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Current copies of the following documents are hereby made part of these contract documents  
by reference.  These documents are available on the DFCM web site at http://dfcm.utah.gov or are 
available upon request from DFCM. 

 
  DFCM Supplemental General Conditions dated July 15, 2008 
  DFCM General Conditions dated May 25, 2005. 
  DFCM Application and Certification for Payment dated May 25, 2005. 
 
 
 Technical Specifications :   
 Drawings:    
 

 
 
 
 
The Agreement and General Conditions dated May 25, 2005  
have been updated from versions that were formally adopted  
and in use prior to this date.  The changes made to the General 
Conditions are identified in a document entitled Revisions to 
General Conditions that is available on DFCM’s web site at 
http://dfcm.utah.gov 
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NOTICE TO CONTRACTORS 
 
Sealed bids will be received by the Division of Facilities Construction and Management (DFCM) for: 
 
ELECTRICAL / HVAC UPGRADES  
OGDEN / WEBER ATC – OGDEN, UTAH 
DFCM Project No:  08309240 
 
 
Bids will be in accordance with the Contract Documents that will be available on Tuesday, April 14, 
2009, and distributed in electronic format only on CDs from DFCM, 4110 State Office Building, Salt 
Lake City, Utah and on the DFCM web page at http://dfcm.utah.gov.  For questions regarding this 
project, please contact Tim K Parkinson from DFCM, at 801-450-2478. No others are to be contacted 
regarding this bidding process.  The construction estimate for this project is $300,000.00 
 
A mandatory pre-bid meeting will be held at 10:00 AM on Monday, April 20, 2009 at Ogden Weber 
ATC Heat Plant 200 North Washington Blvd. Ogden Utah. All bidders wishing to bid on this project 
are required to attend this meeting.   
    
    
Bids will be received until the hour of 3:00 PM on Tuesday, April 28, 2009 at DFCM, 4ll0 State 
Office Building, Salt Lake City, Utah 84114.  Bids will be opened and read aloud in the DFCM 
Conference Room, 4110 State Office Building, Salt Lake City, Utah.  NOTE:  Bids must be received at 
4110 State Office Building by the specified time. 
 
A bid bond in the amount of five percent (5%) of the bid amount, made payable to the Division of 
Facilities Construction and Management on DFCM’s bid bond form, shall accompany the bid.  
 
The Division of Facilities Construction and Management reserves the right to reject any or all bids or 
to waive any formality or technicality in any bid in the interest of DFCM. 
 
DIVISION OF FACILITIES CONSTRUCTION AND MANAGEMENT 
Joanna Reese, Contract Coordinator 
4110 State Office Building, Salt Lake City, Utah 84114 
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PROJECT DESCRIPTION 
 
 
Contractor will be responsible for the removal on an existing Rooftop unit and patch roof 
according to contract documents. Install new condesing units of roof.  To include the 
refrigerant line sets to be run to computer room. All penetrations will be done according 
to the roof membrane manufacturer’s recommendation.  Removal of existing Cooling 
tower and the installation of a new tower and pumps.  This contract also includes the 
removal of the existing 7’ screen wall surrounding the existing tower.  
Contractor will be responsible for the installation of a 100 KW Genset Generator.  
Installation of a 400A, 3Ph Automatic Transfer switch.  The installation of a UPS Battery 
cabinet adjacent to the UPS.   All supporting electrical work shall be done according to 
the Contact Drawings and Specifications.   Contractor must be fully aware of the existing 
conditions, and be sure to field veriy all dimensions and existing equipment locations. 
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PROJECT SCHEDULE 

 
PROJECT NAME: ELECTRICAL / HVAC UPGRADES    
   OGDEN / WEBER ATC – OGDEN, UTAH  
DFCM PROJECT NO. 08309240 

Event Day Date Time Place 
Bidding Documents 
Available 

  Tuesday   April 14, 2009     1:00 PM DFCM 
4110 State Office Bldg 
SLC, UT and the DFCM 
web site * 

Mandatory Pre-bid 
Site Meeting  

  Monday   April 20, 2009     10:00AM Ogden / Weber ATC 
Heat Plant,   200 North 
Washington Blvd.  
Ogden Utah   

Last Day to Submit 
Questions 

Wednesday 
 

  April 22, 2009   10:00 AM Tim Parkinson– DFCM 
E-mail tparkins@utah.gov 
Fax  801-538-3267 

Addendum Deadline 
(exception for bid 
delays) 

  Monday    April 27, 2009    2:00 PM DFCM web site * 

Prime Contractors  
Turn In Bid and Bid 
Bond  

  Tuesday   April 28, 2009    3:00 PM  DFCM 
4110 State Office Bldg  
SLC, UT  

Sub-contractor List 
Due 

Wednesday 
 
 

  April 29, 2009     3:00 PM DFCM 
4110 State Office Bldg  
SLC, UT 
Fax 801-538-3677 

Substantial Completion 
Date 

Friday July 31, 2009 5:00 PM Onsite 

 
* NOTE:  DFCM’s web site address is http://dfcm.utah.gov 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management DFCM 
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BID FORM 
 
 
NAME OF BIDDER                                                                                                       DATE             
 
To the Division of Facilities Construction and Management 
4110 State Office Building 
Salt Lake City, Utah  84114 
 
The undersigned, responsive to the "Notice to Contractors" and in accordance with the "Instructions to Bidders”, 
in compliance with your invitation for bids for the Electrical / HVAC Upgrade – Ogden / Weber ATC – 
Ogden, Utah – DFCM Project No. 08309240 and having examined the Contract Documents and the site of the 
proposed Work and being familiar with all of the conditions surrounding the construction of the proposed 
Project, including the availability of labor, hereby proposes to furnish all labor, materials and supplies as 
required for the Work in accordance with the Contract Documents as specified and within the time set forth and 
at the price stated below.  This price is to cover all expenses incurred in performing the Work required under the 
Contract Documents of which this bid is a part: 
 
I/We acknowledge receipt of the following Addenda:            
 
 
For all work shown on the Drawings and described in the Specifications and Contract Documents, I/we agree to 
perform for the sum of: 
 
                                                                                                                            DOLLARS ($                                ) 
(In case of discrepancy, written amount shall govern) 
 
 
I/We guarantee that the Work will be Substantially Complete by July 31, 2009 should I/we be the successful 
bidder, and agree to pay liquidated damages in the amount of $250.00 per day for each day after expiration of 
the Contract Time as stated in Article 3 of the Contractor’s Agreement.  
 
This bid shall be good for 45 days after bid opening. 
 
Enclosed is a 5% bid bond, as required, in the sum of           
 
The undersigned Contractor's License Number for Utah is                                                         .   
 
Upon receipt of notice of award of this bid, the undersigned agrees to execute the contract within ten (10) days, 
unless a shorter time is specified in the Contract Documents, and deliver acceptable Performance and Payment 
bonds in the prescribed form in the amount of 100% of the Contract Sum for faithful performance of the 
contract.   

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management 
DFCM 
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BID FORM  
PAGE NO. 2 
 
 
The Bid Bond attached, in the amount not less than five percent (5%) of the above bid sum, shall become the 
property of the Division of Facilities Construction and Management as liquidated damages for delay and 
additional expense caused thereby in the event that the contract is not executed and/or acceptable l00% 
Performance and Payment bonds are not delivered within the time set forth. 
 
 
Type of Organization: 
 
                                                                 
(Corporation, Partnership, Individual, etc.) 
 
 
Any request and information related to Utah Preference Laws: 
 
__________________________________________________ 
 
 
 
 
 
 
      Respectfully submitted, 
 
 
 
      ______________________________________________ 
      Name of Bidder 
 
 
 

ADDRESS: 
 
 
      ______________________________________________ 
 

______________________________________________ 
 
 
 
      ______________________________________________ 

 Authorized Signature 
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INSTRUCTIONS TO BIDDERS 
 
 
1. Drawings and Specifications, Other Contract Documents 
 
Drawings and Specifications, as well as other available Contract Documents, may be obtained as stated 
in the Invitation to Bid. 
 
2. Bids  
 
Before submitting a bid, each contractor shall carefully examine the Contract Documents, shall visit 
the site of the Work; shall fully inform themselves as to all existing conditions and limitations; and 
shall include in the bid the cost of all items required by the Contract Documents.  If the bidder 
observes that portions of the Contract Documents are at variance with applicable laws, building codes, 
rules, regulations or contain obvious erroneous or uncoordinated information, the bidder shall 
promptly notify the DFCM Representative and the necessary changes shall be accomplished by 
Addendum. 
 
The bid, bearing original signatures, must be typed or handwritten in ink on the Bid Form provided in 
the procurement documents and submitted in a sealed envelope at the location specified by the 
Invitation to Bid prior to the deadline for submission of bids.   
 
Bid bond security, in the amount of five percent (5%) of the bid, made payable to the Division of 
Facilities Construction and Management, shall accompany bid.  THE BID BOND MUST BE ON THE 
BID BOND FORM PROVIDED IN THE PROCUREMENT DOCUMENTS IN ORDER TO BE 
CONSIDERED AN ACCEPTABLE BID. 
 
If the bid bond security is submitted on a bid bond form other than DFCM’s required bid bond form, 
and the bid security meets all other legal requirements, the bidder will be allowed to provide an 
acceptable bid bond by the close of business on the next business day following notification by DFCM 
of submission of a defective bid bond security.  NOTE:  A cashier’s check cannot be used as a 
substitute for a bid bond. 
 
3. Contract and Bond   
 
The Contractor's Agreement will be in the form found in the specifications.  The Contract Time will be 
as indicated in the bid.  The successful bidder, simultaneously with the execution of the Contract 
Agreement, will be required to furnish a performance bond and a payment bond, both bearing original 
signatures, upon the forms provided in the procurement documents.  The performance and payment 
bonds shall be for an amount equal to one hundred percent (100%) of the contract sum and secured 
from a company that meets the requirements specified in the requisite forms.  Any bonding 
requirements for subcontractors will be specified in the Supplementary General Conditions. 
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INSTRUCTIONS TO BIDDERS 
PAGE NO. 2 
 
 
4. Listing of Subcontractors  
 
Listing of Subcontractors shall be as summarized in the “Instructions and Subcontractor’s List Form”, 
which are included as part of these Contract Documents.  The Subcontractors List shall be delivered to 
DFCM or faxed to DFCM at (801)538-3677 within 24 hours of the bid opening.  Requirements for 
listing additional subcontractors will be listed in the Contract Documents. 
 
DFCM retains the right to audit or take other steps necessary to confirm compliance with requirements 
for the listing and changing of subcontractors.  Any contractor who is found to not be in compliance 
with these requirements is subject to a debarment hearing and may be debarred from consideration for 
award of contracts for a period of up to three years.  
 
 
5. Interpretation of Drawings and Specifications 
 
If any person or entity contemplating submitting a bid is in doubt as to the meaning of any part of the 
drawings, specifications or other Contract Documents, such person shall submit to the DFCM Project 
Manager a request for an interpretation thereof.  The person or entity submitting the request will be 
responsible for its prompt delivery.  Any interpretation of the proposed documents will be made only 
by addenda posted on DFCM’s web site at http://dfcm.utah.gov.  Neither the DFCM nor A/E will be 
responsible for any other explanations or interpretations of the proposed documents.  A/E shall be 
deemed to refer to the architect or engineer hired by DFCM as the A/E or Consultant for the Project. 
 
6. Addenda 
 
Addenda will be posted on DFCM’s web site at http://dfcm.utah.gov.  Contractors are responsible for 
obtaining information contained in each addendum from the web site.  Addenda issued prior to the 
submittal deadline shall become part of the bidding process and must be acknowledged on the bid 
form.  Failure to acknowledge addenda may result in disqualification from bidding.   
 
7. Award of Contract 
 
The Contract will be awarded as soon as possible to the lowest, responsive and responsible bidder, 
based on the lowest combination of base bid and acceptable prioritized alternates, provided the bid is 
reasonable, is in the interests of the State of Utah to accept and after applying the Utah Preference 
Laws in U.C.A. Title 63, Chapter 56.  DFCM reserves the right to waive any technicalities or 
formalities in any bid or in the bidding.  Alternates will be accepted on a prioritized basis with 
Alternate 1 being highest priority, Alternate 2 having second priority, etc. 
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INSTRUCTIONS TO BIDDERS 
PAGE NO. 3 
 
 
8. DFCM Contractor Performance Rating 
 
As a contractor completes each DFCM project, DFCM, the architect/engineer and the using agency 
will evaluate project performance based on the enclosed “DFCM Contractor Performance Rating” 
form.  The ratings issued on this project will not affect this project but may affect the award on future 
projects. 
 
9. Licensure 
 
The Contractor shall comply with and require all of its subcontractors to comply with the license laws 
as required by the State of Utah. 
 
10. Permits  
 
In concurrence with the requirements for permitting in the General Conditions, it is the responsibility 
of the Contractor to obtain the fugitive dust plan requirements from the Utah Division of Air Quality 
and the SWPPP requirements from the Utah Department of Environmental Quality and submit the 
completed forms and pay any permit fee that may be required for this specific project.  Failure to 
obtain the required permit may result in work stoppage and/or fines from the regulating authority that 
will be the sole responsibility of the Contractor.  Any delay to the project as a result of any such failure 
to obtain the permit or noncompliance with the permit shall not be eligible for any extension in the 
Contract Time. 
 
11. Right to Reject Bids  
 
DFCM reserves the right to reject any or all Bids. 
 
12. Time is of the Essence 
 
Time is of the essence in regard to all the requirements of the Contract Documents. 
 
13. Withdrawal of Bids 
 
Bids may be withdrawn on written request received from bidder prior to the time fixed for opening.  
Negligence on the part of the bidder in preparing the bid confers no right for the withdrawal of the bid 
after it has been opened. 
 
14. Product Approvals   
 
Where reference is made to one or more proprietary products in the Contract Documents, but 
restrictive descriptive materials of one or more manufacturer(s) is referred to in the Contract 
Documents, the products of other manufacturers will be accepted, provided they equal or exceed the 
standards set forth in the drawings and specifications and are compatible with the intent and purpose of  
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the design, subject to the written approval of the A/E.  Such written approval must occur prior to the 
deadline established for the last scheduled addenda to be issued.  The A/E’s written approval will be in 
an issued addendum.  If the descriptive material is not restrictive, the products of other manufacturers 
specified will be accepted without prior approval provided they are compatible with the intent and 
purpose of the design as determined by the A/E. 
 
15. Financial Responsibility of Contractors, Subcontractors and Sub-subcontractors 
 
Contractors shall respond promptly to any inquiry in writing by DFCM to any concern of financial 
responsibility of the contractor, subcontractor or sub-subcontractor. 
 
16. Debarment 
 
By submitting a bid, the Contractor certifies that neither it nor its principals, including project and site 
managers, have been, or are under consideration for, debarment or suspension, or any action that 
would exclude such from participation in a construction contract by any governmental department or 
agency.  If the Contractor cannot certify this statement, attach to the bid a detailed written explanation 
which must be reviewed and approved by DFCM as part of the requirements for award of the Project. 
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BID BOND 
(Title 63, Chapter 56, U. C. A. l953, as Amended) 

 
KNOW ALL PERSONS BY THESE PRESENTS: 
 

That                                                                                                                                                               hereinafter  referred to as 
the "Principal," and                                                                                                                                  , a corporation organized and existing 
under the laws of the State of                                      , with its principal office in the City of ______________ and authorized to transact 
business in this State and U. S. Department of the Treasury Listed, (Circular 570, Companies Holding Certificates of Authority as Acceptable 
Securities on Federal Bonds and as Acceptable Reinsuring Companies); hereinafter referred to as the "Surety," are held and firmly bound unto 
the STATE OF UTAH, hereinafter referred to as the "Obligee," in the amount of $_____                                                   (5% of the 
accompanying bid), being the sum of this Bond to which payment the Principal and Surety bind themselves, their heirs, executors, 
administrators, successors and assigns, jointly and severally, firmly by these presents. 
 

THE CONDITION OF THIS OBLIGATION IS SUCH that whereas the Principal has submitted to Obligee the accompanying 
bid incorporated by reference herein, dated as shown, to enter into a contract in writing for the______________________________________ 
                                                                                                                                                                                                                      Project. 
 

NOW, THEREFORE, THE CONDITION OF THE ABOVE OBLIGATION IS SUCH, that if the said principal does not 
execute a contract and give bond to be approved by the Obligee for the faithful performance thereof within ten (10) days after being notified 
in writing of such contract to the principal, then the sum of the amount stated above will be forfeited to the State of Utah as liquidated 
damages and not as a penalty; if the said principal shall execute a contract and give bond to be approved by the Obligee for the faithful 
performance thereof within ten (10) days after being notified in writing of such contract to the Principal, then this obligation shall be null and 
void.  It is expressly understood and agreed that the liability of the Surety for any and all defaults of the Principal hereunder shall be the full 
penal sum of this Bond.  The Surety, for value received, hereby stipulates and agrees that obligations of the Surety under this Bond shall be 
for a term of sixty (60) days from actual date of the bid opening. 
 

PROVIDED, HOWEVER, that this Bond is executed pursuant to provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, 
as amended, and all liabilities on this Bond shall be determined in accordance with said provisions to  same extent as if it were copied at 
length herein. 
 

IN WITNESS WHEREOF, the above bounden parties have executed this instrument under their several seals on the date indicated 
below, the name and corporate seal of each corporate party being hereto affixed and these presents duly signed by its undersigned 
representative, pursuant to authority of its governing body. 
 
DATED this                      day of                                                 , 20                  . 
 
Principal's name and address (if other than a corporation):       Principal's name and address (if a corporation): 
 
                                                                                                                                                                                                   
 
                                                                                                                                                                                                 
 
By:                                                                                                    By:                                                                                 
 
Title:                                                                                                 Title:                                                                                
                                                                                         (Affix Corporate Seal) 
 

Surety's name and address: 
 

                                                                                          
 

                                                                                        
STATE OF                                )  
                                                   ) ss.     By:                                                                                 
COUNTY OF                            )             Attorney-in-Fact                         (Affix Corporate Seal) 

 
On this         day of                         , 20         , personally appeared before me                                                                                    , 

whose identity is personally known to me or proved to me on the basis of satisfactory evidence, and who, being by me duly sworn, did say 
that he/she is the Attorney-in-fact of the above-named Surety Company, and that he/she is duly authorized to execute the same and has 
complied in all respects with the laws of Utah in reference to becoming sole surety upon bonds, undertakings and obligations, and that he/she 
acknowledged to me that as Attorney-in-fact executed the same. 
 
Subscribed and sworn to before me this                   day of                                    , 20           . 
My Commission Expires:                                                  
Resides at:                                                                         
                                                                                         

NOTARY PUBLIC 
 
 

Approved As To Form:   May 25, 2005 
By Alan S. Bachman,  Asst Attorney General 

Agency:  _______________________________________________________ 
Agent:    _______________________________________________________ 
Address: _______________________________________________________
Phone:   _______________________________________________________
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INSTRUCTIONS AND SUBCONTRACTORS LIST FORM 
 

 
The three low bidders, as well as all other bidders that desire to be considered, are required by law to submit to 
DFCM within 24 hours of bid opening a list of ALL first-tier subcontractors, including the subcontractor’s 
name, bid amount and other information required by Building Board Rule and as stated in these Contract 
Documents, based on the following: 

DOLLAR AMOUNTS FOR LISTING 
PROJECTS UNDER $500,000:   ALL FIRST-TIER SUBS $20,000 OR OVER MUST BE LISTED 
PROJECTS $500,000 OR MORE: ALL FIRST-TIER SUBS $35,000 OR OVER MUST BE LISTED 
 
• Any additional subcontractors identified in the bid documents shall also be listed. 
• The DFCM Director may not consider any bid submitted by a bidder if the bidder fails to submit a 

subcontractor list meeting the requirements of State law.  
• List subcontractors for base bid as well as the impact on the list that the selection of any alternate may have. 
•  Bidder may not list more than one subcontractor to perform the same work. 
• If there are no subcontractors for the job that are required to be reported by State law (either because there 

are no subcontractors that will be used on the project or because there are no first-tier subcontractors over the 
dollar amounts referred to above), then you do not need to submit a sublist.  If you do not submit a sublist, it 
will be deemed to be a representation by you that there are no subcontractors on the job that are required to 
be reported under State law.  At any time, DFCM reserves the right to inquire, for security purposes, as to 
the identification of the subcontractors at any tier that will be on the worksite. 

 
LICENSURE: 
 
The subcontractor’s name, the type of work, the subcontractor’s bid amount, and the subcontractor's license 
number as issued by DOPL, if such license is required under Utah Law, shall be listed.  Bidder shall certify that 
all subcontractors, required to be licensed, are licensed as required by State law.  A subcontractor includes a 
trade contractor or specialty contractor and does not include suppliers who provide only materials, equipment, or 
supplies to a contractor or subcontractor. 
 
 
‘SPECIAL EXCEPTION’: 
 
A bidder may list ‘Special Exception’ in place of a subcontractor when the bidder intends to obtain a 
subcontractor to perform the work at a later date because the bidder was unable to obtain a qualified or 
reasonable bid under the provisions of U.C.A.Section 63A-5-208(4).  The bidder shall insert the term ‘Special 
Exception’ for that category of work, and shall provide documentation with the subcontractor list describing the 
bidder’s efforts to obtain a bid of a qualified subcontractor at a reasonable cost and why the bidder was unable 
to obtain a qualified subcontractor bid.  The Director must find that the bidder complied in good faith with State 
law requirements for any ‘Special Exception’ designation, in order for the bid to be considered.  If awarded the 
contract, the Director shall supervise the bidder’s efforts to obtain a qualified subcontractor bid.  The amount of 
the awarded contract may not be adjusted to reflect the actual amount of the subcontractor’s bid.  Any listing of 
‘Special Exception’ on the sublist form shall also include amount allocated for that work. 
 
GROUNDS FOR DISQUALIFICATION: 
 
The Director may not consider any bid submitted by a bidder if the bidder fails to submit a subcontractor list 
meeting the requirements of State law.  Director may withhold awarding the contract to a particular bidder if one 
or more of the proposed subcontractors are considered by the Director to be unqualified to do the Work or for 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and 
DFCM
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INSTRUCTIONS AND SUBCONTRACTORS LIST FORM 
Page No. 2 
 
 
such other reason in the best interest of the State of Utah.  Notwithstanding any other provision in these 
instructions, if there is a good faith error on the sublist form, at the sole discretion of the Director, the Director 
may provide notice to the contractor and the contractor shall have 24 hours to submit the correction to the 
Director.  If such correction is submitted timely, then the sublist requirements shall be considered met. 
 
CHANGES OF SUBCONTRACTORS SPECIFICALLY IDENTIFIED ON SUBLIST FORM: 
 
Subsequent to twenty-four hours after the bid opening, the contractor may change its listed subcontractors only 
after receiving written permission from the Director based on complying with all of the following criteria. 
 
(1) The contractor has established in writing that the change is in the best interest of the State and that the 

contractor establishes an appropriate reason for the change, which may include, but not is not limited to, 
the following reasons: the original subcontractor has failed to perform, or is not qualified or capable of 
performing, and/or the subcontractor has requested in writing to be released. 

(2) The circumstances related to the request for the change do not indicate any bad faith in the original 
listing of the subcontractors. 

(3) Any requirement set forth by the Director to ensure that the process used to select a new subcontractor 
does not give rise to bid shopping. 

(4) Any increase in the cost of the subject subcontractor work is borne by the contractor.   
(5) Any decrease in the cost of the subject subcontractor work shall result in a deductive change order being 

issued for the contract for such decreased amount. 
(6) The Director will give substantial weight to whether the subcontractor has consented in writing to being 

removed unless the Contractor establishes that the subcontractor is not qualified for the work. 
 
 
 
EXAMPLE: 
 
Example of a list where there are only four subcontractors: 
 

 
TYPE OF WORK 

SUBCONTRACTOR, 
“SELF” OR “SPECIAL 

EXCEPTION” 

 
SUBCONTRACTOR 

BID AMOUNT 

 
CONTRACTOR 

LICENSE # 
 
ELECTRICAL 

 
ABCD Electric Inc. 

 
$350,000.00 

 
123456789000 

 
LANDSCAPING 

 
“Self”  * 

 
$300,000.00 

 
123456789000 

 
CONCRETE 
(ALTERNATE #1) 

 
XYZ Concrete Inc 

 
$298,000.00 

 
987654321000 

 
MECHANICAL 

 
“Special Exception” 
(attach documentation) 

 
Fixed at: $350,000.00 

(TO BE PROVIDED 
AFTER OBTAINING 
SUBCONTRACTOR) 

 
* Bidders may list “self”, but it is not required. 
 
 
 
 
 
 

PURSUANT TO STATE LAW - SUBCONTRACTOR BID AMOUNTS CONTAINED IN THIS  
SUBCONTRACTOR LIST SHALL NOT BE DISCLOSED UNTIL THE CONTRACT HAS BEEN AWARDED. 
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SUBCONTRACTORS LIST 
FAX TO 801-538-3677 

 
PROJECT TITLE:                                                                                                                                   
 
Caution:   You must read and comply fully with instructions. 
 

 
  
                TYPE OF WORK 

 
              SUBCONTRACTOR,  
“SELF” OR “SPECIAL EXCEPTION” 

 
 SUBCONTRACTOR 
       BID AMOUNT 

 
  
CONT. LICENSE # 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
We certify that: 
l. This list includes all subcontractors as required by the instructions, including those related to the base bid as 

well as any alternates. 
2. We have listed “Self” or “Special Exception” in accordance with the instructions. 
3. All subcontractors are appropriately licensed as required by State law. 
 
