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NOTICE INVITING BIDS 

1. SUMMARY OF WORK:  This is the City of San Diego’s (City) solicitation process to acquire
Construction services for MBC Cooling Water System Chiller Upgrade. For additional
information refer to Attachment A.

2. FULL AND OPEN COMPETITION:  This contract is open to full competition and may be bid on
by Contractors who are on the City’s current Prequalified Contractors’ List.  For information
regarding the Contractors Prequalified list visit the City’s web site: http://www.sandiego.gov.

3. ESTIMATED CONSTRUCTION COST:  The City’s estimated construction cost for this project is
$2,400,000.

4. BID DUE DATE AND TIME ARE: FEBRUARY 21, 2019 at 2:00 PM

5. PREVAILING WAGE RATES APPLY TO THIS CONTRACT:  Refer to Attachment D.

6. LICENSE REQUIREMENT: To be eligible for award of this contract, Prime contractor must
possess the following licensing classification: A

7. SUBCONTRACTING PARTICIPATION PERCENTAGES:  Subcontracting participation percentages
apply to this contract.

7.1. The City has incorporated mandatory SLBE-ELBE subcontractor participation
percentages to enhance competition and maximize subcontracting opportunities.  For 
the purpose of achieving the mandatory subcontractor participation percentages, a 
recommended breakdown of the SLBE and ELBE subcontractor participation 
percentages based upon certified SLBE and ELBE firms has also been provided to 
achieve the mandatory subcontractor participation percentages: 

1. SLBE participation 2.2% 

2. ELBE participation 3.3% 

3. Total mandatory participation 5.5% 

7.2. The Bid may be declared non-responsive if the Bidder fails the meet the following 
requirements: 

7.2.1. Include SLBE-ELBE certified subcontractors at the overall mandatory 
participation percentage identified in this document;  OR 

7.2.2. Submit Good Faith Effort documentation, saved in searchable Portable 
Document Format (PDF) and stored on Compact Disc (CD) or Digital Video Disc 
(DVD), demonstrating the Bidder made a good faith effort to outreach to and 
include SLBE-ELBE Subcontractors required in this document within 3 Working 
Days of the Bid opening if the overall mandatory participation percentage is 
not met. 

http://www.sandiego.gov/
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8. AWARD PROCESS:

8.1. The Award of this contract is contingent upon the Contractor’s compliance with all
conditions of Award as stated within these documents and within the Notice of Intent 
to Award.   

8.2. Upon acceptance of bids and determination of the apparent low bidder, the City will 
prepare the contract documents for execution within approximately 21 days of the 
date of the bid opening.  The City will then award the contract upon receipt of properly 
signed Contract, bonds, and insurance documents. 

8.3. This contract will be deemed executed and effective only upon the signing of the 
Contract by the Mayor or his designee and approval as to form by the City Attorney’s 
Office. 

8.4. The low Bid will be determined by the Base Bid. 

8.5. Once the low bid has been determined, the City may, at its sole discretion, award the 
contract for the Base bid alone. 

9. SUBMISSION OF QUESTIONS:

9.1. The Director (or Designee) of Public Works Department is the officer responsible for
opening, examining, and evaluating the competitive Bids submitted to the City for the 
acquisition, construction and completion of any public improvement except when 
otherwise set forth in these documents.  Any questions related to this solicitation shall 
be submitted to: 

Public Works Contracts 
525 B Street, Suite 750, (7th Floor) 
San Diego, California, 92101 
Attention:  Antoinette Sanfilippo 

OR: 

ASanfilippo@sandiego.gov  

9.2. Questions received less than 14 days prior to the date for opening of Bids may not be 
considered.   

9.3. Questions or clarifications deemed by the City to be material shall be answered via 
issuance of an addendum and posted to the City’s online bidding service. 

9.4. Only questions answered by formal written addenda shall be binding.  Oral and other 
interpretations or clarifications shall be without legal effect.  It is the Bidder's 
responsibility to be informed of any addenda that have been issued and to include all 
such information in its Bid. 

10. PHASED FUNDING: For Phased Funding Conditions, see Attachment B.
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INSTRUCTIONS TO BIDDERS 

1. PREQUALIFICATION OF CONTRACTORS:

1.1. Contractors submitting a Bid must be pre-qualified for the total amount proposed,
including all alternate items, prior to the date of submittal.  Bids from contractors who 
have not been pre-qualified as applicable and Bids that exceed the maximum dollar 
amount at which contractors are pre-qualified may be deemed non-responsive and 
ineligible for award. 

1.2. The completed application must be submitted online no later than 2 weeks prior to 
the bid opening. 

1.3. Joint Venture Bidders Cumulative Maximum Bidding Capacity:  For projects with 
an engineer’s estimate of $30,000,000 or greater, Joint Ventures submitting bids may 
be deemed responsive and eligible for award if the cumulative maximum bidding 
capacity of the individual Joint Venture entities is equal to or greater than the total 
amount proposed.  

1.3.1. Each of the entities of the Joint Venture must have been previously 
prequalified at a minimum of $15,000,000. 

1.3.2. Bids submitted with a total amount proposed of less than $30,000,000 are not 
eligible for Cumulative Maximum Bidding Capacity prequalification.  To be 
eligible for award in this scenario, the Joint Venture itself or at least one of the 
Joint Venture entities must have been prequalified for the total amount 
proposed. 

1.3.3. Bids submitted by Joint Ventures with a total amount proposed of $30,000,000 
or greater on a project with an engineer’s estimate of less than $30,000,000 
are not eligible for Cumulative Maximum Bidding Capacity prequalification. 

1.3.4. The Joint Venture designated as the Apparent Low Bidder shall provide 
evidence of its corporate existence and furnish good and approved bonds in 
the name of the Joint Venture within 14 Calendar Days of receipt by the Bidder 
of a form of contract for execution. 

1.4. Complete information and links to the on-line prequalification application are 
available at: 

http://www.sandiego.gov/cip/bidopps/prequalification 

1.5. Due to the City’s responsibility to protect the confidentiality of the contractors’ 
information, City staff will not be able to provide information regarding contractors’ 
prequalification status over the telephone. Contractors may access real-time 
information about their prequalification status via their vendor profile on PlanetBids™. 

http://www.sandiego.gov/cip/bidopps/prequalification
http://www.planetbids.com/portal/portal.cfm?CompanyID=17950
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2. ELECTRONIC FORMAT RECEIPT AND OPENING OF BIDS: Bids will be received in electronic
format (eBids) EXCLUSIVELY at the City of San Diego’s electronic bidding (eBidding) site, at:
http://www.sandiego.gov/cip/bidopps/index.shtml and are due by the date, and time shown
on the cover of this solicitation. 

2.1. BIDDERS MUST BE PRE-REGISTERED with the City’s bidding system and possess a 
system-assigned Digital ID in order to submit and electronic bid. 

2.2. The City’s bidding system will automatically track information submitted to the site 
including IP addresses, browsers being used and the URLs from which information was 
submitted.  In addition, the City’s bidding system will keep a history of every login 
instance including the time of login, and other information about the user's computer 
configuration such as the operating system, browser type, version, and more.  Because 
of these security features, Contractors who disable their browsers’ cookies will not be 
able to log in and use the City’s bidding system. 

2.3. The City’s electronic bidding system is responsible for bid tabulations. Upon the 
bidder’s or proposer’s entry of their bid, the system will ensure that all required fields 
are entered.  The system will not accept a bid for which any required information 
is missing.  This includes all necessary pricing, subcontractor listing(s) and any other 
essential documentation and supporting materials and forms requested or contained 
in these solicitation documents. 

2.4. BIDS REMAIN SEALED UNTIL BID DEADLINE.  eBids are transmitted into the City’s 
bidding system via hypertext transfer protocol secure (https) mechanism using SSL 
128-256 bit security certificates issued from Verisign/Thawte which encrypts data being 
transferred from client to server. Bids submitted prior to the “Bid Due Date and Time” 
are not available for review by anyone other than the submitter who has until the “Bid 
Due Date and Time” to change, rescind or retrieve its proposal should it desire to do 
so. 

2.5. BIDS MUST BE SUBMITTED BY BID DUE DATE AND TIME.  Once the bid deadline is 
reached, no further submissions are accepted into the system.  Once the Bid Due Date 
and Time has lapsed, bidders, proposers, the general public, and City staff are able to 
immediately see the results on line.  City staff may then begin reviewing the 
submissions for responsiveness, EOCP compliance and other issues. The City may 
require any Bidder to furnish statement of experience, financial responsibility, technical 
ability, equipment, and references. 

2.6. RECAPITULATION OF THE WORK. Bids shall not contain any recapitulation of the 
Work.  Conditional Bids may be rejected as being non-responsive.  Alternative 
proposals will not be considered unless called for. 

http://www.sandiego.gov/cip/bidopps/index.shtml
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2.7. BIDS MAY BE WITHDRAWN by the Bidder only up to the bid due date and time. 

2.7.1. Important Note: Submission of the electronic bid into the system may not be 
instantaneous.  Due to the speed and capabilities of the user’s internet service 
provider (ISP), bandwidth, computer hardware and other variables, it may take 
time for the bidder’s submission to upload and be received by the City’s 
eBidding system.  It is the bidder’s sole responsibility to ensure their bids are 
received on time by the City’s eBidding system. The City of San Diego is not 
responsible for bids that do not arrive by the required date and time. 

2.8. ACCESSIBILITY AND AMERICANS WITH DISABILITIES ACT (ADA) COMPLIANCE: To 
request a copy of this solicitation in an alternative format, contact the Public Works 
Contract Specialist listed on the cover of this solicitation at least five (5) working days 
prior to the Bid/Proposal due date to ensure availability. 

3. ELECTRONIC BID SUBMISSIONS CARRY FULL FORCE AND EFFECT

3.1. The bidder, by submitting its electronic bid, acknowledges that doing so carries the
same force and full legal effect as a paper submission with a longhand (wet) signature. 

3.2. By submitting an electronic bid, the bidder certifies that the bidder has thoroughly 
examined and understands the entire Contract Documents (which consist of the plans 
and specifications, drawings, forms, affidavits and the solicitation documents), and that 
by submitting the eBid as its bid proposal, the bidder acknowledges, agrees to and is 
bound by the entire Contract Documents, including any addenda issued thereto, and 
incorporated by reference in the Contract Documents. 

3.3. The Bidder, by submitting its electronic bid, agrees to and certifies under penalty of 
perjury under the laws of the State of California, that the certification, forms and 
affidavits submitted as part of this bid are true and correct. 

3.4. The Bidder agrees to the construction of the project as described in Attachment “A – Scope of 
Work” for the City of San Diego, in accordance with the requirements set forth herein for the 
electronically submitted prices. The Bidder guarantees the Contract Price for a period of 120 
days from the date of Bid opening. The duration of the Contract Price guarantee shall be 
extended by the number of days required for the City to obtain all items necessary to fulfill all 
conditions precedent. 

4. BIDS ARE PUBLIC RECORDS:  Upon receipt by the City, Bids shall become public records
subject to public disclosure.  It is the responsibility of the respondent to clearly identify any
confidential, proprietary, trade secret or otherwise legally privileged information contained
within the Bid.  General references to sections of the California Public Records Act (PRA) will
not suffice. If the Contractor does not provide applicable case law that clearly establishes that
the requested information is exempt from the disclosure requirements of the PRA, the City
shall be free to release the information when required in accordance with the PRA, pursuant
to any other applicable law, or by order of any court or government agency, and the Contractor
will hold the City harmless for release of this information.
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5. CONTRACTOR REGISTRATION AND ELECTRONIC REPORTING SYSTEM:

5.1. Prior to the Award of the Contract or Task Order, you and your Subcontractors and
Suppliers must register with the City’s web-based vendor registration and bid 
management system.  For additional information go to: 

http://www.sandiego.gov/purchasing/bids-contracts/vendorreg. 

5.2. The City may not award the contract until registration of all subcontractors and 
suppliers is complete.  In the event this requirement is not met within the time frame 
specified in the Notice of Intent to Award letter, the City reserves the right to rescind 
the Notice of Award / Intent to Award and to make the award to the next responsive 
and responsible bidder / proposer. 

6. JOINT VENTURE CONTRACTORS:  Provide a copy of the Joint Venture agreement and the Joint
Venture license to the City within 14 Calendar Days after receiving the Contract forms.

7. INSURANCE REQUIREMENTS:

7.1. All certificates of insurance and endorsements required by the contract are to be
provided upon issuance of the City’s Notice of Intent to Award letter.   

7.2. Refer to sections within 5-4, ”INSURANCE” of the Supplementary Special Provisions 
(SSP) for the insurance requirements which must be met. 

8. REFERENCE STANDARDS:  Except as otherwise noted or specified, the Work shall be
completed in accordance with the following standards:

Title Edition Document 
Number 

Standard Specifications for Public Works Construction (“The 
GREENBOOK”) http://www.greenbookspecs.org/  

2018 PWPI010119-01 

City of San Diego Standard Specifications for Public Works 
Construction (“The WHITEBOOK”)* 
https://www.sandiego.gov/publicworks/edocref/greenbook 

2018 PWPI010119-02 

City of San Diego Standard Drawings* 
https://www.sandiego.gov/publicworks/edocref/standarddraw 

2018 PWPI010119-03 

Citywide Computer Aided Design and Drafting (CADD) 
Standards 
https://www.sandiego.gov/publicworks/edocref/drawings 

2018 PWPI010119-04 

California Department of Transportation (CALTRANS) 
Standard Specifications –  
http://www.dot.ca.gov/des/oe/construction-contract-
standards.html 

2015 PWPI092816-05 

http://www.sandiego.gov/purchasing/bids-contracts/vendorreg
http://www.greenbookspecs.org/
https://www.sandiego.gov/publicworks/edocref/greenbook
https://www.sandiego.gov/publicworks/edocref/standarddraw
https://www.sandiego.gov/publicworks/edocref/drawings
http://www.dot.ca.gov/des/oe/construction-contract-standards.html
http://www.dot.ca.gov/des/oe/construction-contract-standards.html
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Title Edition Document 
Number 

CALTRANS Standard Plans 
http://www.dot.ca.gov/des/oe/construction-contract-
standards.html 

2015 PWPI092816-06 

California Manual on Uniform Traffic Control Devices 
Revision 1 (CA MUTCD Rev 1) -  
http://www.dot.ca.gov/trafficops/camutcd/ 

2014 PWPIO92816-07 

NOTE: *Available online under Engineering Documents and References at:
http://www.sandiego.gov/publicworks/edocref/index.shtml 

*Electronic updates to the Standard Drawings may also be found in the link above.

9. CITY'S RESPONSES AND ADDENDA:  The City, at its discretion, may respond to any or all
questions submitted in writing via the City’s eBidding web site in the form of an addendum.
No other responses to questions, oral or written shall be of any force or effect with respect to
this solicitation. The changes to the Contract Documents through addenda are made effective
as though originally issued with the Bid. The Bidders shall acknowledge the receipt of Addenda
at the time of bid submission.

