilize the Asset Numbers assigned by Battelle.  “Feeder to equipment X” or other SKM device labels 
may only be used where asset numbers are not specifically identified.  This asset number information 
shall be used as for the protective device and included on the Arc Flash labels that are printed from the 
SKM software.    


9. A list of the project electrical One-line drawings with their revision number as well as any other project 
electrical data/information in the reference section of the report or as an attachment. 


10. Results, conclusions and recommendations. 
 


G. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault at each: 


1. Point of demarcation 


2. Incoming service equipment 


3. Low voltage switchgear/switchboard 


4. Motor control centers 


5. Generators and automatic transfer switches, if applicable 


6. Branch circuit and power panelboards 


7. Utilization equipment with integral disconnect switch 
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8. Safety disconnect switches, stand-alone breakers and combination motor starters 


9. Variable frequency drives (VFDs) 


10. Other significant locations throughout the system as identified on the drawings 
 


H. Equipment Evaluation 


1. Evaluate equipment and protective devices rating and compare to short circuit study results 


2. Determine and report adequacy of equipment to withstand the calculated short-circuit current 


3. Series rating for equipment SCCR shall not be used 


4. Equipment with available fault current exceeding 90% of equipment SCCR shall be resized by design 
engineer to next standard SCCR per contract performance specification requirements. 
 


2.4 PROTECTIVE DEVICE COORDINATION STUDY 


A. Include on each TCC graph, a complete title and one-line diagram with legend identifying the specific 
portion of the system covered. 


B. Identify the device associated with each curve by manufacturers’ type, function, model and applicable 
breaker settings (i.e. Plug, L, S, I ,G). 


C. The protective devices’ labels shall be shown on project electrical One-line diagrams as well as the data 
block for each device on TCC plots. 


D. Plot the following characteristics on the TCC graphs, where applicable: 


1. Electric utility’s overcurrent protective device 


2. Medium voltage equipment overcurrent protective relays 


3. Medium and low voltage fuses including manufacturer’s minimum melt, total clearing, tolerance, and 
damage bands 


4. Low voltage equipment circuit breaker trip devices, including manufacturer’s tolerance bands 


5. Transformer magnetizing inrush current, and ANSI through-fault protection curves 


6. Conductor damage curves being protected 


7. Ground fault protective devices, as applicable 


8. Pertinent motor starting characteristics and motor damage points, where applicable 


9. Pertinent generator short-circuit decrement curve and generator damage point, if available 
 


E. To the greatest extent feasible, provide adequate time margins between device characteristics such that 
selective coordination is maintained while providing adequate arc flash protection. 


F. For arc fault current, when feasible, breakers settings shall be adjusted to mitigate faults without using the 
thermal or Long-Time Pick-Up portions of the breaker characteristic. 


G. The coordination study shall include the tabulation of the final settings of the protective devices. 
 


2.5 ARC FLASH HAZARD ANALYSIS 
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A. The arc flash hazard analysis shall be performed according to PPE levels and decision points of the edition 
identified in this document of NFPA70E, using the edition identified in this document for IEEE 1584 
equations and methods for calculating Arc Flash Energies and Arc Flash Boundaries. 


B. Units of measurement for the Arc Flash Hazard Analysis shall be inches and cal/cm^2. 


C. The flash protection boundary and the incident energy shall be calculated at significant locations in the 
electrical distribution system where electrical work could be performed on potentially energized equipment 
(i.e. Breaker cycling at Panels or voltage testing at safety disconnect switches). Public Utility equipment 
outside of the point of demarcation shall not be modeled for arc flash calculations and labels. Transformers 
and other nodal buses used to model the data shall be excluded from the arc flash label requirements.  


D. Safe working distances shall be based upon the calculated arc flash boundary considering an incident 
energy of 1.2 Cal/cm2. 


E. Single phase buses at 480V or greater shall be modeled as 3-phase for purposes of conservative arc flash 
incident energy calculation. 


F. When appropriate, the short circuit calculations and the clearing times of the phase overcurrent devices 
shall be retrieved from the short-circuit and coordination study model. Ground overcurrent relays shall not 
be taken into consideration when determining the clearing time for incident energy calculations. 


G. The short-circuit calculations and the corresponding incident energy calculations for multiple system 
scenarios (depending on the system configuration) shall be performed (e.g. system fed by normal power or 
fed from other alternative sources of power such as a generator. SWGR or SWBD breakers equipped with 
energy reducing maintenance switch with “ON” and “OFF” positions shall be modeled to determine the 
available incident energy with and without the switch in ON position. The arc flash incident energy labels 
shall be prepared based on the worst-case scenario. For energy reducing maintenance switch an arc flash 
label shall be located next to switch. 


H. The incident energy calculations shall consider the accumulation of energy over time when performing arc 
flash calculations on buses with multiple sources. Iterative calculations shall take into account the 
changing current contributions, as the sources are interrupted or decremented with time. Fault contribution 
from motors and generators shall be decremented as follows:  


1. Fault contribution from induction motors shall be considered for 6 cycles 


2. Fault contribution from synchronous motors and generators shall be reduced to 300% of 
Generator/Synchronous motor rated current after 10 cycles.  This fault contribution reduction shall be 
applied to generators/synchronous motors for calculation of the accumulated incident energy 


I. The “Report Option” of the SKM Arc Flash module shall include analysis for “Bus + protective device 
line side” 


J. When performing incident energy calculations, the line side contributions must be included in the analysis 
and the Main device (not the Last Trip Device) shall be reported on the arc flash Labels and the arc flash 
table. 


K. For protective devices where mis-coordination is known, the study shall utilize the fastest series protective 
device clearing time to compute the incident energy or corresponding location. 


L. Arc Flash calculations shall be based on the actual overcurrent protective device clearing time to a max 
calculation run time of 1000 seconds. 
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2.6 REPORT SECTIONS 


A. Input data presented shall include the following: 


1. Feeder input data including feeder type (cable or bus), size, length, number per phase, conduit type 
(magnetic or non-magnetic) and conductor material (copper or aluminum) 


2. Transformer input data, including winding connections, secondary neutral-ground connection, primary 
and secondary voltage ratings, kVA rating and impedance 


3. Reactor data, including voltage rating and impedance if applicable 


4. Generation contribution data, (synchronous generators and Utility), including short-circuit reactance 
(X”d), rated MVA, rated voltage, three-phase and single line-ground contribution (for Utility sources) 
and X/R ratio 


5. Motor contribution data (induction motors and synchronous motors), including short-circuit reactance, 
rated horsepower or kVA, rated voltage, and X/R ratio 


Note:  The SKM Report titled 30char – Dapper Fault Analysis Input Report (English).rpt suffices to 
contain information listed above. 