 

FIRM:                                                                     
 
DATE:                                                SIGNED BY:                                                            
 
NOTICE:   FAILURE TO SUBMIT THIS FORM, PROPERLY COMPLETED AND SIGNED, AS REQUIRED IN THESE 
CONTRACT DOCUMENTS, SHALL BE GROUNDS FOR OWNER’S REFUSAL TO ENTER INTO A WRITTEN 
CONTRACT WITH BIDDER.  ACTION MAY BE TAKEN AGAINST BIDDERS BID BOND AS DEEMED 
APPROPRIATE BY OWNER.  ATTACH A SECOND PAGE IF NECESSARY.  
 

4110 State Office Building, Salt Lake City, Utah 84114 - telephone 801-538-3018 – facsimile 801-538-3677 – http://dfcm.utah.gov 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and 
DFCM
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 3000/300/____/FVA/____/_____/___ 
Project No.  ________ 

 
 
 

CONTRACTOR'S  AGREEMENT 
 
FOR: 
 
____________________________________ 
____________________________________ 
____________________________________ 
 
THIS CONTRACTOR'S AGREEMENT, made and entered into this ____ day of _________, 20__, by 
and between the DIVISION OF FACILITIES CONSTRUCTION AND MANAGEMENT, hereinafter 
referred to as "DFCM", and ______________________________, incorporated in the State of 
___________ and authorized to do business in the State of Utah, hereinafter referred to as "Contractor", 
whose address is ________________________________. 
 
WITNESSETH:  WHEREAS, DFCM intends to have Work performed at _______________________ 
_______________________________________________. 
 
WHEREAS, Contractor agrees to perform the Work for the sum stated herein. 
 
NOW, THEREFORE, DFCM and Contractor for the consideration provided in this Contractor's 
Agreement, agree as follows: 
 
ARTICLE  1.  SCOPE  OF  WORK.  The Work to be performed shall be in accordance with the 
Contract Documents prepared by _______________________________________________ and entitled 
“______________________________________________________________.” 
 
The DFCM General Conditions (“General Conditions”) dated May 25, 2005 and Supplemental General 
Conditions dated July 15, 2008 (“also referred to as General Conditions”) on file at the office of DFCM 
and available on the DFCM website, are hereby incorporated by reference as part of this Agreement and 
are included in the specifications for this Project.  All terms used in this Contractor's Agreement shall be 
as defined in the Contract Documents, and in particular, the General Conditions.   
 
The Contractor Agrees to furnish labor, materials and equipment to complete the Work as required in the 
Contract Documents which are hereby incorporated by reference.  It is understood and agreed by the 
parties hereto that all Work shall be performed as required in the Contract Documents and shall be 
subject to inspection and approval of DFCM or its authorized representative.  The relationship of the 
Contractor to the DFCM hereunder is that of an independent Contractor. 
 
ARTICLE  2.  CONTRACT  SUM.  The DFCM agrees to pay and the Contractor agrees to accept in 
full performance of this Contractor's Agreement, the sum of _________________________________ 
____________________________________________ DOLLARS AND NO CENTS ($________.00), 
which is the base bid, and which sum also includes the cost of a 100% Performance Bond and a 100% 
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Payment Bond as well as all insurance requirements of the Contractor.  Said bonds have already been 
posted by the Contractor pursuant to State law.  The required proof of insurance certificates have been 
delivered to DFCM in accordance with the General Conditions before the execution of this Contractor's 
Agreement. 
 
ARTICLE  3.  TIME  OF  COMPLETION  AND  DELAY  REMEDY.  The Work shall be 
Substantially Complete by ___________.  Contractor agrees to pay liquidated damages in the amount of 
$______ per day for each day after expiration of the Contract Time until the Contractor achieves 
Substantial Completion in accordance with the Contract Documents, if Contractor's delay makes the 
damages applicable.  The provision for liquidated damages is: (a) to compensate the DFCM for delay 
only; (b) is provided for herein because actual damages can not be readily ascertained at the time of 
execution of this Contractor's Agreement; (c) is not a penalty; and (d) shall not prevent the DFCM from 
maintaining Claims for other non-delay damages, such as costs to complete or remedy defective Work. 
 
No action shall be maintained by the Contractor, including its or Subcontractor or suppliers at any tier, 
against the DFCM or State of Utah  for damages or other claims due to losses attributable to hindrances 
or delays from any cause whatsoever, including acts and omissions of the DFCM or its officers, 
employees or agents, except as expressly provided in the General Conditions.  The Contractor may 
receive a written extension of time, signed by the DFCM, in which to complete the Work under this 
Contractor's Agreement in accordance with the General Conditions. 
 
ARTICLE  4.  CONTRACT  DOCUMENTS.  The Contract Documents consist of this Contractor's 
Agreement, the Conditions of the Contract (DFCM General Conditions, Supplementary and other 
Conditions), the Drawings, Specifications, Addenda and Modifications.  The Contract Documents shall 
also include the bidding documents, including the Invitation to Bid, Instructions to Bidders/ Proposers 
and the Bid/Proposal, to the extent not in conflict therewith and other documents and oral presentations 
that are documented as an attachment to the contract. 
 
All such documents are hereby incorporated by reference herein.  Any reference in this Contractor's 
Agreement to certain provisions of the Contract Documents shall in no way be construed as to lessen the 
importance or applicability of any other provisions of the Contract Documents. 
 
ARTICLE  5.  PAYMENT.  The DFCM agrees to pay the Contractor from time to time as the Work 
progresses, but not more than once each month after the date of Notice to Proceed, and only upon 
Certificate of the A/E for Work performed during the preceding calendar month, ninety-five percent 
(95%) of the value of the labor performed and ninety-five percent (95%) of the value of materials 
furnished in place or on the site.  The Contractor agrees to furnish to the DFCM invoices for materials 
purchased and on the site but not installed, for which the Contractor requests payment and agrees to  
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safeguard and protect such equipment or materials and is responsible for safekeeping thereof and if such 
be stolen, lost or destroyed, to replace same. 
 
Such evidence of labor performed and materials furnished as the DFCM may reasonably require shall be 
supplied by the Contractor at the time of request for Certificate of Payment on account.  Materials for 
which payment has been made cannot be removed from the job site without DFCM's written approval.  
Five percent (5%) of the earned amount shall be retained from each monthly payment.  The retainage, 
including any additional retainage imposed and the release of any retainage, shall be in accordance with 
UCA 13-8-5 as amended.  Contractor shall also comply with the requirements of UCA 13-8-5, including 
restrictions of retainage regarding subcontractors and the distribution of interest earned on the retention 
proceeds.  The DFCM shall not be responsible for enforcing the Contractor’s obligations under State law 
in fulfilling the retention law requirements with subcontractors at any tier. 
 
ARTICLE  6.  INDEBTEDNESS.  Before final payment is made, the Contractor must submit evidence 
satisfactory to the DFCM that all payrolls, materials bills, subcontracts at any tier and outstanding 
indebtedness in connection with the Work have been properly paid.  Final Payment will be made after 
receipt of said evidence, final acceptance of the Work by the DFCM as well as compliance with the 
applicable provisions of the General Conditions. 
 
Contractor shall respond immediately to any inquiry in writing by DFCM as to any concern of financial 
responsibility and DFCM reserves the right to request any waivers, releases or bonds from Contractor in 
regard to any rights of Subcontractors (including suppliers) at any tier or any third parties prior to any 
payment by DFCM to Contractor. 
 
ARTICLE  7.  ADDITIONAL  WORK.  It is understood and agreed by the parties hereto that no 
money will be paid to the Contractor for additional labor or materials furnished unless a new contract in 
writing or a Modification hereof in accordance with the General Conditions and the Contract Documents 
for such additional labor or materials has been executed.  The DFCM specifically reserves the right to 
modify or amend this Contractor's Agreement and the total sum due hereunder either by enlarging or 
restricting the scope of the Work. 
 
ARTICLE  8.  INSPECTIONS.  The Work shall be inspected for acceptance in accordance with the 
General Conditions. 
 
ARTICLE  9.  DISPUTES.  Any dispute, PRE or Claim between the parties shall be subject to the 
provisions of Article 7 of the General Conditions.  DFCM reserves all rights to pursue its rights and 
remedies as provided in the General Conditions.  
 
ARTICLE  10.  TERMINATION,  SUSPENSION  OR  ABANDONMENT.  This Contractor’s 
Agreement may be terminated, suspended or abandoned in accordance with the General Conditions. 
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ARTICLE  11.  DFCM'S  RIGHT  TO  WITHHOLD  CERTAIN  AMOUNT  AND  MAKE  USE 
THEREOF.  The DFCM may withhold from payment to the Contractor such amount as, in DFCM's 
judgment, may be necessary to pay just claims against the Contractor or Subcontractor at any tier for 
labor and services rendered and materials furnished in and about the Work.  The DFCM may apply such 
withheld amounts for the payment of such claims in DFCM's discretion.  In so doing, the DFCM shall be 
deemed the agent of Contractor and payment so made by the DFCM shall be considered as payment 
made under this Contractor's Agreement by the DFCM to the Contractor.  DFCM shall not be liable to 
the Contractor for any such payment made in good faith.  Such withholdings and payments may be made 
without prior approval of the Contractor and may be also be prior to any determination as a result of any 
dispute, PRE, Claim or litigation. 
 
ARTICLE  12.  INDEMNIFICATION.  The Contractor shall comply with the indemnification 
provisions of the General Conditions.  
 
ARTICLE  13.   SUCCESSORS AND ASSIGNMENT  OF  CONTRACT.  The DFCM and 
Contractor, respectively bind themselves, their partners, successors, assigns and legal representatives to 
the other party to this Agreement, and to partners, successors, assigns and legal representatives of such 
other party with respect to all covenants, provisions, rights and responsibilities of this Contractor’s 
Agreement.   The Contractor shall not assign this Contractor’s Agreement without the prior written 
consent of the DFCM, nor shall the Contractor assign any moneys due or to become due as well as any 
rights under this Contractor’s Agreement, without prior written consent of the DFCM. 
 
ARTICLE  14.  RELATIONSHIP  OF  THE  PARTIES.  The Contractor accepts the relationship of 
trust and confidence established by this Contractor's Agreement and covenants with the DFCM to 
cooperate with the DFCM and A/E and use the Contractor's best skill, efforts and judgment in furthering 
the interest of the DFCM; to furnish efficient business administration and supervision; to make best 
efforts to furnish at all times an adequate supply of workers and materials; and to perform the Work in 
the best and most expeditious and economic manner consistent with the interests of the DFCM.  
 
ARTICLE  15.  AUTHORITY  TO  EXECUTE  AND  PERFORM  AGREEMENT.   Contractor 
and DFCM each represent that the execution of this Contractor's Agreement and the performance 
thereunder is within their respective duly authorized powers. 
 
ARTICLE  16.  ATTORNEY  FEES  AND  COSTS.  Except as otherwise provided in the dispute 
resolution provisions of the General Conditions, the prevailing party shall be entitled to reasonable 
attorney fees and costs incurred in any action in the District Court and/or appellate body to enforce this 
Contractor's Agreement or recover damages or any other action as a result of a breach thereof. 
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IN WITNESS WHEREOF, the parties hereto have executed this Contractor's Agreement on the day 
and year stated hereinabove. 
 
 
       CONTRACTOR:                              
 
              
       Signature                                 Date 
 
       Title:         
State of       _____________) 
             )                                                   
County of    _____________)    Please type/print name clearly 
 
On this ____ day of _________, 20____, personally appeared before me, __________________, 
whose identity is personally known to me (or proved to me on the basis of satisfactory evidence) and 
who by me duly sworn (or affirmed), did say that he (she) is the ________________ (title or office) of 
the firm and that said document was signed by him (her) in behalf of said firm. 
 
       _____________________________ 
       Notary Public 
(SEAL) 
       My Commission Expires _________ 
 
 
 
 
APPROVED AS TO AVAILABILITY  DIVISION OF FACILITIES 
OF FUNDS:      CONSTRUCTION AND MANAGEMENT 
 
               
David D. Williams, Jr.                 Date  Lynn A. Hinrichs                                   Date 
DFCM Administrative Services Director  Assistant Director Construction Management  
 
 
 
 
APPROVED AS TO FORM:    APPROVED FOR EXPENDITURE: 
ATTORNEY GENERAL    
July 15, 2008             
By: Alan S. Bachman     Division of Finance                                Date 
 Asst Attorney General 
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PERFORMANCE  BOND 
 (Title 63, Chapter 56, U. C. A. 1953, as Amended) 
 

That                                                                                                                                                           hereinafter referred to as the "Principal" and 
                                                                                                                               , a corporation organized and existing under the laws of the State of  
 , with its principal office in the City of                                      and authorized to transact business in this State and U. S. Department of the Treasury 
Listed (Circular 570, Companies Holding Certificates of Authority as Acceptable Securities on  Federal Bonds and as Acceptable Reinsuring Companies); 
hereinafter referred to as the "Surety," are held and firmly bound unto the State of Utah, hereinafter referred to as the "Obligee, " in the amount of    
                                                                            DOLLARS ($                                        ) for the payment whereof, the 
said Principal and Surety bind themselves and their heirs, administrators, executors, successors and assigns, jointly and severally, firmly by these presents. 
 

WHEREAS, the Principal has entered into a certain written Contract  with the Obligee, dated the                   day of                                 , 20         , to 
construct                                                                                                                                                                                                                          
in the County of                                  , State of Utah, Project No.                                    , for the approximate sum of                                
                                                                                                                                                           Dollars ($                                             ), which 
Contract is hereby incorporated by reference herein. 
 

NOW, THEREFORE, the condition of this obligation is such that if the said Principal shall faithfully perform the Contract in accordance with the  
Contract Documents including, but not limited to, the Plans, Specifications and conditions   thereof, the one year performance warranty, and the terms of the  
Contract as said Contract may be subject to Modifications or changes, then this obligation shall be void; otherwise it shall remain in full force and effect.  
 

No right of action shall accrue on this bond to or for the use of any person or corporation other than the state named herein or the heirs, executors, 
administrators or successors of the Owner. 
 

The parties agree that the dispute provisions provided in the Contract Documents apply and shall constitute the sole dispute procedures of the parties. 
 

PROVIDED,  HOWEVER, that this Bond is executed pursuant to the Provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, as amended, 
and all liabilities on this Bond shall be determined in accordance with said provisions to the same extent as if it were copied at length herein. 
 

IN WITNESS WHEREOF, the said Principal and Surety have signed and sealed this instrument this             day of                               ,  20           . 
 
WITNESS OR ATTESTATION: PRINCIPAL: 
 
                                                                                                                                                                                                                   
 

By:                                                                                                       
             (Seal) 

Title:                                                                                                    
 
 
WITNESS OR ATTESTATION:     SURETY: 
 
                                                                                                                                                                                                                  
 

By:                                                                                                    
       Attorney-in-Fact                                                                   (Seal) 

STATE OF                                       ) 
                                                         )   ss. 
COUNTY OF                                   ) 
 
On this               day of                                      ,  20       , personally appeared before me                                                                                                   , whose 
identity is personally known to me or proved to me on the basis of satisfactory evidence, and who, being by me duly sworn, did say that he/she is the Attorney 
in-fact of the above-named Surety Company and  that  he/she is duly authorized to execute the same and has complied in all respects with the laws of Utah  in 
reference to becoming sole surety upon bonds, undertakings and obligations, and that he/she acknowledged to me that as Attorney-in-fact executed the same. 
 
Subscribed and sworn to before me this                   day of                                                  , 20             . 
 
My commission expires:                                                         
Resides at:                                                                               ________       

NOTARY PUBLIC 
 
 
 

Approved As To Form:  May 25, 2005 
By Alan S. Bachman,  Asst Attorney General 

Agency:  _________________________________________________ 
Agent:    _________________________________________________ 
Address: _________________________________________________
Phone:    _________________________________________________
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PAYMENT  BOND 
 (Title 63, Chapter 56, U. C. A. l953, as Amended) 
KNOW ALL PERSONS BY THESE PRESENTS: 
 

That                                                                                                                      hereinafter referred to as the "Principal," and                
                                                 , a corporation organized and existing under the laws of the State  of      authorized to do business in this State 
and U. S. Department of the Treasury Listed (Circular 570, Companies Holding Certificates of Authority as Acceptable Securities on Federal Bonds and as 
Acceptable Reinsuring Companies); with its principal office in the City of   ,  hereinafter referred to as the "Surety," are held and firmly bound unto 
the State of Utah hereinafter referred to as the "Obligee," in the amount of            
Dollars ($                                        ) for the payment whereof, the said Principal and Surety bind themselves and their heirs, administrators, executors, successors 
and assigns, jointly and severally, firmly by these presents. 
 

WHEREAS, the Principal has entered into a certain written Contract with the Obligee, dated the                day of                                     , 20         ,  
to construct                
in the County of                                   , State of Utah, Project No.                                    for the approximate sum of             
                                                                                   Dollars ($                 ), which contract is hereby 
incorporated by reference herein. 
 

NOW, THEREFORE, the condition of this obligation is such that if the said Principal shall pay all claimants supplying labor or materials to Principal  
or Principal's Subcontractors in compliance with the provisions of Title 63, Chapter 56, of Utah Code Annotated, l953, as amended, and in the prosecution of the 
Work provided for in said Contract, then, this obligation shall be void; otherwise it shall remain in full force and effect.  
 

That said Surety to this Bond, for value received, hereby stipulates and agrees that no changes, extensions of time, alterations or additions to the terms  
of the Contract or to the Work to be performed thereunder, or the specifications or drawings accompanying same shall in any way affect its obligation on this Bond,  
and does hereby waive notice of any such changes, extensions of time, alterations or additions to the terms of the Contract or to the Work or to the specifications  
or drawings and agrees that they shall become part of the Contract Documents. 
 

PROVIDED, HOWEVER, that this Bond is executed pursuant to the provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, as amended, and  
all liabilities on this Bond shall be determined in accordance with said provisions to the same extent as if it were copied at length herein. 
 

IN WITNESS WHEREOF, the said Principal and Surety have signed and sealed this instrument this               day of                              , 20         . 
 
WITNESS OR ATTESTATION:     PRINCIPAL: 
 
                                                                                                                                                                                                            
 

By:                                                                                                     
                                                                                 (Seal) 

Title:                                                                                                    
 
WITNESS OR ATTESTATION:     SURETY: 
 
                                                                                                                                                                                                             
 

By:                                                                                                       
STATE OF                                      )            Attorney-in-Fact                                                                (Seal) 
                                                        )  ss.  
COUNTY OF                                 ) 
 

On this                day of                                                , 20          ,  personally appeared before me             
                                                                                                                                        , whose identity is personally known to me or proved  to  me on  the basis of 
satisfactory evidence, and who, being by me duly sworn, did say that he/she is the Attorney-in-fact of the above-named Surety Company, and that he/she is duly 
authorized to execute the same and has complied in all respects with the laws of Utah in reference to becoming sole surety upon bonds, undertakings and 
obligations, and that he/she acknowledged to me that as Attorney-in-fact executed the same. 
 
Subscribed and sworn to before me this               day of                                                             ,  20            . 
 
My commission expires:                                                  
Resides at:                                                                                                                                                                         

   NOTARY PUBLIC 
 
 

Approved As To Form:  May 25, 2005 
By Alan S. Bachman,  Asst Attorney General 

Agency:  ________________________________________________ 
Agent:    ________________________________________________ 
Address: ________________________________________________ 
Phone:    ________________________________________________ 
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CERTIFICATE  OF  SUBSTANTIAL  COMPLETION 
 
PROJECT                                                                                                       PROJECT NO:  ___________________________ 
 
AGENCY/INSTITUTION ______________________________________________________________________________  
 
AREA ACCEPTED                
 
The Work performed under the subject Contract has been reviewed on this date and found to be Substantially Completed as 
defined in the General Conditions; including that the construction is sufficiently completed in accordance with the Contract 
Documents, as modified by any change orders agreed to by the parties, so that the State of Utah can occupy the Project or specified 
area of the Project for the use for which it is intended. 
 
The DFCM - (Owner) accepts the Project or specified area of the Project as Substantially Complete and will assume full 
possession of the Project or specified area of the Project at                      (time) on                                          (date). 
 
The DFCM accepts the Project for occupancy and agrees to assume full responsibility for maintenance and operation, including 
utilities and insurance, of the Project subject to the  itemized responsibilities and/or exceptions noted below: 
                
 
                
 
The Owner acknowledges receipt of the following closeout and transition materials: 
� As-built Drawings     � O & M Manuals � Warranty Documents � Completion of Training         

Requirements 
 
A list of items to be completed or corrected (Punch List) is attached hereto.  The failure to include an item on it does not alter the 
responsibility of the Contractor to complete all the Work in accordance with the Contract Documents, including authorized 
changes thereof.  The amount of  _____________(Twice the value of the punch list work) shall be  retained to assure the 
completion of the punch list work.                                                     
 
The Contractor shall complete or correct the Work on the list of (Punch List) items appended hereto within                    _
 calendar days from the above date of issuance of this Certificate.  The amount withheld pending completion of the list of 
items noted and agreed to shall be: $________________.  If the list of items is not completed within the time allotted the Owner 
has the right to be compensated for the delays and/or complete the work with the help of independent contractor at the expense of 
the retained project funds.  If the retained project funds are insufficient to cover the delay/completion damages, the Owner shall be 
promptly reimbursed for the balance of the funds needed to compensate the Owner. 
 
       by:         
CONTRACTOR (include name of firm)                               (Signature)                                                           DATE 
                                                                                
       by:         
A/E  (include name of firm)                                                  (Signature)                                                           DATE 
                                                                                                                                                                                                                           
       by:         
USING INSTITUTION OR AGENCY                                (Signature)                                                           DATE 
 
       by:         
DFCM  (Owner)                                                                   (Signature)                                                            DATE 
 
4110 State Office Building, Salt Lake City, Utah  84114  cc:            Parties Noted 
telephone 801-538-3018 • facsimile 801-538-3267 • http://dfcm.utah.gov          DFCM, Director 

Divisionof Facilities Construction and Management 
4110 State Office Building, Salt Lake City UT 84114 
Telephone (801)538-3018 FAX (8901)538-3267

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management DFCM
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OGDEN/WEBER ATC ELECTRICAL/HVAC UPGRADE 
 

SECTION 15050 -  BASIC MECHANICAL MATERIALS AND METHODS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Piping materials and installation instructions common to most piping systems. 
2. Mechanical demolition. 
3. Equipment installation requirements common to equipment sections. 
4. Concrete bases. 
5. Supports and anchorages. 

1.2 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, 
pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient 
temperatures and weather conditions.  Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and in duct shafts. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 
and physical contact by building occupants but subject to outdoor ambient temperatures.  
Examples include installations within unheated shelters. 

1.3 QUALITY ASSURANCE 

A. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualifications." 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding processes 

involved and that certification is current. 

B. Electrical Characteristics for Mechanical Equipment:  Equipment of higher electrical 
characteristics may be furnished provided such proposed equipment is approved in writing and 
connecting electrical services, circuit breakers, and conduit sizes are appropriately modified.  If 
minimum energy ratings or efficiencies are specified, equipment shall comply with 
requirements. 
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PART 2 - PRODUCTS 

2.1 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 15 piping Sections for pipe, tube, and fitting materials and joining 
methods. 

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

2.2 JOINING MATERIALS 

A. Refer to individual Division 15 piping Sections for special joining materials not listed below. 

B. Pipe-Flange Gasket Materials:  ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch  
maximum thickness unless thickness or specific material is indicated. 

C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping 
system manufacturer, unless otherwise indicated. 

D. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813. 

E. Brazing Filler Metals:  AWS A5.8, BCuP Series or BAg1, unless otherwise indicated. 

F. Welding Filler Metals:  Comply with AWS D10.12. 

G. Solvent Cements for Joining Plastic Piping: 

1. ABS Piping:  ASTM D 2235. 
2. CPVC Piping:  ASTM F 493. 
3. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 
4. PVC to ABS Piping Transition:  ASTM D 3138. 

2.3 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics:  Post-hardening, volume-adjusting, nonstaining, noncorrosive, 
nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 
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PART 3 - EXECUTION 

3.1 MECHANICAL DEMOLITION 

A. Refer to Division 1 Sections "Cutting and Patching" and "Selective Demolition" for general 
demolition requirements and procedures. 

B. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated 
to be removed. 

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or 
plug remaining piping with same or compatible piping material. 

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or 
compatible piping material. 

3. Ducts to Be Removed:  Remove portion of ducts indicated to be removed and plug 
remaining ducts with same or compatible ductwork material. 

4. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible ductwork 
material. 

5. Equipment to Be Removed:  Disconnect and cap services and remove equipment. 
6. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, 

clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment 
operational. 

7. Equipment to Be Removed and Salvaged:  Disconnect and cap services and remove 
equipment and deliver to Owner. 

C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, 
remove damaged or unserviceable portions and replace with new products of equal capacity and 
quality. 

3.2 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 15 Sections specifying 
piping systems. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated locations and arrangements were used to size pipe and calculate friction 
loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless 
deviations to layout are approved on Coordination Drawings. 

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping to permit valve servicing. 
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G. Install piping at indicated slopes. 

H. Install piping free of sags and bends. 

I. Install fittings for changes in direction and branch connections. 

J. Install piping to allow application of insulation. 

K. Select system components with pressure rating equal to or greater than system operating 
pressure. 

L. Install escutcheons for penetrations of walls, ceilings, and floors. 

M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, 
and concrete floor and roof slabs. 

N. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical 
sleeve seals.  Select sleeve size to allow for 1-inch  annular clear space between pipe and sleeve 
for installing mechanical sleeve seals. 

O. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal 
pipe penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch  annular 
clear space between pipe and sleeve for installing mechanical sleeve seals. 

P. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors 
at pipe penetrations.  Seal pipe penetrations with firestop materials.  Verify final equipment 
locations for roughing-in. 

Q. Refer to equipment specifications in other Sections of these Specifications for roughing-in 
requirements. 

3.3 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 15 Sections 
specifying piping systems. 

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using 
lead-free solder alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8. 

F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut 
threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore 
full ID.  Join pipe fittings and valves as follows: 
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1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 
threading is specified. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 
damaged.  Do not use pipe sections that have cracked or open welds. 

G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and 
welding operators according to Part 1 "Quality Assurance" Article. 

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 

I. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings 
according to the following: 

1. Comply with ASTM F 402, for safe-handling practice of cleaners, primers, and solvent 
cements. 

2. ABS Piping:  Join according to ASTM D 2235 and ASTM D 2661 Appendixes. 
3. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix. 
4. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC socket 

fittings according to ASTM D 2672.  Join other-than-schedule-number PVC pipe and 
socket fittings according to ASTM D 2855. 

5. PVC Nonpressure Piping:  Join according to ASTM D 2855. 
6. PVC to ABS Nonpressure Transition Fittings:  Join according to ASTM D 3138 

Appendix. 

J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139. 

K. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212. 

L. PE Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean cloth or 
paper towels.  Join according to ASTM D 2657. 

1. Plain-End Pipe and Fittings:  Use butt fusion. 
2. Plain-End Pipe and Socket Fittings:  Use socket fusion. 

M. Fiberglass Bonded Joints:  Prepare pipe ends and fittings, apply adhesive, and join according to 
pipe manufacturer's written instructions. 

3.4 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 

1. Install unions, in piping NPS 2 inch and smaller, adjacent to each valve and at final 
connection to each piece of equipment. 

2. Install flanges, in piping NPS 2-1/2 inch and larger, adjacent to flanged valves and at 
final connection to each piece of equipment. 

3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of 
dissimilar metals. 

4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping 
materials of dissimilar metals. 
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3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are 
not indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated. 

C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.6 CONCRETE BASES 

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's 
written instructions and according to seismic codes at Project. 

1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both 
directions than supported unit. 

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18-inch centers around the full perimeter of the base. 

3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 
base, and anchor into structural concrete floor. 

4. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 
drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported equipment. 
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
7. Use 3000 psi, 28-day compressive-strength concrete and reinforcement. 

3.7 GROUTING 

A. Mix and install grout for mechanical equipment base bearing surfaces, pump and other 
equipment base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout and place grout, completely filling equipment 
bases. Place grout on concrete bases and provide smooth bearing surface for equipment. 

E. Place grout around anchors. 

F. Cure placed grout. 

END OF SECTION 15050 
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SECTION 15055 -  MOTORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes basic requirements for motors. 

B. See individual Sections for application of motors and reference to specific motor requirements 
for motor-driven equipment. 

1.2 SUBMITTALS 

A. Product Data for Field-Installed Motors:  For each type and size of motor, provide nameplate 
data and ratings; shipping, installed, and operating weights; enclosure type and mounting 
arrangements; size, type, and location of winding terminations; conduit entry and ground lug 
locations; and information on coatings or finishes. 

B. Shop Drawings for Field-Installed Motors:  Dimensioned plans, elevations, sections, and 
details, including required clearances and service space around equipment.  Include the 
following: 

1. Each installed unit's type and details. 
2. Nameplate legends. 
3. Diagrams of power, signal, and control wiring.  Provide schematic wiring diagram for 

each type of motor and for each control scheme. 

C. Qualification Data:  For testing agency. 

D. Field quality-control test reports. 

E. Operation and Maintenance Data. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. Comply with NFPA 70. 

1.4 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices and features that comply 
with the following: 
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1. Compatible with the following: 

a. Magnetic controllers. 
b. Multispeed controllers. 
c. Reduced-voltage controllers. 

2. Designed and labeled for use with variable frequency controllers, and suitable for use 
throughout speed range without overheating. 

3. Matched to torque and horsepower requirements of the load. 
4. Matched to ratings and characteristics of supply circuit and required control sequence. 

B. Coordinate motor support with requirements for driven load; access for maintenance and motor 
replacement; installation of accessories, belts, belt guards; and adjustment of sliding rails for 
belt tensioning. 

C. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified in Division 3. 

PART 2 - PRODUCTS 

2.1 MOTOR CHARACTERISTICS 

A. Motors 3/4 HP and Larger:  Three phase. 

B. Motors Smaller Than 3/4 HP:  Single phase. 

C. Frequency Rating:  60 Hz. 

D. Voltage Rating:  NEMA standard voltage selected to operate on nominal circuit voltage to 
which motor is connected. 

E. Service Factor:  1.15 for open dripproof motors; 1.0 for totally enclosed motors. 

F. Duty:  Continuous duty at ambient temperature of 105 deg F and at altitude of 4500 feet above 
sea level. 

G. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads 
at designated speeds, at installed altitude and environment, with indicated operating sequence, 
and without exceeding nameplate ratings or considering service factor. 

2.2 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Premium, as defined in NEMA MG 1. 

C. Stator:  Copper windings, unless otherwise indicated. 

1. Multispeed motors shall have separate winding for each speed. 
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D. Rotor:  Squirrel cage, unless otherwise indicated. 

E. Bearings:  Double-shielded, prelubricated ball bearings suitable for radial and thrust loading. 

F. Temperature Rise:  Match insulation rating, unless otherwise indicated. 

G. Insulation:  Class F, unless otherwise indicated. 

H. Code Letter Designation: 

1. Motors 15 HP and Larger:  NEMA starting Code F or Code G. 
2. Motors Smaller Than 15 HP:  Manufacturer's standard starting characteristic. 

I. Enclosure:  Cast iron for motors 7.5 hp and larger; rolled steel for motors smaller than 7.5 hp. 

1. Finish: Gray enamel 

2.3 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features 
coordinated with and approved by controller manufacturer. 

1. Designed with critical vibration frequencies outside operating range of controller output. 
2. Temperature Rise:  Matched to rating for Class B insulation. 
3. Insulation:  Class H. 
4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected 

motors. 

2.4 SINGLE-PHASE MOTORS 

A. Type:  One of the following, to suit starting torque and requirements of specific motor 
application: 

1. Permanent-split capacitor. 
2. Split-phase start, capacitor run. 
3. Capacitor start, capacitor run. 

B. Shaded-Pole Motors:  For motors 1/20 hp and smaller only. 

C. Thermal Protection:  Internal protection to automatically open power supply circuit to motor 
when winding temperature exceeds a safe value calibrated to temperature rating of motor 
insulation.  Thermal-protection device shall automatically reset when motor temperature returns 
to normal range. 

D. Bearings:  Ball type for belt-connected motors and other motors with high radial forces on 
motor shaft; sealed, prelubricated-sleeve type for other single-phase motors. 

E. Source Quality Control for Field-Installed Motors:  Perform the following tests on each motor 
according to NEMA MG 1: 
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1. Measure winding resistance. 
2. Read no-load current and speed at rated voltage and frequency. 
3. Measure locked rotor current at rated frequency. 
4. Perform high-potential test. 

PART 3 - EXECUTION 

3.1 FIELD-INSTALLED MOTOR INSTALLATION 

A. Anchor each motor assembly to base, adjustable rails, or other support, arranged and sized 
according to manufacturer's written instructions.  Attach by bolting.  Level and align with load 
transfer link. 

B. Install motors on concrete bases complying with Division 3. 

C. Comply with mounting and anchoring requirements specified in Division 15 Section 
"Mechanical Vibration and Seismic Controls." 

3.2 FIELD QUALITY CONTROL FOR FIELD-INSTALLED MOTORS 

A. Prepare for acceptance tests. 

1. Align motors, bases, shafts, pulleys, and belts.  Tension belts according to manufacturer's 
written instructions. 

2. Verify bearing lubrication. 
3. Run each motor with its controller.  Demonstrate correct rotation, alignment, and speed at 

motor design load. 
4. Test interlocks and control and safety features for proper operation. 
5. Verify that current and voltage for each phase comply with nameplate rating and 

NEMA MG 1 tolerances. 

B. Perform the following field tests and inspections and prepare test reports: 

1. Perform electrical tests and visual and mechanical inspections including optional tests 
and inspections stated in NETA ATS on factory- and field-installed motors.  Certify 
compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

END OF SECTION 15055 
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SECTION 15110 - VALVES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following general-duty valves: 

1. Ferrous-alloy butterfly valves. 
2. Spring-loaded, lift-disc check valves. 

B. See Division 15 piping Sections for specialty valves applicable to those Sections only. 

1.2 SUBMITTALS 

A. Product Data:  For each type of valve indicated.  Include body, seating, and trim materials; 
valve design; pressure and temperature classifications; end connections; arrangement; 
dimensions; and required clearances.  Include list indicating valve and its application.  Include 
rated capacities; furnished specialties; and accessories. 

1.3 QUALITY ASSURANCE 

A. ASME Compliance:  ASME B31.9 for building services piping valves. 

B. ASME Compliance for Ferrous Valves:  ASME B16.10 and ASME B16.34 for dimension and 
design criteria. 

C. NSF Compliance:  NSF 61 for valve materials for potable-water service. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products by the 
manufacturers specified. 

2.2 VALVES, GENERAL 

A. Refer to Part 3 "Valve Applications" Article for applications of valves. 
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B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system 
pressures and temperatures. 

C. Valve Sizes:  Same as upstream pipe, unless otherwise indicated. 

D. Valve Actuators: 

1. Handwheel:  For valves other than quarter-turn types. 
2. Lever Handle:  For quarter-turn valves NPS 6  and smaller, except plug valves. 

E. Extended Valve Stems:  On insulated valves. 

F. Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and 
ASME B16.24 for bronze valves. 

2.3 FERROUS-ALLOY BUTTERFLY VALVES 

A. Manufacturers: 

1. Flangeless, Ferrous-Alloy Butterfly Valves: 
a. Crane Co.; Crane Valve Group; Stockham Div. 
b. Grinnell Corporation. 
c. Hammond Valve. 
d. Milwaukee Valve Company. 
e. Mueller Steam Specialty. 
f. NIBCO INC. 
g. Watts Industries, Inc.; Water Products Div. 

B. Ferrous-Alloy Butterfly Valves, General:  MSS SP-67, Type I, for tight shutoff, with disc and 
lining suitable for potable water, unless otherwise indicated. 

C. Flangeless, 150-psig CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer type with one- or 
two-piece stem. 

2.4 SPRING-LOADED, LIFT-DISC CHECK VALVES 

A. Manufacturers: 

1. Type I, Wafer Lift-Disc Check Valves: 

a. Mueller Steam Specialty. 

2. Type II, Compact-Wafer, Lift-Disc Check Valves: 

a. Durabla Fluid Technology, Inc. 
b. Flomatic Valves. 
c. Grinnell Corporation. 
d. Hammond Valve. 
e. Milwaukee Valve Company. 
f. Mueller Steam Specialty. 
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g. Multiplex Manufacturing Co. 
h. NIBCO INC. 

B. Lift-Disc Check Valves, General:  FCI 74-1, with spring-loaded bronze or alloy disc and bronze 
or alloy seat. 

C. Type I, Class 125, Wafer Lift-Disc Check Valves:  Wafer style with cast-iron shell with 
diameter matching companion flanges. 

D. Type I, Class 250, Wafer Lift-Disc Check Valves:  Wafer style with cast-iron shell with 
diameter matching companion flanges. 

E. Type II, Class 125, Compact-Wafer, Lift-Disc Check Valves:  Compact-wafer style with cast-
iron shell with diameter made to fit within bolt circle. 

F. Type II, Class 250, Compact-Wafer, Lift-Disc Check Valves:  Compact-wafer style with cast-
iron shell with diameter made to fit within bolt circle. 

PART 3 - EXECUTION 

3.1 VALVE APPLICATIONS 

A. Refer to piping Sections for specific valve applications.  If valve applications are not indicated, 
use the following: 

1. Shutoff Service:  Ball, butterfly, or gate valves. 
2. Throttling Service:  Angle, ball, butterfly, or globe valves. 
3. Pump Discharge:  Spring-loaded, lift-disc check valves. 

B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves 
with higher SWP class or CWP ratings may be substituted. 

C. Condenser Water Piping:  Use the following types of valves: 

1. Butterfly Valves, NPS 2-1/2 and Larger:  Flangeless, 150-psig CWP rating, ferrous alloy, 
with EPDM liner. 

2. Spring-Loaded, Lift-Disc Check Valves, NPS 2-1/2 and Larger:  Type  I or II, Class  125, 
cast iron. 

3.2 VALVE INSTALLATION 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install valves with unions or flanges at each piece of equipment arranged to allow service, 
maintenance, and equipment removal without system shutdown. 

C. Locate valves for easy access and provide separate support where necessary. 
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D. Install valves in horizontal piping with stem at or above center of pipe. 

E. Install valves in position to allow full stem movement. 

F. Install check valves for proper direction of flow and as follows: 

1. Swing Check Valves:  In horizontal position with hinge pin level. 
2. Dual-Plate Check Valves:  In horizontal or vertical position, between flanges. 
3. Lift Check Valves:  With stem upright and plumb. 

3.3 JOINT CONSTRUCTION 

A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping joint 
construction. 

B. Grooved Joints:  Assemble joints with keyed coupling housing, gasket, lubricant, and bolts 
according to coupling and fitting manufacturer's written instructions. 

C. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-
alloy solder; and ASTM B 828 procedure, unless otherwise indicated. 

3.4 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into service but 
before final adjusting and balancing.  Replace valves if persistent leaking occurs. 

END OF SECTION 15110 
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SECTION 15181 - HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes pipe and fitting materials, joining methods, special-duty valves, and 
specialties for the following: 

1. Condenser-water piping. 
2. Makeup-water piping. 
3. Condensate-drain piping. 

B. See Division 15 Section "Hydronic Pumps" for pumps, motors, and accessories for hydronic 
piping. 

1.2 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature: 

1. Condenser-Water Piping: 150 psig at 150 deg F. 
2. Makeup-Water Piping:  80 psig at 150 deg F. 
3. Condensate-Drain Piping:  150 deg F. 

1.3 QUALITY ASSURANCE 

A. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 
products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME 
label.  Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and 
Pressure Vessel Code:  Section VIII, Division 1. 

PART 2 - PRODUCTS 

2.1 STEEL PIPE AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall thickness as 
indicated in Part 3 "Piping Applications" Article. 

B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 "Piping 
Applications" Article. 

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in Part 3 
"Piping Applications" Article. 
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D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 
"Piping Applications" Article. 

E. Cast-Iron Pipe Flanges and Flanged Fittings:  ASME B16.1, Classes 25, 125, and 250; raised 
ground face, and bolt holes spot faced as indicated in Part 3 "Piping Applications" Article. 

F. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, 
nuts, and gaskets of the following material group, end connections, and facings: 

1. Material Group:  1.1. 
2. End Connections:  Butt welding. 
3. Facings:  Raised face. 

2.2 JOINING MATERIALS 

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless 
thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper 
with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

D. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working 
temperatures and pressures. 

2.3 VALVES 

A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in 
Division 15 Section "Valves." 

B. Bronze, Calibrated-Orifice, Balancing Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Armstrong Pumps, Inc. 
b. Bell & Gossett Domestic Pump; a division of ITT Industries. 
c. Griswold Controls. 

2. Body:  Bronze, ball or plug type with calibrated orifice or venturi. 
3. Ball:  Brass or stainless steel. 
4. Plug:  Resin. 
5. Seat:  PTFE. 

HYDRONIC PIPING 15181 - 2 



OGDEN/WEBER ATC ELECTRICAL/HVAC UPGRADE 
 

6. End Connections:  Threaded or socket. 
7. Pressure Gage Connections:  Integral seals for portable differential pressure meter. 
8. Handle Style:  Lever, with memory stop to retain set position. 
9. CWP Rating: Minimum 125 psig . 
10. Maximum Operating Temperature:  250 deg F. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Condenser-water piping, aboveground, NPS 2-1/2 and larger, shall be the following: 

1. Schedule 80 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges 
and flange fittings, and welded and flanged joints. 

B. Makeup-water piping installed aboveground shall be either of the following: 

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 
2. Schedule 40 CPVC plastic pipe and fittings, and solvent-welded joints. 

C. Condensate-Drain Piping:  Type M, drawn-temper copper tubing, wrought-copper fittings, and 
soldered joints or Schedule 40 PVC plastic pipe and fittings and solvent-welded joints. 

3.2 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains, and at supply connection 
to each piece of equipment. 

B. Install check valves at each pump discharge and elsewhere as required to control flow direction. 

3.3 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicate piping locations and arrangements if such were used to size pipe and 
calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping 
as indicated unless deviations to layout are approved on Coordination Drawings. 

B. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 
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F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system operating 
pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4  threaded nipple 
with cap, at low points in piping system mains and elsewhere as required for system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install valves according to Division 15 Section "Valves." 

3.4 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required 
for system air venting. 

3.5 FIELD QUALITY CONTROL 

1. Prepare hydronic piping according to ASME B31.9.  

B. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
4. Inspect air vents at high points of system and determine if all are installed and operating 

freely (automatic type), or bleed air completely (manual type). 
5. Set temperature controls so all coils are calling for full flow. 
6. Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, 

cooling towers, to specified values. 
7. Verify lubrication of motors and bearings. 

END OF SECTION 15181 

HYDRONIC PIPING 15181 - 4 



OGDEN/WEBER ATC ELECTRICAL/HVAC UPGRADE 
 

SECTION 15183 - REFRIGERANT PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes refrigerant piping used for air-conditioning applications. 

1.2 PERFORMANCE REQUIREMENTS 

A. Line Test Pressure: 

1. Hot-Gas and Liquid Lines:  325 psig . 

1.3 SUBMITTALS 

A. Product Data:  For each type of valve and refrigerant piping specialty indicated.  Include 
pressure drop based on manufacturer's test data. 

B. Shop Drawings:  Show layout of refrigerant piping and specialties, including pipe, tube, and 
fitting sizes, flow capacities, valve arrangements and locations, slopes of horizontal runs, oil 
traps, double risers, wall and floor penetrations, and equipment connection details.  Show 
interface and spatial relationships between piping and equipment. 

1. Refrigerant piping indicated on Drawings is schematic only.  Size piping and design 
actual piping layout, including oil traps, double risers, specialties, and pipe and tube sizes 
to accommodate, as a minimum, equipment provided, elevation difference between 
compressor and evaporator, and length of piping to ensure proper operation and 
compliance with warranties of connected equipment. 

1.4 QUALITY ASSURANCE 

A. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems." 

B. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components." 

1.5 PRODUCT STORAGE AND HANDLING 

A. Store piping in a clean and protected area with end caps in place to ensure that piping interior 
and exterior are clean when installed. 
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PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Copper Tube:  ASTM B 88, Type K or L Wrought-Copper Fittings:  ASME B16.22. 

B. Wrought-Copper Unions:  ASME B16.22. 

C. Brazing Filler Metals:  AWS A5.8. 

D. Flexible Connectors: 

1. Body:  Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced 
protective jacket. 

2. End Connections:  Socket ends. 
3. Offset Performance:  Capable of minimum 3/4-inch misalignment in minimum 7-inch-  

long assembly. 
4. Pressure Rating:  Factory test at minimum 500 psig . 
5. Maximum Operating Temperature:  250 deg F . 

2.2 VALVES AND SPECIALTIES 

A. Service Valves: 

1. Body:  Forged brass with brass cap including key end to remove core. 
2. Core:  Removable ball-type check valve with stainless-steel spring. 
3. Seat:  Polytetrafluoroethylene. 
4. End Connections:  Copper spring. 
5. Working Pressure Rating:  500 psig . 

PART 3 - EXECUTION 

3.1 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems; indicated locations and arrangements were used to size pipe and calculate friction loss, 
expansion, pump sizing, and other design considerations.  Install piping as indicated unless 
deviations to layout are approved on Shop Drawings. 

B. Install refrigerant piping according to ASHRAE 15. 

C. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 
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E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping adjacent to machines to allow service and maintenance. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Select system components with pressure rating equal to or greater than system operating 
pressure. 

J. Install piping as short and direct as possible, with a minimum number of joints, elbows, and 
fittings. 

K. Arrange piping to allow inspection and service of refrigeration equipment.  Install valves and 
specialties in accessible locations to allow for service and inspection.  Install access doors or 
panels as specified in Division 8 Section "Access Doors and Frames" if valves or equipment 
requiring maintenance is concealed behind finished surfaces. 

L. Install refrigerant piping in protective conduit where installed belowground. 

M. Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical 
injury. 

N. Slope refrigerant piping as follows: 

1. Install horizontal hot-gas discharge piping with a uniform slope downward away from 
compressor. 

2. Install horizontal suction lines with a uniform slope downward to compressor. 
3. Install traps and double risers to entrain oil in vertical runs. 
4. Liquid lines may be installed level. 

O. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve 
stems, seats, and packing, and accessible internal parts of refrigerant specialties.  Do not apply 
heat near expansion-valve bulb. 

P. Install pipe sleeves at penetrations in exterior walls and floor assemblies. 

Q. Seal penetrations through fire and smoke barriers according to Division 7 Section "Through-
Penetration Firestop Systems." 

R. Install piping with adequate clearance between pipe and adjacent walls and hangers or between 
pipes for insulation installation. 

S. Install sleeves through floors, walls, or ceilings, sized to permit installation of full-thickness 
insulation. 

T. Seal pipe penetrations through exterior walls according to Division 7 Section "Joint Sealants" 
for materials and methods. 

U. Identify refrigerant piping and valves according to Division 15 Section "Mechanical 
Identification." 
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3.2 PIPE JOINT CONSTRUCTION 

A. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and 
Tube." 

1. Use Type BcuP, copper-phosphorus alloy for joining copper socket fittings with copper 
pipe. 

2. Use Type BAg, cadmium-free silver alloy for joining copper with bronze or steel. 

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

B. Tests and Inspections: 

1. Comply with ASME B31.5, Chapter VI. 
2. Test refrigerant piping and specialties.  Isolate compressor, condenser, evaporator, and 

safety devices from test pressure if they are not rated above the test pressure. 
3. Test high- and low-pressure side piping of each system separately at not less than the 

pressures indicated in Part 1 "Performance Requirements" Article. 

a. Fill system with nitrogen to the required test pressure. 
b. System shall maintain test pressure at the manifold gage throughout duration of 

test. 
c. Test joints and fittings with electronic leak detector or by brushing a small amount 

of soap and glycerin solution over joints. 
d. Remake leaking joints using new materials, and retest until satisfactory results are 

achieved. 

3.4 SYSTEM CHARGING 

A. Charge system using the following procedures: 

1. Install core in filter dryers after leak test but before evacuation. 
2. Evacuate entire refrigerant system with a vacuum pump to 500 micrometers .  If vacuum 

holds for 12 hours, system is ready for charging. 
3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psi. 
4. Charge system with a new filter-dryer core in charging line. 

3.5 ADJUSTING 

A. Adjust thermostatic expansion valve to obtain proper evaporator superheat. 

B. Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating 
suction pressure. 

C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the system 
design temperature. 
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D. Perform the following adjustments before operating the refrigeration system, according to 
manufacturer's written instructions: 

1. Open shutoff valves in condenser water circuit. 
2. Verify that compressor oil level is correct. 
3. Open compressor suction and discharge valves. 
4. Open refrigerant valves except bypass valves that are used for other purposes. 
5. Check open compressor-motor alignment and verify lubrication for motors and bearings. 

E. Replace core of replaceable filter dryer after system has been adjusted and after design flow 
rates and pressures are established. 

END OF SECTION 15183 
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SECTION 15185 - HYDRONIC PUMPS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Separately coupled, base-mounted, end-suction centrifugal pumps. 

1.2 SUBMITTALS 

A. Product Data:  Include certified performance curves and rated capacities, operating 
characteristics, furnished specialties, final impeller dimensions, and accessories for each type of 
product indicated.  Indicate pump's operating point on curves. 

B. Shop Drawings:  Show pump layout and connections.  Include setting drawings with templates 
for installing foundation and anchor bolts and other anchorages. 

C. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. UL Compliance:  Comply with UL 778 for motor-operated water pumps. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
manufacturers specified. 

2.2 SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS 

A. Manufacturers: 

1. Armstrong Pumps Inc. 
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2. Aurora Pump; Division of Pentair Pump Group. 
3. Bell & Gossett; Div. of ITT Industries. 
4. Taco, Inc. 
5. Weinman; Div. of Crane Pumps & Systems. 

B. Description:  Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, 
end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for base mounting, with pump 
and motor shafts horizontal.  Rate pump for 125-psig minimum working pressure and a 
continuous water temperature of 200 deg F  

C. Pump Construction: 

1. Casing:  Radially split, cast iron, with replaceable bronze wear rings, threaded gage 
tappings at inlet and outlet, drain plug at bottom and air vent at top of volute, and flanged 
connections. Provide integral mount on volute to support the casing, and attached piping 
to allow removal and replacement of impeller without disconnecting piping or requiring 
the realignment of pump and motor shaft. 

2. Impeller:  ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, 
and secured with a locking cap screw.  Trim impeller to match specified performance. 

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve. 
4. Mechanical Seal:  Carbon rotating ring against a ceramic seat held by a stainless-steel 

spring, and Buna-N bellows and gasket. 
5. Packing Seal:  Stuffing box, with a minimum of four rings of graphite-impregnated 

braided yarn with bronze lantern ring between center two graphite rings, and bronze 
packing gland. 