10. CITY'S RIGHTS RESERVED:  The City reserves the right to cancel the Notice Inviting Bids at any
time, and further reserves the right to reject submitted Bids, without giving any reason for
such action, at its sole discretion and without liability.  Costs incurred by the Bidder(s) as a
result of preparing Bids under the Notice Inviting Bids shall be the sole responsibility of each
bidder.  The Notice Inviting Bids creates or imposes no obligation upon the City to enter a
contract.

11. CONTRACT PRICING:  This solicitation is for a Lump Sum contract with Unit Price provisions
as set forth herein.  The Bidder agrees to perform construction services for the City of San
Diego in accordance with these contract documents for the prices listed below. The Bidder
further agrees to guarantee the Contract Price for a period of 120 days from the date of Bid
opening. The duration of the Contract Price guarantee may be extended, by mutual consent
of the parties, by the number of days required for the City to obtain all items necessary to
fulfill all contractual conditions.

12. SUBCONTRACTOR INFORMATION:

12.1. LISTING OF SUBCONTRACTORS.  In accordance with the requirements provided in
the "Subletting and Subcontracting Fair Practices Act" of the California Public Contract 
Code, the Bidder shall provide the NAME and ADDRESS of each Subcontractor who 
will perform work, labor, render services or who specially fabricates and installs a 
portion [type] of the work or improvement, in an amount in excess of 0.5% of the 
Contractor's total Bid. The Bidder shall also state within the description, whether the 
subcontractor is a CONSTRUCTOR, CONSULTANT or SUPPLIER.  The Bidder shall 
state the DIR REGISTRATION NUMBER for all subcontractors and shall further state 

http://www.dot.ca.gov/des/oe/construction-contract-standards.html
http://www.dot.ca.gov/des/oe/construction-contract-standards.html
http://www.dot.ca.gov/trafficops/camutcd/
http://www.sandiego.gov/publicworks/edocref/index.shtml
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within the description, the PORTION of the work which will be performed by each 
subcontractor under this Contract.  The Contractor shall list only one Subcontractor 
for each portion of the Work.  The DOLLAR VALUE of the total Bid to be performed 
shall be stated for all subcontractors listed.  Failure to comply with this requirement 
may result in the Bid being rejected as non-responsive and ineligible for award.  The 
Bidder's attention is directed to the Special Provisions - General; Paragraph 2-3, 
“Subcontracts”, which stipulates the percent of the Work to be performed with the 
Bidders' own forces.  The Bidder shall list all SLBE, ELBE, DBE, DVBE, MBE, WBE, OBE, 
SDB, WoSB, HUBZone, and SDVOSB Subcontractors for which Bidders are seeking 
recognition towards achieving any mandatory, voluntary (or both) subcontracting 
participation goals. 

Additionally, pursuant to California Senate Bill 96 and in accordance with the 
requirements of Labor Code sections 1771.1 and 1725.5, by submitting a bid or 
proposal to the City, Contractor is certifying that he or she has verified that all 
subcontractors used on this public work project are registered with the California 
Department of Industrial Relations (DIR).  The Bidder shall provide the name, 
address, license number, DIR registration number of any Subcontractor – 
regardless of tier - who will perform work, labor, render services or specially fabricate 
and install a portion [type] of the work or improvement pursuant to the contract. 

12.2. LISTING OF SUPPLIERS.  Any Bidder seeking the recognition of Suppliers of 
equipment, materials, or supplies obtained from third party Suppliers towards 
achieving any mandatory or voluntary (or both) subcontracting participation goals 
shall provide, at a minimum,  the NAME, LOCATION (CITY), DIR REGISTRATION 
NUMBER and the DOLLAR VALUE of each supplier.  The Bidder will be credited up to 
60% of the amount to be paid to the Suppliers for materials and supplies unless vendor 
manufactures or substantially alters materials and supplies, in which case, 100% will 
be credited.  The Bidder is to indicate within the description whether the listed firm is 
a supplier or manufacturer.  If no indication is provided, the listed firm will be credited 
at 60% of the listed dollar value for purposes of calculating the Subcontractor 
Participation Percentage.  

12.3. LISTING OF SUBCONTRACTORS OR SUPPLIERS FOR ALTERNATES.  For 
subcontractors or suppliers to be used on additive or deductive alternate items, in 
addition to the above requirements, bidder shall further note “ALTERNATE” and 
alternate item number within the description. 

13. SUBMITTAL OF “OR EQUAL” ITEMS:  See Section 4-6, “TRADE NAMES” in The WHITEBOOK and
as amended in the SSP.

14. AWARD:

14.1. The Award of this contract is contingent upon the Contractor’s compliance with all
conditions precedent to Award.  
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14.2. Upon acceptance of a Bid, the City will prepare contract documents for execution 
within approximately 21 days of the date of the Bid opening and award the Contract 
approximately within 7 days of receipt of properly executed Contract, bonds, and 
insurance documents. 

14.3. This contract will be deemed executed and effective only upon the signing of the 
Contract by the Mayor or his designee and approval as to form the City Attorney’s 
Office. 

15. SUBCONTRACT LIMITATIONS: The Bidder’s attention is directed to Standard Specifications
for Public Works Construction, Section 3-2, “SELF-PERFORMANCE” in The GREENBOOK and as
amended in the SSP which requires the Contractor to self-perform not less than the specified
amount. Failure to comply with this requirement shall render the bid non-responsive and
ineligible for award.

16. AVAILABILITY OF PLANS AND SPECIFICATIONS: Contract Documents may be obtained by
visiting the City’s website:  http://www.sandiego.gov/cip/.  Plans and Specifications for this
contract are also available for review in the office of the City Clerk or Public Works Contracts.

17. ONLY ONE BID PER CONTRACTOR SHALL BE ACCEPTED:  No person, firm, or corporation
shall be allowed to make, file, or be interested in more than one (1) Bid for the same work
unless alternate Bids are called for.  A person, firm or corporation who has submitted a sub-
proposal to a Bidder, or who has quoted prices on materials to a Bidder, is not hereby
disqualified from submitting a sub-proposal or quoting prices to other Bidders or from
submitting a Bid in its own behalf. Any Bidder who submits more than one bid will result in
the rejection of all bids submitted.

18. SAN DIEGO BUSINESS TAX CERTIFICATE:  The Contractor and Subcontractors, not already
having a City of San Diego Business Tax Certificate for the work contemplated shall secure the
appropriate certificate from the City Treasurer, Civic Center Plaza, First floor and submit to the
Contract Specialist upon request or as specified in the Contract Documents. Tax Identification
numbers for both the Bidder and the listed Subcontractors must be submitted on the City
provided forms within these documents.

19. BIDDER’S GUARANTEE OF GOOD FAITH (BID SECURITY) FOR DESIGN-BID-BUILD
CONTRACTS:

19.1. For bids $250,000 and above, bidders shall submit Bid Security at bid time.  Bid Security 
shall be in one of the following forms: a cashier's check, or a properly certified check 
upon some responsible bank; or an approved corporate surety bond payable to the 
City of San Diego for an amount of not less than 10% of the total bid amount. 

19.2. This check or bond, and the monies represented thereby, will be held by the City as a 
guarantee that the Bidder, if awarded the contract, will in good faith enter into the 
contract and furnish the required final performance and payment bonds. 

http://www.sandiego.gov/cip/
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19.3. The Bidder agrees that in the event of the Bidder’s failure to execute this contract and 
provide the required final bonds, the money represented by the cashier's or certified 
check will remain the property of the City; and the Surety agrees that it will pay to the 
City the damages, not exceeding the sum of 10% of the amount of the Bid, that the 
City may suffer as a result of such failure. 

19.4. At the time of bid submission, bidders must upload and submit an electronic PDF copy 
of the aforementioned bid security.  Whether in the form of a cashier's check, a 
properly certified check or an approved corporate surety bond payable to the City of 
San Diego, the bid security must be uploaded to the City’s eBidding system.  Within 
twenty-four (24) hours after the bid due date and time, the first five (5) apparent low 
bidders must provide the City with the original bid security.   

19.5. Failure to submit the electronic version of the bid security at the time of bid submission 
AND failure to provide the original within twenty-four (24) hours may cause the bid to 
be rejected and deemed non-responsive. 

20. AWARD OF CONTRACT OR REJECTION OF BIDS: 

20.1. This contract may be awarded to the lowest responsible and reliable Bidder.   

20.2. Bidders shall complete ALL eBid forms as required by this solicitation.  Incomplete 
eBids will not be accepted. 

20.3. The City reserves the right to reject any or all Bids, to waive any informality or 
technicality in Bids received, and to waive any requirements of these specifications as 
to bidding procedure. 

20.4. Bidders will not be released on account of their errors of judgment.  Bidders may be 
released only upon receipt by the City within 3 Working Days of the bid opening, 
written notice from the Bidder which shows proof of honest, credible, clerical error of 
a material nature, free from fraud or fraudulent intent; and of evidence that 
reasonable care was observed in the preparation of the Bid. 

20.5. A bidder who is not selected for contract award may protest the award of a contract 
to another bidder by submitting a written protest in accordance with the San Diego 
Municipal Code.  

20.6. The City of San Diego will not discriminate in the award of contracts with regard to 
race, religion creed, color, national origin, ancestry, physical handicap, marital status, 
sex or age. 

20.7. Each Bid package properly signed as required by these specifications shall constitute 
a firm offer which may be accepted by the City within the time specified herein. 

20.8. The City reserves the right to evaluate all Bids and determine the lowest Bidder on the 
basis of the base bid and any proposed alternates or options as detailed herein. 
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21. BID RESULTS:

21.1. The availability of the bids on the City’s eBidding system shall constitute the public
announcement of the apparent low bidder.  In the event that the apparent low bidder 
is subsequently deemed non-responsive or non-responsible, a notation of such will be 
made on the eBidding system.  The new ranking and apparent low bidder will be 
adjusted accordingly. 

21.2. To obtain the bid results, view the results on the City’s web site, or request the results 
by U.S. mail and provide a self-addressed, stamped envelope.  If requesting by mail, 
be sure to reference the bid name and number. The bid tabulations will be mailed to 
you upon their completion.  The results will not be given over the telephone. 

22. THE CONTRACT:

22.1. The Bidder to whom award is made shall execute a written contract with the City of
San Diego and furnish good and approved bonds and insurance certificates specified 
by the City within 14 days after receipt by Bidder of a form of contract for execution 
unless an extension of time is granted to the Bidder in writing.   

22.2. If the Bidder takes longer than 14 days to fulfill these requirements, then the additional 
time taken shall be added to the Bid guarantee.  The Contract shall be made in the 
form adopted by the City, which includes the provision that no claim or suit whatsoever 
shall be made or brought by Contractor against any officer, agent, or employee of the 
City for or on account of anything done or omitted to be done in connection with this 
contract, nor shall any such officer, agent, or employee be liable hereunder.   

22.3. If the Bidder to whom the award is made fails to enter into the contract as herein 
provided, the award may be annulled and the Bidder's Guarantee of Good Faith will 
be subject to forfeiture.  An award may be made to the next lowest responsible and 
reliable Bidder who shall fulfill every stipulation embraced herein as if it were the party 
to whom the first award was made. 

22.4. Pursuant to the San Diego City Charter section 94, the City may only award a public 
works contract to the lowest responsible and reliable Bidder. The City will require the 
Apparent Low Bidder to (i) submit information to determine the Bidder’s responsibility 
and reliability, (ii) execute the Contract in form provided by the City, and (iii) furnish 
good and approved bonds and insurance certificates specified by the City within 14 
Days, unless otherwise approved by the City, in writing after the Bidder receives 
notification from the City, designating the Bidder as the Apparent Low Bidder and 
formally requesting the above mentioned items.   

22.5. The award of the Contract is contingent upon the satisfactory completion of the above-
mentioned items and becomes effective upon the signing of the Contract by the Mayor or 
designee and approval as to form by the City Attorney’s Office.  If the Apparent Low Bidder 
does not execute the Contract or submit required documents and information, the City 
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may award the Contract to the next lowest responsible and reliable Bidder who shall fulfill 
every condition precedent to award.  A corporation designated as the Apparent Low 
Bidder shall furnish evidence of its corporate existence and evidence that the officer 
signing the Contract and bond for the corporation is duly authorized to do so. 

23. EXAMINATION OF PLANS, SPECIFICATIONS, AND SITE OF WORK:  The Bidder shall examine
carefully the Project Site, the Plans and Specifications, other materials as described in the
Special Provisions, Section 3-9, and the proposal forms (e.g., Bidding Documents).  The
submission of a Bid shall be conclusive evidence that the Bidder has investigated and is
satisfied as to the conditions to be encountered, as to the character, quality, and scope of
Work, the quantities of materials to be furnished, and as to the requirements of the Bidding
Documents Proposal, Plans, and Specifications.

24. CITY STANDARD PROVISIONS:  This contract is subject to the following standard provisions.
See The WHITEBOOK for details.

24.1. The City of San Diego Resolution No. R-277952 adopted on May 20, 1991 for a Drug-
Free Workplace. 

24.2. The City of San Diego Resolution No. R-282153 adopted on June 14, 1993 related to 
the Americans with Disabilities Act.  

24.3. The City of San Diego Municipal Code §22.3004 for Contractor Standards.  

24.4. The City of San Diego’s Labor Compliance Program and the State of California Labor 
Code §§1771.5(b) and 1776.  

24.5. Sections 1777.5, 1777.6, and 1777.7 of the State of California Labor Code concerning 
the employment of apprentices by contractors and subcontractors performing public 
works contracts. 

24.6. The City’s Equal Benefits Ordinance (EBO), Chapter 2, Article 2, Division 43 of The San 
Diego Municipal Code (SDMC). 

24.7. The City’s Information Security Policy (ISP) as defined in the City’s Administrative 
Regulation 90.63. 

25. PRE-AWARD ACTIVITIES:

25.1. The contractor selected by the City to execute a contract for this Work shall submit the
required documentation as specified in the herein and in the Notice of Award.  Failure 
to provide the information as specified may result in the Bid being rejected as non-
responsive.   

25.2. The decision that bid is non-responsive for failure to provide the information required 
within the time specified shall be at the sole discretion of the City. 
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SCOPE OF WORK 

1. SCOPE OF WORK:  The project involves the replacement of: two existing 370-ton chillers with
three new units 250-ton units; three existing primary water pumps with four new pumps; the
Staefa process control unit with Programmable Controls tied directly to the Ovation
Distributed Control System (DCS); all of the existing valves and valve actuators with new unites
that meet specifications and DCS requirements; and two secondary water pumps and
associated variable frequency drives.  This project also includes the replacement of all the
concrete slab and pads within existing chiller area to accommodate the new equipment and
all necessary piping, mechanical, electrical, instrumentation and controls as required by the
cooling water system chillers upgrades.

The project is located with the Metro Biosolids Center located at 5240 Convoy Street, San
Diego, CA 92111 and is part of the Miramar Landfill which is sited within the Miramar Marine
Corps Air Station north of the Kearny Mesa Community Planning Area (Council District 6).