 


B. Short-Circuit Output Data shall include the following reports: 
 


1. The short Circuit Report shall include a section for three-phase and unbalanced fault calculations and 
shall show the following information for each applicable location: 


a. Bus Voltage 


b. Calculated 3 phase fault current magnitude  


c. 3 phase asymmetrical amps in 1/2, 3, 5, and 8 cycles 


d. Fault point 3 phase X/R ratio 


e. Single line to ground amps 
 


Note:  The SKM Report titled 30char – Dapper Fault Contribution Report suffices to contain 
information listed above. 
 


C. Coordination and Protective Device Settings 


1. Phase and Ground Relays 


a. Current setting 


b. Time setting 


c. Instantaneous setting 


 


2. Circuit Breakers 


a. Adjustable pickups and time delay settings (long time, short time, ground) 


b. Adjustable time-current characteristic 


c. Adjustable instantaneous pickup 
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3. The following SKM Reports in the TCC Folder, when collated, suffice to contain the information listed 
above. 


a. Fuses/High Voltage/30char – High Voltage Fuses.rpt 


b. Fuses/Low Voltage/30char – Low Voltage Fuses.rpt 


c. Low Voltage Breakers/Ground Fault/30char – Ground Fault.rpt 


d. Low Voltage Breakers/Power Circuit/30char – Power Circuit.rpt 


e. Low Voltage Breakers/Static Trip/30char – LVStatic Trip_Multi_Functions.rpt 


f. Low Voltage Breakers/Static Trip/30char – LVStatic Trip_Single_Function_Phase+Ground.rpt 


g. Low Voltage Breakers/Thermal Magnetic Molded Case/30char – Thermal Magnetic Molded 
Case.rpt 


h. Low Voltage Breakers/Thermal Magnetic Molded Case/30char – Thermal 
Mag_Multi_Functions.rpt 


i. Motor-Gen Protection/Motor Circuit Protector/30char – Motor Circuit Protector.rpt 
 


D. Arc flash incident energy and arc flash protection boundary calculations 


1. Arc flash calculations shall have a tabulated data containing the following information: 


a. Bus Name 


b. Bus and protective device bolted fault value 


c. Protective device arcing fault magnitude 


d. Protective device clearing time 


e. Equipment type 


f. Conductor gaps 


g. Arc flash boundary 


h. Working distance 


i. Incident energy 


j. PPE Level 
 


2. The SKM Standard Arc Flash Evaluation Table, contains the information listed above. 


3. For breakers, fuses, or protective devices which do not mitigate Arc Flash energies to below 
20cal/cm^2, an analysis commentary shall discuss why the protective function was not able to be 
designed or adjusted in trip settings in order to mitigate the Arc Flash energies with faster clearing 
time. 
 


PART 3 EXECUTION 


3.1 FIELD ADJUSTMENT 
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A. Adjust protective devices according to the power system study. Take pictures of protective devices with 
the settings visible with the panel and breaker panel location for record keeping and verification of settings 
by Battelle. Notify Battelle prior to breakers being adjusted for Battelle to witness if desired.  
 


3.2 ARC FLASH WARNING LABELS 


A.  Arc flash labels shall be of the style and content in SKM H2/H3 Sample Avery, with additional 
information as listed in part D and sample labels formatted in a 2x3 matrix on 8.5x11” sheets.  


B. Provide 3.75 inch (W) X 3.0 inch (H) size colored labels of high adhesion polyester type for each work 
location analyzed (see the attached sample label). Labels for outdoor locations shall be UV resistant. 


C. Labels shall be based on overcurrent device settings and shall contain as-built system changes, upgrades, 
or modifications that have been incorporated in the system and the results of the analysis have been 
reviewed by Battelle. 


D. Labels shall include the following information and match the format provided (see the attached sample 
labels): 


1. Warning/Danger pictogram  


2. Protective device ID 


3. Nominal voltage 


4. Flash protection boundary in inches 


5. Incident energy in cal/cm2 


6. Working distance in inches 


7. PPE Level 


8. Limited and Restricted Approach Boundary distances in inches 


9. The building Location 


10. Tentative date of the analysis 


11. Name of the company performing the analysis 


12. Available Fault Current 
 


E. Labels shall be machine printed with no field/hand markings. 


F. Labels shall be applied in the field. 
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SAMPLE LABELS 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Appendix J J.1


Appendix J –Equipment on Standby 


 Preliminary List of Equipment on Standby and UPS Standby







Description


Standby or 


UPS Standby Unit Qty


Facility Boilers (See performance specification) Standby 4


Facility HHW Pump (See performance specification) Standby 1


Facility PCW Pump (See performance specification) Standby 1


Facility CW Pump (See performance specification) Standby 1


Facility Exhaust Fan (See performance specification) Standby 1


Facility Pre-Heat Pump (See performance specification) Standby 1


Facility Safety Systems (See performance specification) UPS Standby


Facility FMCS (See performance specification) UPS Standby


Facility IT Room (See performance specification) Standby


Landt Cycler (40 Landt Cyclers @ 30W each) UPS Standby 40


Test Chamber (6 Test Chambers, 115V, 4A) UPS Standby 6


Arbin Cycler (4 Arbin Cyclers, 208V, 3 phase, 15A figured at 80%) UPS Standby 4


Test Chamber (4 Test Chambers, 115V, 4A) UPS Standby 4


Landt Cycler (40 Landt Cyclers @ 30W each) UPS Standby 40


Arbin Cycler (2 Arbin Cyclers, 110V, 20A figured at 80%) UPS Standby 2


Test Chamber (4 Test Chambers, 115V, 4A) UPS Standby 4


CSZ Chamber (2 CSZ Chambers, 208V, 3 phase, 30A figured at 80%) UPS Standby 2


Landt Cycler (60 Landt Cyclers @ 30W each) UPS Standby 60


Test Chamber (8 Test Chambers, 115V, 4A) UPS Standby 8


Tenney Chamber (3 Tenney Chambers, 115V, 16A) UPS Standby 3


Landt Cycler (10 Landt Cyclers @ 30W each) UPS Standby 10


ASC Chamber (1 Test Chambers, 208V, 3 phase, 22FLA) UPS Standby 1


Landt Cycler (25 Landt Cyclers @ 30W each) UPS Standby 25


Arbin Cycler (1 Arbin Cycler, 208V, 3 phase, 15A figured at 80%) UPS Standby 1


CSZ Chamber (1 CSZ Chamber, 208V, 3 Phase, guess at 30A, Figured at 80%) UPS Standby 1


TEM Spectra 300 (Per manual - 230v, 3 phase, Miscroscope including accessories loaded = 13kW) UPS Standby 1