6. Pump Bearings:  Grease-lubricated ball bearings contained in cast-iron housing with 
grease fittings. 

D. Shaft Coupling:  Molded rubber insert and interlocking spider capable of absorbing vibration.  
Couplings shall be drop-out type to allow disassembly and removal without removing pump 
shaft or motor. 

E. Coupling Guard:  Dual rated; ANSI B15.1, Section 8; OSHA 1910.219 approved; steel; 
removable; attached to mounting frame. 

F. Mounting Frame:  Welded-steel frame and cross members, factory fabricated from 
ASTM A 36/A 36M channels and angles.  Fabricate to mount pump casing, coupling guard, and 
motor. 

G. Motor:  Single speed, with permanently lubricated ball bearings, unless otherwise indicated; 
secured to mounting frame, with adjustable alignment.  Comply with requirements in 
Division 15 Section "Motors." 

H. Capacities and Characteristics: 

a. See schedule on drawings. 
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2.3 PUMP SPECIALTY FITTINGS 

A. Suction Diffuser:  Angle pattern,175-psig  pressure rating, cast -iron body and end cap, pump-
inlet fitting; with bronze startup and bronze or stainless-steel permanent strainers; bronze or 
stainless-steel straightening vanes; drain plug; and factory-fabricated support. 

B. Triple-Duty Valve:  Angle or straight pattern, 175-psig pressure rating, cast-iron body, pump-
discharge fitting; with drain plug and bronze-fitted shutoff, balancing, and check valve features.  
Brass gage ports with integral check valve, and orifice for flow measurement. 

PART 3 - EXECUTION 

3.1 PUMP INSTALLATION 

A. Comply with HI 1.4. 

B. Install pumps with access for periodic maintenance including removal of motors, impellers, 
couplings, and accessories. 

C. Independently support pumps and piping so weight of piping is not supported by pumps and 
weight of pumps is not supported by piping. 

D. Set base-mounted pumps on concrete foundation.  Disconnect coupling before setting.  Do not 
reconnect couplings until alignment procedure is complete. 

3.2 ALIGNMENT 

A. Align pump and motor shafts and piping connections after setting on foundation, grout has been 
set and foundation bolts have been tightened, and piping connections have been made. 

B. Comply with pump and coupling manufacturers' written instructions. 

C. Adjust pump and motor shafts for angular and offset alignment by methods specified in HI 1.1-
1.5, "Centrifugal Pumps for Nomenclature, Definitions, Application and Operation." 

D. After alignment is correct, tighten foundation bolts evenly but not too firmly.  Completely fill 
baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges are in 
place.  After grout has cured, fully tighten foundation bolts. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to machine to allow service and maintenance. 

C. Connect piping to pumps.  Install valves that are same size as piping connected to pumps. 
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D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles. 

E. Install check valve and throttling or triple-duty valve on discharge side of pumps. 

F. Install suction diffuser and shutoff valve on suction side of pumps. 

G. Install flexible connectors on suction and discharge sides of base-mounted pumps between 
pump casing and valves. 

H. Install pressure gages on pump suction and discharge, at integral pressure-gage tapping, or 
install single gage with multiple input selector valve. 

I. Ground equipment according to Division 16 Section "Grounding and Bonding." 

J. Connect wiring according to Division 16 Section "Conductors and Cables." 

END OF SECTION 15185 
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SECTION 15641 - OPEN-CIRCUIT, MECHANICAL-DRAFT COOLING TOWERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes factory-assembled and -tested, open-circuit, induced-draft, cross flow 
type cooling towers. 

1.2 SUBMITTALS 

A. Product Data:  Include rated capacities, pressure drop, fan performance data, rating curves with 
selected points indicated, furnished specialties, and accessories. 

B. Coordination Drawings:  Drawn to scale and coordinating structural supports, piping and wiring 
roughing-in requirements (determine spaces reserved for electrical equipment), and access 
requirements for service and maintenance. 

C. Product Certificates:  CTI performance certification. 

D. Field quality-control test reports. 

E. Operation and maintenance data. 

F. Warranties. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. Comply with NFPA 70. 

1.4 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified on drawings. 

1.5 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace the following components of open-circuit, mechanical-draft cooling towers that fail in 
materials or workmanship within specified warranty period: 
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1. Fan, motor, and motor supports. 
2. Fan shafts, bearings, and sheaves. 
3. Warranty Period:  Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A.  
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

manufacturers specified. 

2.2 MATERIALS 

A. Galvanized Sheet Steel:  Lock-forming quality; complying with ASTM A 653/A 653M, and 
having G210 coating designation. 

2.3 INDUCED-DRAFT, CROSS-FLOW COOLING TOWERS 

A. Manufacturers: 

1. Baltimore Aircoil Company. 
2. Marley Cooling Tower 

B. Description:  Factory-assembled and -tested, induced-draft, cross-flow cooling tower complete 
with fill, fan, louvers, accessories, and rigging supports. 

C. Cooling Tower Characteristics and Capacities: 

1. Condenser-Water Flow:  625 gpm 
2. Entering Condenser-Water Temperature: 95 deg F 
3. Leaving Condenser-Water Temperature:  85 deg F 
4. Entering-Air Wet-Bulb Temperature:  70 deg F 
5. Number of Fans: One. 
6. Fan Motor Electrical Characteristics: 208-V ac, 3 phase, 60 Hz. 
7. Noise Rating:  65 dBA at 5.0 ft from air inlet face 
8. Basin Heater:  none. 

D. Fan(s): 

1. Type and Material: Propeller type, heavy aluminum alloy blades, electrogalvinized hub. 
2. Drive:  Gear with speed reducer. 
3. Bearings:  Self-aligning ball bearings or bronze sleeve bearings with lubrication lines and 

fittings. 
4. Vibration Cutout Switch:  Solid state, with adjustable time delay and NEMA 250, Type 4 

enclosure. 

E. Water Distribution System: 
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1. Evenly distribute water over fill material, with single side inlet connection to distribution 
header. 

a. Pipes:  Schedule 40, PVC. 
b. Nozzle Materials:  Schedule 40, PVC. 

2. Hot-Water Basin and Basin Covers:  Galvanized sheet steel. 

F. Casing Material:  Galvanized sheet steel. 

1. Fasteners:  Galvanized steel. 
2. Joints:  Sealed watertight. 
3. Welded Connections:  Continuous and watertight. 

G. Collection Basin Material:  Stainless steel. 

1. Removable, stainless-steel strainer with openings smaller than nozzle orifices. 
2. Overflow connection. 
3. Makeup water connection. 
4. Side drain connection. 

H. Fill Material: PVC; resistant to rot, decay, and biological attack; with maximum flame-spread 
index of 25 according to ASTM E 84; and fabricated, formed, and installed by manufacturer to 
ensure that water breaks up into droplets. 

I. Drift Eliminator Material:  Same as fill material. 

J. Louver Material:  Same as fill material or galvanized sheet steel. 

K. Water-Level Control:  Manufacturer's standard mechanical makeup water valve and plastic or 
bronze float with an adjustable linkage. 

2.4 MOTORS 

A. Comply with requirements in Division 15 Section "Motors." Motors to be premium efficiency.  

B. Enclosure Type:  Totally enclosed, fan cooled. 

C. Motor Speed: Inverter type for variable-speed controller  

2.5 SOURCE QUALITY CONTROL 

A. Verification of Performance:  Test and certify cooling tower performance according to CTI's 
STD 201, "Certification Standard for Commercial Water-Cooling Towers Thermal 
Performance." 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install cooling towers on concrete base.  Concrete base is specified in Division 15 Section 
"Basic Mechanical Materials and Methods," and concrete materials and installation 
requirements are specified in Division 3. 

B. Concrete Bases:  Anchor cooling tower to concrete base. 

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18 - inch centers around full perimeter of the base. 

2. For equipment supported on structural slab, install epoxy-coated anchor bolts that extend 
through concrete base and anchor into structural concrete floor. 

3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

4. Install anchor bolts to elevations required for proper attachment to supported equipment. 
5. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
6. Cast-in-place concrete materials and placement requirements are specified in Division 3. 

C. Vibration Isolation:  Rubber pads with a minimum deflection of  0.25 inch. 

D. Maintain manufacturer's recommended clearances for service and maintenance. 

E. Loose Components:  Install electrical components, devices, and accessories that are not factory 
mounted. 

F. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

G. Install piping adjacent to cooling towers to allow service and maintenance. 

H. Install flexible pipe connectors at final connections of towers mounted on vibration isolators. 

I. Connect overflow drain and bleed lines to sanitary sewage system. 

J. Domestic Water Piping:  Comply with applicable requirements in Division 15 Section 
"Domestic Water Piping."  Connect to water-level control with shutoff valve and union or 
flange at each connection. 

K. Condenser-Water Piping:  Comply with applicable requirements in Division 15 Section 
"Hydronic Piping."  Connect to supply and return cooling-tower connections with shutoff valve, 
flow-control valve, and union or flange on supply connection to the tower and shutoff valve and 
union or flange to return connection from the tower to the chiller. 

L. Ground cooling towers according to Division 16 Section "Grounding and Bonding." 

M. Connect wiring according to Division 16 Section "Conductors and Cables." 
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3.2 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

B. Inspect field-assembled components, equipment installation, and piping and electrical 
connections for proper assemblies, installations, and connections. 

C. Obtain performance tables from manufacturer. 

D. Complete installation and startup checks according to manufacturer's written instructions and 
perform the following: 

1. Clean entire unit including basins. 
2. Verify that accessories are properly installed. 
3. Check makeup water float. 
4. Verify clearances for airflow and for cooling tower servicing. 
5. Check for vibration isolation and structural support. 
6. Lubricate bearings on fans and shafts. 
7. Verify fan wheel rotation for correct direction and for vibration or binding.  Correct 

vibration and binding problems. 
8. Verify water level in tower basin.  Fill to proper startup level. 
9. Verify operation of tower basin, makeup line, automatic freeze protect dump, and 

controlling device.  Replace defective and malfunctioning units. 
10. Verify that tower discharge is not recirculating into air intakes.  Recommend corrective 

action. 

E. Check HVAC water treatment system for proper operation, and measure chemical treatment 
levels.  Verify operation of tower basin automatic blowdown, and controlling device. 

F. Start cooling tower and condenser-water pumps.  Follow manufacturer's written starting 
procedures. 

G. Prepare a written startup report that records the results of tests and inspections. 

3.3 ADJUSTING 

A. Set and balance condenser-water flow to each tower inlet. 

B. Adjust water-level control for proper operating level. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain cooling towers.   

 

END OF SECTION 15641 
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SECTION 15783 - COMPUTER-ROOM AIR-CONDITIONING UNITS 

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. This Section includes air-conditioning units and their accessories intended specifically for 
computer-room applications, in the following arrangements: 

1. Floor-mounted unitary units. 

1.3 SUBMITTALS 

A. Product Data:  Include rated capacities; shipping, installed, and operating weights; furnished 
specialties; and accessories for each model indicated. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, 
required clearances, method of field assembly, components, and location and size of each field 
connection. 

1. Wiring Diagrams:  Detail wiring for power, signal, and control systems and differentiate 
between manufacturer-installed and field-installed wiring. 

C. Maintenance Data:  For equipment to include in the maintenance manuals specified in 
Division 1. 

D. Warranties:  Special warranties specified in this Section. 

1.4 QUALITY ASSURANCE 

A. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Code for 
Mechanical Refrigeration." 

B. Energy Efficiency Ratio:  Equal to or greater than prescribed by ASHRAE 90.1, "Energy 
Efficient Design of New Buildings except Low-Rise Residential Buildings." 

C. Coefficient of Performance:  Equal to or greater than prescribed by ASHRAE 90.1, "Energy 
Efficient Design of New Buildings except Low-Rise Residential Buildings." 

D. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled. 
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1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, 
Article 100. 

2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing 
Laboratory" as defined in OSHA Regulation 1910.7. 

E. ASME Compliance:  Fabricate and label water-cooled condenser shells to comply with ASME 
Boiler and Pressure Vessel Code, Section VIII, Division 1. 

F. Comply with NFPA 70. 

1.5 COORDINATION 

A. Coordinate layout and installation of units and suspension components with other construction 
that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, fire-
suppression-system components, and partition assemblies. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations with roof 
construction.  Roof specialties are specified in Division 7 Sections. 

C. Coordinate installation of computer-room air-conditioning units with computer-room raised 
floor Installer. 

1.6 WARRANTY 

A. General Warranty:  The special warranty specified in this Article shall not deprive the Owner of 
other rights the Owner may have under other provisions of the Contract Documents and shall be 
in addition to, and run concurrent with, other warranties made by the Contractor under 
requirements of the Contract Documents. 

B. Special Warranty:  A written warranty, executed by the manufacturer and signed by the 
Contractor, agreeing to replace components that fail in materials or workmanship within the 
specified warranty period, provided manufacturer's written instructions for installation, 
operation, and maintenance have been followed. 

1. Warranty Period, Compressors:  Manufacturers standard, but not less than 5 years after 
date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Upright Units: 

a. Compu-Aire, Inc. 
b. Liebert Corp. 
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2.2 SMALL-CAPACITY UPRIGHT UNITS 

A. Description:  Self-contained, factory assembled, prewired, and prepiped; consisting of cabinet, 
fan, filters, controls; for vertical floor mounting in downflow configuration. 

B. Cabinet:  Welded tubular-steel frame with removable steel panels with baked-enamel finish and 
insulated with 1-inch- thick, acoustic duct liner. 

C. Evaporator Fan:  Forward curved, centrifugal, with adjustable V-belt drive, 1750-rpm motor. 

D. Compressor:  Hermetic scroll type with resilient suspension system, oil strainer, internal motor 
overload protection, low-pressure switch, and manual-reset high-pressure switch. 

E. Evaporator Coil:  Direct-expansion cooling coil of seamless copper tubes expanded into 
aluminum fins, with thermal-expansion valve with external equalizer, liquid-line filter-dryer, 
service shutoff valves, and charging valves.  Mount coil assembly over stainless-steel drain pan. 

F. Air-Cooled Condenser:  Integral copper-tube aluminum-fin coil with fan driven by double-
shafted evaporator fan motor. 

G. Filter:  2-inch- thick, disposable, glass-fiber media with 20 percent dust-spot efficiency. 

H. Infrared Humidifier:  High-intensity quartz lamps mounted above stainless-steel evaporator pan, 
serviceable without disconnecting water, drain, or electrical connections; prepiped and located 
in bypass airstream; with flush-cycle timer and solenoid drain valve. 

I. Air-Cooled Condenser:  Corrosion-resistant cabinet, copper-tube aluminum-fin coils, direct-
drive centrifugal fans with motors with internal overload protection; capacity control to minus 
20 deg F  

1. Split System:  Provide suction- and liquid-line compatible fittings and refrigerant piping 
for field interconnection. 

J. Control System:  Unit-mounted panel with main fan contactor, compressor contactor, 
compressor start capacitor, control transformer with circuit breaker, solid-state temperature- and 
humidity-control modules, humidity contactor, time-delay relay, reheat contactor, and high-
temperature thermostat.  Provide solid-state, wall-mounted control panel with start-stop switch, 
adjustable humidity set point, and adjustable temperature set point. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine area for compliance with requirements for installation tolerances and other conditions 
affecting performance of units.  Do not proceed with installation until unsatisfactory conditions 
have been corrected. 

B. Verify that flooring system is ready to receive work and opening dimensions are as indicated on 
Shop Drawings. 
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C. Verify that power supply is available and of the correct characteristics. 

3.2 INSTALLATION 

A. Install units according to manufacturer's written instructions. 

B. Install units level and plumb. 

C. Install air-cooled condenser on vibration isolation. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
the general arrangement of piping, fittings, and specialties.  The following are specific 
connection requirements: 

1. Install piping to allow service and maintenance. 
2. Refrigerant Piping:  Conform to applicable requirements of Division 15 Section 

"Refrigerant Piping."  Provide shutoff valves and piping. 

B. Electrical:  Conform to applicable requirements in Division 16 Sections. 

C. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values.  Where manufacturer's torque values are not indicated, use those 
specified in UL 486A and UL 486B. 

3.4 ADJUSTING 

A. Set initial temperature and humidity set points. 

3.5 CLEANING 

A. After completing system installation, including outlet fittings and devices, inspect exposed 
finish.  Remove burrs, dirt, and construction debris, and repair damaged finishes including 
chips, scratches, and abrasions. 

3.6 COMMISSIONING 

A. After installation, check the following: 

1. Components are not damaged. 
2. Unit is level. 
3. Drain pan and drain line are installed correctly. 
4. Vibration isolation and flexible connections are installed correctly. 
5. Humidifier water piping is connected. 
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6. Bearings are lubricated. 
7. Filters are installed and clean. 

B. Start unit according to manufacturer's written instructions. 

1. Complete manufacturer's startup checks. 

C. After starting and performance test, change filters and flush humidifier. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel as 
specified below: 

1. Train Owner's maintenance personnel on procedures and schedules related to startup and 
shutdown, troubleshooting, servicing, and preventive maintenance. 

2. Review data in the maintenance manuals.  Refer to Division 1 Section "Contract 
Closeout." 

3. Review data in the maintenance manuals.  Refer to Division 1 Section "Operation and 
Maintenance Data." 

4. Schedule training with Owner, through Architect, with at least 7 days' advance notice. 

END OF SECTION 15783 
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SECTION 16231- PACKED ENGINE GENERATORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes packaged engine-generator sets for standby power supply with the 
following features: 

1. Diesel engine. 
2. Unit-mounted cooling system. 
3. Unit-mounted control and monitoring. 
4. Outdoor enclosure. 

B. See Division 16 Section 16415 "Transfer Switches" for transfer switches including sensors and 
relays to initiate automatic-starting and -stopping signals for engine-generator sets. 

1.2 SUBMITTALS 

A. Product Data:  For each type of packaged engine generator and accessory indicated. 

B. 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. 

1. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 
and describe mounting and anchorage provisions. 

2. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

C. Source quality-control test reports. 

D. Field quality-control test reports. 

E. Operation and maintenance data. 

F. Warranty:  Special warranty specified in this Section. 

1.3 QUALITY ASSURANCE 

A. Installer Qualifications:  Manufacturer's authorized representative who is trained and approved 
for installation of units required for this Project. 

B. Manufacturer Qualifications:  A qualified manufacturer.  Maintain, within 100  miles of Project 
site, a service center capable of providing training, parts, and emergency maintenance repairs. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 
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D. Comply with ASME B15.1. 

E. Comply with NFPA 37. 

F. Comply with NFPA 70. 

G. Comply with NFPA 99. 

H. Comply with NFPA 110 requirements for Level 2 emergency power supply system. 

I. Comply with UL 2200. 

J. Engine Exhaust Emissions:  Comply with applicable state and local government requirements. 

K. Noise Emission:  Comply with applicable state and local government requirements for 
maximum noise level at adjacent property boundaries due to sound emitted by generator set 
including engine, engine exhaust, engine cooling-air intake and discharge, and other 
components of installation. 

1.4 PROJECT CONDITIONS 

A. Environmental Conditions:  Engine-generator system shall withstand the following 
environmental conditions without mechanical or electrical damage or degradation of 
performance capability: 

1. Ambient Temperature:  Minus 15 to plus 100 deg F. 
2. Relative Humidity:  0 to 95 percent. 
3. Altitude:  Sea level to 5000 feet. 

1.5 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace components of packaged engine generators and associated auxiliary components that 
fail in materials or workmanship within specified warranty period. 

1. Warranty Period:  two  years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Caterpillar; Engine Div. 
2. Generac Power Systems, Inc. 
3. Kohler Co.; Generator Division. 
4. Onan/Cummins Power Generation; Industrial Business Group. 
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2.2 ENGINE-GENERATOR SET 

A. Factory-assembled and -tested, engine-generator set. 

B. Mounting Frame:  Maintain alignment of mounted components without depending on concrete 
foundation; and have lifting attachments. 

C. Capacities and Characteristics: 

1. Power Output Ratings:  Nominal ratings as indicated. 
2. Output Connections:  Three-phase, four wire. 
3. Nameplates:  For each major system component to identify manufacturer's name and 

address, and model and serial number of component. 

D. Generator-Set Performance: 

1. Steady-State Voltage Operational Bandwidth:  3 percent of rated output voltage from no 
load to full load. 

2. Transient Voltage Performance:  Not more than 20 percent variation for 50 percent step-
load increase or decrease.  Voltage shall recover and remain within the steady-state 
operating band within three seconds. 

3. Steady-State Frequency Operational Bandwidth:  0.5 percent of rated frequency from no 
load to full load. 

4. Steady-State Frequency Stability:  When system is operating at any constant load within 
the rated load, there shall be no random speed variations outside the steady-state 
operational band and no hunting or surging of speed. 

5. Transient Frequency Performance:  Less than 5 percent variation for 50 percent step-load 
increase or decrease.  Frequency shall recover and remain within the steady-state 
operating band within five seconds. 

6. Output Waveform:  At no load, harmonic content measured line to line or line to neutral 
shall not exceed 5 percent total and 3 percent for single harmonics.  Telephone influence 
factor, determined according to NEMA MG 1, shall not exceed 50 percent. 

7. Sustained Short-Circuit Current:  For a 3-phase, bolted short circuit at system output 
terminals, system shall supply a minimum of 250 percent of rated full-load current for not 
less than 10 seconds and then clear the fault automatically, without damage to generator 
system components. 

8. Start Time:  Comply with NFPA 110, Type 10, system requirements. 

2.3 ENGINE 

A. Fuel:  Diesel. 

B. Rated Engine Speed:  1800 rpm. 

C. Lubrication System:  The following items are mounted on engine or skid: 

1. Filter and Strainer:  Rated to remove 90 percent of particles 5 micrometers and smaller 
while passing full flow. 

2. Thermostatic Control Valve:  Control flow in system to maintain optimum oil 
temperature.  Unit shall be capable of full flow and is designed to be fail-safe. 



OGDEN/WEBER ATC ELECTRICAL/HVAC UPGRADE 
 

PACKAGED ENGINE GENERATORS 16231 - 4 

3. Crankcase Drain:  Arranged for complete gravity drainage to an easily removable 
container with no disassembly and without use of pumps, siphons, special tools, or 
appliances. 

D. Engine Fuel System: 

1. Main Fuel Pump:  Mounted on engine.  Pump ensures adequate primary fuel flow under 
starting and load conditions. 

2. Relief-Bypass Valve:  Automatically regulates pressure in fuel line and returns excess 
fuel to source. 

E. Coolant Jacket Heater:  Electric-immersion type, factory installed in coolant jacket system.  
Comply with NFPA 110 requirements for Level 1 equipment for heater capacity. 

F. Governor:  Adjustable isochronous, with speed sensing. 

G. Cooling System:  Closed loop, liquid cooled, with radiator factory mounted on engine-
generator-set mounting frame and integral engine-driven coolant pump. 

1. Coolant:  Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, 
with anticorrosion additives as recommended by engine manufacturer. 

2. Temperature Control:  Self-contained, thermostatic-control valve modulates coolant flow 
automatically to maintain optimum constant coolant temperature as recommended by 
engine manufacturer. 

H. Muffler/Silencer:  Critical type, sized as recommended by engine manufacturer and selected 
with exhaust piping system to not exceed engine manufacturer's engine backpressure 
requirements. 

1. Minimum sound attenuation of 25 dB at 500 Hz. 
2. Sound level measured at a distance of 10 feet from exhaust discharge after installation is 

complete shall be 85 dBA or less. 

I. Air-Intake Filter:  Heavy-duty, engine-mounted air cleaner with replaceable dry-filter element 
and "blocked filter" indicator. 

J. Starting System:  12 Volt DC electric, with negative ground. 

1. Components:  Sized so they will not be damaged during a full engine-cranking cycle with 
ambient temperature at maximum specified in Part 1 "Project Conditions" Article. 

2. Cranking Motor:  Heavy-duty unit that automatically engages and releases from engine 
flywheel without binding. 

3. Cranking Cycle:  As required by NFPA 110 for system level specified.  Battery: 
Adequate capacity within ambient temperature range specified in Part 1 "Project 
Conditions" Article to provide specified cranking cycle at least twice without recharging. 

 
4. Battery-Charging Alternator:  Factory mounted on engine with solid-state voltage 

regulation and 35-A minimum continuous rating. 

a. Battery Charger:  Current-limiting, automatic-equalizing and float-charging type.  
Unit shall comply with UL 1236. 
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2.4 FUEL OIL STORAGE 

A. Comply with NFPA 30. 

B. Base-Mounted Fuel Oil Tank:  Factory installed and piped, complying with UL 142 fuel oil 
tank.  Features include the following: 

1. Tank level indicator. 
2. Capacity:  Fuel for twenty-four hours' continuous operation at 100 percent rated power 

output. 
3. Vandal-resistant fill cap. 
4. Containment Provisions:  Comply with requirements of authorities having jurisdiction. 

2.5 CONTROL AND MONITORING 

A. Automatic Starting System Sequence of Operation:  When mode-selector switch on the control 
and monitoring panel is in the automatic position, remote-control contacts in one or more 
separate automatic transfer switches initiate starting and stopping of generator set.  When mode-
selector switch is switched to the on position, generator set starts.  The off position of same 
switch initiates generator-set shutdown.  When generator set is running, specified system or 
equipment failures or derangements automatically shut down generator set and initiate alarms. 

B. Manual Starting System Sequence of Operation:  Switching on-off switch on the generator 
control panel to the on position starts generator set.  The off position of same switch initiates 
generator-set shutdown.  When generator set is running, specified system or equipment failures 
or derangements automatically shut down generator set and initiate alarms. 