1.1. The Work shall be performed in accordance with:

1.1.1. The Notice Inviting Bids and Plans numbered 40054-1-D through 40054-70-D, 
inclusive. 

2. LOCATION OF WORK:  The location of the Work is as follows:

Metro Biosolids Center, 5240 Convoy Street, San Diego, CA 92111

3. CONTRACT TIME: The Contract Time for completion of the Work shall be 250 Working Days.
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PHASED FUNDING PROVISIONS 

1. PRE-AWARD

1.1. Within 10 Working Days of the Notice of Intent to Award, the Contractor must contact
the Project Manager to discuss fund availability for each phase and shall also submit 
the following: 

1.1.1. Construction Cost Loaded Schedule in accordance with 6-1, 
“CONSTRUCTION SCHEDULE AND COMMENCEMENT OF THE WORK” and 7-
3, “PAYMENT. 

1.2. Contractor’s failure to perform any of the following may result cancelling the award of 
the Contract: 

1.2.1. Meeting with the City’s Project Manager to discuss the Phased Funding 
Schedule. 

1.2.2. Agreeing to a Phased Funding Schedule within thirty days of meeting with 
the City’s Project Manager. 

2. POST-AWARD

2.1. Do not start any construction activities for the next phase until the Notice to Proceed
(NTP) has been issued by the City. The City will issue a separate NTP for each phase. 

2.2. The City may issue the NTP for a subsequent phase before the completion of the 
preceding phase.   
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PREVAILING WAGES 

1. PREVAILING WAGE RATES:  Pursuant to San Diego Municipal Code section 22.3019,
construction, alteration, demolition, repair and maintenance work performed under this
Contract is subject to State prevailing wage laws. For construction work performed under this
Contract cumulatively exceeding $25,000 and for alteration, demolition, repair and
maintenance work performed under this Contract cumulatively exceeding $15,000, the
Contractor and its subcontractors shall comply with State prevailing wage laws including, but
not limited to, the requirements listed below.

1.1. Compliance with Prevailing Wage Requirements. Pursuant to sections 1720 
through 1861 of the California Labor Code, the Contractor and its subcontractors 
shall ensure that all workers who perform work under this Contract are paid not less 
than the prevailing rate of per diem wages as determined by the Director of the 
California Department of Industrial Relations (DIR). This includes work performed 
during the design and preconstruction phases of construction including, but not 
limited to, inspection and land surveying work.  

1.1.1. Copies of such prevailing rate of per diem wages are on file at the City and 
are available for inspection to any interested party on request. Copies of 
the prevailing rate of per diem wages also may be found at 
http://www.dir.ca.gov/OPRL/DPreWageDetermination.htm. Contractor and 
its subcontractors shall post a copy of the prevailing rate of per diem wages 
determination at each job site and shall make them available to any 
interested party upon request.  

1.1.2. The wage rates determined by the DIR refer to expiration dates.  If the 
published wage rate does not refer to a predetermined wage rate to be 
paid after the expiration date, then the published rate of wage shall be in 
effect for the life of this Contract. If the published wage rate refers to a 
predetermined wage rate to become effective upon expiration of the 
published wage rate and the predetermined wage rate is on file with the 
DIR, such predetermined wage rate shall become effective on the date 
following the expiration date and shall apply to this Contract in the same 
manner as if it had been published in said publication.  If the predetermined 
wage rate refers to one or more additional expiration dates with additional 
predetermined wage rates, which expiration dates occur during the life of 
this Contract, each successive predetermined wage rate shall apply to this 
Contract on the date following the expiration date of the previous wage 
rate. If the last of such predetermined wage rates expires during the life of 
this Contract, such wage rate shall apply to the balance of the Contract. 

1.2. Penalties for Violations. Contractor and its subcontractors shall comply with 
California Labor Code section 1775 in the event a worker is paid less than the 
prevailing wage rate for the work or craft in which the worker is employed.  This shall 
be in addition to any other applicable penalties allowed under Labor Code sections 
1720 – 1861.  

http://www.dir.ca.gov/OPRL/DPreWageDetermination.htm
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1.3. Payroll Records. Contractor and its subcontractors shall comply with California 
Labor Code section 1776, which generally requires keeping accurate payroll records, 
verifying and certifying payroll records, and making them available for inspection. 
Contractor shall require its subcontractors to also comply with section 1776. 
Contractor and its subcontractors shall submit weekly certified payroll records online 
via the City’s web-based Labor Compliance Program. Contractor is responsible for 
ensuring its subcontractors submit certified payroll records to the City.  

1.3.1. Contractor and their subcontractors shall also furnish records specified in 
Labor Code section 1776 directly to the Labor Commissioner in the 
manner required by Labor Code section 1771.4.  

1.4. Apprentices. Contractor and its subcontractors shall comply with California Labor 
Code sections 1777.5, 1777.6 and 1777.7 concerning the employment and wages of 
apprentices. Contractor is held responsible for the compliance of their 
subcontractors with sections 1777.5, 1777.6 and 1777.7. 

1.5. Working Hours. Contractor and their subcontractors shall comply with California 
Labor Code sections 1810 through 1815, including but not limited to: (i) restrict 
working hours on public works contracts to eight hours a day and forty hours a week, 
unless all hours worked in excess of 8 hours per day are compensated at not less 
than 1½ times the basic rate of pay; and (ii) specify penalties to be imposed on 
contractors and subcontractors of $25 per worker per day for each day the worker 
works more than 8 hours per day and 40 hours per week in violation of California 
Labor Code sections1810 through 1815.   

1.6. Required Provisions for Subcontracts. Contractor shall include at a minimum a 
copy of the following provisions in any contract they enter into with a subcontractor: 
California Labor Code sections 1771, 1771.1, 1775, 1776, 1777.5, 1810, 1813, 1815, 
1860 and 1861.  

1.7. Labor Code Section 1861 Certification. Contractor in accordance with California 
Labor Code section 3700 is required to secure the payment of compensation of its 
employees and by signing this Contract, Contractor certifies that “I am aware of the 
provisions of Section 3700 of the California Labor Code which require every employer 
to be insured against liability for workers’ compensation or to undertake self-
insurance in accordance with the provisions of that code, and I will comply with such 
provisions before commencing the performance of the work of this Contract.”  

1.8. Labor Compliance Program. The City has its own Labor Compliance Program 
authorized in August 2011 by the DIR. The City will withhold contract payments when 
payroll records are delinquent or deemed inadequate by the City or other 
governmental entity, or it has been established after an investigation by the City or 
other governmental entity that underpayment(s) have occurred. For questions or 
assistance, please contact the City of San Diego’s Prevailing Wage Unit at  
858-627-3200. 
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1.9. Contractor and Subcontractor Registration Requirements. This project is subject 
to compliance monitoring and enforcement by the DIR.  A contractor or 
subcontractor shall not be qualified to bid on, be listed in a bid or proposal,  subject 
to the requirements of section 4104 of the Public Contract Code, or engage in the 
performance of any contract for public work, unless currently registered and 
qualified to perform public work pursuant to Labor Code section 1725.5  It is not a 
violation of this section for an unregistered contractor to submit a bid that is 
authorized by  Section 7029.1 of the Business and Professions code or by Section 
10164 or 20103.5 of the Public Contract Code, provided the contractor is registered 
to perform public work pursuant to Section 1725.5 at the time the contract is 
awarded.  

1.9.1. A Contractor’s inadvertent error in listing a subcontractor who is not 
registered pursuant to Labor Code section 1725.5 in response to a 
solicitation shall not be grounds for filing a bid protest or grounds for 
considering the bid non-responsive provided that any of the following 
apply: (1) the subcontractor is registered prior to bid opening; (2) within 
twenty-four hours after the bid opening, the subcontractor is registered 
and has paid the penalty registration fee specified in Labor Code section 
1725.5; or (3) the subcontractor is replaced by another registered 
subcontractor pursuant to Public Contract Code section 4107. 

1.9.2. By submitting a bid or proposal to the City, Contractor is certifying that he 
or she has verified that all subcontractors used on this public work project 
are registered with the DIR in compliance with Labor Code sections 1771.1 
and 1725.5, and Contractor shall provide proof of registration for 
themselves and all listed subcontractors to the City at the time of bid or 
proposal due date or upon request. 

1.10. Stop Order. For Contractor or its subcontractors engaging in the performance of any 
public work contract without having been registered in violation of Labor Code 
sections 1725.5 or 1771.1, the Labor Commissioner shall issue and serve a stop order 
prohibiting the use of the unregistered contractors or unregistered subcontractor(s) 
on ALL public works until the unregistered contractor or unregistered 
subcontractor(s) is registered. Failure to observe a stop order is a misdemeanor. 

1.11. List of all Subcontractors. The Contractor shall provide the list of subcontractors 
(regardless of tier), along with their DIR registration numbers, utilized on this Contract 
prior to any work  being performed; and the Contractor  shall provide a complete list 
of all subcontractors with each invoice.  Additionally, Contractor shall provide the City 
with a complete list of all subcontractors (regardless of tier) utilized on this contract 
within ten working days of the completion of the contract, along with their DIR 
registration numbers. The City shall withhold final payment to Construction 
Management Professional until at least thirty (30) days after this information is 
provided to the City.  
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1.12. Exemptions for Small Projects. There are limited exemptions for installation, 
alteration, demolition, or repair work done on projects of $25,000 or less. The 
Contractor shall still comply with Labor Code sections 1720 et. seq. The only 
recognized exemptions are listed below: 

1.12.1. Registration. The Contractor will not be required to register with the DIR 
for small projects. (Labor Code section 1771.1 

1.12.2. Certified Payroll Records. The records required in Labor Code section 1776 
shall be required to be kept and submitted to the City of San Diego, but 
will not be required to be submitted online with the DIR directly. The 
Contractor will need to keep those records for at least three years 
following the completion of the Contract. (Labor Code section 1771.4). 

1.12.3. List of all Subcontractors. The Contractor shall not be required to hire only 
registered subcontractors and is exempt from submitting  the list of all 
subcontractors that is required in section 4.20.11 above. (Labor code 
section 1773.3). 
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SUPPLEMENTARY SPECIAL PROVISIONS 

The following Supplementary Special Provisions (SSP) modifies the following documents: 

1. The 2018 Edition of the Standard Specifications for Public Works Construction (The
“GREENBOOK”).

2. The 2018  Edition of the City of San Diego Standard Specifications for Public Works
Construction (The “WHITEBOOK”), including the following:

a) General Provisions (A) for all Construction Contracts.

SECTION 1 – GENERAL, TERMS, DEFINITIONS, ABBREVIATIONS, UNITS OF MEASURE, AND 
SYMBOLS 

1-2 TERMS AND DEFINITIONS. To the “WHITEBOOK”, item 54, “Normal Working Hours”, 
ADD the following: 

The Normal Working Hours are 7:30 AM to 3:30 PM. 

SECTION 3 – CONTROL OF THE WORK 

3-2 SELF-PERFORMANCE. To the “GREENBOOK”, DELETE in its entirety and SUBSTITUTE 
with the following: 

1. You shall perform, with your own organization, Contract Work amounting to at
least 55% of the base Bid AND 55% of any alternates.

3-10 SURVEYING. To the “GREENBOOK”, DELETE in its entirety and SUBSTITUTE with the 
following: 

3-10 SURVEYING. 

1. You shall locate and mark all features related to the building and site, including
landscaping and hardscape, using industry standard contractor’s construction
tools.

2. You shall preserve construction survey stakes, control points, and other survey
related marks described in 3-10.1, “Survey Services Provided by the City” for
the duration of the Project. If any construction survey stakes are lost or
disturbed and need to be replaced, such replacement shall be performed by
the City at your expense.



MBC Cooling Water System Chiller Upgrade 32 | Page 
Attachment E - Supplementary Special Provisions (Rev. Jan. 2019) 

3-10.1 Survey Services Provided by the City. 

1. The City will provide surveying services and on-site survey staking for the
following:

a) Locations of any property lines, boundaries, or easement surveys
within the project boundaries as required by the project.

b) Locations of up to four corners per building.

c) Verification of building pad finish surface elevation.

d) A maximum of 4 site control points.

e) Location and perpetuation of survey monuments within the project
boundary in accordance with 400-2, “Permanent Survey Markers”.

2. Notify the Resident Engineer in writing at least 2 Working Days prior to
requesting survey services provided by the City.

3-10.2 Line and Grade. 

1. The Work shall conform to the lines, elevations, and grades shown on the
Plans. Three consecutive points set on the same slope shall be used together
so that any variation from a straight grade can be detected. Any such variation
shall be reported to the Engineer. In the absence of such report, you shall be
responsible for any error in the grade of the Work.

2. Grades for underground conduits will be set at the surface of the ground. You
shall transfer them to the bottom of the trench.

3-10.3 Payment. 

1. The payment for survey services Work shall be included in the Contract Price.

SECTION 4 - CONTROL OF MATERIALS 

4-3.6 Preapproved Materials. To the “WHITEBOOK”, ADD the following: 

3. You shall submit in writing a list of all products to be incorporated in the Work
that are on the AML.

4-6 TRADE NAMES. To the “WHITEBOOK”, ADD the following: 

11. You shall submit your list of proposed substitutions for an “equal” item no
later than 5 Working Days after the determination of the Apparent Low
Bidder and on the  City’s Product Submittal Form available at:

http://www.sandiego.gov/publicworks/edocref/index.shtml

http://www.sandiego.gov/publicworks/edocref/index.shtml
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SECTION 5 – LEGAL RELATIONS AND RESPONSIBILITIES 

5-4 INSURANCE. To the “GREENBOOK”, DELETE in its entirety and SUBSTITUTE with the 
following: 

5-4 INSURANCE. 

1. The insurance provisions herein shall not be construed to limit your indemnity
obligations contained in the Contract.

5-4.1 Policies and Procedures. 

1. You shall procure the insurance described below, at its sole cost and expense,
to provide coverage against claims for loss including injuries to persons or
damage to property, which may arise out of or in connection with the
performance of the Work by you, your agents, representatives, officers,
employees or Subcontractors.

2. Insurance coverage for property damage resulting from your operations is on
a replacement cost valuation. The market value will not be accepted.

3. You shall maintain this insurance for the duration of this Contract and at all
times thereafter when you are correcting, removing, or replacing Work in
accordance with this Contract. Your liabilities under the Contract, e.g., your
indemnity obligations, is not deemed limited to the insurance coverage
required by this Contract.

4. The payment for insurance shall be included in the Contract Price as bid by
you. Except as specifically agreed to by the City in writing, you are not entitled
to any additional payment. Do not begin any Work under this Contract until
you have provided and the City has approved all required insurance.

5. Policies of insurance shall provide that the City is entitled to 30 Days (10 Days
for cancellation due to non-payment of premium) prior written notice of
cancellation or non-renewal of the policy. Maintenance of specified insurance
coverage is a material element of the Contract. Your failure to maintain or
renew coverage or to provide evidence of renewal during the term of the
Contract may be treated by the City as a material breach of the Contract.