Chiller (Per manual - 230V, 1 phase, 21.5 MCA) UPS Standby 1


TEM Helios Hydra (Per manual - 230v, 1 phase, Max of 3450VA) UPS Standby 1


Compressor (Per manual - 230V, 1 phase, 15A Circuit, no FLA information) UPS Standby 1


Chiller (Per manual - 230V, 1 phase, 15A Circuit, no FLA information) UPS Standby 1


ThermoCube (Per manual - 120V, 15A Circuit, no FLA information, figured at 80%) UPS Standby 1


De-Humidification (480v, 3-phase, 148.9 FLA) Standby 1


Controls (Guessed 120V, 2 amps) UPS Standby 1


De-Humidification (480v, 3-phase, 74.7 FLA) Standby 1


Controls (Guessed 120V, 2 amps) UPS Standby 1


Arbin Cycler (4 Arbin Cyclers, 208V, 3 Phase, 50A, Guessed model ZH-8-1-1-H-AC, 26FLA) UPS Standby 4


CSZ Chambers (4 CSZ Chambers, 208V, 3 Phase, 30A figured at 80%) UPS Standby 4


Arbin Cycler (1 Arbin Cyclers, 208V, 3 Phase, 50A, Guessed model Z/ZH-32-2-2-F/AC, 39FLA) UPS Standby 1


CSZ Chambers (1 CSZ Chambers, 208V, 3 Phase, Guess 30A figured at 80%) UPS Standby 1


Vented Hood (3 Guessed, 120V, 4A) UPS Standby 3


Facility Exhaust Fans for chambers (See performance specification, estimated 1 fan per chamber) Standby 6


NMR Bruker  (Per Manual - Unknown - several models, used one with most power consumption - 5kW) UPS Standby 1


X-Ray Generator (Per manual - 200VAC, 3 phase 12.5A, 4500VA) UPS Standby 1


Ultra 800 (Per manual - 208V, 1 phase, 15A, 3600VA) UPS Standby 1


X-Ray Chiller (Per manual - 208v, 1 phase, 12.5A, 3600VA) UPS Standby 1


Misc computer etc (Per manual - 420VA) UPS Standby 1
NMR Bruker (XPS,XRD,EPR)  (Per Manual - 208V, 3 phase 50 amp, power consumption 15.6kW, Total power 


consumption 20.4kW) UPS Standby 1


GSL Conceptual Design - Equipment on Standby and UPS Standby
(Conceptual estimate of facility and research equipment on standby and UPS standby power system. The design build team is responsible for having conversations to 


determine equipment electrical specifications and installation requrements)


Quiet Suite 1


Quiet Suite 2


Dry Room 1 Larger


Dry Room 2 Smaller


Zeiss


Standard Test Suite


From PSL Lab 324


From PSL Lab 522A


From PSL Lab 605


Vented Hood Area


From PSL Lab 609


From PSL Lab 1512


From PSL Lab 304


T&V Area 1 


T&V Area 2


NMR


Analytical Lab


CSZ 8 Area


CSZ 32 Area
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PNNL – COVID-19 On-site Contractor Clause 


PNNL Onsite Work: Effective March 25, 2020, any work being performed on the Pacific Northwest 
National Laboratory's premises ("on-site work") under the subject contract must be approved in writing 
by the Battelle Contracts Representative (BCR) in advance of the on-site work being started. Without the 
advance approval of the Battelle Contracts Representative for any such on-site work, any invoiced costs 
related to such work will not be paid. BCR Approval Letter will be provided with the award of the subject 
contract. 


 








PNNL COVID-19 Subcontractor Requirements 


Page 1 
Rev. 4 (2/22/21) 


Please be assured the health and safety of our collective personnel is our top priority as we continue to 
monitor the evolving situation.  It is of paramount importance that you follow all requirements referenced 
to prevent the spread of COVID-19 as these key controls will support our ability to maintain a healthy 
workforce.  Battelle appreciates your cooperation in observing these critical safety measures during this 
time. 


Performing Daily Self-Checks 


As part of the requirements for accessing PNNL premises and facilities, each subcontractor 
representative performing work that day will be required to perform a daily self-check.  Each 
subcontractor representative should ask themselves: 


In the past 14 days, have I experienced any of the following? 


 A fever of 100.4F (or higher) or a sense of being feverish 
 New on-set of excessive or prolonged fatigue 
 A new deep or persistent cough (either dry or productive of phlegm) 
 Sore throat 
 Runny or stuffy nose  
 Difficulty breathing (feeling winded or struggling to draw in a full breath) 
 Sudden or noticeable loss of taste or smell 
 New onset of nausea, vomiting, or diarrhea 
 A positive COVID-19 test result 
 Waiting for COVID-19 test results 
 A household member or close contact1 tested positive for COVID-19 within the past 14 days 
 An ill or symptomatic household member or close contact is awaiting test results for 


COVID-19. 


 Each day, prior to accessing the premises and facilities, if the answer is “yes” to any of the questions 
above, the subcontractor representative is not allowed to access the PNNL premises and facilities.   


 Daily self-checks can be recorded using one of the following options: 


1. Technical Oversight Representative (TOR), Construction Manager (CM) or Supervisor 
documented pre job briefing. 


2. If the subcontractor representative has a PNNL network ID and email address, the 
subcontractor representative may complete an online daily self-check. 


3. Maintain a paper log.  A log can take many formats, as long as the subcontractor documents 
the date, and certifies that its subcontractor representatives have completed the self-check 
every day they access PNNL premises or facilities. 


  


 
1 Close contact is defined by the guidance provided by the Washington State Department of Health. 
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PNNL COVID-19 Enhanced Safety Measures for Subcontractors 


Please follow these requirements when onsite at PNNL: 


Description 


 Daily, verify employees have performed their self-check before they report to work. 


 Complete PNNL issued non-staff (vendor/subcontractor) Enhanced Safety Measures During 
COVID-19 training. 


 Stay home or leave work if you develop, or suspect you are developing, symptoms. 


 Maintain a minimum of 6 feet of distance between you and others; or 


 If you must work within 6 feet of anyone, additional work practices must be developed and 
approved by PNNL (such as permanent or temporary barriers, eye coverings, etc.). 


 Face coverings must be worn by everyone on all PNNL premises and in PNNL facilities (e.g. 
PNNL managed buildings, leased spaces, job trailers located on federal property, etc.). 


NOTE 1: Face coverings are not required when working alone in an office with the door closed, 
or when alone in a vehicle. When eating/drinking, face coverings may be temporarily removed 
only when at a distance greater than six feet from other individuals. 


Face coverings shall also be worn when working on any site on PNNL premises or facilities 
when the site is posted as a construction area; except when outside greater than 6 feet apart 
from other individuals. Other exceptions, which must be approved by PNNL, could include 
working alone with no chance of human interaction (e.g. equipment operator). 