C. Configuration:  Operating and safety indications, protective devices, basic system controls, and 
engine gages shall be grouped in a common control and monitoring panel mounted on the 
generator set.  Mounting method shall isolate the control panel from generator-set vibration. 

D. Indicating and Protective Devices and Controls:  As required by NFPA 110 for Level [1] [2] 
system, and the following: 

1. AC voltmeter. 
2. AC ammeter. 
3. AC frequency meter. 
4. DC voltmeter (alternator battery charging). 
5. Engine-coolant temperature gage. 
6. Engine lubricating-oil pressure gage. 
7. Running-time meter. 
8. Ammeter-voltmeter, phase-selector switch(es). 
9. Generator-voltage adjusting rheostat. 
10. Fuel tank derangement alarm. 
11. Fuel tank high-level shutdown of fuel supply alarm. 
12. Generator overload. 

E. Supporting Items:  Include sensors, transducers, terminals, relays, and other devices and include 
wiring required to support specified items.  Locate sensors and other supporting items on engine 
or generator, unless otherwise indicated. 
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2.6 GENERATOR OVERCURRENT AND FAULT PROTECTION 

A. Generator Circuit Breaker:  Molded-case, thermal-magnetic type; 100 percent rated; complying 
with NEMA AB 1 and UL 489. 

1. Tripping Characteristic:  Designed specifically for generator protection. 
2. Trip Rating:  Matched to generator rating. 
3. Mounting:  Adjacent to or integrated with control and monitoring panel. 

B. Ground-Fault Indication:  Comply with NFPA 70, "Emergency System" signals for ground-
fault.  Integrate ground-fault alarm indication with other generator-set alarm indications. 

2.7 GENERATOR, EXCITER, AND VOLTAGE REGULATOR 

A. Comply with NEMA MG 1. 

B. Drive:  Generator shaft shall be directly connected to engine shaft.  Exciter shall be rotated 
integrally with generator rotor. 

C. Electrical Insulation:  Class H.  Stator-Winding Leads:  Brought out ot terminal box to permit 
future reconnection for others voltages if required. 

D. Construction shall prevent mechanical, electrical, and thermal damage due to vibration, 
overspeed up to 125 percent of rating, and heat during operation at 110 percent of rated 
capacity. 

E. Enclosure:  Dripproof. 

F. Instrument Transformers:  Mounted within generator enclosure. 

G. Voltage Regulator:  Solid-state type, separate from exciter, providing performance as specified. 

1. Adjusting rheostat on control and monitoring panel shall provide plus or minus 5 percent 
adjustment of output-voltage operating band. 

H. Strip Heater:  Thermostatically controlled unit arranged to maintain stator windings above dew 
point. 

I. Windings:  Two-thirds pitch stator winding and fully linked amortisseur winding. 

J. Subtransient Reactance:  12 percent, maximum. 

2.8 OUTDOOR GENERATOR-SET ENCLOSURE 

A. Description:  Vandal-resistant, weatherproof steel housing, wind resistant up to 100 mph. 

B. Multiple panels shall be lockable and provide adequate access to components requiring 
maintenance.  Panels shall be removable by one person without tools.  Instruments and control 
shall be mounted within enclosure. 
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C. Engine Cooling Airflow through Enclosure:  Maintain temperature rise of system components 
within required limits when unit operates at 110 percent of rated load for 2 hours with ambient 
temperature at top of range specified in system service conditions. 

1. Louvers:  Fixed-engine, cooling-air inlet and discharge.  Storm-proof and drainable 
louvers prevent entry of rain and snow. 

2. Automatic Dampers:  At engine cooling-air inlet and discharge.  Dampers shall be closed 
to reduce enclosure heat loss in cold weather when unit is not operating. 

D. Convenience Outlets:  Factory wired, GFCI.  Arrange for external electrical connection. 

2.9 VIBRATION ISOLATION DEVICES 

A. Elastomeric Isolator Pads:  Oil- and water-resistant elastomer or natural rubber, arranged in 
single or multiple layers, molded with a nonslip pattern and galvanized-steel baseplates of 
sufficient stiffness for uniform loading over pad area, and factory cut to sizes that match 
requirements of supported equipment. 

2.10 FINISHES 

A. Indoor and Outdoor Enclosures and Components:  Manufacturer's standard finish over 
corrosion-resistant pretreatment and compatible primer. 

2.11 SOURCE QUALITY CONTROL 

A. Prototype Testing:  Factory test engine-generator set using same engine model, constructed of 
identical or equivalent components and equipped with identical or equivalent accessories. 

1. Tests:  Comply with NFPA 110, Level 1 Energy Converters and with IEEE 115. 
2. Report factory test results within 10 days of completion of test. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with packaged engine-generator manufacturers' written installation and alignment 
instructions and with NFPA 110. 

B. Install packaged engine generator to provide access, without removing connections or 
accessories, for periodic maintenance. 

C. Install packaged engine generator with elastomeric isolator pads having a minimum deflection 
of 1 inch on 6-inch high concrete base.  Secure sets to anchor bolts installed in concrete bases.   

D. Install Schedule 40, black steel piping with welded joints and connect to engine muffler.  Install 
thimble at wall.  Piping shall be same diameter as muffler outlet.  Coordinate subparagraph 
below with Drawings. 
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1. Install condensate drain piping to muffler drain outlet full size of drain connection with a 
shutoff valve, stainless-steel flexible connector, and Schedule 40, black steel pipe with 
welded joints.   

E. Electrical Wiring:  Install electrical devices furnished by equipment manufacturers but not 
specified to be factory mounted. 

F. Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged engine generator 
to allow service and maintenance. 

G. Connect engine exhaust pipe to engine with flexible connector. 

H. Connect fuel piping to engines with a gate valve and union and flexible connector. 

I. Identify system components according to Division 16 Section 16075 "Electrical Identification." 

3.2 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect components, assemblies, and equipment installations, including connections, and 
to assist in testing. 

B. Tests and Inspections: 

1. Perform tests recommended by manufacturer and each electrical test and visual and 
mechanical inspectionfor "AC Generators and for Emergency Systems" specified in 
NETA Acceptance Testing Specification.  Certify compliance with test parameters. 

2. NFPA 110 Acceptance Tests:  Perform tests required by NFPA 110 that are additional to 
those specified here including, but not limited to, single-step full-load pickup test. 

3. Battery Tests:  Equalize charging of battery cells according to manufacturer's written 
instructions.  Record individual cell voltages. 

a. Measure charging voltage and voltages between available battery terminals for 
full-charging and float-charging conditions.  Check electrolyte level and specific 
gravity under both conditions. 

b. Test for contact integrity of all connectors.  Perform an integrity load test and a 
capacity load test for the battery. 

c. Verify acceptance of charge for each element of the battery after discharge. 
d. Verify that measurements are within manufacturer's specifications. 

4. Battery-Charger Tests:  Verify specified rates of charge for both equalizing and float-
charging conditions. 

5. System Integrity Tests:  Methodically verify proper installation, connection, and integrity 
of each element of engine-generator system before and during system operation.  Check 
for air, exhaust, and fluid leaks. 

6. Exhaust-System Back-Pressure Test:  Use a manometer with a scale exceeding 40” WG.  
Connect to exhaust line close to engine exhaust manifold.  Verify that back pressure at 
full-rated load is within manufacturer's written allowable limits for the engine. 

7. Exhaust Emissions Test:  Comply with applicable government test criteria. 
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8. Voltage and Frequency Transient Stability Tests:  Use recording oscilloscope to measure 
voltage and frequency transients for 50 and 100 percent step-load increases and 
decreases, and verify that performance is as specified. 

9. Harmonic-Content Tests:  Measure harmonic content of output voltage under 25 percent 
and at 100 percent of rated linear load.  Verify that harmonic content is within specified 
limits. 

10. Noise Level Tests:  Measure A-weighted level of noise emanating from generator-set 
installation, including engine exhaust and cooling-air intake and discharge, at four 
locations on the property line and compare measured levels with required values. 

C. Coordinate tests with tests for transfer switches and run them concurrently. 

D. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no 
leaks exist. 

E. Operational Test:  After electrical circuitry has been energized, start units to confirm proper 
motor rotation and unit operation. 

F. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

G. Remove and replace malfunctioning units and [retest] [reinspect] as specified above. 

H. Retest:  Correct deficiencies identified by tests and observations and retest until specified 
requirements are met. 

I. Report results of tests and inspections in writing.  Record adjustable relay settings and measured 
insulation resistances, time delays, and other values and observations.  Attach a label or tag to 
each tested component indicating satisfactory completion of tests. 

3.3 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain packaged engine generators.   

 

END OF SECTION 16231 
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SECTION 16269 – VARIABLE FREQUENCY DRIVES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes solid-state, pulse-width modulated (PWM), variable frequency drives 
(VFDs) for speed control of three-phase, squirrel-cage induction motors. 

1.2 SUBMITTALS 

A. Product Data:  For each type of VFD. 

B. Shop Drawings:  For each VFD. 

1. Include wiring diagrams. 

C. Field quality-control test reports. 

D. Operation and maintenance data. 

E. Load-current and overload-relay heater list. 

F. Load-current and list of settings of adjustable overload relays. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100. 

B. Comply with NFPA 70. 

C. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for VFDs, 
minimum clearances between VFDs, and adjacent surfaces and other items.  Comply with 
indicated maximum dimensions and clearances. 

1.4 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation, capable of driving full 
load without derating, under the following conditions, unless otherwise indicated: 

1. Ambient Temperature:  -15º to + 100º F. 
2. Humidity:  Less than 90 percent (noncondensing). 
3. Altitude:  5000 ft. 

VARIABLE FREQUENCY DRIVES 16269 - 1 
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1.5 COORDINATION 

A. Coordinate features of VFDs, installed units, and accessory devices with pilot devices and 
control circuits to which they connect. 

B. Coordinate features, accessories, and functions of each VFD and each installed unit with ratings 
and characteristics of supply circuit, motor, required control sequence, and duty cycle of motor 
and load. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. ABB Power Distribution, Inc.; ABB Control, Inc. Subsidiary. 
2. Eaton Corporation; Cutler-Hammer Products. 
3. General Electric Company; GE Industrial Systems. 
4. Siemens Energy and Automation; Industrial Products Division. 
5. Square D. 

2.2 VARIABLE FREQUENCY DRIVES 

A. Description:  NEMA ICS 2, IGBT, PWM, VFD; listed and labeled as a complete unit and 
arranged to provide variable speed of an NEMA MG 1, Design B, 3-phase induction motor by 
adjusting output voltage and frequency. 

1. Provide unit suitable for operation of standard -efficiency motor as defined by 
NEMA MG 1. 

B. Design and Rating:  Match load type such as fans, blowers, and pumps; and type of connection 
used between motor and load such as direct or through a power-transmission connection. 

C. Output Rating:  3-phase; 6 to 60 Hz, with voltage proportional to frequency throughout voltage 
range. 

D. Unit Operating Requirements: 

1. Input ac voltage tolerance of 208 V, plus or minus 5 percent. 
2. Input frequency tolerance of 50/60 Hz, plus or minus 6 percent. 
3. Minimum Efficiency:  96 percent at 60 Hz, full load. 
4. Minimum Displacement Primary-Side Power Factor:  96 percent. 
5. Overload Capability:  1.1 times the base load current for 60 seconds; 2.0 times the base 

load current for 3 seconds. 
6. Starting Torque:  100 percent of rated torque or as indicated. 
7. Speed Regulation:  Plus or minus 1 percent. 

E. Isolated control interface to allow controller to follow control signal over an 11:1 speed range. 
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1. Electrical Signal:  4 to 20 mA at 24 V. 

F. Internal Adjustability Capabilities: 

1. Minimum Speed:  5 to 25 percent of maximum rpm. 
2. Maximum Speed:  80 to 100 percent of maximum rpm. 
3. Acceleration:  2 to a minimum of 22 seconds. 
4. Deceleration:  2 to a minimum of 22 seconds. 
5. Current Limit:  50 to a minimum of 110 percent of maximum rating. 

G. Self-Protection and Reliability Features: 

1. Input transient protection by means of surge suppressors. 
2. Under- and overvoltage trips; inverter overtemperature, overload, and overcurrent trips. 
3. Motor Overload Relay:  Adjustable and capable of NEMA ICS 2, Class 10 performance. 
4. Notch filter to prevent operation of the controller-motor-load combination at a natural 

frequency of the combination. 
5. Instantaneous line-to-line and line-to-ground overcurrent trips. 
6. Loss-of-phase protection. 
7. Reverse-phase protection. 
8. Short-circuit protection. 
9. Motor overtemperature fault. 

H. Automatic Reset/Restart:  Attempts three restarts after controller fault or on return of power 
after an interruption and before shutting down for manual reset or fault correction.  
Bidirectional autospeed search shall be capable of starting into rotating loads spinning in either 
direction and returning motor to set speed in proper direction, without damage to controller, 
motor, or load. 

I. Power-Interruption Protection:  To prevent motor from re-energizing after a power interruption 
until motor has stopped. 

J. Torque Boost:  Automatically varies starting and continuous torque to at least 1.5 times the 
minimum torque to ensure high-starting torque and increased torque at slow speeds. 

K. Motor Temperature Compensation at Slow Speeds:  Adjustable current fall-back based on 
output frequency for temperature protection of self-cooled, fan-ventilated motors at slow 
speeds. 

L. Status Lights:  Door-mounted LED indicators shall indicate the following conditions: 

1. Power on. 
2. Run. 
3. Overvoltage. 
4. Line fault. 
5. Overcurrent. 
6. External fault. 

M. Panel-Mounted Operator Station:  Start-stop and auto-manual selector switches with manual 
speed control potentiometer and elapsed time meter. 
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N. Indicating Devices:  Meters or digital readout devices and selector switch, mounted flush in 
controller door and connected to indicate the following controller parameters: 

1. Output frequency (Hz). 
2. Motor speed (rpm). 
3. Motor status (running, stop, fault). 
4. Motor current (amperes). 
5. Motor torque (percent). 
6. Fault or alarming status (code). 
7. PID feedback signal (percent). 
8. DC-link voltage (VDC). 
9. Set-point frequency (Hz). 
10. Motor output voltage (V). 

O. Control Signal Interface: 

1. Electric Input Signal Interface:  A minimum of 2 analog inputs (0 to 10 V or 0/4-20 mA) 
and 6 programmable digital inputs. 

2. Remote Signal Inputs:  Capability to accept any of the following speed-setting input 
signals from the BMS or other control systems: 

a. 0 to 10-V dc. 
b. 0-20 or 4-20 mA. 
c. Potentiometer using up/down digital inputs. 
d. Fixed frequencies using digital inputs. 
e. RS485. 
f. Keypad display for local hand operation. 

3. Output Signal Interface: 

a. A minimum of 1 analog output signal (0/4-20 mA), which can be programmed to 
any of the following: 

1) Output frequency (Hz). 
2) Output current (load). 
3) DC-link voltage (VDC). 
4) Motor torque (percent). 
5) Motor speed (rpm). 
6) Set-point frequency (Hz). 

4. Remote Indication Interface:  A minimum of 2 dry circuit relay outputs (120-V ac, 1 A) 
for remote indication of the following: 

a. Motor running. 
b. Set-point speed reached. 
c. Fault and warning indication (overtemperature or overcurrent). 
d. PID high- or low-speed limits reached. 

P. Communications:  Provide an RS485 interface allowing VFD to be used with an external 
system within a multidrop LAN configuration.  Interface shall allow all parameter settings of 
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VFD to be programmed via BMS control.  Provide capability for VFD to retain these settings 
within the nonvolatile memory. 

Q. Integral Disconnecting Means:  [NEMA AB 1, instantaneous-trip circuit breaker] with lockable 
handle. 

R. Remote Indicating Circuit Terminals:  Mode selection, controller status, and controller fault. 

2.3 ENCLOSURES 

A. Install in existing MCC. 

2.4 ACCESSORIES 

A. Devices shall be factory installed in controller enclosure, unless otherwise indicated. 

B. Push-Button Stations, Pilot Lights, and Selector Switches:  NEMA ICS 2, heavy-duty type. 

C. Stop and Lockout Push-Button Station:  Momentary-break, push-button station with a factory-
applied hasp arranged so padlock can be used to lock push button in depressed position with 
control circuit open. 

D. Control Relays:  Auxiliary and adjustable time-delay relays. 

E. Standard Displays: 

1. Output frequency (Hz). 
2. Set-point frequency (Hz). 
3. Motor current (amperes). 
4. DC-link voltage (VDC). 
5. Motor torque (percent). 
6. Motor speed (rpm). 
7. Motor output voltage (V). 

F. Historical Logging Information and Displays: 

1. Real-time clock with current time and date. 
2. Running log of total power versus time. 
3. Total run time. 
4. Fault log, maintaining last four faults with time and date stamp for each. 

G. Current-Sensing, Phase-Failure Relays for Bypass Controller:  Solid-state sensing circuit with 
isolated output contacts for hard-wired connection; arranged to operate on phase failure, phase 
reversal, current unbalance of from 30 to 40 percent, or loss of supply voltage; with adjustable 
response delay. 

2.5 FACTORY FINISHES 

A. Finish:  Manufacturer's standard paint applied to VFDs before shipping. 
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PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Select features of each VFD to coordinate with ratings and characteristics of supply circuit and 
motor; required control sequence; and duty cycle of motor, controller, and load. 

B. Select horsepower rating of controllers to suit motor controlled. 

3.2 INSTALLATION 

A. Install VFDs in existing MCC. 

3.3 IDENTIFICATION 

A. Operating Instructions:  Frame printed operating instructions for VFDs, including control 
sequences and emergency procedures.  Fabricate frame of finished metal, and cover instructions 
with clear acrylic plastic.  Mount on front of VFD units. 

3.4 CONTROL WIRING INSTALLATION 

A. Install wiring between VFDs and remote devices according to Division 16 Section "Conductors 
and Cables." 

B. Bundle, train, and support wiring in enclosures. 

C. Connect hand-off-automatic switch and other automatic-control devices where applicable. 

1. Connect selector switches to bypass only manual- and automatic-control devices that 
have no safety functions when switch is in hand position. 

2. Connect selector switches with control circuit in both hand and automatic positions for 
safety-type control devices such as low- and high-pressure cutouts, high-temperature 
cutouts, and motor overload protectors. 

3.5 FIELD QUALITY CONTROL 

A. Prepare for acceptance tests as follows: 

1. Test insulation resistance for each enclosed controller element, bus, component, 
connecting supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to perform the 
following: 

1. Inspect controllers, wiring, components, connections, and equipment installation. [Test 
and adjust controllers, components, and equipment.] 
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2. Assist in field testing of equipment[ including pretesting and adjusting of solid-state 
controllers]. 

3. Report results in writing. 

C. Perform the following field tests and inspections and prepare test reports: 

1. Perform each electrical test and visual and mechanical inspection, except optional tests, 
stated in NETA ATS.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3.6 ADJUSTING 

A. Set field-adjustable switches and circuit-breaker trip ranges. 

END OF SECTION 16269 
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SECTION 16415 – TRANSFER SWITCHES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes automatic transfer switches rated 600 V and less. 

1.2 SUBMITTALS 

A. Product Data:  Include rated capacities, weights, operating characteristics, furnished specialties, 
and accessories. 

B. Shop Drawings:  Dimensioned plans, elevations, sections, and details showing minimum 
clearances, conductor entry provisions, gutter space, installed features and devices, and material 
lists for each switch specified. 

C. Field quality-control test reports. 

D. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. Comply with NEMA ICS 1. 

C. Comply with NFPA 70. 

D. Comply with NFPA 99. 

E. Comply with NFPA 110. 

F. Comply with UL 1008 unless requirements of these Specifications are stricter. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Contactor Transfer Switches: 

a. Caterpillar; Engine Div. 
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b. Generac Power Systems, Inc. 
c. Kohler Power Systems; Generator Division. 
d. Onan/Cummins Power Generation; Industrial Business Group. 

2.2 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 

A. Indicated Current Ratings:  Apply as defined in UL 1008 for continuous loading and total 
system transfer, including tungsten filament lamp loads not exceeding 30 percent of switch 
ampere rating, unless otherwise indicated. 

B. Tested Fault-Current Closing and Withstand Ratings:  Adequate for duty imposed by protective 
devices at installation locations in Project under the fault conditions indicated, based on testing 
according to UL 1008. 

1. Where transfer switch includes internal fault-current protection, rating of switch and trip 
unit combination shall exceed indicated fault-current value at installation location. 

C. Solid-State Controls:  Repetitive accuracy of all settings shall be plus or minus 2 percent or 
better over an operating temperature range of minus 20 to plus 70 deg C. 

D. Resistance to Damage by Voltage Transients:  Components shall meet or exceed voltage-surge 
withstand capability requirements when tested according to IEEE C62.41.  Components shall 
meet or exceed voltage-impulse withstand test of NEMA ICS 1. 

E. Electrical Operation:  Accomplish by a nonfused, momentarily energized solenoid or electric-
motor-operated mechanism, mechanically and electrically interlocked in both directions. 

F. Switch Characteristics:  Designed for continuous-duty repetitive transfer of full-rated current 
between active power sources. 

1. Limitation:  Switches using molded-case switches or circuit breakers or insulated-case 
circuit-breaker components are not acceptable. 

2. Switch Action:  Double throw; mechanically held in both directions. 
3. Contacts:  Silver composition or silver alloy for load-current switching.  Conventional 

automatic transfer-switch units, rated 225 A and higher, shall have separate arcing 
contacts. 

G. Neutral Terminal:  Solid and fully rated, unless otherwise indicated. 

H. Oversize Neutral:  Ampacity and switch rating of neutral path through units indicated for 
oversize neutral shall be double the nominal rating of circuit in which switch is installed. 

I. Battery Charger:  For generator starting batteries. 

1. Float type rated 2 A. 
2. Ammeter to display charging current. 
3. Fused ac inputs and dc outputs. 

J. Enclosures:  General-purpose NEMA 250, Type 3R, complying with NEMA ICS 6 and UL 508, 
unless otherwise indicated. 
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2.3 AUTOMATIC TRANSFER SWITCHES 

A. Comply with Level 1 equipment according to NFPA 110. 

B. Switching Arrangement:  Double-throw type, incapable of pauses or intermediate position stops 
during normal functioning, unless otherwise indicated. 

C. Signal-Before-Transfer Contacts:  A set of normally open/normally closed dry contacts operates 
in advance of retransfer to normal source.  Interval is adjustable from 1 to 30 seconds. 

D. Automatic Transfer-Switch Features: 

1. Undervoltage Sensing for Each Phase of Normal Source:  Sense low phase-to-ground 
voltage on each phase.  Pickup voltage shall be adjustable from 85 to 100 percent of 
nominal, and dropout voltage is adjustable from 75 to 98 percent of pickup value.  
Factory set for pickup at 90 percent and dropout at 85 percent. 

2. Adjustable Time Delay:  For override of normal-source voltage sensing to delay transfer 
and engine start signals.  Adjustable from zero to six seconds, and factory set for one 
second. 

3. Voltage/Frequency Lockout Relay:  Prevent premature transfer to generator.  Pickup 
voltage shall be adjustable from 85 to 100 percent of nominal.  Factory set for pickup at 
90 percent.  Pickup frequency shall be adjustable from 90 to 100 percent of nominal.  
Factory set for pickup at 95 percent. 

4. Time Delay for Retransfer to Normal Source:  Adjustable from 0 to 30 minutes, and 
factory set for 10 minutes to automatically defeat delay on loss of voltage or sustained 
undervoltage of emergency source, provided normal supply has been restored. 

5. Test Switch:  Simulate normal-source failure. 
6. Switch-Position Pilot Lights:  Indicate source to which load is connected. 
7. Source-Available Indicating Lights:  Supervise sources via transfer-switch normal- and 

emergency-source sensing circuits. 

a. Normal Power Supervision:  Green light with nameplate engraved "Normal Source 
Available." 

b. Emergency Power Supervision:  Red light with nameplate engraved "Emergency 
Source Available." 

8. Unassigned Auxiliary Contacts:  Two normally open, single-pole, double-throw contacts 
for each switch position, rated 10 A at 240-V ac. 

9. Transfer Override Switch:  Overrides automatic retransfer control so automatic transfer 
switch will remain connected to emergency power source regardless of condition of 
normal source.  Pilot light indicates override status. 

10. Engine Starting Contacts:  One isolated and normally closed, and one isolated and 
normally open; rated 10 A at 32-V dc minimum. 

11. Engine Shutdown Contacts:  Instantaneous; shall initiate shutdown sequence at remote 
engine-generator controls after retransfer of load to normal source. 

12. Engine Shutdown Contacts:  Time delay adjustable from zero to five minutes, and factory 
set for five minutes.  Contacts shall initiate shutdown at remote engine-generator controls 
after retransfer of load to normal source. 

13. Engine-Generator Exerciser:  Solid-state, programmable-time switch starts engine 
generator and transfers load to it from normal source for a preset time, then retransfers 
and shuts down engine after a preset cool-down period.  Initiates exercise cycle at preset 
intervals adjustable from 7 to 30 days.  Running periods are adjustable from 10 to 30 
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minutes.  Factory settings are for 7-day exercise cycle, 20-minute running period, and 5-
minute cool-down period.  Exerciser features include the following: 

a. Exerciser Transfer Selector Switch:  Permits selection of exercise with and without 
load transfer. 

b. Push-button programming control with digital display of settings. 
c. Integral battery operation of time switch when normal control power is not 

available. 