5-4.2 Types of Insurance.   

5-4.2.1 Commercial General Liability Insurance.  

1. Commercial General Liability Insurance shall be written on the current version
of the ISO Occurrence form CG 00 01 07 98 or an equivalent form providing
coverage at least as broad.

2. The policy shall cover liability arising from premises and operations, XCU
(explosions, underground, and collapse), independent contractors,
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products/completed operations, personal injury and advertising injury, bodily 
injury, property damage, and liability assumed under an insured’s contract 
(including the tort liability of another assumed in a business contract). 

3. There shall be no endorsement or modification limiting the scope of coverage
for either “insured vs. insured” claims or contractual liability. You shall
maintain the same or equivalent insurance for at least 10 years following
completion of the Work.

4. All costs of defense shall be outside the policy limits. Policy coverage shall be
in liability limits of not less than the following:

General Annual Aggregate Limit Limits of Liability

Other than Products/Completed Operations $2,000,000 

Products/Completed Operations Aggregate Limit $2,000,000 

Personal Injury Limit $1,000,000 

Each Occurrence $1,000,000 

5-4.2.2 Commercial Automobile Liability Insurance. 

1. You shall provide a policy or policies of Commercial Automobile Liability
Insurance written on the current version of the ISO form CA 00 01 12 90 or
later version or equivalent form providing coverage at least as broad in the
amount of $1,000,000 combined single limit per accident, covering bodily
injury and property damage for owned, non-owned, and hired automobiles
(“Any Auto”).

2. All costs of defense shall be outside the limits of the policy.

5-4.2.5 Contractors Builders Risk Property Insurance..  

1. You shall provide at your expense, and maintain until Final Acceptance of the
Work, a Special Form Builders Risk Policy or Policies. This insurance shall be in
an amount equal to the replacement cost of the completed Work (without
deduction for depreciation) including the cost of excavations, grading, and filling.
The policy or policies limits shall be 100% of this Contract value of the Work plus
15% to cover administrative costs, design costs, and the costs of inspections and
construction management.

2. Insured property shall include material or portions of the Work located away
from the Site but intended for use at the Site and shall cover material or portions
of the Work in transit. The policy or policies shall include as insured property
scaffolding, falsework, and temporary buildings located at the Site. The policy or
policies shall cover the cost of removing debris, including demolition.

3. The policy or policies shall provide that all proceeds thereunder shall be payable
to the City as Trustee for the insured, and shall name the City, the Contractor,
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Subcontractors, and Suppliers of all tiers as named insured. The City, as Trustee, 
will collect, adjust, and receive all monies which may become due and payable 
under the policy or policies, may compromise any and all claims thereunder, and 
will apply the proceeds of such insurance to the repair, reconstruction, or 
replacement of the Work. 

4. Any deductible applicable to the insurance shall be identified in the policy or
policies documents and responsibility for paying the part of any loss not covered
because of the application of such deductibles shall be apportioned among the
parties except for the City as follows: if there is more than one claimant for a
single occurrence, then each claimant shall pay a pro-rata share of the per
occurrence deductible based upon the percentage of their paid claim to the total
paid for insured. The City shall be entitled to 100% of its loss. You shall pay the
City any portion of that loss not covered because of a deductible at the same
time the proceeds of the insurance are paid to the City as trustee.

5. Any insured, other than the City, making claim to which a deductible applies shall
be responsible for 100% of the loss not insured because of the deductible.
Except as provided for under California law, the policy or policies shall provide
that the City is entitled to 30 Days prior written notice (10 Days for cancellation
due to non-payment of premium) of cancellation or non-renewal of the policy or
policies.

5-4.3 Rating Requirements. Except for the State Compensation Insurance Fund, all 
insurance required by this Contract as described herein shall be carried only by 
responsible insurance companies with a rating of, or equivalent to, at least “A-, VI” by 
A.M. Best Company, that are authorized by the California Insurance Commissioner to 
do business in the State, and that have been approved by the City. 

5-4.3.1 Non-Admitted Carriers. The City will accept insurance provided by non-admitted, 
“surplus lines” carriers only if the carrier is authorized to do business in the State and 
is included on the List of Approved Surplus Lines Insurers (LASLI list). 

All policies of insurance carried by non-admitted carriers shall be subject to all of the 
requirements for policies of insurance provided by admitted carriers described herein. 

5-4.4 Evidence of Insurance. Furnish to the City documents e.g., certificates of insurance 
and endorsements evidencing the insurance required herein, and furnish renewal 
documentation prior to expiration of this insurance. Each required document shall be 
signed by the insurer or a person authorized by the insurer to bind coverage on its 
behalf. We reserve the right to require complete, certified copies of all insurance 
policies required herein.  
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5-4.5 Policy Endorsements. 

5-4.5.1 Commercial General Liability Insurance. 

5-4.5.1.1 Additional Insured.   

1. You shall provide at your expense policy endorsement written on the current
version of the ISO Occurrence form CG 20 10 11 85 or an equivalent form
providing coverage at least as broad.

2. To the fullest extent allowed by law e.g., California Insurance Code §11580.04,
the policy shall be endorsed to include the City and its respective elected
officials, officers, employees, agents, and representatives as additional
insured.

3. The additional insured coverage for projects for which the Engineer’s Estimate
is $1,000,000 or more shall include liability arising out of:

a) Ongoing operations performed by you or on your behalf,

b) your products,

c) your Work, e.g., your completed operations performed by you or on
your behalf, or

d) premises owned, leased, controlled, or used by you.

4. The additional insured coverage for projects for which the Engineer’s Estimate
is less than $1,000,000 shall include liability arising out of:

a) Ongoing operations performed by you or on your behalf,

b) your products, or

c) premises owned, leased, controlled, or used by you.

5-4.5.1.2 Primary and Non-Contributory Coverage. The policy shall be endorsed to provide 
that the coverage with respect to operations, including the completed operations, if 
appropriate, of the Named Insured is primary to any insurance or self-insurance of the 
City and its elected officials, officers, employees, agents and representatives. Further, 
it shall provide that any insurance maintained by the City and its elected officials, 
officers, employees, agents and representatives shall be in excess of your insurance 
and shall not contribute to it.  

5-4.5.1.3 Project General Aggregate Limit. The policy or policies shall be endorsed to provide 
a Designated Construction Project General Aggregate Limit that will apply only to the 
Work. Only claims payments which arise from the Work shall reduce the Designated 
Construction Project General Aggregate Limit. The Designated Construction Project 
General Aggregate Limit shall be in addition to the aggregate limit provided for the 
products-completed operations hazard. 
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5-4.5.2 Commercial Automobile Liability Insurance. 

5-4.5.2.1 Additional Insured. Unless the policy or policies of Commercial Auto Liability 
Insurance are written on an ISO form CA 00 01 12 90 or a later version of this form or 
equivalent form providing coverage at least as broad, the policy shall be endorsed to 
include the City and its respective elected officials, officers, employees, agents, and 
representatives as additional insured, with respect to liability arising out of 
automobiles owned, leased, hired or borrowed by you or on your behalf. This 
endorsement is limited to the obligations permitted by California Insurance Code 
§11580.04.

5-4.5.5 Builders Risk Endorsements. 

5-4.5.5.1 Waiver of Subrogation. The policy or policies shall be endorsed to provide that the 
insurer will waive all rights of subrogation against the City, and its respective elected 
officials, officers, employees, agents, and representatives for losses paid under the 
terms of the policy or policies and which arise from Work performed by the Named 
Insured for the City. 

5-4.5.5.2 Builders Risk – Partial Utilization. If the City desires to occupy or use a portion or 
portions of the Work prior to Acceptance in accordance with this Contract, the City will 
notify you and you shall immediately notify your Builder's Risk insurer and obtain an 
endorsement that the policy or policies shall not be cancelled or lapse on account of 
any such partial use or occupancy. You shall obtain the endorsement prior to the City’s 
occupation and use. 

5-4.6 Deductibles and Self-Insured Retentions. You shall pay for all deductibles and self-
insured retentions. You shall disclose deductibles and self-insured retentions to the 
City at the time the evidence of insurance is provided. 

5-4.7 Reservation of Rights. The City reserves the right, from time to time, to review your 
insurance coverage, limits, deductibles and self-insured retentions to determine if 
they are acceptable to the City. The City will reimburse you, without overhead, profit, 
or any other markup, for the cost of additional premium for any coverage requested 
by the Engineer but not required by this Contract. 

5-4.8 Notice of Changes to Insurance. You shall notify the City 30 Days prior to any 
material change to the policies of insurance provided under this Contract. 

5-4.9 Excess Insurance. Policies providing excess coverage shall follow the form of the 
primary policy or policies e.g., all endorsements. 
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5-4.10 Architects and Engineers Professional Insurance (Errors and Omissions 
Insurance).  

1. For Contracts with required engineering services (e.g., Design-Build, 
preparation of engineered Traffic Control Plans (TCP), and etc) by you, you 
shall keep or require all of your employees or Subcontractors, who provide 
professional engineering services under this contract, Professional Liability 
coverage with a limit of $1,000,000 per claim and $2,000,000 annual aggregate 
in full force and effect. 

2. You shall ensure the following: 

a) The policy retroactive date is on or before the date of commencement 
of the Project. 

b) The policy will be maintained in force for a period of 3 years after 
completion of the Project or termination of this Contract, whichever 
occurs last. You agree that for the time period specified above, there 
will be no changes or endorsements to the policy that affect the 
specified coverage. 

3. If professional engineering services are to be provided solely by the 
Subcontractor, you shall: 

a) Certify this to the City in writing and  

b) Agree in writing to require the Subcontractor to procure Professional 
Liability coverage in accordance with the requirements set forth 
above. 

5-4.11 Workers’ Compensation Insurance and Employers Liability Insurance.   

1. In accordance with the provisions of §3700 of the California Labor Code, you 
shall provide at your expense Workers’ Compensation Insurance and 
Employers Liability Insurance to protect you against all claims under applicable 
state workers compensation laws. The City, its elected officials, and employees 
will not be responsible for any claims in law or equity occasioned by your 
failure to comply with the requirements of this section.  

2. Limits for this insurance shall be not less than the following: 

Workers’ Compensation Statutory Employers Liability 

Bodily Injury by Accident $1,000,000 each accident 

Bodily Injury by Disease $1,000,000 each employee 

Bodily Injury by Disease $1,000,000 policy limit 

3. By signing and returning the Contract you certify that you are aware of the 
provisions of §3700 of the Labor Code which requires every employer to be 
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insured against liability for worker’s compensation or to undertake self-
insurance in accordance with the provisions of that code and you shall comply 
with such provisions before commencing the Work as required by §1861 of 
the California Labor Code. 

5-4.11.1. Waiver of Subrogation. The policy or policies shall be endorsed to provide that the 
insurer will waive all rights of subrogation against the City and its respective elected 
officials, officers, employees, agents, and representatives for losses paid under the 
terms of the policy or policies and which arise from Work performed by the Named 
Insured for the City. 

5-13 ELECTRONIC COMMUNICATION. To the “WHITEBOOK”, ADD the following:  

2. Virtual Project Manager shall be used on this Contract. For more information, 
refer to the VPM traning videos at the location below: 

https://www.sandiego.gov/publicworks/edocref 

SECTION 6 – PROSECUTION AND PROGRESS OF THE WORK 

6-1.1     Construction Schedule. To the “WHITEBOOK”, item 1, subsection “s”, DELETE in its 
entirety and SUBSTITUTE with the following: 

s) Submit an updated cash flow forecast with every pay request  (for each Project 
ID or WBS number provided in the Contract) showing periodic and cumulative 
construction billing amounts for the duration of the Contract Time. If there has 
been any Extra Work since the last update, include only the approved 
amounts. 

i. Refer to the Sample City Invoice materials in Appendix D – Sample 
City Invoice with Cashflow Forecast and use the format shown. 

ii. See also the “Cashflow Forecast Example” at the location below: 

https://www.sandiego.gov/publicworks/edocref 

ADD: 
6-6.1.1               Environmental Document. 

1. The City of San Diego has prepared a Notice of Exemption for Metropolitan 
Biosolids Center Cooling Water System Chiller Upgrade, Project No. B-
16165, as referenced in the Contract Appendix. You shall comply with all 
requirements of the Notice of Exemption as set forth in Appendix A. 

2. Compliance with the City’s environmental document shall be included in the 
Contract Price. 

  

https://www.sandiego.gov/publicworks/edocref
https://www.sandiego.gov/publicworks/edocref
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SECTION 7 – MEASUREMENT AND PAYMENT 

7-3.1  General. To the WHITEBOOK, ADD the following: 

3. The Lump Sum Bid item for “Temporary Chiller Construction” shall include,
and not be limited to, Temporary Chiller System with Adequate Capacity to
provide Temporary Service with Complete Redundancy, Temporary Chiller
Skid Portable Cables, Temporary Chiller Mobilization and Demobilization, Hot
Taps and Pipe Stops, Contractor Oversight of Operation and Control as
specified in the Plans, Contract Documents, and Technical Divisions 1 (Sections
01080), 11, 15 and 18.

4. The Lump Sum Bid item for “Chiller Demolition” shall include, and not be
limited to, Removal of Fencing, Demolition of Existing Bypass Line, Chiller
Removal and Disposal, Primary and Secondary Pump Removal and Disposal,
Piping Removal and Disposal, Concrete Slab Removal and Disposal as specified 
in the Plans, Contract Documents, and Technical Section 02050.

5. The Lump Sum Bid item for “Structural Improvements – Concrete Pad” shall
include, and not be limited to, Cast-in-place Concrete, including Formwork,
Reinforcement, and Concrete Materials, as specified in the Plans, Contract
Documents, and Technical Section 03300.

6. The Lump Sum Bid item for “Mechanical Improvements” shall include, and
not be limited to: Chiller Replacement with Three Integral Vendor Control
Panels, and a Forth Central Control Panel, Welded Steel Piping and Fittings,
Valves, Meters, Primary and Secondary Pump Replacement, and Vendor
Representative Services as specified in the Plans, Contract Documents, and
Technical Divisions 11, 15 and other related sections.

7. The Lump Sum Bid item for “Plumbing” shall include, and not be limited to,
Piping, Floor Drains, Clean Outs, Traps, Emergency Shower, as specified in the
Plans, Contract Documents, and Technical Sections 15410, 15490 and other
related sections.

8. The Lump Sum Bid item for “Electrical Improvements” shall include, and not
be limited to, General Electrical, Removal & Replacement of Existing 480 Volt
Feeders, Replacement of Variable Frequency Drives, Relocation of Paging
System, Demolition of Existing Electrical, , and Startup as specified in the Plans,
Contract Documents, and Technical Division 16 and other related sections.