 More information on an approved face covering (nose and mouth) can be found on the 
Washington State Department of Health (WDOH) website: 
(https://www.doh.wa.gov/Emergencies/COVID19). Under normal circumstances, PNNL 
subcontractors coming onsite are not allowed to wear anything that conceals their 
identities (e.g., Halloween masks, ski masks, etc.).  In light of the WDOH’s 
recommendation for individuals to wear face coverings, PNNL’s policy is not to obscure 
one’s face has been relaxed with the caveat that if requested or required by PNNL staff 
member or Security Officer for a badge check, the individual will temporarily remove 
their face covering for verification of identity following social distancing practices. 


NOTE 2: Face shields and face coverings with an exhalation valve are not approved for use on 
the PNNL premises, within PNNL managed or leased facilities, or within facilities on federal 
property. 


 Wear eye coverings when working onsite to protect your eyes from aerosols potentially 
generated by a cough or sneeze when working with another person for short durations (less 
than 10 minutes total in a 24-hour period) who is less than six feet away. Working within six 
feet of another person for longer time periods requires additional review and approval 
(intermittent passing [hallway] is excluded from this requirement). Assure that safety glasses 
meet the safety requirements previously evaluated for the task, as prescribed in Acceptable 
Personnel Level (APL) postings, work planning and control documents, and other postings. 
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Description 


 Follow proper respiratory etiquette. Cough or sneeze into your sleeve, a tissue or cloth, or step 
out of the presence of others. In all cases cover your mouth and nose regardless of location. 
Immediately dispose of tissues in a regular trash receptacle. 


 Wash your hands frequently with soap and water for 20 to 30 seconds. If soap and water are 
not available use an alcohol-based hand sanitizer. 


 Avoid touching your eyes, nose, and mouth, with unwashed hands. 


 Avoid touching common surfaces, if possible (e.g., open doors with your hip or forearm to 
engage the push bar or automatic door opener). 


 Routinely clean and disinfect frequently touched surfaces during and prior to leaving your 
workspace.  Clean shared equipment touch points before and after use. 


 Keep personal equipment and food out of common spaces. If you used these spaces or items, 
clean and disinfect the space or item before and after use, then wash your hands. 


 Only one person to a vehicle at a time.  PNNL must approve more than one person traveling in 
a vehicle at a time.  When an exception is approved, and more than one person shares a 
vehicle: 


 Face coverings are required 


 Utilize separate seat rows if available 


 Wipe down routinely touched surfaces, before and after use of the vehicle 


 Do not eat or drink 


 Do not place the vehicle’s ventilation in recirculation mode 


 Minimize the time with more than one person in the vehicle (do not make additional 
stops, go directly from point A to point B). 


 Limit the number of in-person meetings and do not gather in groups of 10 or more. 


 Read and abide by all postings, including additional COVID-19 related postings. 


 APL are not applicable once a laboratory space, workspace, shop area or mechanical area has 
been designated as a construction area.  Common areas (lab, shops or mechanical areas) 
may require barriers if open air spaces are shared with PNNL staff.  APL signs should be 
flipped over or covered once the subcontractor occupies the space. 


Note: For areas not considered part of the construction area, you are expected to follow all 
posted APLs and additional controls.  If an area is not posted, the APL is assumed to be 1. 


 If you are uncomfortable in any situation, you have the right to pause the evolution and contact 
the TOR, Construction Manager or Supervisor for resolution. 


 Should you or a colleague become ill (i.e. present with a fever, cough, or respiratory illness) 
during the time on PNNL premises and facilities, please immediately leave the premises and 
notify the TOR, Construction Manager or Supervisor. 
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Description 


 If you are suspected by your medical provider of COVID-19 infection, are awaiting COVID-19 
test results, involved in close contact tracing, or have had a positive confirmation through 
testing within the last seven days, please contact the TOR (the TOR will contact the Laboratory 
Pandemic Response Team).  Isolation/quarantine guidance can be found on the WDOH 
website (https://www.doh.wa.gov/Emergencies/COVID19). 
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Daily COVID-19 Pre-Job Briefing & Self-Check Certification | Attendance Sheet 


TOR, CM or 
Supervisor: 


 


 Print Name  Signature  Date  


Note: By signing this attendance sheet, you are certifying you have answered “no” to all of the questions on the self-checklist in the past 14 days. 


Print Name Signature Phone No. Email 
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Battelle Memorial Institute, Pacific Northwest Division 
Acting Under Prime Contract DE-AC05-76RL01830 


With the U.S. Department of Energy 
Operating the Pacific Northwest National Laboratory (PNNL) (www.pnnl.gov) 


. 


BATTELLE MEMORIAL INSTITUTE, PACIFIC NORTHWEST DIVISION'S  
REQUEST FOR PROPOSAL NUMBER 632825 


Grid Storage Launchpad (GSL) Commissioning 
Issued By: 
Battelle Memorial Institute, Pacific Northwest Division 
902 Battelle Boulevard 
Richland, WA 99352 


Contracts Specialist: 
Name: Garrett V Hyatt 
Telephone Number: 509/371-7591 
Email: Garrett.Hyatt@pnnl.gov  


Proposal Due Date:  
April 02, 2021, 12:00 p.m. Pacific Time 


Anticipated Period of Performance: 
April 16, 2021 through October 31, 2024 


Questions Due Date: 
March 26, 2021 12:00 p.m. Pacific Time 


Intent to Propose Due Date: 
March 26, 2021, 12:00 p.m. Pacific Time 


Anticipated Contract Type: Firm Fixed Price 
 


 
Proposal   
Offeror proposes to sell the goods and/or services (or alternates as specified) at the prices indicated in 
accordance with the General Provisions, Statement of Work, DRAFT Contract, and other 
provisions/documents of the Request for Proposal. 
 
Offeror shall sign and return this page with their proposal. 
 
Firm Name: 
 
 


Offeror's Point of Contact Name: 


Title: 
 
 


Telephone Number: 


Email Address: 
 


Proposal Date: 
 
 


Payment Terms (check one or check and fill in 
"Other Discount"):  
  2% 15, Net 30 


  3% 15, Net 30 


  Net 30 


  Other Discount__________________________ 


Signature: 


 
1. INTRODUCTION/BACKGROUND 


Battelle Memorial Institute, Pacific Northwest Division (Battelle) operates the Pacific Northwest 
National Laboratory (PNNL) for the U.S. Department of Energy and is authorized to issue this 
Request for Proposal (RFP).  Throughout this document, the term "Contract" is used to refer to any 
resultant Battelle Contract.  Captions are included in this document and Battelle's General 
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Provisions for convenience of reference only and in no other way define or delineate any of the 
provisions hereof or otherwise affect their construction or effect. 