2.4 SOURCE QUALITY CONTROL 

A. Factory test and inspect components, assembled switches, and associated equipment.  Ensure 
proper operation.  Check transfer time and voltage, frequency, and time-delay settings for 
compliance with specified requirements.  Perform dielectric strength test complying with 
NEMA ICS 1. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Identify components according to Division 16 Section 16050 "Basic Electrical Materials & 
Methods." 

B. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

3.2 CONNECTIONS 

A. Ground equipment according to Division 16 Section 16060 "Grounding and Bonding." 

B. Connect wiring according to Division 16 Section 16120 "Conductors and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 
test, and adjust components, assemblies, and equipment installations, including connections.  
Report results in writing. 

B. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect components, assemblies, and equipment installation, including connections, and 
to assist in testing. 

2. After installing equipment and after electrical circuitry has been energized, test for 
compliance with requirements. 

3. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification.  Certify compliance with test parameters. 

4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-
resistance tester.  Use test voltages and procedure recommended by manufacturer.  
Comply with manufacturer's specified minimum resistance. 
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a. Check for electrical continuity of circuits and for short circuits. 
b. Inspect for physical damage, proper installation and connection, and integrity of 

barriers, covers, and safety features. 
c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 

5. After energizing circuits, demonstrate interlocking sequence and operational function for 
each switch at least three times. 

a. Simulate power failures of normal source to automatic transfer switches and of 
emergency source with normal source available. 

b. Simulate loss of phase-to-ground voltage for each phase of normal source. 
c. Verify time-delay settings. 
d. Verify pickup and dropout voltages by data readout or inspection of control 

settings. 
e. Perform contact-resistance test across main contacts and correct values exceeding 

500 microhms and values for 1 pole deviating by more than 50 percent from other 
poles. 

f. Verify proper sequence and correct timing of automatic engine starting, transfer 
time delay, retransfer time delay on restoration of normal power, and engine cool-
down and shutdown. 

6. Ground-Fault Tests:  Coordinate with testing of ground-fault protective devices for power 
delivery from both sources. 

a. Verify grounding connections and locations and ratings of sensors. 

C. Coordinate tests with tests of generator and run them concurrently. 

D. Report results of tests and inspections in writing.  Record adjustable relay settings and measured 
insulation and contact resistances and time delays.  Attach a label or tag to each tested 
component indicating satisfactory completion of tests. 

E. Remove and replace malfunctioning units and retest as specified above. 

F. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each switch.  Remove all access panels so joints and 
connections are accessible to portable scanner. 

1. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each 
switch 11 months after date of Substantial Completion. 

2. Instrument:  Use an infrared scanning device designed to measure temperature or to 
detect significant deviations from normal values.  Provide calibration record for device. 

3. Record of Infrared Scanning:  Prepare a certified report that identifies switches checked 
and that describes scanning results.  Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain transfer switches and related equipment. 
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B. Coordinate this training with that for generator equipment. 

END OF SECTION 16415 
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SECTION 16050 - BASIC ELECTRICAL MATERIALS AND METHODS 
 
PART  1 - GENERAL 
 
1.1 SUMMARY 
 

A. This Section includes the following: 
 

1. Raceways. 
2. Building wire and connectors. 
3. Supporting devices for electrical components. 
4. Electrical identification. 
5. Cutting and patching for electrical construction. 
6. Touchup painting. 

 
1.2 DEFINITIONS 
 

A. EMT:  Electrical metallic tubing. 
 

B. FMC:  Flexible metal conduit. 
 

C. IMC:  Intermediate metal conduit. 
 

D. LFMC:  Liquidtight flexible metal conduit. 
 

E. RNC:  Rigid nonmetallic conduit. 
 

F. RGS: Rigid galvanized steel conduit 
 
1.3 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

 
B. Comply with NFPA 70. 

 
1.4 COORDINATION 
 

A. Coordinate chases, slots, inserts, sleeves, and openings with general construction work and 
arrange in building structure during progress of construction to facilitate the electrical 
installations that follow. 

 
1. Set inserts and sleeves in poured-in-place concrete, masonry work, and other structural 

components as they are constructed. 
 

B. Sequence, coordinate, and integrate installing electrical materials and equipment for efficient 
flow of the Work. 

C. Where electrical identification devices are applied to field-finished surfaces, coordinate 
installation of identification devices with completion of finished surface. 
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D. Where electrical identification markings and devices will be concealed by acoustical ceilings and 
similar finishes, coordinate installation of these items before ceiling installation. 

 
 
PART  2 - PRODUCTS 
 
2.1 RACEWAYS 
 

A. EMT:  ANSI C80.3, zinc-coated steel, with set-screw or compression fittings. 
 

B. FMC:  Zinc-coated steel. 
 

C. IMC:  ANSI C80.6, zinc-coated steel, with threaded fittings. 
 

D. LFMC:  Zinc-coated steel with sunlight-resistant and mineral-oil-resistant plastic jacket. 
 

E. RNC:  NEMA TC 2, Schedule 40 PVC, with NEMA TC3 fittings. 
 

F. RGS: Zinc coated steel. 
 

G. Raceway Fittings:  Specifically designed for the raceway type with which used. 
 
2.2 CONDUCTORS 
 

A. Conductors, No. 10 AWG and Smaller:  Solid copper. 
 

B. Conductors, Larger Than No. 10 AWG:  Stranded copper. 
 

C. Insulation:  Thermoplastic, rated at 75 deg C minimum. 
 

D. Wire Connectors and Splices:  Units of size, ampacity rating, material, type, and class suitable for 
service indicated. 

 
2.3 SUPPORTING DEVICES 
 

A. Material:  Cold-formed steel, with corrosion-resistant coating acceptable to authorities having 
jurisdiction. 

 
B. Metal Items for Use Outdoors or in Damp Locations:  Hot-dip galvanized steel. 

 
C. Pipe Sleeves:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized steel, plain ends. 

 
D. Cable Supports for Vertical Conduit:  Factory-fabricated assembly consisting of threaded body 

and insulating wedging plug for nonarmored electrical cables in riser conduits.  Plugs have 
number and size of conductor gripping holes as required to suit individual risers.  Body 
constructed of malleable-iron casting with hot-dip galvanized finish. 

 
E. Expansion Anchors:  Carbon-steel wedge or sleeve type. 

 
F. Toggle Bolts:  All-steel springhead type. 
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G. Powder-Driven Threaded Studs:  Heat-treated steel. 
 
2.4 ELECTRICAL IDENTIFICATION 
 

A. Identification Devices:  A single type of identification product for each application category.  Use 
colors prescribed by ANSI A13.1, NFPA 70, and these Specifications. 

 
B. Raceway and Cable Labels:  Comply with ANSI A13.1, Table 3, for minimum size of letters for 

legend and minimum length of color field for each raceway and cable size. 
 

1. Type:  Pretensioned, wraparound plastic sleeves.  Flexible, preprinted, color-coded, acrylic 
band sized to suit the diameter of the item it identifies. 

2. Type:  Preprinted, flexible, self-adhesive, vinyl.  Legend is overlaminated with a clear, 
weather- and chemical-resistant coating. 

3. Color:  Black letters on orange background. 
4. Legend:  Indicates voltage. 

 
C. Colored Adhesive Marking Tape for Raceways, Wires, and Cables:  Self-adhesive vinyl tape, not 

less than 1 inch wide by 3 mils thick. 
 

D. Underground Warning Tape:  Permanent, bright-colored, continuous-printed, vinyl tape with the 
following features: 

 
1. Not less than 6 inches wide by 4 mils thick. 
2. Compounded for permanent direct-burial service. 
3. Embedded continuous metallic strip or core. 
4. Printed legend that indicates type of underground line. 

 
E. Tape Markers for Wire:  Vinyl or vinyl-cloth, self-adhesive, wraparound type with preprinted 

numbers and letters. 
 

F. Color-Coding Cable Ties:  Type 6/6 nylon, self-locking type.  Colors to suit coding scheme. 
 

G. Engraved-Plastic Labels, Signs, and Instruction Plates:  Engraving stock, melamine plastic 
laminate punched or drilled for mechanical fasteners 1/16-inch (1.6-mm) minimum thickness for 
signs up to 20 sq. in. (129 sq. cm) and 1/8-inch (3.2-mm) minimum thickness for larger sizes.  
Engraved legend in black letters on white background. 

 
H. Interior Warning and Caution Signs:  Comply with 29 CFR, Chapter XVII, Part 1910.145.  

Preprinted, aluminum, baked-enamel-finish signs, punched or drilled for mechanical fasteners, 
with colors, legend, and size appropriate to the application. 

 
I. Exterior Warning and Caution Signs:  Comply with 29 CFR, Chapter XVII, Part 1910.145.  

Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch, 
galvanized-steel backing, with colors, legend, and size appropriate to the application.  1/4-inch 
grommets in corners for mounting. 

 
J. Fasteners for Nameplates and Signs:  Self-tapping, stainless-steel screws or No. 10/32 stainless-

steel machine screws with nuts and flat and lock washers. 
 
2.5 TOUCHUP PAINT 
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A. For Equipment:  Equipment manufacturer's paint selected to match installed equipment finish. 

 
B. Galvanized Surfaces:  Zinc-rich paint recommended by item manufacturer. 

 
 
PART  3 - EXECUTION 
 
3.1 ELECTRICAL EQUIPMENT INSTALLATION 
 

A. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange 
and install components and equipment to provide the maximum possible headroom. 

 
B. Materials and Components:  Install level, plumb, and parallel and perpendicular to other building 

systems and components, unless otherwise indicated. 
 

C. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components.  
Connect for ease of disconnecting, with minimum interference with other installations. 

 
D. Right of Way:  Give to raceways and piping systems installed at a required slope. 

 
3.2 RACEWAY APPLICATION 
 

A. Use the following raceways for outdoor installations: 
 

1. Exposed:  RGS. 
2. Concealed:  RGS. 
3. Underground, Single Run:  RNC. 
4. Underground, Grouped:  RNC. 
5. Connection to Vibrating Equipment:  LFMC. 
6. Boxes and Enclosures:  NEMA 250, Type 3R. 

 
B. Use the following raceways for indoor installations: 

 
1. Exposed:  EMT. 
2. Concealed:  EMT. 
3. Connection to Vibrating Equipment:  FMC; except in wet or damp locations, use LFMC. 
4. Damp or Wet Locations:  IMC. 
5. Boxes and Enclosures:  NEMA 250, Type 1, unless otherwise indicated. 
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3.3 RACEWAY AND CABLE INSTALLATION 
 

A. Conceal raceways and cables, unless otherwise indicated, within utility tunnels finished walls, 
ceilings, and floors. 

 
B. Install raceways and cables at least 6 inches away from parallel runs of flues and steam or hot-

water pipes.  Locate horizontal raceway runs above water and steam piping. 
 

C. Use temporary raceway caps to prevent foreign matter from entering. 
 

D. Make conduit bends and offsets so ID is not reduced.  Keep legs of bends in the same plane and 
straight legs of offsets parallel, unless otherwise indicated. 

 
E. Use raceway and cable fittings compatible with raceways and cables and suitable for use and 

location. 
 

F. Install raceways embedded in slabs in middle third of slab thickness where practical, and leave at 
least 1-inch concrete cover. 

 
1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete placement. 
2. Space raceways laterally to prevent voids in concrete. 
3. Install conduit larger than 1-inch trade size parallel to or at right angles to main 

reinforcement.  Where conduit is at right angles to reinforcement, place conduit close to slab 
support. 

4. Transition from Schedule 40 nonmetallic conduit to rigid steel conduit, before rising above 
floor. 

5. Make bends in exposed parallel or banked runs from same centerline to make bends parallel.  
Use factory elbows only where elbows can be installed parallel; otherwise, provide field 
bends for exposed parallel raceways. 

 
G. Install pull wires in empty raceways.  Use No. 14 AWG zinc-coated steel or monofilament plastic 

line with not less than 200-lb tensile strength.  Leave at least 12 inches of slack at each end of the 
pull wire. 

 
H. Connect motors and equipment subject to vibration, noise transmission, or movement with a 

maximum of 72-inch flexible conduit.  Install LFMC in wet or damp locations.  Install separate 
ground conductor across flexible connections. 

 
3.4 WIRING METHODS FOR POWER, LIGHTING, AND CONTROL CIRCUITS 
 

A. Feeders:  Type THHN/THWN insulated conductors in raceway. 
 

B. Underground Feeders and Branch Circuits:  Type THHN/THWN insulated conductors. 
 

C. Branch Circuits:  Type THHN/THWN insulated conductors in raceway. 
 
 
3.5 WIRING INSTALLATION 
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A. Install splices and taps that are compatible with conductor material and that possess equivalent or 
better mechanical strength and insulation ratings than unspliced conductors. 

 
B. Install wiring at outlets with at least 12 inches (300 mm) of slack conductor at each outlet. 

 
C. Connect outlet and component connections to wiring systems and to ground.  Tighten electrical 

connectors and terminals, according to manufacturer's published torque-tightening values.  If 
manufacturer's torque values are not indicated, use those specified in UL 486A. 

 
3.6 ELECTRICAL SUPPORTING DEVICE APPLICATION 
 

A. Damp Locations and Outdoors:  Hot-dip galvanized materials. 
 

B. Dry Locations:  Steel materials. 
 

C. Support Clamps for PVC Raceways:  Click-type clamp system. 
 

D. Selection of Supports:  Comply with manufacturer's written instructions. 
 

E. Strength of Supports:  Adequate to carry present and future loads, times a safety factor of at least 
four; minimum of 200-lb design load. 

 
3.7 SUPPORT INSTALLATION 
 

A. Install support devices to securely and permanently fasten and support electrical components. 
 

B. Install individual and multiple raceway hangers and riser clamps to support raceways.  Provide U-
bolts, clamps, attachments, and other hardware necessary for hanger assemblies and for securing 
hanger rods and conduits. 

 
C. Support parallel runs of horizontal raceways together on trapeze- or bracket-type hangers. 

 
D. Size supports for multiple raceway installations so capacity can be increased by a 25 percent 

minimum in the future. 
 

E. Support individual horizontal raceways with separate, malleable-iron pipe hangers or clamps. 
 

F. Install 1/4-inch diameter or larger threaded steel hanger rods, unless otherwise indicated. 
 

G. Spring-steel fasteners specifically designed for supporting single conduits or tubing may be used 
instead of malleable-iron hangers for 1-1/2-inch and smaller raceways serving lighting and 
receptacle branch circuits above suspended ceilings and for fastening raceways to slotted channel 
and angle supports. 

 
H. Arrange supports in vertical runs so the weight of raceways and enclosed conductors is carried 

entirely by raceway supports, with no weight load on raceway terminals. 
 

I. Simultaneously install vertical conductor supports with conductors. 
 

J. Separately support cast boxes that are threaded to raceways and used for fixture support.  Support 
sheet-metal boxes directly from the building structure or by bar hangers.  If bar hangers are used, 
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attach bar to raceways on opposite sides of the box and support the raceway with an approved 
fastener not more than 24 inches from the box. 

 
K. Install metal channel racks for mounting cabinets, panelboards, disconnect switches, control 

enclosures, pull and junction boxes, transformers, and other devices unless components are 
mounted directly to structural elements of adequate strength. 

 
L. Install sleeves for cable and raceway penetrations of concrete slabs and walls unless core-drilled 

holes are used.  Install sleeves for cable and raceway penetrations of masonry and fire-rated 
gypsum walls and of all other fire-rated floor and wall assemblies.  Install sleeves during erection 
of concrete and masonry walls. 

 
M. Securely fasten electrical items and their supports to the building structure, unless otherwise 

indicated.  Perform fastening according to the following unless other fastening methods are 
indicated: 

 
1. Wood:  Fasten with wood screws or screw-type nails. 
2. Masonry:  Toggle bolts on hollow masonry units and expansion bolts on solid masonry units. 
3. New Concrete:  Concrete inserts with machine screws and bolts. 
4. Existing Concrete:  Expansion bolts. 
5. Instead of expansion bolts, threaded studs driven by a powder charge and provided with lock 

washers may be used in existing concrete. 
6. Steel:  Welded threaded studs or spring-tension clamps on steel. 

 
(a) Field Welding:  Comply with AWS D1.1. 

 
7. Welding to steel structure may be used only for threaded studs, not for conduits, pipe straps, 

or other items. 
8. Light Steel:  Sheet-metal screws. 
9. Fasteners:  Select so the load applied to each fastener does not exceed 25 percent of its proof-

test load. 
 
3.8 IDENTIFICATION MATERIALS AND DEVICES 
 

A. Install at locations for most convenient viewing without interference with operation and 
maintenance of equipment. 

 
B. Coordinate names, abbreviations, colors, and other designations used for electrical identification 

with corresponding designations indicated in the Contract Documents or required by codes and 
standards.  Use consistent designations throughout Project. 
 

 
C. Self-Adhesive Identification Products:  Clean surfaces before applying. 

 
D. Identify raceways and cables with color banding as follows: 

 
1. Bands:  Pretensioned, snap-around, colored plastic sleeves or colored adhesive marking tape.  

Make each color band 2 inches  wide, completely encircling conduit, and place adjacent 
bands of two-color markings in contact, side by side. 

2. Band Locations:  At changes in direction, at penetrations of walls and floors, at 50-foot 
maximum intervals in straight runs, and at 25-foot maximum intervals in congested areas. 
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3. Colors:  As follows: 
 

(a) Fire Alarm System:  Red. 
(b) Security System:  Blue and yellow. 
(c) Telecommunication System:  Green and yellow. 

 
E. Tag and label circuits designated to be extended in the future.  Identify source and circuit 

numbers in each cabinet, pull and junction box, and outlet box.  Color-coding may be used for 
voltage and phase identification. 

 
F. Install continuous underground plastic markers during trench backfilling, for exterior 

underground power, control, signal, and communication lines located directly above power and 
communication lines.  Locate 6 to 8 inches below finished grade.  If width of multiple lines 
installed in a common trench or concrete envelope does not exceed 16 inches, overall, use a 
single line marker. 

 
G. Color-code 208/120-V system secondary service, feeder, and branch-circuit conductors 

throughout the secondary electrical system as follows: 
 

1. Phase A:  Black. 
2. Phase B:  Red. 
3. Phase C:  Blue. 
4. Neutral:   White. 
5. Ground    Green. 

 
H. Install warning, caution, and instruction signs where required to comply with 29 CFR, Chapter 

XVII, Part 1910.145, and where needed to ensure safe operation and maintenance of electrical 
systems and of items to which they connect.  Install engraved plastic-laminated instruction signs 
with approved legend where instructions are needed for system or equipment operation.  Install 
metal-backed butyrate signs for outdoor items. 

 
I. Install engraved-laminated emergency-operating signs with white letters on red background with 

minimum 3/8-inch high lettering for emergency instructions on power transfer, load shedding, 
and other emergency operations. 

 
3.9 FIRESTOPPING 
 

A. Apply firestopping to cable and raceway penetrations of fire-rated floor and wall assemblies to 
achieve fire-resistance rating of the assembly.   
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3.10 CUTTING AND PATCHING 
 

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces required to 
permit electrical installations.  Perform cutting by skilled mechanics of trades involved. 

 
B. Repair and refinish disturbed finish materials and other surfaces to match adjacent undisturbed 

surfaces.  Install new fireproofing where existing firestopping has been disturbed.  Repair and 
refinish materials and other surfaces by skilled mechanics of trades involved. 

 
3.11 FIELD QUALITY CONTROL 
 

A. Inspect installed components for damage and faulty work, including the following: 
 

1. Raceways. 
2. Building wire and connectors. 
3. Supporting devices for electrical components. 
4. Electrical identification. 
5. Electricity-metering components. 
6. Electrical demolition. 
7. Cutting and patching for electrical construction. 
8. Touchup painting. 

 
3.12 REFINISHING AND TOUCHUP PAINTING 
 

A. Refinish and touch up paint.   
1. Clean damaged and disturbed areas and apply primer, intermediate, and finish coats to suit 

the degree of damage at each location. 
2. Follow paint manufacturer's written instructions for surface preparation and for timing and 

application of successive coats. 
3. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 
4. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 
 
3.13 CLEANING AND PROTECTION 
 

A. On completion of installation, including outlets, fittings, and devices, inspect exposed finish.  
Remove burrs, dirt, paint spots, and construction debris. 

 
B. Protect equipment and installations and maintain conditions to ensure that coatings, finishes, and 

cabinets are without damage or deterioration at time of Substantial Completion. 
 
 
 
END OF SECTION 16050 
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SECTION 16060 - GROUNDING AND BONDING 
 
PART 1 - GENERAL 
 
1.1 SUMMARY 
 

A. This Section includes grounding of electrical systems and equipment.  Grounding requirements 
specified in this Section may be supplemented by special requirements of systems described in 
other Sections. 

 
PART 2 - PRODUCTS 
 
2.1 MANUFACTURERS 
 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

 
1. Grounding Conductors, Cables, Connectors, and Rods: 

 
(a) Apache Grounding/Erico Inc. 
(b) Boggs, Inc. 
(c) Chance/Hubbell. 
(d) Copperweld Corp. 
(e) Dossert Corp. 
(f) Erico Inc.; Electrical Products Group. 
(g) Framatome Connectors/Burndy Electrical. 
(h) Galvan Industries, Inc. 
(i) Harger Lightning Protection, Inc. 
(j) Hastings Fiber Glass Products, Inc. 
(k) Heary Brothers Lightning Protection Co. 
(l) Ideal Industries, Inc. 
(m) ILSCO. 
(n) Kearney/Cooper Power Systems. 
(o) Korns:  C. C. Korns Co.; Division of Robroy Industries. 
(p) Lightning Master Corp. 
(q) Lyncole XIT Grounding. 
(r) O-Z/Gedney Co.; a business of the EGS Electrical Group. 
(s) Raco, Inc.; Division of Hubbell. 
(t) Robbins Lightning, Inc. 
(u) Salisbury:  W. H. Salisbury & Co. 
(v) Superior Grounding Systems, Inc. 
(w) Thomas & Betts, Electrical. 

 
2.2 GROUNDING CONDUCTORS 
 

A. Material: Copper. 
 

B. Equipment Grounding Conductors:  Insulated with green-colored insulation. 
 

C. Copper Bonding Conductors:  As follows: 
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1. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG copper conductor, 1/4 inch in diameter. 
2. Bonding Conductor:  No. 4 or No. 6 AWG, stranded copper conductor. 
3. Bonding Jumper:  Bare copper tape, braided bare copper conductors, terminated with copper 

ferrules; 1-5/8 inches wide and 1/16 inch thick. 
4. Tinned Bonding Jumper:  Tinned-copper tape, braided copper conductors, terminated with 

copper ferrules; 1-5/8 inches wide and 1/16 inch thick. 
 

D. Grounding Bus:  Bare, annealed copper bars of rectangular cross section, with insulators. 
 
2.3 CONNECTOR PRODUCTS 
 

A. Comply with IEEE 837 and UL 467; listed for use for specific types, sizes, and combinations of 
conductors and connected items. 

 
B. Bolted Connectors:  Bolted-pressure-type connectors, or compression type. 

 
PART 3 - EXECUTION 
 
3.1 APPLICATION 
 

A. Use only copper conductors for both insulated and bare grounding conductors in direct contact 
with earth, concrete, masonry, crushed stone, and similar materials. 

 
B. In raceways, use insulated equipment grounding conductors. 

 
C. Equipment Grounding Conductor Terminations:  Use bolted pressure clamps. 

 
3.2 EQUIPMENT GROUNDING CONDUCTORS 
 

A. Comply with NFPA 70, Article 250, for types, sizes, and quantities of equipment grounding 
conductors, unless specific types, larger sizes, or more conductors than required by NFPA 70 are 
indicated. 

 
B. Install equipment grounding conductors in all feeders and circuits. 

 
C. Install insulated equipment grounding conductor with circuit conductors for the following items, 

in addition to those required by NEC: 
 

1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
7. Armored and metal-clad cable runs. 

 
D. Computer Outlet Circuits:  Install insulated equipment grounding conductor in branch-circuit runs 

from computer-area power panels or power-distribution units. 
 

E. Nonmetallic Raceways:  Install an equipment grounding conductor in nonmetallic raceways 
unless they are designated for telephone or data cables. 
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F. Air-Duct Equipment Circuits:  Install an equipment grounding conductor to duct-mounted 

electrical devices operating at 120 V and more, including air cleaners and heaters.  Bond 
conductor to each unit and to air duct. 

 
G. Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate equipment 

grounding conductor to each electric water heater, heat-tracing, and antifrost heating cable.  Bond 
conductor to heater units, piping, connected equipment, and components. 

 
 
 
END OF SECTION 16060 
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SECTION 16120 - CONDUCTORS AND CABLE 
  
PART 1 - GENERAL 
 
1.1 SUMMARY 
 

A. This Section includes building wires and cables and associated connectors, splices, and 
terminations for wiring systems rated 600 V and less. 

 
1.2 QUALITY ASSURANCE 
 

A. Listing and Labeling:  Provide wires and cables specified in this Section that are listed and 
labeled. 

 
1. The Terms "Listed" and "Labeled":  As defined in NFPA 70, Article 100. 
2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing Laboratory" 

as defined in OSHA Regulation 1910.7. 
 

B. Comply with NFPA 70. 
 
1.3 DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver wires and cables according to NEMA WC 26. 
 
1.4 COORDINATION 
 

A. Coordinate layout and installation of cables with other installations. 
 
 
PART 2 - PRODUCTS 
 
2.1 MANUFACTURERS 
 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

 
1. Wires and Cables: 

 
(a) American Insulated Wire Corp.; Leviton Manufacturing Co. 
(b) BICC Brand-Rex Company. 
(c) Carol Cable Co., Inc. 
(d) Senator Wire & Cable Company. 
(e) Southwire Company. 