9. The Lump Sum Bid item for “Instrumentation and Controls Improvements”
shall include, and not be limited to, General Conduit and Circuit Fit-up,
Instrumentation, System Integration and Startup as specified in the Plans,
Contract Documents, and Technical Divisions, 1, 11 and 13 and other related
sections.
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7-3.2           Partial and Final Payment. To the “GREENBOOK”, paragraph (3), DELETE in its 
entirety and SUBSTITUTE with the following: 

Upon commencement of the Work, an escrow account shall be established in a 
financial institution chosen by you and approved by the City. Documentation for an 
escrow payment shall have an escrow agreement signed by you, the City, and the 
escrow agent. From each progress payment, no less than 5% will be deducted and 
deposited by the City into the escrow account. Upon completion of the Contract, the 
City will notify the Escrow agent in writing to release the funds to you. Only the 
designated representative of the City shall sign the request for the release of Escrow 
funds. 

7-3.11 Compensation Adjustments for Price Index Fluctuations. To the “WHITEBOOK” 
ADD the following: 

5. This Contract is not subject to the provisions of The “WHITEBOOK” for 
Compensation Adjustments for Price Index Fluctuations for paving asphalt. 

 

END OF SUPPLEMENTARY SPECIAL PROVISIONS (SSP) 
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SECTION 01080 - WORK SEQUENCE AND TEMPORARY CHILLER SYSTEM 

PART 1 - GENERAL 

1.1 CONTINUITY OF PLANT OPERATIONS 

A. General: The existing MBC facilities are continuously receiving and treating
wastewater biosolids.  The chilled water system facilitates operation in nearly every
process area of the plant. The operation of the chilled water system shall not be
interrupted as specified herein. The Contractor shall coordinate the work to avoid
any interference with normal operation of plant equipment and processes. Plant
personnel shall be allowed access to all areas at all times.

B. Submittal:  The Contractor shall submit a detailed plan and time schedule for making
and removing temporary piping connections, electrical power connections,
temporary chilled water equipment setup and operation, and provisions for
maintaining signals to the plant’s Distributed Control System (DCS).  The schedule
shall fit within the requirements of the overall project schedule and the restrictions
and conditions specified in this section. The detailed plan shall describe the
Contractor's method and sequence for making each connection and disconnection
and in a detailed sequence, length of time required to complete, and the necessary
equipment which the Contractor shall provide for testing of the temporary
connections and operation of temporary equipment. Systems or individual
equipment items shall be isolated, dewatered, decommissioned, deenergized, or
depressurized in accordance with the detailed Contractor’s outage plan and
schedule.  The Construction Manager shall be notified in writing at least 14 days in
advance of any planned operation.

1.2 COMPLETION TIMES 

A. Complete the Work within the specified Contract Time in accordance with the
contract conditions.

1.3 LIMITATIONS OF CONSTRUCTION 

A. General:  To permit continuous operation of the plant, the construction schedule
shall provide for the following specific conditions:

1. As a minimum, provide 500 tons (two 250 ton chillers) of temporary chilled
water cooling capacity to the existing air handlers and plant cooling system
at all times without interruption while the existing chiller area is demolished
and renovated, and the three new chillers and ancillary equipment are being
installed.

2. Maintain facility monitoring and control functions.

3. Maintain facility electrical power.
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B. Planned Outages and Construction Schedule: 
 

1. Outage:  An outage is defined as taking out of service any process, or 
component of a process, including utility and control systems. Operating 
processes, systems, individual equipment items or controls shall be isolated, 
dewatered, decommissioned, de-energized, or depressurized only by the 
plant operations staff in accordance with the Contractor’s detailed outage 
plan and schedule. The Resident Engineer and Construction Manager shall 
be notified in writing at least 14 days in advance of any planned outage. If 
requested by plant staff, the Contractor shall send a representative to meet 
with plant operations and the Resident Engineer to plan activities associated 
with any of the requested outages. Outages shall not be scheduled for 
Fridays or weekends without prior approval. Except as approved by the 
Construction Manager, multiple outages required for the same system shall 
not occur less than seven (7) calendar days apart subject to the system 
being returned to normal operation after the first outage. 

 
2. Construction Schedule:  The Contractor shall propose and submit its own 

construction schedule and the order in which activities are to be performed 
for review and concurrence of the Resident Engineer and Construction 
Manager as part of the construction schedule. The proposed construction 
schedule, sequence, and related activities shall ensure that the frequency 
and duration of planned outages are not materially changed from the 
constraints specified in these Contract Documents. The Contractor shall 
provide a graphically represented construction schedule indicating the 
various subdivisions of work and the dates for commencing and finishing 
each work item. The schedule shall show the time allowed for testing and 
other procedures that must be completed prior to the work being placed into 
operation. 

 
3. Schedule Revisions:  Revisions to the accepted construction schedule may 

be made only with the written approval of the Contractor and the 
Construction Manager. A change affecting the contract value of any activity, 
the completion time, and sequence may only be made in accordance with 
the applicable provisions of this section. 

 
1.4 WORK SEQUENCE AND CONSTRAINTS 
 

A. General: The work sequences described below are intended to minimize interruption 
of the continuous operation of the MBC facility. This section describes one method 
to accomplish the required work. The construction techniques or sequences herein 
are presented to illustrate the principles involved, but other techniques and 
sequences could potentially be used. Disruptions may be required that are not 
itemized herein. The construction sequence outlined herein is not all inclusive and 
does not cover all work required by the contract documents. The Contractor is 
responsible for the coordination of all required work involving all trades. No extra 
payment will be approved for any disruptions not described herein, nor will extra 
payment be approved should the construction techniques or sequences described 
herein prove infeasible or more costly than alternative approaches. The use of any 
construction techniques or schedules described herein shall not relieve the 
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Contractor of responsibility for detailed planning, coordination, scheduling, liabilities, 
and other responsibilities described in this Section. 

B. Coordination: The Contractor shall make themselves aware of other concurrent and 
ongoing projects in the vicinity of the chiller upgrade that may require coordination. 
Contractor shall make provisions in the construction schedule to accommodate 
these other projects and coordinate as needed to accomplish the work. 

C. Work Sequence – Area 70 Chiller System: The following is a work sequence 
alternative for the Chilled Water System in Area 70. 

1. Provide temporary chilled water connections using welded flanged
connections utilizing long neck flanges or reinforcing saddles, and valves
utilizing a hot tapping and/or pipe stops at three different places, specifically:

• 8-inch chilled water supply line
• 8-inch chilled water return line
• Existing 8-inch chilled water bypass line removal

The connections will allow for the chilled water supply and return for the 
temporary chiller system (See criteria in Item 2 below) to be tested and 
function simultaneously with the existing chilled water system until such 
time the operation of the temporary system is deemed competent, by the 
Construction Manager and plant operations staff, as a viable substitute for 
the existing system. 

Prior to dismantling the existing chilled water piping within the chiller area, 
hot taps and pipe stops must be installed with adjacent flanges and valves 
as shown on the drawings to facilitate connection to the new chiller piping. 

Description of each of the specific tapping and pipe stop operations are 
shown on the drawings and described as follows: 

• The 8-inch chilled water supply line shall not be interrupted and will
require a hot tap providing the tapping gate valve to be used as the
connection point for the temporary chilled water supply piping.
Once the temporary chiller system is operational, an upstream pipe
stop is required for a duration sufficient for installation of an 8-inch
slip-on flange blind flange allowing demolition of all the upstream
piping, and in preparation for the permanent upstream chilled water
supply flow. The permanent supply piping connects to the pipe stop
tapping valve. These two tapping procedures accommodate either
the temporary and/or permanent system to operate alone or at the
same time by opening or closing either of the tapping gate valves.
With the permanent chiller system tested, operational and
complete, the temporary piping is removed, and the associated
tapping gate valve is flanged off and remains.

• The 8-inch chilled water return line shall not be interrupted and will
require a hot tap providing the tapping gate valve to be used as the
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connection point for the temporary chilled water return piping.  Once 
the temporary chiller system is operational, a downstream pipe stop 
is required for a duration sufficient for installation of an 8-inch slip-
on flange and butterfly valve allowing demolition of all the 
downstream piping in preparation for the permanent downstream 
chilled water return flow. The permanent return piping connects to 
the downstream side of the butterfly valve, and the new bypass 
piping connects to the pipe stop tapping valve. These two tapping 
procedures accommodate either the temporary and/or permanent 
system to operate alone or at the same time by opening or closing 
either the gate or butterfly valve.  With the permanent chiller system 
tested, operational and complete, the temporary piping is removed 
the associated tapping gate valve is flanged off and remains. 

• The existing 8-inch chilled water bypass shall be removed once the
temporary chiller system is tested and found to be operational. A
pipe stop within the existing boiler room is required for a duration
sufficient for installation of an 8-inch slip-on flange and blind flange
allowing demolition of all the existing bypass piping in the chiller
area on the north side of the boiler room wall.  The resulting open
wall penetration shall be grout filled with finish to match the existing
wall. The resulting open penetration through the existing out-of-
doors steel canopy shall be welded closed using sheet metal of the
same gauge and painted to match existing color sheet and texture.

2. Provide a temporary chilled water closed system substituting for, and
similar to, the existing consisting of one duty and one standby chiller,
associated primary and secondary pumps and ancillary equipment,
extended insulated and supported chilled water pipelines, and meeting the
requirements below:

Capacity:  250 tons each 
Design Supply Temperature:  42 °F  
Design Return Temperature:  57 °F 
Design Temperature Differential:     15 °F 
Design Flow Rate:     800 gpm 
Reclaimed or Potable Water: City provides (See below 
System Control:  See below 
Electrical Service:  See below 
Term of Temporary Chiller Water:   15-days beyond acceptance 
Maximum CW Outage:  Zero hrs (See below.) 
Area of Installation:   As noted on the drawings 
Operational Responsibility:    Contractor (See below.) 
CW Corrosion Control: Contractor (See below.) 
Primary Pump Suction Pressure:       40 psig 
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Reclaimed water or potable water to be used within the temporary chiller 
system will be paid for by the City.  The Contractor shall coordinate with the 
Construction Manager and provide connections to hydrants or to existing 
utilities within Area 70 and provide necessary high lines to accommodate the 
temporary chilled water system.   
 
Integral to the temporary chiller shall be controls to monitor and maintain a 
set differential pressure between the suction and discharge of the secondary 
chilled water pump(s).   Secondary chilled water pump speed shall be 
adjusted by means of VFD to maintain the differential pressure setpoint. The 
Contractor shall coordinate with plant operations staff, as they monitor the 
chilled water system differential pressure sensor through the existing STAFA 
system, to establish an acceptable temporary system differential pressure 
setpoint.  The Contractor’s temporary chiller system shall operate under 
automatically control, including lag/lead of chillers and pumps and differential 
pressure setpoint, over the duration of the need for the temporary system.  A 
pair of dry contacts with cabling shall  provide a common trouble alarm to the 
City’s DCS to alert City operations staff of the need for chiller system 
attention.  Any programming of the City’s DCS will be performed by the City. 
 
Electrical power of 480 volts from the City’s system for the temporary chiller 
skids will be provided by the Contractor using portable multi-conductor cable 
laid on grade.  Cable protection shall be provided by the Contractor and may 
include surface mounting PVC schedule 80 conduit or other means. The 
cable will enter the substation cable trench adjacent to the chiller area via 
the manhole cover at grade and terminate at an existing spare breaker. 
Control power of 120 volts ac and DCS common alarm will be by portable 
cable and enter the energy building electrical room via a temporary opening 
near grade.  The cables will be removed after the new chillers are installed. 
 
There is no acceptable Chilled Water Cooling System downtime or outage 
except for inadvertent outages of 2 hours (March 15 - November 15) or 3 
hours (November 16 - March 14). 

  
Outage durations beyond those described above are subject to liquidated 
damages (LD’s) of $1,000/hour between November 16 and March 14, or 
$2,000/hour between March 15 and November 15. 

 
The Contractor shall be responsible for the operation of the entire temporary 
chilled water system including water treatment, water make-up, volume 
expansion and surge, and sustained primary pump suction pressure.   

 
3. Coordinate outages of utilities associated with the chiller area of Area 70 

with the Construction Manager and the plant operations staff. Potable 
water, reclaimed water, process water, trap primer system piping, and the 
sanitary sewer system will have to be interrupted for short periods of time 
over the course of project.  All outages are to be planned and scheduled by 
the Contractor providing the Construction Manager with a minimum of 14 
days of notice.  Prior to the necessary demolition of portions of these 
systems, outages will be necessary to cap off specific lines as appropriate, 
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and in some cases arrangements for bypassing and highlining particular 
services may be necessary.  With the installation of the new chillers, these 
utilities will undergo short outages for reconnections as may be necessary 
to complete the project requirements. 

 
The main sanitary sewer system for Area 70 extends through the chiller 
area under the slab.  The Contractor is responsible to coordinate outages 
of the sewer system and provide pumping or other means of sustaining the 
sewer system over the duration of the project.  

 
4. With the temporary chilled water connections complete, temporary chilled 

water system installed and operating, and utilities temporarily capped and 
bypassed, the following work can proceed: 

 
• Perform all the demolition work as appropriate. 
• Install all new concrete, slab drains, and conduit.  
• Install permanent piping as required by the project including: three 

ochillers, primary pumps, diaphragm expansion tank, air separator, 
chemical pot, valves, piping, field instruments, secondary pumps. 

• Install all new electrical, and control wiring. 
• Provide the 11/2- inch hot tap connection and install the 

temperature element and transmitter for 70TT2202. 
• Coordinate control system Common alarm interface to the City’s 

DCS. 
• Coordinate electrical service and switchover. 
• Startup new chiller system including the associated new control 

system. 
 

The Contractor shall operate the new system functionally for a period of 7 
days consecutive without automatic shutdown events before moving to the 
next phase of the work. 
 

5. Acceptance testing will focus on operating the new system for a period of 
14 days consecutive without automatic shutdown events. Removal of all 
the temporary piping, equipment and electrical material, and finish painting 
and cleaning is necessary to achieve project completion.  

 
1.5 RELATED SECTIONS 
 

A. Section 15011 – Hot Taps, Pipe Stops and Temporary Piping Systems 
 

PART 2 - PRODUCTS (NOT USED) 
 
PART 3 - EXECUTION (NOT USED) 
 

**END OF SECTION** 
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SECTION 01600 – GENERAL EQUIPMENT PROVISIONS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. These General Equipment Provisions apply to all equipment furnished under this 
Contract including equipment specified in other Sections. They shall supplement 
the Detailed Technical Specification Sections, but in case of conflict the Detailed 
Technical Specification Sections shall govern. 

 
B. The Contractor shall have sole responsibility to ensure his equipment suppliers, 

manufacturers, fabricators and subcontractors review this Section in conjunction 
with all other Sections of these Contract Documents and Contract Drawings. The 
Contractor shall fully coordinate their efforts to avoid potential claims that are 
based on failure to review all relevant Contract Documents, including the Contract 
Drawings. 

 
C. This Section describes general product requirements and product delivery, 

storage, and handling requirements. 
 
D. Products are defined as material, machinery, components, equipment, fixtures, 

and systems incorporated into and forming the Work. 
 