The Offeror shall propose its most favorable price and technical approach because of the possibility 
that award will be made without discussion of the proposal received. 


Under no circumstances shall the recipient of this RFP contact any individual within Battelle 
(excluding contact with Battelle's Ombudsman [see RFP Additional Instructions/Information for 
Offeror section below]), other than the Contracts Specialist named above regarding this RFP. 


2. SCOPE OVERVIEW 


Scope: This RFP is for Grid Storage Launchpad (GSL) Commissioning. 


DRAFT Contract:  Offeror shall thoroughly review the attached DRAFT Contract and propose 
accordingly.  It includes applicable language related to Scope, Environment, Safety, and Health 
Requirements and the role of the Technical Oversight Representative as well as other applicable 
language.  The DRAFT Contract is provided for preliminary review purposes and is an example of 
what the final Contract will include.  The content of the DRAFT Contract is subject to change prior 
to execution of the final Contract. 


NAICS:  The North American Industry Classification System (NAICS) Code for this RFP is 541690.  
The stated size standard is $15M.  The stated size shall be the sole determining factor as to 
classification (small or large business) of an Offeror.  It is the responsibility of the Offeror to certify 
its size on the Representations and Certifications in their proposal.  If a manufacturing NAICS code 
is used, a wholesale trade or retain trade business concern submitting a proposal is categorized as 
a "nonmanufacturer" and deemed small if it has 500 or fewer employees and meets the 
requirements of 13 CFR 121.406. 


3. BASIS OF AWARD 


Contract Award (cl 600 revised - July 2020) 
Battelle may evaluate proposals received in response to this RFP without discussion (initial proposal 
should contain the Offeror's best price and technical terms).   


Selection Method:  Contract award, if any, will be made to the responsive and responsible Offeror 
whose evaluated proposal provides for the lowest price (prompt payment discount considered) 
after satisfying all the technical requirements of this RFP. 


Rights Reserved:  Battelle may: 


A. reject any or all proposals; 


B. request clarification of minor irregularities, informalities or apparent clerical mistakes; 


C. waive minor irregularities, informalities or apparent clerical mistakes in offers received; 


D. accept any item or combination of items, unless doing so is precluded by a restrictive limitation 
in the RFP or the proposal; 


E. reject a proposal as non-responsive if the prices proposed are materially unbalanced between 
line items or sub-line items. A proposal is materially unbalanced when it is based on prices 
significantly less than prices for some items and prices which are significantly overstated in 
relation to prices for other items, and if there is a reasonable doubt that the proposal will result 
in the lowest overall price to Battelle even though it may be the lowest evaluated proposal, or if 
it is so unbalanced as to be tantamount to allowing an advance payment; 
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F. require oral presentations from any or all Offerors, determined to be in the competitive range 
(Offerors will be notified of the time and place for such presentation); 


G. request oral and/or written discussions; 


H. determine a competitive range, including all proposals that are judged to have a reasonable 
chance of being selected for award, and negotiate with all Offerors within it. (In the event a 
competitive range is determined, it will be based solely on Battelle's judgment, and Best and 
Final Offers will be requested at the conclusion of negotiations); 


I. negotiate only with a single Offeror to further reduce the price paid if, in the judgment of 
Battelle after a review of the technical and price offers, only one Offeror has a reasonable 
chance of being selected for award. 


J. conduct a cost or price audit to facilitate a determination of price reasonableness; or 
K. re-solicit this requirement. 


4. PROPOSAL SUBMITTAL REQUIREMENTS 


General:  Proposals should be prepared simply and economically, and provide a straightforward, 
concise delineation of the information required to be furnished.  Emphasis should be on 
completeness and clarity.  Elaborate brochures or other presentations are neither required nor 
desired. Offerors that fail to provide ALL items and quantities specified in this RFP may be deemed 
non-responsive in their entirety and may not be considered for award. 


Questions:  Should Offeror have questions on the RFP, they must be presented to the Contracts 
Specialist, in writing, by the Questions Due Date and Time provided on Page 1.  Questions received 
late may not be answered.  If applicable, the Questions should reference specific scope details.  
The Questions and Battelle's Answers will be transmitted in writing to all Offerors. 


Intent to Propose:  Offeror shall complete the Notification of Intent (to Submit Proposal) (available 
at https://www.pnnl.gov/contracts/contractdocuments.aspx) by the Intent to Propose Due Date 
and Time provided on Page 1. 


Submission of Proposal:  Proposals are due by the Proposal Due Date and Time provided on Page 1 
of this RFP.  Proposals are preferred to be submitted via email to Garrett.Hyatt@pnnl.gov with a 
subject line that includes the words "Proposal to RFP 632825". 


Proposal shall include: 


• Price Proposal: 


o Contract Pricing Proposal: A price offer with all information requested herein including the 
completed Contract Pricing Proposal for CPFF and FFP Contracts form located at 
https://www.pnnl.gov/contracts/contractdocuments.aspx. 


• Technical Proposal: 


o If this proposal is primarily for services, submit a Technical Proposal that provides, but is 
not limited to, the Offeror's approach to performance of the services outlined in the 
Statement of Work, dated February 24, 2021; key assumptions; proposed Key Personnel 
including labor category, educational and professional qualifications, home base, and 
availability; statement of location of services (city, state, zip code) where services will be 
performed; and Offeror's past experience in providing services of a similar nature and 
magnitude. 



https://www.pnnl.gov/contracts/contractdocuments.aspx

https://www.pnnl.gov/contracts/contractdocuments.aspx





Request for Proposal Number: 632825 


4 


• Other Submittals: 


o Completed Representations and Certifications. 


o Proof of registration in the System for Award Management (SAM) at www.sam.gov.  Battelle 
prefers Offerors have an active SAM registration, however, if registration is not possible, 
then provide a completed MOSRC form (see attachment below). 


o Completed Employment Eligibility Verification (E-Verify) at www.e-verify.gov with proof of 
enrollment which can be provided by accessing "Edit Company Profile" in the navigation 
menu and printing the screen containing your company information. 


o Statement of acceptance of Battelle's General Provisions.  


5. ADDITIONAL INSTRUCTIONS/INFORMATION FOR OFFEROR 


In addition to the requirements outlined herein, the Solicitation Provisions, Form A-609-SP, dated 
November 2014, apply to this RFP and are available at 
https://www.pnnl.gov/contracts/contractdocuments.aspx. 


Proposal Validity Period:  Unless otherwise stated in Offeror's proposal, the proposal validity period 
is 90 days from receipt of proposal. 