 
2. Connectors for Wires and Cables: 

 
(a) AMP Incorporated. 
(b) General Signal; O-Z/Gedney Unit. 
(c) Monogram Co.; AFC. 
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(d) Square D Co.; Anderson. 
(e) 3M Company; Electrical Products Division. 

 
2.2 BUILDING WIRES AND CABLES 
 

A. UL-listed building wires and cables with conductor material, insulation type, cable construction, 
and rating as specified in Part 3 "Wire and Insulation Applications" Article. 

 
B. Thermoplastic Insulation Material:  Comply with NEMA WC 5. 

 
 

C. Conductor Material:  Copper. 
 

D. Stranding:  Solid conductor for No. 10 AWG and smaller; stranded conductor for larger than No. 
10 AWG. 

 
2.3 CONNECTORS AND SPLICES 
 

A. UL-listed, factory-fabricated wiring connectors of size, ampacity rating, material, type, and class 
for application and service indicated.  Comply with Project's installation requirements and as 
specified in Part 3 "Wire and Insulation Applications" Article. 

 
 
PART 3 - EXECUTION 
 
3.1 EXAMINATION 
 

A. Examine raceways and building finishes to receive wires and cables for compliance with 
requirements for installation tolerances and other conditions affecting performance of wires and 
cables.  Do not proceed with installation until unsatisfactory conditions have been corrected. 

 
3.2 WIRE AND INSULATION APPLICATIONS 
 
 

A. Feeders:  Type THHN/THWN, in raceway. 
 

B. Branch Circuits:  Type THHN/THWN, in raceway. 
 
3.3 INSTALLATION 
 

A. Install wires and cables as indicated, according to manufacturer's written instructions and NECA's 
"Standard of Installation." 

 
B. Remove existing wires from raceway before pulling in new wires and cables. 

 
C. Pull Conductors:  Use manufacturer-approved pulling compound or lubricant where necessary; 

compound used must not deteriorate conductor or insulation.  Do not exceed manufacturer's 
recommended maximum pulling tensions and sidewall pressure values. 
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D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

 
E. Support cables according to Division 16 Section 16050 "Basic Electrical Materials and Methods." 

 
F. Seal around cables penetrating fire-rated elements. 

 
G. Identify wires and cables according to Division 16 Section 16050 "Basic Electrical Materials and 

Methods." 
 
3.4 CONNECTIONS 
 

A. Conductor Splices:  Keep to minimum. 
 

B. Install splices and tapes that possess equivalent or better mechanical strength and insulation 
ratings than conductors being spliced. 

 
C. Use splice and tap connectors compatible with conductor material. 

 
D. Use oxide inhibitor in each splice and tap connector for aluminum conductors. 

 
E. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches (300 mm) of slack. 

 
F. Connect outlets and components to wiring and to ground as indicated and instructed by 

manufacturer. 
 

G. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 
486A and UL 486B. 

 
 
 
END OF SECTION 16120 
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SECTION 16130 -  RACEWAYS AND BOXES 
 
PART 1 - GENERAL 
 
1.1 SUMMARY 
 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 
 
1.2 DEFINITIONS 
 

A. EMT:  Electrical metallic tubing. 
 

B. ENT:  Electrical nonmetallic tubing. 
 

C. FMC:  Flexible metal conduit. 
 

D. IMC:  Intermediate metal conduit. 
 

E. LFMC:  Liquidtight flexible metal conduit. 
 

F. LFNC:  Liquidtight flexible nonmetallic conduit. 
 

G. RNC:  Rigid nonmetallic conduit. 
 

H. RGS: Rigid galvanized steel conduit. 
 
1.3 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

 
B. Comply with NFPA 70. 

 
1.4 COORDINATION 
 

A. Coordinate layout and installation of raceways, boxes, enclosures, cabinets, and suspension 
system with other construction that penetrates ceilings or is supported by them, including light 
fixtures, HVAC equipment, fire-suppression system, and partition assemblies. 
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PART 2 - PRODUCTS 
 
2.1 MANUFACTURERS 
 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 

 
1. Manufacturers:  Subject to compliance with requirements, provide products by the 

manufacturers specified. 
 
2.2 METAL CONDUIT AND TUBING 
 

A. Manufacturers: 
 

1. AFC Cable Systems, Inc. 
2. Alflex Inc. 
3. Anamet Electrical, Inc.; Anaconda Metal Hose. 
4. Electri-Flex Co. 
5. Grinnell Co./Tyco International; Allied Tube and Conduit Div. 
6. LTV Steel Tubular Products Company. 
7. Manhattan/CDT/Cole-Flex. 
8. O-Z Gedney; Unit of General Signal. 
9. Wheatland Tube Co. 

 
B. Rigid galvanizd Steel Conduit:  ANSI C80.1. 

 
C. IMC:  ANSI C80.6. 

 
D. EMT and Fittings:  ANSI C80.3. 

 
1. Fittings:  Compression type. 

 
E. FMC:  Zinc-coated steel. 

 
F. LFMC:  Flexible steel conduit with PVC jacket. 

 
G. Fittings:  NEMA FB 1; compatible with conduit and tubing materials. 

 
2.3 NONMETALLIC CONDUIT AND TUBING 
 

A. Manufacturers: 
 

1. American International. 
2. Anamet Electrical, Inc.; Anaconda Metal Hose. 
3. Arnco Corp. 
4. Cantex Inc. 
5. Certainteed Corp.; Pipe & Plastics Group. 
6. Condux International. 
7. ElecSYS, Inc. 
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8. Electri-Flex Co. 
9. Lamson & Sessions; Carlon Electrical Products. 
10. Manhattan/CDT/Cole-Flex. 
11. RACO; Division of Hubbell, Inc. 
12. Spiralduct, Inc./AFC Cable Systems, Inc. 
13. Thomas & Betts Corporation. 

 
B. EMT:  NEMA TC 13. 

 
C. RNC:  NEMA TC 2, Schedule 40 PVC. 

 
D. LFNC:  UL 1660. 

 
2.4 METAL WIREWAYS 
 

A. Manufacturers: 
 

1. Hoffman. 
2. Square D. 

 
B. Material and Construction:  Sheet metal sized and shaped as indicated. 

 
C. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-

down straps, end caps, and other fittings to match and mate with wireways as required for 
complete system. 

 
D. Select features, unless otherwise indicated, as required to complete wiring system and to comply 

with NFPA 70. 
 

E. Wireway Covers: Screw-cover type. 
 

F. Finish:  Manufacturer's standard enamel finish. 
 
2.5 BOXES, ENCLOSURES, AND CABINETS 
 

A. Manufacturers: 
 

1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc. 
2. Emerson/General Signal; Appleton Electric Company. 
3. Erickson Electrical Equipment Co. 
4. Hoffman. 
5. Hubbell, Inc.; Killark Electric Manufacturing Co. 
6. O-Z/Gedney; Unit of General Signal. 
7. RACO; Division of Hubbell, Inc. 
8. Robroy Industries, Inc.; Enclosure Division. 
9. Scott Fetzer Co.; Adalet-PLM Division. 
10. Spring City Electrical Manufacturing Co. 
11. Thomas & Betts Corporation. 
12. Walker Systems, Inc.; Wiremold Company (The). 
13. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary. 
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B. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 
 

C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, Type FD, with gasketed cover. 
 

D. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 
 

E. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous hinge cover and flush latch. 
 

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 
 
2.6 FACTORY FINISHES 
 

A. Finish:  For raceway, enclosure, or cabinet components, provide manufacturer's standard <Insert 
color> paint applied to factory-assembled surface raceways, enclosures, and cabinets before 
shipping. 

 
PART 3 - EXECUTION 
 
3.1 RACEWAY APPLICATION 
 

A. Outdoors: 
 

1. Exposed:  Rigid steel. 
2. Concealed:  Rigid steel. 
3. Underground, Single Run:  RNC. 
4. Underground, Grouped:  RNC. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 
6. Boxes and Enclosures:  NEMA 250, Type 3R. 

 
B. Indoors: 

 
1. Exposed: EMT. 
2. Concealed: EMT. 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  FMC; except use LFMC in damp or wet 
locations. 

4. Damp or Wet Locations:  Rigid steel conduit. 
5. Boxes and Enclosures:  NEMA 250, Type 1. 

 
C. Minimum Raceway Size: 1/2-inch trade size. 
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3.2 INSTALLATION 
 

A. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.  
Install horizontal raceway runs above water and steam piping. 

 
B. Complete raceway installation before starting conductor installation. 

 
C. Support raceways as specified in Division 16 Section 16050 "Basic Electrical Materials and 

Methods." 
 

D. Install temporary closures to prevent foreign matter from entering raceways. 
 

E. Protect stub-ups from damage where conduits rise through floor slabs.  Arrange so curved 
portions of bends are not visible above the finished slab. 

 
F. Make bends and offsets so ID is not reduced.  Keep legs of bends in the same plane and keep 

straight legs of offsets parallel, unless otherwise indicated. 
 

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated. 
 

1. Install concealed raceways with a minimum of bends in the shortest practical distance, 
considering type of building construction and obstructions, unless otherwise indicated. 

 
H. Raceways Embedded in Slabs:  Install in middle 1/3 of slab thickness where practical and leave at 

least 2 inches of concrete cover. 
 

1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete placement. 
2. Space raceways laterally to prevent voids in concrete. 
3. Run conduit larger than 1-inch trade size parallel or at right angles to main reinforcement.  

Where at right angles to reinforcement, place conduit close to slab support. 
4. Change from nonmetallic tubing to Schedule 80 nonmetallic conduit, rigid steel conduit, or 

IMC before rising above the floor. 
 

I. Install exposed raceways parallel or at right angles to nearby surfaces or structural members and 
follow surface contours as much as possible. 

 
1. Run parallel or banked raceways together on common supports. 
2. Make parallel bends in parallel or banked runs.  Use factory elbows only where elbows can 

be installed parallel; otherwise, provide field bends for parallel raceways. 
 

J. Join raceways with fittings designed and approved for that purpose and make joints tight. 
 

1. Use insulating bushings to protect conductors. 
 

K. Tighten set screws of threadless fittings with suitable tools. 
 

L. Terminations: 
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1. Where raceways are terminated with locknuts and bushings, align raceways to enter squarely 
and install locknuts with dished part against box.  Use two locknuts, one inside and one 
outside box. 

2. Where raceways are terminated with threaded hubs, screw raceways or fittings tightly into 
hub so end bears against wire protection shoulder.  Where chase nipples are used, align 
raceways so coupling is square to box; tighten chase nipple so no threads are exposed. 

 
M. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not 

less than 200-lb tensile strength.  Leave at least 12 inches of slack at each end of pull wire. 
 

N. Stub-up Connections:  Extend conduits through concrete floor for connection to freestanding 
equipment.  Install with an adjustable top or coupling threaded inside for plugs set flush with 
finished floor.  Extend conductors to equipment with rigid steel conduit; FMC may be used 6 
inches above the floor.  Install screwdriver-operated, threaded plugs flush with floor for future 
equipment connections. 

 
O. Flexible Connections:  Use maximum of 72 inches of flexible conduit for recessed and 

semirecessed lighting fixtures; for equipment subject to vibration, noise transmission, or 
movement; and for all motors.  Use LFMC in damp or wet locations.  Install separate ground 
conductor across flexible connections. 

 
P. Surface Raceways:  Install a separate, green, ground conductor in raceways from junction box 

supplying raceways to receptacle or fixture ground terminals. 
 
3.3 PROTECTION 
 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are 
without damage or deterioration at time of Substantial Completion. 

 
1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 
2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 
 
3.4 CLEANING 
 

A. After completing installation of exposed, factory-finished raceways and boxes, inspect exposed 
finishes and repair damaged finishes. 

 
 
 
END OF SECTION 16130 
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SECTION 16264 – STATIC UNINTERRUPTIBLE POWER SUPPLY 
 
PART 1 - GENERAL 
 
1.1 SUMMARY 
 

A. This specification describes a three-phase continuous duty, on-line, double conversion, solid-state 
uninterruptible power system, hereafter referred to as the UPS.  The UPS shall operate in 
conjunction with the existing building electrical system to provide power conditioning, back up 
and distribution for critical electrical loads.  The UPS shall consist of the UPS module battery 
cabinet.  

 
1.2 UPS SYSTEM DESCRIPTION 
 

A. UPS System Components:  The UPS system shall consist of the following main components: 
 
1. UPS module containing a Rectifier, Inverter, Battery Charger, Static Bypass, and associated 

Control and Monitor Panel. 
2. Battery string in Line-and-Match Battery Cabinets. 

 
B. UPS Module Modes of Operation:  The UPS Module shall operate as an on-line, fully automatic 

system in the following modes: 
 
1. Normal:  Utilizing commercial AC power, the critical load shall be continuously supplied by 

the Inverter.  The Inverter shall power the load while regulating both voltage and frequency.  
The Rectifier shall derive power from the commercial AC source and shall supply DC power 
to the Inverter.  Simultaneously, the Battery Charger shall charge the battery. 

2. Battery:  Upon failure of the commercial AC power, the critical load shall continue to be 
supplied by the Inverter, which shall obtain power from the batteries without any operator 
intervention.  There shall be no interruption to the critical load upon failure or restoration of 
the commercial AC source. 

3. Recharge:  Upon restoration of the AC source, the Charger shall recharge the batteries and 
simultaneously the Rectifier shall provide power to the Inverter.  This shall be an automatic 
function and shall cause no interruption to the critical load. 

4. Bypass:  If the UPS module must be taken out of the Normal mode for overload, load fault, or 
internal failures, the static bypass switch shall automatically transfer the critical load to the 
commercial AC power.  Return from Bypass mode to Normal mode of operation shall be 
automatic. No-break transfer to and from Bypass mode shall be capable of being initiated 
manually from the front panel. 

 
1.3 REFERENCES 
 

A. UL 1778 (Underwriters Laboratories) – Standard for Uninterruptible Power Supply Equipment.  
Product safety requirements for the United States. 

B. CSA C22.2 No 107.1(Canadian Standards Association) – Commercial and Industrial Power 
Supplies.  Product safety requirements for Canada. 

C. NEMA PE-1 – (National Electrical Manufacturers Association) – Uninterruptible Power Systems 
standard. 
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D. IEC 62040-1-1 (International Electrotechnical Commission) – Uninterruptible power systems 
(UPS) – Part 1-1:  General and safety requirements for UPS used in operator access areas. 

E. IEC 62040-1-2 (International Electrotechnical Commission) – Uninterruptible power systems 
(UPS) – Part 1-2:  General and safety requirements for UPS used in restricted access locations. 

F. IEC 62040-3 (International Electrotechnical Commission) – Uninterruptible power systems 
(UPS) – Part 3:  Method of specifying the performance and test requirements. 

G. IEEE 587 (ANSI C62.41) Category A & B (International Electrical and Electronics Engineers) – 
Recommended practices on surge voltages in low voltage power circuits. 

H. CISPR 22: FCC Rules and Regulations 47, Part 15, Class A (Federal Communications 
Commission) – Radio Frequency Devices (prior to Feb 16, 2006).  

I. MIL-HDBK-217E (Military Handbook) – Reliability prediction of electronics equipment 
 
 
1.4 SUBMITTALS 
 

A. The UPS shall be supplied with sufficient documentation, including the following manuals: 
 

1. Installation and Operation Manual:  Two copies of the installation and operation manual shall 
be furnished.  It shall possess sufficient detail and clarity to enable the owner’s technicians or 
representatives to install and operate the UPS equipment and accessories.  The manual shall 
include the following major items: 
 

a) UPS description 
b) UPS site planning and unpacking 
c) UPS installation 
d) Optional accessory installation 
e) UPS theory of operation 
f) Operating procedures 
g) System events 
h) UPS maintenance 
i) Performance and technical specifications 
j) Wiring requirements and recommendations 
k) Physical features and requirements 
l) Cabinet dimensions 

 
 
1.5 QUALIFICATIONS 
 

A. The UPS manufacturer shall have a minimum of twenty years experience in the design, 
manufacture and testing of solid-state UPS systems.  A list of installed UPS systems of the same 
type as the manufacturer proposes to furnish for this application shall be supplied upon request. 
 

B. The UPS manufacturer shall have ISO 9001 certification for engineering/R&D, manufacturing 
facilities and service organization. 
 

C. The UPS manufacturer shall maintain a staffed 7x24x365 call center for technical and emergency 
support. 
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D. Field Engineering Support:  The UPS manufacturer shall directly employ a nationwide field 
service department staffed by factory-trained field service engineers dedicated to startup, 
maintenance, and repair of UPS equipment.  The organization shall consist of local offices 
managed from a central location.  Field engineers shall be deployed in key population areas to 
provide on-site emergency response within 24 hours.  A map of the United States showing the 
location of all field service offices must be submitted with the proposal.  Third-party maintenance 
will not be accepted. 
 

E. Spare Parts Support:  Parts supplies shall be located in the field to provide 80% of all emergency 
needs.  The factory shall serve as the central stocking facility where a dedicated supply of all 
parts shall be available within 24 hours. 
 

F. Product Enhancement Program:  The UPS manufacturer shall make available feature upgrade 
service offerings to all users as they are developed.  These upgrades shall be available as optional 
field-installable kits. 
 

G. Maintenance Contracts:  A complete range of preventative and corrective maintenance contracts 
shall be provided and offered with the proposal. Under these contracts, the manufacturer shall 
maintain the user’s equipment to the latest factory revisions. 

 
 
1.6 ENVIRONMENTAL REQUIREMENTS 
 

A. The UPS shall withstand any combination of the following external environmental conditions 
without operational degradation. 
 
1. Operating Temperature:  0 degrees C to  + 40 degrees C (32 degrees F to 104 degrees F) 

without de-rating (excluding batteries). 
2. Storage Temperature:  - 25 degrees C to + 60 degrees C (-13 degrees F to 140 degrees F).  

Prolonged storage above + 40 degrees C (104 degrees F) will cause rapid battery self-
discharge. 

3. Relative Humidity (operating and storage):  95% maximum non-condensing. 
4. Elevation:   

 
(1) Operational: 6600 ft (2000 m) maximum without de-rating. 
(2) Transportation: Capable of air transport.   

 
1.7 SAFETY 
 

A. The UPS shall be certified by Underwriters Laboratories in accordance with UL 1778. 
 

B. The UPS shall be certified by the Canadian Standards Association in accordance with CSA C22.2 
NO.107.1-M91. 

 
PART 2 - PRODUCTS 
 
2.1 MANUFACTURERS 
 

A. Approved Manufacturers: 
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 Eaton Electrical Inc. (Powerware brand UPS)  
Liebert Corporation 
MGE UPS Systems 
Toshiba International Corporation 

 
2.2 UPS MODULE STANDARD FEATURES 
 

The UPS module shall consist of the following standard components: 
 

A. Rectifier/Charger:  The rectifier/charger shall convert incoming AC power to regulated DC output 
for supplying the inverter and for charging the battery. The rectifier/charger shall be a high-
frequency PWM design, using Insulated Gate Bi-polar Transistors (IGBTs). The modular design 
of the UPS shall permit safe and fast removal and replacement of the rectifier/charger module.  
Mean time to repair (MTTR) for the module shall be no more than 30 minutes in order to return 
UPS to normal mode.  The rectifier/charger module shall also provide the following:   
 
1. The rectifier shall be capable of drawing power from the utility with a power factor of 0.99 

under nominal conditions. 
2. The rectifier shall feature protection circuitry that prevents the IGBTs from sourcing current 

in excess of their published ratings. 
 

B. Inverter:  The inverter shall feature an IGBT pulse-width-modulation (PWM) design with high 
speed switching.  The inverter shall also have the following features: 
 
1. The inverter shall be capable of providing the specified quality output power while operating 

from any DC source voltage (rectifier or battery) within the specified DC operating range.   
2. The modular design of the UPS shall permit safe and fast removal and replacement of the 

inverter module.  Mean time to repair (MTTR) for the module shall be no more than 30 
minutes in order to return UPS to normal mode. 

3. The inverter shall feature protection circuitry that prevents the IGBTs from sourcing current 
in excess of their published ratings. 

 
C. Static Bypass:  The bypass shall serve as an alternative source of power for the critical load when 

an abnormal condition prevents operation in normal mode.  The bypass shall consist of a fully 
rated, continuous duty, naturally commutated static switch for high-speed transfers.  The bypass 
shall feature the following transfer and operational characteristics. 
 
1. Transfers to bypass shall be automatically initiated for the following conditions: 

 
a) Output overload period expired. 
b) Critical bus voltage out of limits. 
c) Internal over temperature period expired. 
d) Total battery discharge. 
e) UPS failure. 

 
2. Uninterrupted automatic re-transfer shall take place whenever the inverter is capable of 

assuming the critical load. 
3. Uninterrupted automatic re-transfers shall be inhibited for the following conditions: 
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a) When transfer to bypass is activated manually or remotely. 
b) In the event of multiple transfers/re-transfer operations the control circuitry shall 

limit “cycling” to three (3) operations in any ten-minute period.  The fourth 
transfer shall lock the critical load on the bypass source. 

c) UPS failure. 
 

4. Uninterrupted manual transfers shall be initiated from the control panel.  Uninterrupted 
manual transfers to bypass and from bypass shall be possible with the inverter logic.  During 
manual transfers to bypass mode, the inverter must verify proper bypass operations before 
transferring the critical load to the bypass. 

5. All transfers to bypass shall be inhibited for the following conditions: 
 

a) Bypass voltage out of limits (+/- 10% of nominal) 
b) Bypass frequency out of limits (+/- 3 Hz, adjustable, factory set) 
c) Bypass out of synchronization 
d) Bypass phase rotation / installation error 

 
6. Static transfer time: No break, complete in less than 4ms. 
7. The bypass shall be manually energized using the control panel.   

 
D. Monitoring and control components:  The following components shall provide monitor and 

control capability: 
 
1. Control panel with status indicators. 
2. Alarm and metering display. 
3. Building alarm monitoring. 
4. Communication ports.  

 
E. Battery management system:  The UPS shall contain a battery management system which has the 

following features: 
 
1. The battery management system shall provide battery time remaining while operating in 

normal mode and battery mode.  Battery time available information shall be displayed real-
time, even under changing load conditions.  Upon commissioning, battery runtime 
information shall be available. 

2. The battery management system shall automatically test the battery string(s) to ensure that the 
battery is capable of providing greater that 80% of it’s rated capacity. Testing the batteries 
shall not jeopardize the operation of the critical load.  Upon detection of the battery string(s) 
not capable of providing 80%, the UPS system will alarm that the battery needs 
attention/replacement. The battery test shall be able to detect the following: 
 

Open battery string 
Shorted battery string 
Battery capacity (runtime) less than 80% of “new” battery capacity 

 
3. The UPS shall communicate battery test and monitoring data to the UPS manufacturer’s 

remote monitoring site.  Battery life remaining, capacity, and number of on-battery events 
shall be provided in a monthly report.  
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4. An optional temperature sensor shall be available to monitor the ambient temperature internal 

to the battery cabinet. If the ambient temperature increases, the UPS system charger shall 
automatically reduce the charging voltage to a level recommended by the battery 
manufacturer. If the ambient temperature is decreased the UPS shall automatically increase 
the battery charge voltage to that recommended by the battery manufacturer. 

 
 

F. Wiring Terminals:  For 208Vac 4-wire output configurations, the neutral output compression 
terminal shall be sized for 200% of UPS module rated current to accommodate higher neutral 
currents associated with non-linear loads.  The UPS module shall contain mechanical 
compression terminals (adequately sized to accommodate 90�C wiring) for securing user wiring 
to the following locations: 
 
1. UPS will be a single feed input. 

 
G. SNMP Network Adapter and UPS Power Monitoring Software:  SNMP adapters shall provide a 

communications interface between the UPS module and SNMP-compatible network management 
systems.  This capability shall allow the unit to be monitored remotely over an Ethernet network 
using a standard web browser. 
1. UPS Power Monitoring Software:  This system shall continuously monitor critical power 

elements associated with the UPS, using the communications port on each module and a 
customer furnished PC. The system shall automatically alarm if any problems arise and notify 
local or remote personnel of the alarm condition via email, page, or text message. 

 
H. Battery Cabinet: The battery cabinet shall feature valve regulated, high-rate discharge, lead-acid 

batteries which provide energy to the support the critical load during a momentary loss of input 
power to the rectifier.  The batteries shall be flame retardant in accordance with UL 94V2 
requirements.  The battery cabinet shall have the following features: 
 
1. The battery cabinet shall be the same depth and height as the UPS module.   
2. The battery cabinet shall feature a mechanical enclosure of like appearance to the UPS 

module and shall feature casters. Each battery cabinet shall require front access only for 
installation, service and maintenance.  The battery cabinet shall provide top and bottom cable 
entry. 

3. Power wiring internal to each battery cabinet shall be factory provided.  Each battery cabinet 
shall feature up to 10 battery trays which can be individually disconnected from the battery 
cabinet power wiring with quick disconnect devices.  Each battery tray shall be firmly 
secured to the battery cabinet frame with fasteners.  Each battery tray shall be removable 
from the front of the battery cabinet. 

4. Each battery cabinet shall feature a DC rated circuit breaker.  The circuit breaker within the 
battery cabinet shall only provide protection to the battery string within that battery cabinet.  
For battery configurations involving multiple battery cabinets, a battery string in one battery 
cabinet may be isolated from the DC link via its circuit breaker without removing other 
battery strings from the DC link and the UPS module. 

5. The circuit breaker in each battery cabinet shall feature an A/B auxiliary switch.  The UPS 
module shall be capable of monitoring and alarming an open battery cabinet circuit breaker 
condition. 
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6. The circuit breaker in each battery cabinet shall feature a 48VDC under voltage release 
device.  The UV device shall operate to trip the battery breaker(s) for an emergency power 
off command or battery disable command.  