1.2 RELATED SECTIONS 
 

A. The Work of the following Section applies to Work of this Section. Work of other 
Sections of the Specifications, not referenced below, shall also apply to the extent 
required for proper performance of the Work. 

 
1. Section 01611 – Seismic Design Criteria 

 
2. Section 01650 – Startup Requirements 
 
3. Division 11 – Equipment 

 
4. Division 15 – Mechanical 

 
1.3 SUBMITTALS 
 

A. Within 30 days after date established in Notice to Proceed, submit a complete list 
of submittals, that include major products proposed for use, with name of 
manufacturer, trade name, and model number of each product. 
 

B. Submit Shop Drawings and other submittals as required elsewhere in the 
Specification. 

 
1.4 PRODUCT DELIVERY 
 

A. Contractor shall make all arrangements for transportation, delivery and handling 
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of equipment and materials required for prosecution and completion of the Work. 
 
B. Product fabrication, manufacture, or purchase shall not begin until related Shop 

Drawings are returned without objection by the City. 
 
C. Contractor shall use the following address for the Project: MBC, 5240 Convoy 

Street, San Diego, 92111. All deliveries shall be made to that address. No 
deliveries will be accepted by the Engineer. 

 
D. Arrange deliveries of products in accord with progress schedules and in sufficient 

time to facilitate inspection prior to installation. 
 
E. Coordinate deliveries to avoid conflict with Work and conditions at site and to 

accommodate the following: 
 

1. Work of other contractors, or City. 
 

2. Limitations of storage space. 
 

3. Availability of equipment and personnel for handling products. 
 

4. City’s use of premises. 
 

F. Products shall not be shipped from the manufacturer’s or fabricator’s facility or 
delivered to project site until related Shop Drawings, data sheets, shop or factory 
test reports and records, have been returned without objection by the City. 

 
G. Shipments of materials to Contractor or subcontractors shall be delivered to the 

site only during regular working hours.  Shipments shall be addressed and 
consigned to the proper party giving name of project, street number and city.  
Shipments shall not be delivered to the City. 

 
H. Products shall not be delivered to the site until required storage facilities have been 

provided and are ready to receive products for storage. 
 

I. Products shall be delivered to site in manufacturer’s original, unopened, labeled 
containers. Keep City informed of delivery of all equipment to be incorporated in 
the Work. 

 
J. Partial deliveries of component parts of equipment shall be clearly marked to 

identify the equipment, to permit easy accumulation of parts and to facilitate 
assembly. 

 
K. Immediately on delivery, inspect shipment to assure: 

 
1. Product complies with requirements of Contract Documents and reviewed 

submittals. 
 
2. Quantities are correct. 
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3. Containers and packages are intact, and labels are legible. 
 
4. Products are properly protected and undamaged. 

 
L. Package or crate products to protect from damage during shipping, handling, and 

storage. 
 

1. Mark or tag outside of packing to indicate contents by name and equipment 
number, special precautions for handling, and recommended requirements 
for storage. 

 
2. Protect machined and unpainted parts subject to damage by the elements. 
 
3. Transport and handle products in accordance with manufacturer's written 

instructions. 
 
4. Inspect shipments to assure products comply with requirements, quantities 

are correct, and products are undamaged. 
 

M. Subsection 1.5 Product Handling below also applies to this Subsection, Product 
Delivery 

 
1.5 PRODUCT HANDLING 
 

A. Provide equipment and personnel necessary to handle products, including those 
furnished by City, by methods to prevent soiling or damage to products or 
packaging. 

 
B. Provide additional protection during handling as necessary to prevent scraping, 

marring or otherwise damaging products or surrounding surfaces. 
 
C. Handle products by methods to prevent bending or over stressing. 

 
D. Lift heavy components only at designated lifting points. 

 
E. Materials and equipment shall at all times be handled in a safe manner and as 

recommended by manufacturer or supplier so that no damage will occur to them. 
Do not drop, roll or skid products off delivery vehicles.  Hand carry or use suitable 
materials handling equipment. 

 
1.6 DELIVERY, STORAGE AND HANDLING 

 
A. Manufacturer’s product containers shall not be opened until time of installation. 
 
B. Contractor shall make all arrangements and provisions necessary for the storage 

of materials and equipment. All excavated materials, construction equipment, and 
materials and equipment to be incorporated into the Work shall be placed so as 
not to injure any part of the Work or existing facilities, and so that free access can 
be maintained at all times to all parts of the Work and to all public utility installations 
in the vicinity of the Work. Materials and equipment shall be kept neatly and 
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compactly stored in locations that will cause a minimum of inconvenience to the 
City, other contractors, public travel, adjoining owners, tenants and occupants. 
Arrange storage in a manner to provide easy access for inspection. 

 
C. Areas available on the construction site for storage of materials and equipment 

shall be within the project site or at other sites approved by the City. Products shall 
not be stored inside structures being constructed. 

 
D. Materials and equipment shall be stored to facilitate inspection and to ensure 

preservation of the quality and fitness of the Work, including proper protection 
against damage by freezing and moisture. 

 
1. Arrange storage to provide access for inspection and inventory control. 

 
a. Periodically inspect to assure products are undamaged and are 

maintained under required conditions. 
b. Maintain an inventory of materials stored to facilitate inspection and 

estimate progress payments for materials delivered but not yet 
installed. 

 
2. Store products in accordance with manufacturer's written instructions, with 

seals and labels intact and legible. Store sensitive products in weather-tight 
enclosures; maintain within temperature and humidity ranges required by 
manufacturer's written instructions. 

 
E. Products subject to damage by moisture, freezing, or other effects of the elements 

shall be stored inside weatherproof storage areas equipped with suitable 
temperature and moisture controls. 

 
F. For exterior storage of fabricated products, place on sloped supports above 

ground. Cover products subject to deterioration with impervious sheet covering; 
provide space heaters and ventilation to avoid condensation. 

 
G. Store loose granular materials on solid surfaces in a well-drained area; prevent 

mixing with foreign matter. 
 
H. Lawns, grass plots, or other private property shall not be used for storage purposes 

without written permission of the owners or other person in possession or control 
of such premises. 

 
I. Contractor shall be fully responsible for loss or damage to stored materials and 

equipment. 
 
J. If necessary to relocate stored materials and equipment prior to or during 

construction, Contractor shall move materials and equipment without any 
additional compensation. 

 
1.7 ADAPTATION OF EQUIPMENT 
 

A. Equipment shall be readily adaptable for installation and operation in the structures 
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as shown on the Contract Drawings. No responsibility for alteration of a planned 
structure to accommodate other types of equipment shall be assumed by the City. 
Equipment which requires alteration of the structures shall be considered only if 
the Contractor assumes all responsibility for making and coordinating all necessary 
alterations. All such necessary alterations shall be signed by a Licensed Engineer 
Registered in the State of California at the Contractor's expense. All such 
alterations including required engineering reviews by the Engineer shall be made 
at the Contractor's expense. 

 
B. Equipment approved by the Engineer as being of equal quality, performance, 

integrity, etc., may be used in place of that specified. Any revisions to structures, 
piping, electrical or other work made necessary by such substitution is subject to 
review by the Engineer. The Engineer shall be the sole judge of equivalency. Any 
revisions to structural, piping, electrical or other work made necessary from 
deviations from approved submittals shall be at the Contractor’s expense including 
engineering and administration costs. 

 
1.8 EQUIPMENT GUARANTEE 
 

A. The Contractor shall guarantee all equipment against (a) faulty or inadequate 
design, (b) improper assembly or erection, (c) defective workmanship or materials, 
and (d) leakage, breakage, or other failures.  The guarantee period shall be as 
defined in the Whitebook (latest edition) except as may be required by individual 
specification sections. 

 
1.9 WORKMANSHIP AND MATERIALS 
 

A. All equipment shall be designed, fabricated and assembled in accordance with the 
best modern engineering and shop practice and in accordance with applicable 
standards including ASTM, ANSI and AWWA. Individual parts shall be 
manufactured to standard sizes and gauges so that repair parts, furnished at any 
time, can be installed in the field. Like parts of duplicate units, shall be 
interchangeable. Equipment shall not have been in service at any time prior to 
delivery, except as required for tests. 

 
B. In various Sections of the Contract Documents, Manufacturer’s names have been 

used for clarity and to establish minimum product standards only. The Contractor 
shall be responsible for selection and coordination of all materials required for 
construction. 

 
C. All parts and components of mechanical equipment shall be designed for 

satisfactory service under continuous duty without undue wear under the specified 
and indicated operating conditions for the period of time specified in these 
Documents. Any part of mechanical equipment that shows undue or excessive 
wear or fails due to wear under normal operating conditions within the warranty 
period shall be considered as evidence of defective material or defective 
workmanship, and it shall be replaced by the Contractor with equipment or parts 
to meet the specified requirements at no cost to the City. 

 
D. Materials shall be suitable for the service conditions to be encountered. Unless 
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otherwise specified, structural steel shall conform to ASTM A992. Iron castings 
shall be of tough, close-grained gray iron, free from blow-holes, flaws, or other 
imperfections and shall conform to ASTM A48. All mechanisms or parts shall be 
amply proportioned for the stresses which may occur during operation or for any 
other stresses which may occur during fabrication, erection, and transportation. 

 
E. Unless otherwise specified, all materials shall conform to the structural and 

miscellaneous standards of the American Institute of Steel Construction. 
 
F. Bronze which shall be in contact with water or any liquid, used in the manufacture 

of any equipment shall not contain lead, aluminum nor more than 6 percent zinc, 
and shall conform to ASTM B62, or equivalent. 
 

G. All steel bars, shapes and plates shall be clean and straight before being worked. 
Straightening or flattening, if necessary, shall be done by a process and in a 
manner that shall not injure the metal. Sharp kinks or bends shall be cause for 
rejection. Steel that has been heated partially shall be annealed, unless it is to be 
used in minor parts. Finished members shall be true to line and free from twists, 
bends, and other joints. 

 
H. Tolerances and clearances shall be as indicated on the Shop Drawings and these 

tolerances and clearances shall be closely followed to secure proper operation of 
the equipment. 

 
I. All flanges on equipment and appurtenances furnished shall conform in 

dimensions and drilling to ANSI B16.1, Class 125 or 150, unless otherwise 
specified or noted. 

 
J. All specific requirements of these Contract Documents must be adhered to, and 

modifications shall be made at the Contractor’s expense to the specified model of 
manufacturer's equipment to make it conform to the specific requirements of these 
Contract Documents if the standard product does not fulfill all requirements. 

 
1.10 EQUIPMENT INSTALLATION 
 

A. The Contractor shall obtain installation instruction booklets or other 
recommendations from the equipment manufacturers as to procedures for, 
sequence of, and tolerances allowed in equipment installation. In particular, the 
Manufacturer's recommendations as to grout spaces required, type of grout to be 
used, and tolerances for level and alignment, both vertical and horizontal, shall be 
obtained and followed. One (1) copy of this material shall be given to the Engineer 
prior to the installation of the equipment. 

 
B. Whenever applicable, the Contractor shall obtain the services of a Manufacturer's 

representative specifically trained in erection of his equipment to supervise the 
installation. The Contractor shall be responsible for the proper alignment of all 
installed driven equipment and drives in accordance with the tolerance 
recommendation of the manufacturers for both City furnished and Contractor 
furnished equipment. Within fourteen (14) calendar days after installation, the 
Contractor shall submit to the City a letter from the Manufacturer, on the 
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Manufacturer' letterhead, stating all equipment and components are installed per 
the Manufacturer's requirements and installation instructions as described in these 
Contract Documents. 

 
C. Skilled craftsmen experienced in installation of the equipment or similar equipment 

shall be used. Applicable specialized tools and equipment, such as precision 
machinist levels, dial indicators, and gauges shall be utilized as required in the 
installations. The Work shall be accomplished in a workmanlike manner to produce 
satisfactory equipment installation free of vibration or other defects. 

 
D. Prior to installation of equipment, all sacking and concrete preparation shall be 

completed, and the work area shall be maintained in a broom-clean condition 
during the equipment installation. 

 
E. No equipment and materials shall be altered or repaired, and no burning or welding 

will be permitted on any parts having machined surfaces, except by written 
permission of the City. 

 
F. No rigging shall be done from any structure without the permission of the City, and 

the Contractor shall be completely responsible for any damage to the structure due 
to his operations. 

 
G. Only such equipment and materials as will not damage the structure or equipment 

and materials shall be used on the Work. 
 
1.11 MANUFACTURER’S NAMES 
 

A. Manufacturer's name and catalog numbers are for the convenience of the 
Contractor. The detailed Specifications shall apply in the event of a conflict. If 
detailed Specifications have not been given, the Manufacturer's name and catalog 
number shall determine the design criteria for comparison should an equal be 
submitted. 

 
1.12 SPECIAL TOOLS 
 

A. All special tools that are required to assemble, disassemble, repair, and maintain 
any item of equipment furnished under the terms of this Contract shall be furnished 
with the equipment. When special tools are provided, they shall be marked or 
tagged, and a list of such tools shall be included with the maintenance and 
operation instructions for the equipment. 

 
1.13 REGULATIONS AND CODES 
 

A. Where equipment or materials are specified to conform to requirements of 
organizations such as American Society of Mechanical Engineers (ASME), 
Underwriters Laboratories (UL), American Gas Association (AGA), and American 
Refrigeration Institute (ARI), that use a label or listing as method of indicating 
compliance, proof of such conformance shall be submitted. The label or listing of 
the specified organization will be acceptable evidence.  In lieu of the label or listing, 
the Contractor shall submit a certificate from an independent testing organization 
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stating that the item has been tested and found to conform to the specified 
standard. 
 

B. Electrical Work, including connection to electrical equipment integral with 
mechanical equipment, shall be performed in accordance with the latest published 
regulations of the National Electrical Code (NEC), state and local codes, the City 
of San Diego Code, and according to the latest Institute of Electrical and Electronic 
Engineers (IEEE); American National Standards Institute (ANSI); American 
Society for Testing and Materials (ASTM); Insulated Power Cable Engineers 
Association (IPCEA); National Electrical Manufacturer's Association  (NEMA)  
Standards,  and  the  latest published regulations of the Federal Occupational 
Safety and Health Act (OSHA).  All material used in the performance of the 
electrical Work shall be approved by the Underwriter's Laboratories, Inc. (UL) for 
the class of service for which they are intended. 

 
C. All components and additives shall be certified in accordance with NSF-60/61 for 

contact with potable water. 
 
1.14 COORDINATION 
 

A. The Contractor shall take all measurements for his Work at the installation sites, 
verify all subcontractor's and Manufacturer's drawings and be responsible for the 
proper installation within the available space of the apparatus specified and shown 
on the Contract Drawings and must inform the Engineer of any variations and shall 
submit all proposed changes for review before making any changes. 