Ombudsman Program: Offeror is hereby notified that issues/concerns relative to this RFP and/or 
any resulting Contract award that are not resolved by the Contracts Specialist identified herein 
shall be resolved through Battelle's Ombudsman Program by email at 
acquisitionombudsman@pnnl.gov. Any issue/concern shall be submitted, in writing, no later than 
15 calendar days after Contract award to be considered for review. 


6. FUNDING 


Funding is fully obligated for this action.  However, Contract award is subject to availability of funds 
at the time of award. 


7. REQUEST FOR PROPOSAL ATTACHMENTS 


• Draft Contract 
• Representations and Certifications 
• GSL Commissioning Statement Of Work 
• GSL Division 1 Document 
• GSL Performance Specifications 
• PNNL COVID-19 Clause 
• PNNL COVID-19 Subcontractor Requirements 


  



http://www.sam.gov/

https://www.pnnl.gov/contracts/contractdocuments.aspx

mailto:acquisitionombudsman@pnnl.gov
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DRAFT CONTRACT 
BATTELLE MEMORIAL INSTITUTE, PACIFIC NORTHWEST DIVISION'S 


CONTRACT NUMBER TBD 
Grid Storage Launchpad (GSL) Commissioning 


Issued By: 
Battelle Memorial Institute, Pacific Northwest Division 
902 Battelle Boulevard 
Richland, WA  99352 


Contractor: 
TBD 


Contracts Specialist: 
Name: Garrett Hyatt 
Telephone Number: 509/371-7591 
Email: Garrett.Hyatt@pnnl.gov 


Contractor's Point of Contact: 
Name: TBD 
Telephone Number: TBD 
Email: TBD 


Payment Terms: TBD 
 


Contract Type: Firm Fixed Price    


Period of Performance:  
April 16, 2021 through October 31, 2024 


Total Amount of Contract:  $TBD (USD) 
 


Submit Invoices and Invoice/Payment Inquiries To ap.invoices@pnnl.gov.   
Note:  Invoices must list location(s) of service (U.S.:  City, State; Foreign:  Country).    
Award 
Battelle hereby agrees to award this Contract to the 
Contractor subject to acceptance.  The rights and 
obligations of the parties to this Contract are subject 
to and governed by this document and any 
documents attached or incorporated by reference. 


Contractor Agreement 
Contractor accepts and agrees to furnish and 
deliver the items and/or perform the services to 
the extent stated in this document for the 
consideration stated in this Contract.  The rights 
and obligations of the parties to this Contract 
are subject to and governed by this document 
and any documents attached or incorporated by 
reference. 


 


Battelle Memorial Institute,  
Pacific Northwest Division 


Contractor shall sign and return a copy of 
this document 


Signature of person authorized to sign 
 
 


Signature of person authorized to sign 


Name 
 
Garrett Hyatt 


Name 


Title 
 
Contracts Specialist 


Title 


Date 
 


Date 


 


Note:  Captions in this document and in Battelle's General Provisions are included for convenience of 
reference only and in no other way define or delineate any of the provisions hereof or otherwise affect 
their construction or effect. 
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1.  SCOPE AND PRICING 


Scope:  Contractor agrees to perform the scope outlined in the attached Statement of Work dated 
February 24, 2021 for this Contract (hereinafter referred to as "Contract"). 


Pricing:  The firm-fixed-price is $TBD. 


2. PERIOD OF PERFORMANCE/DELIVERY 


Period of Performance:  The period of performance will be April 16, 2021 through October 31, 
2024. 


3. CONTRACTUAL REQUIREMENTS/INFORMATION 


Insurance:  As required in the referenced General Provisions, the Contractor must provide a valid 
insurance certificate prior to any work performed on-site. 


Travel Notice:  Request for any domestic and foreign travel associated with this Contract (including 
Contractor travel within a country of presence) shall be approved in writing by the Battelle 
Contracts Specialist in advance of travel arrangements being finalized. Without the advance 
approval of the Battelle Contracts Specialist for any such travel, any invoiced costs related to such 
travel may not be paid. 


Travel: Allowable and allocable travel under this Contract, if any, will be reimbursed in accordance 
with Federal Acquisition Regulation 31.205-46.  Reimbursement for travel costs between a 
temporary duty station within a 50-mile radius of an employee's regular duty station must be 
approved in advance by Battelle.  Lodging will be reimbursed at actual expense subject to 
maximum per diem rules listed in the Federal Travel Regulations (FTRs); and meals and incidental 
expenses (M&IE) will be reimbursed at a flat rate per day, not to exceed the limits specified for the 
geographical location in the FTRs.  Also, the M&IE flat rate shall be prorated per the FTRs during 
the first and last day of travel.  Contractors who claim an M&IE per diem allowance do not have to 
substantiate each meal expense but must demonstrate that the trip occurred with a copy of a 
receipt, such as an airline receipt or hotel folio, that indicates dates of travel.  Notwithstanding the 
applicable regulation, only the lowest available air fare during normal business hours will be 
reimbursed unless otherwise approved in writing by the Battelle Contracts Specialist.   


In instances where the Contractor is subject to 2 CFR, Part 200, allowable costs for travel shall be 
determined in accordance with the appropriate regulation, provided the Contractor maintains an 
established travel policy consistent with that regulation.  Notwithstanding the applicable regulation, 
only coach air fare Change to airfare will be reimbursed unless otherwise approved in writing by 
the Battelle Contracts Specialist. 


All foreign travel shall be approved in advance by Battelle, even if the Contract amount included 
foreign travel costs. Requests for approval of each separate trip shall be submitted to the Battelle 
Contracts Specialist no less than sixty days prior to a planned departure date.  Contractor is then 
required to work with the Battelle Contracts Specialist and submit the names and contact 
information for each traveler to Battelle's Foreign Travel Office at foreign.travel.office@pnnl.gov. 


Emergency evacuation insurance is required for all Contractors who plan foreign travel on behalf of 
DOE-funded projects. 


Environment, Safety and Health Requirements:  


Offerors shall note that any resulting contract shall include the following provision: 



mailto:foreign.travel.office@pnnl.gov
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Environment, Safety, and Health Requirements - PNNL Work Sites (AHA) (cl3113a -- Apr 2015) 


1. In performing any work under this contract on property or facilities owned or controlled by 
Battelle that are identified as PNNL Work Sites (hereinafter "onsite"), the Contractor shall 
comply with all applicable federal, state and local environment, safety, and health laws and 
regulations.  The Contractor shall also comply with 10 CFR 851, DOE Worker Safety and 
Health Program, and DEAR 970.5223-1, Integration of Environment, Safety and Health 
(ES&H) into Work Planning and Execution (Dec. 2000).  In order to comply with the 
requirements of 10 CFR 851 and DEAR 970.5223-1, the Contractor shall be guided by the 
principles set forth below. 