7. Power and Control wiring between the battery cabinet and the UPS shall be factory provided 
with compression type connectors between cabinets.   

8. The batteries shall be configured with a ¼” spade type connector for attaching sense leads to 
each jar to facilitate the future addition of a battery monitoring system. 

9. Expected battery life:  200 complete full load discharge cycles when operated and maintained 
within specifications. 

 
 
2.3 UNINTERRUPTIBLE POWER SUPPLY RATINGS AND OPERATING CHARACTERISTICS 
 

A. UPS Continuous Ratings.  The UPS shall be rated: 
 
UPS shall be 60kVA/ 54kVA. 

 
UPS Rating (max) is the maximum output possible from the UPS (for a load power factor range 
of 0.9 lagging to 0.9 leading).  The UPS may be ordered with any of the three (3) optional ratings 
(where available) and later upgraded to its corresponding full UPS Rating (max).  

 
B. Rectifier/charger input: 

 
1. Nominal three phase input voltage: 208 VAC: 
2. Operating input voltage range: +10%, -15% of average nominal input voltage without battery 

discharge. 
3. For 60Hz systems, operating input frequency range shall be 55 to 65Hz. 
4. Input power factor 0.99 lagging.  
5. Normal input current limit:  The UPS shall have the following programmable input current 

limit settings while operating in normal mode: 
 

a) Rectifier/charger input current limit shall be adjustable from 100 to 115% of full-
load input current. 

b) Battery input current limit shall be adjustable from 10% to 15% of the UPS full 
load input current regardless of the actual load on the UPS. 
 

6. On generator input current limit:  The UPS shall have the following programmable input 
current limit settings while operating in normal mode on generator: 

a) Rectifier/charger input current limit shall be adjustable from 100% to 115% of 
full-load input current. 

b) Battery recharge input current limit shall be adjustable from 10% to 15% of the 
UPS full load input current regardless of the actual load on the UPS. 
 

7. Input current total harmonic distortion (THD) shall be less than 4.5%. 
8. Power walk-in:  Ramp-up to full utility load adjustable from 3 seconds to 60 seconds. 

 
C. Bypass input: 

 
1. Synchronizing bypass voltage range shall be +/- 10% of average nominal input voltage. 
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2. Synchronizing bypass frequency range is centered on the nominal frequency. 
3. Input surge withstand capability:  The UPS shall be in compliance with IEEE 587 (ANSI 

C62.41), category A & B (6kV). 
 

D. Rectifier/charger output: 
 
1. Nominal DC voltage shall be variable between 384VDC to 480VDC for 208V input.. 
2. Steady state voltage regulation shall be +/- 0.5%. 
3. Voltage ripple shall be less that 0.5% (peak-to-peak). 
4. Capacity:  The rectifier/charger shall support a fully loaded inverter and recharge the battery 

to 90% of its full capacity within 10 times the discharge when input current limit is set at 
maximum. 

5. Low line operation:  The rectifier/charger shall be capable of sharing the DC load with the 
battery when the input voltage falls below the specified operation input voltage range, the on 
battery indicator shall enunciate operation in this mode. 

6. DC sensing:  Redundant DC voltage sensing methods shall be incorporated for providing 
battery over-voltage protection. 

7. Battery charger characteristics:  The UPS battery charging system shall have the following 
characteristics: 
 
(a) The charger shall be capable of being configured for several charge modes including: 

 
(1) A charging mode that increases battery life by allowing the battery to rest, reducing 

positive plate corrosion 
(2) A charging mode floating the battery at a set level, which can be adjusted via 

software, used for flooded cell applications  
 
a) Nominal Float Voltage:  2.25 V per cell.  
b) Equalizing Voltage:  2.38 V maximum per cell (adjustable). 
c) Automatic (time based) or manual (user initiated) equalization available. 

 
(b) UPS module will automatically adjust battery shutdown based upon loading and battery 

capacity. 
 
(1) The UPS module shall automatically adjust the final discharge voltage between 1.67 

and 1.75 Volts per cell based on the existing load and the rate and length of 
discharge. 

(2) The absolute minimum operational voltage is 1.67 V per cell (adjustable). 
 

(c) Battery shall be rated for 8 minutes at full load at 54 kW. 
 

8. The UPS module will automatically disconnect the battery system in case of full battery 
discharge followed by prolonged utility AC voltage failure. The time window before battery 
disconnection occurs shall be programmable for both time and voltage.   

 
E. UPS output in normal mode 

 
1. Nominal output voltage 208 VAC, 4-wire plus ground . Output wiring configuration is based 

upon input wiring configuration for systems without internal transformers. 
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2. Steady-state voltage regulation (in inverter) shall be within +/- 1% average from nominal 
output voltage. 

3. Transient voltage response shall be < +/- 5% from nominal voltage for 100% load step, full 
load re-transfers and full load drop on battery. 

4. Transient voltage recovery shall be 25ms to within +/- 1% of steady state. 
5. Linear load harmonic distortion capability:  Output voltage THD of less than 2% for 100% 

linear load. 
6. Non-linear load harmonic distortion capability:  Output voltage THD of less than 5% for 

100% non-linear load when tested using the non-linear load described in IEC 62040-3 
connected line to neutral. 

7. Manual output voltage adjustment shall be +/- 3% from nominal. 
8. Line synchronization range shall be +/- 3Hz, adjustable to +/- 5Hz. 
9. Frequency regulation shall be +/- 0.01Hz free running. 
10. Frequency slew rate shall be 1 Hz/second maximum (adjustable). 
11. Phase angle control: 

 
(a) Balanced linear load shall be +/- 1 degree from nominal 120 degrees 
(b) Unbalanced linear loads shall less than +/- 5 degrees from average phase voltage for 

100% load unbalance. 
 

12. Phase voltage control: 
 
(a) Balanced linear loads shall be +/- 1% from average phase voltage 
(b) Unbalanced linear loads shall be less than +/- 5% for 100% load unbalanced 

 
13. Overload current capability (with nominal line and fully charged battery):  The unit shall 

maintain voltage regulation for up to 110% of resistive/inductive load for 10 minutes, up to 
125% for 30 seconds, and up to 150% for 10 seconds. 

14. Fault clearing current capability:  150% phase-to-phase for 10 cycles; 300% phase-to-neutral 
for up to 10 cycles 

15. Static transfer time: No break, completed in less than 4ms. 
16. Common mode noise attenuation:  

 
(a) -65dB up to 20kHz, -40db up to 100kHz 
(b) > 100dB with isolation transformer 

 
17. Acoustical noise:  Noise generated by the UPS under normal operation shall not exceed 

65dbA at one meter from any operator surface, measured at 25 degrees C (77 degrees F) and 
full load. 

18. EMI Suppression:  The UPS shall meet FCC rules and regulation 47, part 15, for Class A 
devices prior to Feb 16, 2006, CISPR   . 

19. Electrostatic discharge (ESD):  The UPS shall meet IEC 801-2 specifications.  The UPS shall 
withstand a 25 kV pulse without damage and with no disturbance or adverse effect to the 
critical load. 

20. Efficiency:  The UPS efficiency shall be up to 94%.   
 
 
2.4 MECHANICAL DESIGN 
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A. Enclosures:  The UPS shall be housed in free-standing double front enclosures (safety shields 
behind doors) equipped with casters and leveling feet.  The enclosures shall be designed for 
computer room applications. Front doors shall have locks to prevent unauthorized entry.  
 

B. Ventilation:  The UPS shall be designed for forced-air cooling.  Air inlets shall be on the front of 
the unit.  Air outlets shall be on the top.  Eighteen inches of clearance over the UPS outlets shall 
be required for proper air circulation.  Air filters shall be commonly available sizes. 
 

C. No back or side clearance or access shall be required for the system.  The back and side enclosure 
covers shall be capable of being located directly adjacent to a wall. 
 

D. Cable entry:  Standard cable entry for the UPS cabinet shall be through either the enclosure 
bottom or top.  A dedicated wireway shall be provided within the UPS cabinet for routing user 
input and output wiring. 
 

E. Front access:  All serviceable subassemblies shall be modular and capable of being replaced from 
the front of the UPS (front access only required).  Side or rear access for installation, service, 
repair or maintenance of the UPS system shall not be required. 
 

F. Service area requirements:  The 208Vac system shall require no more than thirty-six (36) inches 
of front service access room and shall not require side or rear access for service or installation.   

 
2.5 CONTROLS AND INDICATORS 
 

A. Microprocessor controlled circuitry:  The UPS controls shall have the following design and 
operating characteristics: 
 
1. Fully automatic operation of the UPS shall be provided through the use of microprocessor 

controlled Digital Signal Processing.  DSP shall eliminate variances from component 
tolerance or drift, and provide consistent operational responses. 

2. All operating and protection parameters shall be firmware controlled, thus eliminating a need 
for manual adjustments. The logic shall include system test capability to facilitate 
maintenance and troubleshooting.  Printed circuit board replacement shall be possible without 
requiring calibration. 

3. Start-up and transfers shall be automatic functions. 
 

B. Digital Front Panel Display:  The UPS control panel shall be a digital front panel display that 
features an 8x40 (8 lines, each with 40 characters) backlit LCD display.  The LCD shall display 
UPS status, metering, battery status, alarm/event queue, active alarms and UPS configurations.  
The front panel display shall show a system mimic diagram with an outlined power path, current 
operating mode and event logs. 

 
C. Control Panel Indicators:  The UPS control panel shall provide the following monitoring 

functions with indicator LED’s: 
 
1. NORMAL:  This shall indicate that the commercial AC utility or generator source is 

supplying power to the rectifier and the inverter is supporting the critical load.  A text 
message shall indicate if the bypass line is not within tolerance. 

2. BYPASS:  This shall indicate that the UPS has transferred the load to the bypass circuit. 
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3. BATTERY:  This shall indicate that the commercial AC utility or generator source has failed 
and the battery is supplying power to the inverter, which is supporting the load.  A text 
message shall indicate if the battery charge is low or if the battery is installed but 
disconnected. 

4. ALARM:  This shall indicate that the UPS detects an alarm condition, outlined in detail in the 
operator’s manual. 

 
D. Control Panel Controls:  The UPS control panel shall provide the following functions from front 

panel push buttons: 
 
1. EVENTS: Displays the list of Active System Events and a historical log of system events. 

Historical logs shall include a detailed time stamped list of the latest 128 events. 
2. METERS:  Displays performance meters for the system or critical load.  When selected, the 

front display shall show individual screens of input parameters, output parameters or bypass 
parameters including; voltage, current and frequency. In addition, the battery display shall 
show runtime remaining. 

3. CONTROLS:  Displays a System Controls screen.  Allows selection of operating mode, 
normal, bypass, charger on/off and Power Module on/off. 

4. SETUP:  Allows display contrast, date and time information serial communication port 
configuration and display of firmware revision numbers. 

5. RETURN:  Confirms selection or returns to previous screen. 
 

E. Interface panel:  The UPS shall be equipped with an interface panel, located behind a protective 
cover, which provides the following signals and communication features in a Class 2 
environment: 
 
1. Alarm contact:  A dry contact for annunciating a summary alarm shall be provided for 

customer use. This contact shall be Form “C” capable of supplying both N/O and N/C 
contacts.  Contact ratings shall be 5A max at a voltage not to exceed 28VDC or 277VAC. 

2. RS232 (EIA / TIA-232) communications interface:  Circuitry shall be provided for one 
RS232 (EIA / TIA-232) communication port for connection to automated service department 
diagnostic tools.   This port may be used with simple (“dumb”) terminals to gain remote 
access to all unit operation information. 

3. Building alarms: Two inputs shall be provided for monitoring the status of external dry 
contacts.  Building alarms shall be set up through the UPS configuration mode function on 
the RS232 (EIA / TIA-232) port. 

4. External EPO contacts: Shall be provided to connect an external remote emergency power off 
switch to shutdown the UPS and de-energize the critical load. 

5. Battery control contacts: Contacts shall be provided to connect the battery UVR  and 
auxiliary signals from a battery breaker or battery disconnect switch. 

 
2.6 COMMUNICATIONS 
 

A. Communications Bay:  The UPS shall be equipped with field configurable communications bays 
that will accommodate two (2) communication devices. 
 

B. Remote Monitoring: 
 
1. WEB/SNMP communication capabilities will be available for all systems.  
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2. The UPS shall be able to be monitored remotely via communications devices.  UPS 
manufacturer shall provide optional communications devices capable of communicating via 
various industry standard protocols such as RS232 and ModBus.  Monitoring of UPS status 
may also be performed through isolated dry contact Form C relays.   

3. Remote monitoring of the UPS shall also be possible through status indicators elsewhere in 
the same facility through a device that replicates these indicators.  

The UPS communication capability should be able to integrate into any industry standard 
Building Management System (BMS) and/or Network Management System (NMS). The UPS 
must also be able to be monitored via any standard Internet browser (i.e. Internet Explorer and 
Netscape). 

 
C. Shutdown: 

 
1. There shall be a mechanism that provides graceful, orderly, unattended, sequential shutdown 

of one or multiple computers powered by one UPS.  This shutdown shall be performed via in-
network or out-of-network means.  The order of shutdown shall be user-defined, allowing the 
maximization of runtime on battery for more critical systems.  

2. Shutdown of AS/400 computers shall be possible through open-collector relay contacts or 
isolated, dry contact, Form-C relays. 

3. The UPS shall also be capable of interfacing with an operating system’s built-in shutdown 
routine, e.g. Windows NT.  This shall be done through a cable connection to the optional 
serial port on the UPS.  
 

D. Notification: 
 
1. There shall be a mechanism to send alerts to key personnel via email or SNMP traps.  An 

alarm notification may also be sent by a network message.  
2. Management:  A remote battery test may be performed via an Ethernet network. The UPS 

shall be tested through invoking a single command. 
 
 
2.7 UPS MODULE PROTECTION 
 

A. Rectifier/Charger and Bypass protection shall be provided through individual fusing of each 
phase. 
 

B. Battery protection shall be provided by thermal-magnetic molded-case circuit breakers in each 
battery cabinet (if standard battery pack is provided) or external protective device for an external 
battery. 
 

C. Electronic current limiting circuitry and fuses in the Inverter circuit shall provide output 
protection.  
 

D. To comply with agency safety requirements, the UPS module shall not rely upon any disconnect 
devices outside of the UPS module to isolate the battery cabinet from the UPS module. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
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A. Install in accordance with manufacturer’s instructions. 

 
3.2 COMMISSIONING 
 

A. Factory start-up shall be provided on a  7 x 24 basis.  Start-up service shall be provided at no 
extra charge and shall include one visit to perform all procedures and tests specified within UPS 
Installation and Operation manual.  UPS manufacturer shall also offer the following optional 
services: 
 
1. Pre-energize visit to inspect installation and provide guidance to installers as required. 
2. Post-start-up visit for alarm notification configuration, operator training, generator testing, 

etc. 
 

B. The following procedures and tests shall be performed by Field Service personnel during the UPS 
startup: 
 
1. Visual Inspection: 

 
a) Visually inspect all equipment for signs of damage or foreign materials. 
b) Observe the type of ventilation, the cleanliness of the room, the use of proper 

signs, and any other safety related factors. 
2. Mechanical Inspection: 

a) Check all the power connections for tightness. 
b) Check all the control wiring terminations and plugs for tightness or proper 

seating. 
3. Electrical Pre-check: 

a) Check the DC bus for a possible short circuit. 
b) Check input and Bypass power for proper voltages and phase rotation. 
c) Check all lamp test functions. 

4. Initial UPS Startup: 
a) Verify that all the alarms are in a “go” condition. 
b) Energize the UPS module and verify the proper DC, walkup, and AC phase on. 
c) Check the DC link holding voltage, AC output voltages, and output waveforms. 
d) Check the final DC link voltage and Inverter AC output.  Adjust if required. 
e) Check for the proper synchronization. 
f) Check for the voltage difference between the Inverter output and the Bypass 

source. 
g) Optional on site full-load, step-load, and battery discharge tests using supplier 

furnished load bank, shall also be offered. 
 

5. Operational Training:  Before leaving the site, the field service engineer shall familiarize 
responsible personnel with the operation of the UPS.  The UPS equipment shall be available 
for demonstration of the modes of operation. 

 
3.3 WARRANTY 
 

All components of the UPS system shall be covered by a standard one-year limited factory 
warranty and service protection package. 
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One-year limited factory warranty shall include replacement coverage for the UPS parts for a 
period of 18 months from shipment or 12 months from start-up, whichever occurs sooner. 
 
One-year service protection package shall include 7x24 on-site repair/replacement labor for UPS 
parts and batteries; 7x24 technical support coverage; and 7x24 remote monitoring service (with 
monthly reports for UPS and battery performance). Standard response time shall be 8 hours from 
receipt of call. Additional preventive maintenance visits shall be available as an option for both 
UPS and battery components. 
 
Manufacturer shall also include Start-up services consisting of:  7x24 Start-up services of UPS 
and batteries.  On-site user training, Site Audit, installation and commissioning of monitoring 
service and validation of one-year limited factory warranty will be performed during the start-up. 
 
Manufacturer shall also offer an optional service plan to provide 7x24 on-site coverage 
(preventive and corrective) for UPS and batteries, guaranteed response time, remote monitoring, 
Web access to service site history, annual Site Audit, UPS and battery preventive maintenance 
visit, and discounts on upgrade and modification kits.  Manufacturer shall also provide an 
optional battery service plan to provide parts-and-labor coverage for partial and full battery 
strings, either with preventive maintenance or replacement coverage. 

 
 
 
 
 
 
END OF SECTION 16264 
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SECTION 16442 – PANELBOARDS 
 
PART 1 - GENERAL 
 
1.1 SUMMARY 
 

A. This Section includes load centers and panelboards, overcurrent protective devices, and 
associated auxiliary equipment rated 600 V and less for the following types: 

 
1. Lighting and appliance branch-circuit panelboards. 
2. Distribution panelboards. 

 
1.2 DEFINITIONS 
 

A. EMI:  Electromagnetic interference. 
 

B. GFCI:  Ground-fault circuit interrupter. 
 

C. RFI:  Radio-frequency interference. 
 

D. RMS:  Root mean square. 
 

E. SPDT:  Single pole, double throw. 
 

F. TVSS:  Transient voltage surge suppressor. 
 
1.3 SUBMITTALS 
 

A. Product Data:  For each type of panelboard, overcurrent protective device, TVSS device, 
accessory, and component indicated.  Include dimensions and manufacturers' technical data on 
features, performance, electrical characteristics, ratings, and finishes. 

 
B. Shop Drawings:  For each panelboard and related equipment. 

 
1. Dimensioned plans, elevations, sections, and details.  Show tabulations of installed devices, 

equipment features, and ratings.  Include the following: 
 

(a) Enclosure types and details. 
(b) Bus configuration, current, and voltage ratings. 
(c) Short-circuit current rating of panelboards and overcurrent protective devices. 
(d) UL listing for series rating of installed devices. 
(e) Features, characteristics, ratings, and factory settings of individual overcurrent protective 

devices and auxiliary components. 
 

C. Panelboard Schedules:  For installation in panelboards.  Submit final versions after load 
balancing. 



OGDEN/WEBER ATC ELECTRICAL/HVAC UPGRADE 
 

PANELBOARDS 16442 - 2 

 
1.4 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

 
B. Comply with NEMA PB 1. 

 
C. Comply with NFPA 70. 

 
1.5 COORDINATION 
 

A. Coordinate layout and installation of panelboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, and encumbrances to workspace clearance requirements. 

 
1.6 EXTRA MATERIALS 
 

A. Keys:  Six spares of each type of panelboard cabinet lock. 
 
 
PART 2 - PRODUCTS 
 
2.1 MANUFACTURERS 
 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

 
B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
 

1. Panelboards, Overcurrent Protective Devices, Controllers, Contactors, and Accessories: 
 

(a) Eaton Corp.; Cutler-Hammer Products. 
(b) General Electric Co.; Electrical Distribution & Control Div. 
(c) Siemens Energy & Automation, Inc. 
(d) Square D Co. 

 
2.2 FABRICATION AND FEATURES 
 

A. Enclosures: Surface-mounted cabinets.  NEMA PB 1, Type 1, to meet environmental conditions 
at installed location. 

 
1. Outdoor Locations:  NEMA 250, Type 3R. 

 
B. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match box 

dimensions; for flush-mounted fronts, overlap box. 
 

C. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged trim 
cover. 
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D. Finish:  Manufacturer's standard enamel finish over corrosion-resistant treatment or primer coat. 

 
E. Directory Card:  With transparent protective cover, mounted inside metal frame, inside 

panelboard door. 
 

F. Bus:  Hard-drawn copper, 98 percent conductivity. 
 

G. Main and Neutral Lugs: Mechanical type suitable for use with conductor material. 
 

H. Equipment Ground Bus:  Adequate for feeder and branch-circuit equipment ground conductors; 
bonded to box. 

 
I. Service Equipment Label:  UL labeled for use as service equipment for panelboards with main 

service disconnect switches. 
 

J. Future Devices:  Mounting brackets, bus connections, and necessary appurtenances required for 
future installation of devices. 

 
2.3 PANELBOARD SHORT-CIRCUIT RATING 
 

A. UL label indicating series-connected rating with integral or remote upstream devices.  Include 
size and type of upstream device allowable, branch devices allowable, and UL series-connected 
short-circuit rating. 

 
B. Fully rated to interrupt symmetrical short-circuit current available at terminals. 

 
2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 
 

A. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing 
adjacent units. 

 
B. Doors:  Front mounted with concealed hinges; secured with flush latch with tumbler lock; keyed 

alike. 
 
2.5 DISTRIBUTION PANELBOARDS 
 

A. Doors:  Front mounted, except omit in fused-switch panelboards; secured with vault-type latch 
with tumbler lock; keyed alike. 

 
B. Main Overcurrent Protective Devices: Circuit breaker. 

 
C. Branch overcurrent protective devices shall be one of the following: 

 
1. For Circuit-Breaker Frame Sizes 125 A and Smaller: Bolt-on circuit breakers. 
2. For Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on circuit breakers. 

 
2.6 OVERCURRENT PROTECTIVE DEVICES 
 

A. Molded-Case Circuit Breaker:  NEMA AB 1, with interrupting capacity to meet available fault 
currents. 
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1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, 

and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting 
for circuit-breaker frame sizes 250 A and larger. 

 
B. Molded-Case Circuit-Breaker Features and Accessories.  Standard frame sizes, trip ratings, and 

number of poles. 
 

1. Lugs: Mechanical style, suitable for number, size, trip ratings, and material of conductors. 
2. Application Listing:  Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HACR for heating, air-conditioning, and refrigerating equipment. 
 
2.7 ACCESSORY COMPONENTS AND FEATURES 
 

A. Fungus Proofing:  Permanent fungicidal treatment for panelboard interior, including overcurrent 
protective devices and other components. 

   
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Install panelboards and accessories according to NEMA PB 1.1. 
 

B. Mounting Heights:  Top of trim 74 inches above finished floor, unless otherwise indicated. 
 

C. Mounting:  Plumb and rigid without distortion of box.  Mount recessed panelboards with fronts 
uniformly flush with wall finish. 

 
D. Circuit Directory:  Create a directory to indicate installed circuit loads after balancing panelboard 

loads.  Obtain approval before installing.  Use a computer or typewriter to create directory; 
handwritten directories are not acceptable. 

 
E. Install filler plates in unused spaces. 

 
F. Wiring in Panelboard Gutters:  Arrange conductors into groups and bundle and wrap with wire 

ties after completing load balancing. 
 
3.2 IDENTIFICATION 
 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs as specified in Division 16 Section 16050 "Basic Electrical Materials and Methods." 

 
B. Panelboard Nameplates:  Label each panelboard with engraved metal or laminated-plastic 

nameplate mounted with corrosion-resistant screws. 
 
3.3 CONNECTIONS 
 

A. Install equipment grounding connections for panelboards with ground continuity to main 
electrical ground bus. 
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B. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 
486A and UL 486B. 

 
3.4 FIELD QUALITY CONTROL 
 

A. Prepare for acceptance tests as follows: 
 

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and 
control circuit. 

2. Test continuity of each circuit. 
 

B. Testing:  After installing panelboards and after electrical circuitry has been energized, 
demonstrate product capability and compliance with requirements. 

 
1. Procedures:  Perform each visual and mechanical inspection and electrical test indicated in 

NETA ATS, Section 7.5 for switches and Section 7.6 for molded-case circuit breakers.  
Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; 
otherwise, replace with new units and retest. 

 
C. Balancing Loads:  After Substantial Completion, but not more than 60 days after Final 

Acceptance, measure load balancing and make circuit changes as follows: 
 

1. Measure as directed during period of normal system loading. 
2. Perform load-balancing circuit changes outside normal occupancy/working schedule of the 

facility and at time directed.  Avoid disrupting critical 24-hour services such as fax machines 
and on-line data-processing, computing, transmitting, and receiving equipment. 

3. After circuit changes, recheck loads during normal load period.  Record all load readings 
before and after changes and submit test records. 

4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, is not 
acceptable.  Rebalance and recheck as necessary to meet this minimum requirement. 

 
3.5 ADJUSTING 
 

A. Set field-adjustable switches and circuit-breaker trip ranges. 
 
3.6 CLEANING 
 

A. On completion of installation, inspect interior and exterior of panelboards.  Remove paint 
splatters and other spots.  Vacuum dirt and debris; do not use compressed air to assist in cleaning.  
Repair exposed surfaces to match original finish. 

 
 
 
END OF SECTION 16442 
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