 
1.15 BEARINGS 
 

A. Unless otherwise specified, all equipment bearings shall be oil or grease 
lubricated, ball or roller anti-friction type of standard manufacture.  Bearings shall 
be conservatively designed to withstand all stresses of the service specified. Each 
bearing, except as otherwise noted, shall be rated in accordance with the latest 
revisions of Anti-Friction Bearing Manufacturer's Association's (AFBMA) Methods 
of Evaluating Load Ratings of Ball and Roller Bearings for B-10 (L-10) rating life of 
100,000 hours. 

 
B. All grease lubricated bearings, except those specified to be factory sealed 

lubricated, shall be fitted with easily accessible grease supply, flush, drain and 
relief fittings of the standard hydraulic type. Extension tubes shall be provided for 
easy access and shall be constructed of 316 L stainless steel unless otherwise 
specified or otherwise shown. 

 
C. Oil lubricated bearings shall be equipped with either a pressure lubricating system 

or a separate oil reservoir type system. Each oil lubrication system shall be of 
sufficient size to safely absorb the heat energy normally generated in the bearing 
under a maximum ambient temperature of 50 °C and shall be equipped with a filler 
pipe and an external level gauge. Fittings for pressure lubrication shall be 1/4-inch 
straight-type. 

 
D. To avoid work hardening or "Brinelling" damage from vibration, bearings shall be 
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separately packed or otherwise suitably protected during transport. 
1.16 LUBRICATION AND LUBRICATION FITTINGS 
 

A. Equipment shall be adequately lubricated by systems which require attention no 
more often than weekly during continuous operation.  Lubrication systems shall 
not require attention during start-up or shutdown and shall not waste lubricants. 
Lubricants of the type recommended by the equipment manufacturer shall be 
provided in sufficient quantity for consumption prior to completion of required 
testing and acceptance of equipment by the Engineer. The Contractor shall provide 
the City, prior to equipment start-up, four (4) copies of a list showing the proper 
lubricants for each item of mechanical equipment, approximate quantities needed 
per year of continuous operation, and recommended lubrication intervals. 
Wherever possible, the types of lubricants shall be consolidated with the 
manufacturer's approval to minimize the number of different lubricants required for 
plant maintenance. Following approval of the lubricant survey by the City the 
Contractor shall submit 11 copies of the approved lubrication survey to the City. 

 
B. All lubricants furnished shall be food-grade, NSF-certified lubricants that are 

suitable for service in potable water. 
 
C. Equipment lubrication fittings shall be extended with piping beyond obstructions 

such as guards or covers to provide ease of lubrication without disassembly of the 
unit. 

 
D. All lubrication fittings shall be constructed of 316L stainless steel and shall be 

brought to the outside of all equipment, so they are readily accessible from the 
outside without the necessity of removing covers, plates, housing, or guards. 
Fittings shall be of button head type. Lubrication fittings shall be mounted together 
wherever possible and shall be made of factory-mounted multiple fitting 
assemblies.  Fittings shall not be individual fittings field-mounted together. 

 
1.17 GAUGES AND GAUGE CONNECTIONS 
 

A. Pressure Gauges: The Contractor shall furnish and install all pressure gauges as 
indicated on the Contract Drawings and as specified herein. Unless noted 
otherwise, all pressure gauges shall be 4.5-inches diameter in a weatherproof 316 
stainless steel case. The dial shall be plastic coated with black figures on a white 
face. The scale shall have a 270- degree minimum arc. The movement shall be 
stainless steel and nylon or all stainless steel, whichever is the manufacturer's 
standard. The pressure gauges shall be equipped with 316 stainless steel bourdon 
tube, socket, and connection, an overrange pressure of up to 130 percent of 
maximum scale reading shall not affect calibration of the gauge. Accuracy shall be 
within 1.0 percent of scale range. All pressure gauges shall be provided with gauge 
guards, cocks, diaphragm seals, flushing connections, snubbers, tubular seals, 
and other appurtenances required or as shown on the Contract Drawings. The 
scales shall be as specified. The pressure gauges shall be manufactured by U.S. 
Gauge, Robert Shaw, or equal. 

 
B. Pump Suction and Discharge Pressure Gauge Connection. Except where 

permanent pressure gauges are shown on the plans, a 2" NPT connection and 
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316 stainless steel isolation cock shall be furnished and installed on the suction 
and discharge piping of all pumps. Unless connections are provided on the pump 
casing at the suction and discharge, the connections shall be provided immediately 
upstream of the pump suction connection and immediately downstream of the 
pump discharge connection. 

 
1.18 EQUIPMENT BASES AND BEDPLATES 
 

A. A heavy cast iron or welded steel base shall be provided for each item of 
equipment which is to be installed on a concrete base. Equipment assemblies, 
unless otherwise specified or shown on the Contract Drawings, shall be mounted 
on a single, heavy, cast iron or welded steel bedplate. Bases and bedplates shall 
be provided with machined support pads, tapered dowels for alignment of mating 
or adjacent items, adequate openings to facilitate grouting, and openings for 
electrical conduits. Seams and contact edges between steel plates and shapes 
shall be continuously welded and ground smooth. Bedplate drain fittings shall be 
piped to the nearest sump or designated drainage area as shown on the Contract 
Drawings. 

 
1.19 BASE AND BEDPLATE GROUTING 

 
A. After assembly and installation on the concrete base, each unit shall be leveled 

using a precision level and aligned in place, but not grouted until after the initial 
fitting and alignment of connecting piping. Each unit shall then be grouted to the 
concrete base. Each base and bedplate shall be completely filled with grout. The 
grout shall extend to the edge of each base or bedplate and shall be beveled at 45 
degrees all around the unit. Grout which is exposed at horizontal surfaces shall be 
rounded to provide drainage to appropriate points. After grout has set, jacking 
screws shall be removed and nuts on anchor bolts shall be tightened, followed by 
an overall check on leveling and alignment. Should equipment not meet tolerances 
of leveling and alignment, as recommended by the manufacturer, corrective 
measures shall be taken to obtain the tolerances required. Reciprocating 
equipment shall be grouted with non-shrinking epoxy grout as specified under 
Section 03315, Grout. 

 
1.20 JACKING SCREWS AND ANCHOR BOLTS 
 

A. All equipment and piping shall be anchored to supporting members by bolts or 
other connections to accommodate all operating forces and satisfy the 
requirements of Part 1.34, Seismic Requirements for Anchoring Equipment. 

 
B. Anchor bolts for storage tanks and outdoor vertical structures shall also be sized 

for wind loads assuming a minimum basic wind speed of 100 mph. 
 
C. Jacking screws shall be provided in the heavy equipment bases and bedplates 

and where required elsewhere to aid in leveling during installation. 
 
D. Anchor bolt setting drawings shall be delivered sufficiently early to permit setting 

the anchor bolts when the structural steel support frame is fabricated by others. 
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E. All anchor bolts and anchoring hardware shall be of Type 316 stainless steel 
unless otherwise shown or otherwise specified. 

 
1.21 SAFETY REQUIREMENTS 
 

A. Belt or chain drives, fan blades, couplings, exposed shafts and other moving or 
rotating parts shall be covered on all sides by safety guards which conform to the 
General Industry Safety Orders of the California Division of Industrial Safety. 
Safety guards shall be fabricated from 15 USS gauge or heavier galvanized or 
aluminum-clad sheet steel or 3/8-inch galvanized expanded metal, unless other 
materials are specified. Each guard shall be designed for easy installation and 
removal. Necessary supports and accessories shall be provided for each guard. 
Safety guards in outdoor locations shall be designed to prevent the entrance of 
rain and dripping water. Drawings of safety guards shall be submitted to the City 
for approval prior to fabrication or delivery. 

 
1.22 EQUIPMENT NAME PLATES 
 

A. Equipment name plates shall be engraved or stamped on stainless steel and 
fastened to the equipment in an accessible location with No. 4 or larger oval head 
stainless steel screws or drive pins. The nameplate shall include manufacturer's 
name, equipment model number, identification tag number, drive speed, motor 
horsepower, and rated capacity. Nameplates for pumps shall also include rated 
total dynamic head and impeller size where applicable. 
 

B. Identification Plates: The Contractor shall furnish and install identification plates 
and shall mount on or adjacent to each item of equipment and device including 
tanks, gates, motor operated valves, electrical and instrumentation items and all 
other mechanical equipment items to identify its title. Instrumentation identification 
numbers shall conform to the requirements of Divisions 13.  Motor Control Centers, 
Switchboards and Distribution Panel Boards shall include the corresponding 
equipment identification number in addition to the requirement of Division 16. 
Nameplates shall be approximately 1-inch by 3-inches made from phenolic 
material having a black exterior and white center. Letters shall be engraved and 
shall not be smaller than 3/16-inch high. The Contractor shall be responsible for 
compiling a list of all equipment titles and identification numbers as they will appear 
on the identification plates. The Contractor shall submit the list of titles along with 
a sample identification plate to the City for review. The plates shall be supplied by 
a single Manufacturer. All plates shall be fastened with 316 stainless steel pins or 
screws. 

 
1.23 WARNING SIGNS 
 

A. The Contractor shall furnish and install permanent warning signs and shall mount 
them at all mechanical equipment, as decided by the Engineer, which may be 
started automatically or from remote locations. Signs shall be in accordance with 
OSHA safety regulations and shall be suitable for exterior use. 
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B. Warning signs shall be colored yellow and black on not less than 18-gauge vitreous 
enameling stock. Copy shall read: 

 
“CAUTION: THIS EQUIPMENT STARTS AUTOMATICALLY” 

 
1.24 SPROCKETS 
 

A. General: Sprockets shall be used in conjunction with chain drives and chain-type 
material handling equipment. 

 
B. Materials: Except as otherwise indicated, sprockets shall comply with the following: 

 
1. Sprockets with 25 teeth or less, normally used as a driver, shall be medium 

carbon steel in the 0.40 to 0.45 percent carbon range. 
 
2. Type A and B sprockets with 26 teeth or more, normally used as driven 

sprockets, shall be minimum 0.20 percent carbon steel. 
 

3. Large diameter sprockets with Type C hub shall be cast iron conforming to 
ASTM A 48, Class 30. 

 
C. Sprockets shall be accurately machined to ANSI Standards. Sprockets shall have 

deep hardness penetration in tooth sections. 
 
D. Finish bored sprockets shall be provided complete with keyset and set screws. 

 
E. Sprockets shall be of the split type or shall be provided with taper-lock bushings. 

 
F. Idler sprockets shall be provided with brass or Babbitt bushings, complete with oil 

hole and axial or circumferential grooving.  Steel collars with set screws in both 
sides of the hub shall be provided. 

 
G. Idler sprockets shall be installed so that not less than one-quarter of the total 

adjustment is available for future use. 
 
1.25 ELECTRICAL EQUIPMENT 
 

A. All electrical equipment shall be capable of continuously operating successfully at 
full-rated load, without failure, at an ambient air temperature of 32 F° to 105 F° and 
at an elevation of approximately 550 feet (MSL). 

 
B. All electrical devices and equipment shall have ratings based on 75 F° 

terminations. 
 
1.26 HORSEPOWER RATING 
 

A. Motor horsepower ratings noted in individual equipment specifications are 
estimates only and it is the responsibility of the Contractor to furnish motors, 
electric circuits, and other equipment of ample horsepower capacity to operate the 
equipment furnished without exceeding the nameplate full-load current at rated 
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nameplate voltage. Full-load amps information shall be furnished with submittals 
on all motors. 

 
1.27 PAINTING 
 

A. Surfaces requiring painting or coating for corrosion protection shall be smooth, free 
from sharp edges, burrs, and projections, and shall have all welds ground smooth 
and all edges and corners of structural members rounded. Non-conformance shall 
be grounds for rejection of equipment as determined by the Engineer. 

 
B. All protective coatings shall be done in accordance with the approved painting 

submittal submitted under Division 9.  The Contractor shall be required to submit 
his proposed protective coating schemes for review prior to any other equipment, 
piping, or hardware submittals that require protective coatings.  After review of the 
protective coating submittals by the Engineer to indicate no further submittals are 
required, the Contractor shall be required to furnish only the approved protective 
coatings throughout the project. 

 
C. Equipment shall be shop primed in accordance with the approved Section 09900 

- Painting and Coating Submittal prior to delivery to the jobsite unless otherwise 
specified. Removal of shop coatings and application of protective coatings shall be 
as specified in Section 09900 - Painting and Coating. 

 
D. Surfaces of equipment which will be inaccessible after assembly shall be painted 

or otherwise protected before assembly by a method which provides protection for 
the life of the equipment. Contractor shall furnish new equipment to replace any 
equipment which the City determines to be damaged beyond repair by rust or 
mishandling, etc., while in storage or during installation by the Contractor. Name 
plates shall not be painted. 

 
E. Electric motors, drives, control panels and other equipment that would be damaged 

by sandblasting shall be cleaned by methods specified in Section 09900 - Painting 
and Coating. Following cleaning, the components shall be shop painted with a 
primer, intermediate and final coat per the requirements of Section 09900 - 
Painting and Coating. The Contractor shall certify, by letter from the equipment 
supplier included with the equipment submittal, and that the painting subcontractor 
was consulted and confirmed that the proposed primer, intermediate and finish 
coating described above is identical with the approved painting scheme. After 
delivery to the jobsite, the surfaces shall be inspected and evaluated. The 
Contractor shall have the painting subcontractor prepare and apply a touch-up coat 
of paint to the equipment in the field if required and in accordance with Section 
09900 – Painting and Coating. 

 
F. Machined, polished, and other ferrous and non-ferrous surfaces which are not to 

be painted shall be coated with rust preventative compound, Dearborn Chemical 
"NO-Ox-Id," Houghton "Rust Veto 344," Rust-oleum "R9," or approved equal. 
Should rust occur during shipment and/or storage, the Contractor shall be 
responsible for correction as determined by the City. 

 
G. Galvanized metal surfaces are to be solvent cleaned of residual oils and primed 
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with an approved galvanized metal primer before shipment. 
 

H. All galvanizing, where called for in the Contract Documents, shall be hot dip 
process conforming to ASTM A-123 and the appropriate American Hot Dip 
Galvanizers Association, Inc. Specifications. 

 
I. Copper, bronze, chromium plate, nickel, stainless steel, aluminum, Monel metal, 

lead, lead coated copper, brass and plastic are not to be painted or finished unless 
called for in other parts of the Contract Documents or as recommended by the 
manufacturer. 

 
J. All metallic surfaces requiring a shop applied primer shall be primed with the 

approved priming system that has been verified with the painting subcontractor as 
being compatible with the coating systems proposed and shall be applied in 
accordance with the recommendations of the paint manufacturer.  Submittals for 
equipment shall include the following: 

 
1. Coating manufacturers "Cut-sheet" describing components, surface 

preparation requirements, recommended mil thicknesses, and application 
procedures for the proposed primer. 