2. The Contractor shall perform work safely and in a manner that ensures adequate protection 
for employees, the public, and the environment, and shall be accountable for the safe 
performance of work.  The Contractor shall exercise a degree of care commensurate with the 
work and the associated hazards.  The Contractor shall ensure that management of ES&H 
functions and activities becomes an integral but visible part of the Contractor's work planning 
and execution processes.  The Contractor shall, in the performance of work, ensure that- 
• Line management is responsible for the protection of employees, public, and the 


environment.  Line management includes those contractor and subcontractor employees 
managing and supervising employees performing work. 


• Clear and unambiguous lines of authority and responsibility for ensuring (ES&H) are 
established and maintained at all organizational levels. 


• Personnel possess the experience, knowledge, skills, and abilities that are necessary to 
discharge their responsibilities, and shall retain records respecting such competency and 
qualifications, making them available upon request. 


• Resources are effectively allocated to address ES&H, programmatic, and operational 
considerations.  Protecting employees, the public, and the environment is a priority 
whenever activities are planned and performed.  


• Before work is performed, the associated hazards are evaluated and a set of ES&H 
standards and requirements are established which, if properly implemented, provide 
adequate assurance that employees, the public, and the environment are protected from 
adverse consequences. 


• Administrative and engineering controls to prevent and mitigate hazards are tailored to 
the work being performed and associated hazards.  Emphasis should be on designing the 
work and/or controls to reduce or eliminate the hazards and to prevent accidents and 
unplanned releases and exposures. 


3. The Contractor, relative to the Statement of Work and contract specifications, shall be able to 
demonstrate through documentation and work practices that its performance of work under 
this contract - 
• Fulfilled the scope of work as outlined in this contract 
• Identified and analyzed specific, task-level hazards associated with the work 
• Developed and implemented hazard controls related to the hazards  
• Allowed the performance of work within the controls 
• Provided feedback to Battelle and Contractor employees on adequacy of hazard controls 


4. The Contractor shall work in accordance with a DOE-approved Worker Safety and Health 
Program (also referred to in the DEAR as a Safety Management Plan) as described below: 
• The Contractor shall demonstrate well-established safety protocols applicable to the scope 


of work and consistent with the required elements stated in this clause.  Prior to the 
initiation of any onsite work, the Contractor shall either- 


o Accept and incorporate Battelle's PNNL Contractor Environment Safety and Health 
(CES&H) Manual as its own.  The Battelle Contracts Representative can provide a hard 
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copy of the manual upon request.  In those cases where the Contractor's onsite 
activities are limited to an office or meeting environment, with no additional or unusual 
hazards, the CES&H Manual requirements can be met through review of the Visitor 
Orientation Pamphlet.  Both the CES&H Manual and the Visitor Orientation Pamphlet 
are available on-line at 
https://www.pnnl.gov/contracts/Forms.aspx?area=Procurement. 


o Submit its own 10 CFR 851 and DEAR 970.5223-1 compliant Worker Safety and Health 
Program (WSHP) document to the Battelle Contracts Representative.  The Battelle 
Contracts Representative will coordinate the review and approval of the program 
document by DOE. The Contractor will be notified by the Battelle Contracts 
Representative of the program document's approval by DOE.  Acceptance of the 
Contractor's program document will be at the sole discretion of DOE. 


• The Contractor will be provided a completed Acquisition Hazard Assessment (AHA) 
checklist by the Battelle Technical Oversight Representative prior to initiation of 
Contractor's onsite work.  The AHA incorporates elements of effective job planning.  
Elements include identifying: the scope of work to be performed; potential hazards to 
Battelle and Contractor staff, the public and environment created by the work performed; 
hazard control methods and mitigation; and mechanisms to evaluate the adequacy of 
those controls.  The AHA is a key control process in the safe conduct of work at Battelle. 
The Contractor is expected to possess the completed AHA in order to access Battelle 
property or facilities and initiate work. 


5. The Contractor shall perform the following additional hazard identification tasks consistent 
with an approved WSHP: 
• The Contractor shall be responsible for identifying all potential occupational exposures that 


its employees and the employees of its lower-tier subcontractors will be exposed to while 
performing any work under this contract. 


• The Contractor shall assure that its employees and those of any lower-tiered 
subcontractor are medically qualified to perform work associated with any potential 
occupational exposures that have been identified.  Medical qualification and medical 
surveillance programs are the sole responsibility of the Contractor.  In addition, the 
Contractor is responsible for maintaining any records associated with the administration of 
these programs. 


• For each of its employees and each of its lower-tier subcontract employees that the 
Contractor has identified as having potential occupational exposures that require 
enrollment in a medical surveillance or medical qualification program, the Contractor shall 
provide its Occupational Medical provider with the following information: 


o Current information about actual or potential work-related site hazards (chemical, 
radiological, physical, biological, or ergonomic); 


o Employee job-task and hazard analysis information, including essential job functions; 


o Actual or potential work-site exposures of each employee; and 


o Personnel actions resulting in a change of job functions such that a change of hazards, 
or exposures results. 


• For each of its employees and each of its lower-tier subcontract employees, a copy of the 
exposure information provided to the Contractor's occupational medical provider shall be 
submitted to the Battelle Contracts Representative and approved by Battelle before any of 
these employees begin work under this contract. 


6. The Contractor shall notify the Battelle Contracts Representative immediately of any OSHA-
recordable injuries/illnesses, any "off-normal occurrences," or Government property 
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damaged, that the Contractor determines to have occurred in the course of operations onsite 
and shall furnish such further information as the Battelle Contracts Representative may 
require.  An "off-normal occurrence" is any unplanned or unexpected event, including near 
misses, or the discovery of a deficiency in a procedure, plan, or system that has real or 
potentially undesirable consequences to personnel, equipment, facilities, the environment, 
and/or programs. 


7. The Contractor's onsite ES&H activities will be subject to review by the Technical Oversight 
Representative of this contract.  Other representatives of Battelle may conduct periodic 
inspections of the Contractor's equipment, work and storage areas for compliance with the 
applicable ES&H requirements.  The Battelle Contracts Representative will notify the 
Contractor by a written Notice of Non-compliance of any observed non-compliance with 
applicable ES&H requirements.  The Contractor shall immediately take appropriate corrective 
action.  The Contractor shall advise the Battelle Contracts Representative, in writing, within 
five (5) working days of the corrective action taken on any safety non-compliance noted on 
the written Notice of Non-compliance.  If the Contractor fails or refuses to correct the safety 
non-compliance, Battelle may perform, or cause to be performed, the necessary corrective 
work and unilaterally charge the Contractor for the cost thereof.  Such charges will be 
deducted from payments otherwise due the Contractor under this contract. 


8. The Contractor shall promptly evaluate and resolve any non-compliance with applicable ES&H 
requirements.  If the Contractor fails to provide resolution or if, at any time, the Contractor's 
acts or failure to act causes substantial harm or an imminent danger to the environment, or 
health and safety of employees or the public, the Battelle Contracts Representative may issue 
an order stopping work in whole or in part and the Contractor shall be liable for the delay and 
any costs thereby incurred.  Any stop-work order issued by Battelle under this clause (or 
issued by the Contractor to a subcontractor in accordance with this clause) shall be without 
prejudice to any other legal or contractual rights of Battelle.  In the event that the Battelle 
Contracts Representative issues a stop-work order, an order authorizing the resumption of 
the work may be issued at the discretion of the Battelle Contracts Representative.  The 
Contractor shall not be entitled to an extension of time, or additional cost or fee, or damages 
by reason of, or in connection with, any work stoppage ordered in accordance with this 
clause. 


9. Employee Concerns Program 
• The Contractor, its agents, employees or subcontractors, are entitled to use the Battelle 


Employee Concerns Program and Hotline (509) 375-3999.  The Hotline operates 24 hours 
per day, 7 days a week.  Messages may be left anonymously, and all concerns are 
handled with confidentiality to the maximum extent possible.  Employee concerns may 
also be submitted in writing to the Battelle Employee Concerns Office, Battelle, Pacific 
Northwest National Laboratory, P.O. Box 999, K1-42, Richland, Washington, 99352, or in 
person at the Staff Concerns Office, Battelle's Research Operation Building during normal 
business hours, Monday through Friday 7:30 a.m. to 4:30 p.m. 


• For the purpose of this document, allegations, concerns, and complaints are handled in a 
like manner and are referred to collectively as "employee concerns."  A concern can 
consist of a declaration, statement, or assertion of impropriety or inadequacy on the part 
of one's employer or others at a DOE Site that has affected (or threatens to affect) 
aspects of operations, such as the environment, health, safety, quality, or security, and 
may include fraud, mismanagement, waste, or abuse of authority. 


• No retaliation or retribution shall be taken toward any individual as a result of filing an 
employee concern consistent with 10 CFR 708. 


10. Civil Penalties and Indemnification 
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• The 2002 Bob Stump National Defense Authorization Act amended the Atomic Energy Act 
by adding section 234C "Worker Health and Safety Rules for Department of Energy 
Nuclear Facilities." It required DOE to promulgate a worker safety and health rule, 
published in the Federal Register on February 9, 2006, as 10 CFR 851. It establishes 
worker safety and health requirements that govern the conduct of contractor activities at 
both nuclear and non-nuclear DOE Sites.  Contractors that fail to comply with the Rule are 
subject to civil penalties or contract penalties. 


• The Contractor assumes full responsibility and shall indemnify, hold harmless, and defend 
Battelle, its directors, officers, and employees from any civil or contractual liability under  
section 234C of the Atomic Energy Act of 1954, as amended, or the implementing 
regulations, arising out of the activities of the Contractor, its subcontractors, suppliers, 
agents, employees, and their officers, or directors.  The Contractor's obligation to 
indemnify and hold harmless shall expressly include attorney fees and other reasonable 
costs of defending any action or proceeding instituted under section 234C or DOE's 
implementing regulations. 


11. Contractor is responsible to ensure that its direct hired and Subcontractor employees who will 
work on the Site be free of physical or cognitive impairment resulting from the use of alcohol 
or drugs, including legal drugs, when working or involved in any activity on Battelle/PNNL 
premises. In order to achieve the federal Drug Free Workplace Act standards, Battelle/PNNL 
prohibits its non-staff and subcontractors from illegally manufacturing, distributing, selling, 
possessing, or using illegal drugs, including marijuana, or being under the influence of alcohol 
while on Battelle/PNNL premises or during PNNL activities. Individuals suspected of being 
under the influence of any substance, legal or illegal, that may impair their ability to perform 
their duties are subject to termination of their work agreements and/or having access to the 
Battelle/PNNL premises revoked.  If Battelle, or the Contractor or Subcontractor believes that 
a Contractor or Subcontractor employee's job performance is being adversely affected by 
drug or substance (including alcohol) use, Battelle may direct the Contractor to remove the 
employee.  Examples of behavior or circumstances indicating possible drug or substance 
abuse are observed use, possession, sale or delivery, or credible information that an 
individual is using suspected of being impaired by drugs or abusing alcohol, or an accident or 
injury. 


12. The Contractor is responsible for its subcontractors' compliance with the ES&H requirements 
of this contract.  The Contractor shall include a clause substantially the same as this clause in 
lower-tier subcontracts involving work at on property or facilities owned or controlled by 
Battelle that are identified as PNNL Work Sites.  Such subcontracts shall provide for the right 
to stop work under the conditions described herein. 


4. CONTRACT ADMINISTRATION 


Battelle Contracts Specialist:  The Battelle Contracts Specialist, Garrett Hyatt, is the sole point of 
contact for any contractual/administrative communications or questions regarding this acquisition.  
Contact information is on Page 1. 


Technical Oversight Representative:  All technical questions should be directed to the Technical 
Oversight Representative (TOR), TBD at TBD or via email at TBD. The TOR cannot modify this 
Contract.  


Key Personnel: The following named Key Personnel shall be assigned to the performance of the 
work and shall not be replaced without the prior written approval of the Battelle Contracts 
Specialist. 
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TBD 


5. TERMS AND CONDITIONS 


The General Provisions for Fixed Price Commercial Items - Supplies Services, Form A-409.27-CI 
dated January 2021, apply and may be viewed at 
https://www.pnnl.gov/contracts/contractdocuments.aspx. 


6. CONTRACT ATTACHMENTS 


In addition to the above, the Contract consists of: 


• GSL Commissioning Statement of Work - dated February 24, 2021 
• GSL Division 1 Document - dated June 10, 2020  
• GSL Performance Specification Document – dated June 10, 2020 
• Completed Representations and Certifications Form 
• PNNL COVID-19 Clause 
• PNNL COVID-19 Requirements 
•  


7. ENTIRE AGREEMENT 


This Contract contains the entire agreement and understanding between the parties, and there are 
no agreements, understandings or representations not set forth or incorporated by reference 
herein.  This Contract supersedes all prior proposals, understandings and agreements, whether oral 
or written, between the parties with respect to the subject matter hereof.  No subsequent 
Modifications of this Contract shall be of any force or effect unless in writing by authorized 
representatives of each party to this Contract.  No communications, written or oral, by other than a 
Battelle Contracts Specialist shall be effective to modify or otherwise affect the provisions of this 
Contract. 



https://www.pnnl.gov/contracts/contractdocuments.aspx