 
2. A letter from the Contractor stating that the equipment supplier has 

contacted the Painting subcontractor and confirmed that the proposed 
primers are compatible, and that the primer will be applied per the coating 
manufacturers requirements shall be submitted with the equipment 
submittals in accordance with the procedures specified in Section 01300, 
Record Drawings and Submittals and Section 01340, Submittal 
Requirements. In addition, the letter shall certify that the appropriate 
surface preparations will be made by the manufacturer prior to primer 
application. 

 
3. After delivery to the job site, equipment surfaces shall be inspected and 

evaluated by the City. Touch-up or complete removal of shop priming, by 
sandblasting or other approved method, may be required as determined by 
the City, based on the condition of the equipment primer prior to final, in 
place, finish coat application. 

 
4. Field touch-up, final surface preparation, and final finish coatings shall be 

in accordance with Section 09900 - Painting and Coating. 
 
1.28 DISSIMILAR METALS 

 
A. Where aluminum surfaces come in contact with dissimilar metals, except Type 304 

or 316 stainless steel, aluminum surfaces shall be kept from direct contact with 
said metal by use of neoprene gaskets or washers, polyethylene self-adhesive 
tape (two wraps of 20-mil tape), or washers. Galvanizing or paint shall not be 
considered as adequate protection. 

 
B. All stainless-steel bolt and screw surfaces in contact with aluminum shall be coated 

with Never Seez by Never Seez Compound Corp., WLR No. 111 by Oil Research 
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Inc., or equal. 
 
1.29 MACHINED FIBERGLASS 
 

A. All machined fiberglass edges shall be sealed to prevent wicking. 
 
1.30 PROTECTION 
 

A. Equipment shall be boxed, crated, or otherwise completely enclosed and protected 
during shipment, handling, and storage. Each container or piece of equipment shall 
be clearly marked with the Contractor’s name, project name and location. 
Equipment shall be stored on raised supports protected from exposure to the 
elements and shall be kept thoroughly dry at all times. Pumps, motors, drives, and 
other equipment having anti-friction or sleeve bearings shall be stored in weather 
tight storage facilities such as warehouses. Covering with visquine or similar 
material will not be considered as a weather tight enclosure. 

 
B. Painted surfaces shall be protected against impact, abrasion, discoloration and 

other damage. Painted equipment surfaces which are damaged prior to 
acceptance shall be repainted in entirety to the satisfaction of the Engineer. 

 
C. All electrical equipment, controls, instrumentation and control panels shall be 

protected against moisture or water damage by storage in a dry, heated, and 
completely enclosed space. Space heaters provided in the equipment shall be 
connected and operating at all times until equipment is placed in operation. 

 
1.31 ELECTRIC MOTORS 
 

A. Motor voltage, speed and enclosures are specified in the detailed equipment 
specifications. Motors furnished with equipment shall comply with this general 
specification. 

 
B. Motors shall be designed and applied in compliance with NEMA, ANSI, USDA, 

IEEE, ASA C50, and AFBMA standards and the NEC for the specific duty imposed 
by the driven equipment. All motors 15 hp and greater shall be NEMA Code G or 
lower. 

 
C. All motor shall be of The Motor Manufacturer's Premium energy-efficient design, 

different from Manufacturer's standard product through the use of premium 
materials, design and improved manufacturing process that reduces motor losses 
approximately 40% from standard efficient designs. 

  
D. Motor efficiency shall be determined in accordance with NEMA Standard MG1-

12.54.1 and full load efficiency labeled on motor nameplate in accordance with 
NEMA Standard MGI-12.54.2 or MGI-10.40.1. 
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E. The minimum full load efficiency for each motor furnished by the Contractor shall 
be not less than the minimum value associated with the nominal efficiency as 
shown in the following table, whichever is higher: 

 
 
hp 

Open Motors Enclosed Motors 
3600 rpm 1800 rpm 1200 rpm 3600 rpm 1800 rpm 1200 rpm 

1 -- 82.5 80.0 72.5 82.5 80.0 
1.5 82.5 84.0 84.0 82.5 85.5 86.5 
2 84.0 84.0 85.5 84.0 84.0 87.5 
3 84.0 86.5 86.5 86.5 88.5 89.5 
5 85.5 87.5 87.5 88.5 88.5 89.5 
7.5 87.5 88.5 88.5 89.5 90.2 91.0 
10 88.5 89.5 90.2 89.5 90.2 91.0 
15 89.5 91.0 90.2 91.0 92.4 91.0 
20 90.2 91.0 91.0 90.2 91.1 90.6 
25 91.0 91.7 91.7 91.7 93.0 92.4 
30 91.0 92.4 92.4 91.7 93.6 92.4 
40 91.7 93.0 93.0 92.4 93.6 94.1 
50 92.4 93.0 93.0 92.4 94.1 94.1 
60 93.0 93.6 93.6 93.6 94.5 93.0 
75 93.0 94.1 93.6 94.1 95.0 94.1 
100 93.0 94.1 94.1 93.6 94.5 93.6 
125 93.6 94.5 94.1 94.5 94.5 94.1 
150 93.6 95.0 94.5 94.5 95.0 94.1 
200 94.5 95.0 94.5 95.0 95.0 95.0 

 
F. Vertical motors and motors with speeds other than 1,800 and 1,200 rpm shall also 

be of the premium efficiency and high-power factor type with ratings similar to that 
described above. 

 
G. The machine noise of the motors shall not exceed the following sound power levels 

when measured in accordance with IEEE Standard 85: 
 

Overall Sound Power Level, Decibels, A-Weighted 
Horsepower 1800 RPM 1200 RPM 

2 - 2 70 67 
3 - 5 74 71 

7-1/2 - 10 77 74 
15 - 20 81 78 
25 - 30 85 80 
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40 - 50 89 84 
60 - 75 90 88 
100 - 150 90 93 

 
H. All motors shall successfully operate under power supply variations per NEMA 

MG1-14.30. 
 
I. All motors shall be NEMA Design B with torque and starting currents in accordance 

with NEMA MG1-12.35 and 12.37 except in special applications requiring higher 
starting torques where NEMA Design C or D is permitted. 

 
J. All motors shall have a 1.15 service factor. Polyphase integral horsepower motors 

shall be sized so that, under maximum load conditions imposed by the driven 
equipment, for the conditions specified, the motor nameplate rated horsepower 
and temperature rise will not be exceeded. Motors with a service factor of 1.15 
shall be selected for operation within their full load rating without applying the 
service factor. 

 
K. Each motor shall be of the speed and horsepower specified or required to properly 

operate the driven equipment, torque characteristics as required by the drive load 
and suitable for direct coupling or V- belt drive as shown on the Contract Drawing 
and specified herein. Motors shall be designed for full voltage starting unless 
otherwise specified. All motors 125 HP and greater shall be designed to accelerate 
the driven equipment with reduced voltage starting unless otherwise specified or 
shown on the Contract Drawings. 

 
L. Frames shall be of corrosion-resistant cast iron with integrally cast feet or bases. 

End bells, conduit box and cover bases shall be cast iron, with precision machined 
bearing fits, ASTM Type A-48, Class 25 or better. Type 316 Stainless steel 
automatic breather drains shall be provided in the lowest part of front and back 
brackets to allow drainage of condensation on TEFC motors. 

 
M. Each stator core assembly shall consist of stacked laminations made from 

specially selected electrical sheet silicon steel. 
 
N. For non-VFD driven motors, insulation materials shall be non-hygroscopic and 

meet or exceed Class F definition, utilizing materials and insulation systems 
evaluated in accordance with IEEE 117 classification tests. Motor temperature 
rating shall not exceed Class B temperature limits as measured by resistance 
method when the motor is operated at full load at 1.0 service factor continuously 
in a maximum ambient temperature of 40°C.  Windings shall be copper. 

 
O. Rotor cages shall be die cast aluminum or fabricated copper.  Shafts shall be 

carbon steel. 
 
P. Rotors on frames 213T and above shall be keyed shrunk or welded to shaft and 

rotating assembly dynamically balanced to NEMA limits per MG1-12.06.  Balance 
weights, if required, shall be secured to the rotor resistance ring or fan blades by 
rivets. Machine screws and nuts are prohibited. The entire rotating assembly 
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between bearing inner caps shall be coated with a corrosion-resistant epoxy. 
 
Q. Bearings shall be ball, open, single row, deep groove, Conrad type, and shall have 

a Class 3 internal fit conforming to AFBMA Std. 20. For belted duty applications, 
drive end bearing may be cylindrical roller type. Bearings shall be selected to 
provide L10 rating life of 17,500 hours minimum for belted applications, 100,000 
hours minimum for flexible direct coupled applications. Calculations shall be based 
on external loads using NEMA belted applications limits per MG1-14.41 and typical 
sheave weights and internal loads defined by the manufacturer including magnetic 
pull and rotating assembly weight. 

 
R. Bearing temperature rise at rated load shall not exceed 60-degree temperature 

rise s to be measured by RTD or thermocouple at bearing outer race. Bearing 
AFBMA identification number shall be stamped on motor nameplate. 

 
S. Motor lubrication system shall consist of a sealed bearing or a grease inlet on 

motor bracket with capped grease fitting on inlet, grease relief plug 180 degree 
from inlet, grease reservoir in bracket and grease reservoir in cast inner cap. Motor 
shall be greased by manufacturer with a premium moisture resistant polyuria 
thickened grease containing rust inhibitors and suitable for operation over 
temperature from-25 °C to 120 °C. Vertical motors lubrication system shall be 
manufacturer's standard oil or grease. 

 
T. External conduit boxes on motors shall be one minimum size larger than NEMA 

standards. The conduit boxes shall be diagonally split, and rotatable in 90-degree 
steps. A gasket shall be furnished between the conduit box and frame. Motor leads 
shall be stranded copper wire, Class F insulated, non-wicking, with permanent 
identifications spaced 1-1/2" maximum. Clamp type grounding terminals shall be 
provided in the conduit boxes. A tapped hole shall be provided on the frame for 
external connection of a ground cable. 

 
U. All bolt and cap screws shall be of high strength, SAE Grade 5 zinc-plated and 

chromatic steel. Screwdriver slot fasteners are unacceptable. 
 

V. All motor parts including frame, brackets, fan cover and terminal box shall be 
painted per Section 09900 - Painting and Coating, for the particular location and 
service conditions. Motor assembly shall successfully withstand salt spray test for 
corrosion per ASTM B-117 for 96 hours. 

 
W. Name plates shall be 316 Stainless steel with embossed or pre-printed lettering 

and fastened to the motor frame with 316 Stainless steel pins. Nameplates shall 
have stamped on them the motor manufacturer's name, design voltage; number of 
hertz and phase; horsepower rating; amperage, and temperature rise at rated load, 
full load speed, NEMA code letter, service factor, ambient temperature, model 
number, AFBMA bearing number, serial number, and maintenance manual 
number per NEMA MGI-10.40.1. 

 
X. A separate nameplate shall provide lubrication instructions and connection 

diagram for dual voltage and multi-speed motors. 
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Y. Motors driven by VFD’s shall be sized so that motor load will not exceed 80% of 
the motor service factor rating by any load imposed by the driven equipment at any 
specified operating condition or point in the equipment’s performance curve at 
maximum operating speed. VFD fed motor windings shall be provided with one 
normally closed temperature switch in each phase.  Contacts shall open on rising 
temperature and automatically close when motor winding temperature drops to a 
safe operating value.  Contacts shall be rated 2A, 250V AC. 

 
Z. Motors for use with variable frequency drives shall be compatible with the 

characteristics of the intended VFD's. Insulation shall be Class H with extra phase 
insulation for high dV/dt peaks. End turns shall receive extra bracing.  Silicon steel 
shall be of highest quality. An extra VIP cycle shall be applied. The motors shall 
be capable of operating successfully with IGBT based VFD's. At a minimum, 
motors shall meet NEMA MG1 Part 31.40.4.2 Standards.  In addition, motors shall 
have a published minimum Corona Inception Voltage (CIV) rating of 1600V at rated 
operating temperature for 480V AC ratings. Test data for similar motors and ratings 
shall be made available if requested by the City. The pulse width modulated IGBT 
VFD's utilized with the motor shall have a carrier frequency of not more than 2000 
Hertz, unless otherwise specified or approved. 

 
1.32 CONTROL CABINETS AND PANELS 
 

A. All control cabinets, panels, and junction boxes located outdoors, indoors below 
grade, or in corrosive environments shall be NEMA 4X 316 Stainless steel with 
316 stainless steel hardware unless otherwise specified or noted on the Contract 
Drawings. 
 

B. All control cabinets, panels, and junction boxes located in hazardous areas shall 
be NEMA 7. Control panels and cabinets shall be in accordance with Section 
17250, Control Panels. 

 
1.33 EQUIPMENT AND TANK FOOTINGS AND ANCHORING 
 

A. Unless otherwise specified or noted on the Contract Drawings, all equipment 
including tanks shall be provided with a reinforced concrete pad consisting of an 
eight (8) inch thick slab with a minimum of #4 re-bars at 8 inches on centers each 
way and 316 stainless steel anchor bolts as required to accommodate the 
equipment or tank. Where supported on grade, the area under the pad shall be 
graded, backfilled and compacted prior to placement of the pad. Pads shall not be 
placed on top of asphalt concrete paving. All asphalt in the pad area including any 
additional area required for formwork shall be saw cut and removed to grade. The 
area under the pad shall be graded and compacted as required prior to placement 
of the pad.   
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B. All anchoring shall satisfy the seismic requirements of Section 1.34, Seismic 
Requirements for Anchoring Equipment and Piping, of this Section.  All submittals shall 
indicate compliance with this requirement where applicable. Submittals shall include 
all design calculations and shall be signed by a California Civil or Structural 
Registered Engineer. 

 
1.34 SEISMIC REQUIREMENTS FOR ANCHORING EQUIPMENT AND PIPING 
 

A. General: Machinery, equipment, and components such as pumps, tanks, piping, 
electrical panels, and other items, including their supports and anchorages, 
supplied by manufacturers or suppliers, shall be designed in accordance with 
ASCE 7, and their anchorage, shall be designed and detailed in accordance with the 
Seismic Design Criteria section. 

 
B. Submit seismic design calculations and drawings stamped by a California 

licensed professional civil or structural engineer. Submittals shall be certified, by 
the Contractor, that designs are in conformance with the specifications and that 
all applicable loads, including seismic, have been included. All anchor bolts shall 
be cast-in-place unless otherwise specified or otherwise shown. Inasmuch as all 
anchorage of equipment is to be made in cast-in-place concrete elements, types 
of anchorage shall be coordinated with the concrete subcontractor so that 
anchorage may be installed at the time of concrete placement. If calculations and 
anchorage details are not submitted prior to placement of concrete, the 
Contractor shall be responsible for any strengthening of concrete elements 
because of superimposed seismic loading.  
 

C. Equipment: Equipment with vibration isolators shall be provided with snubbers 
capable of retaining the equipment in its designated location without any material 
failure or deformation of the snubbers when exposed to a vertical or horizontal 
force at the contact surface equal to 100 percent of the operating weight of the 
equipment. Air gaps between retainer and equipment base shall not exceed 1/4 
inch. Deflection must be considered with respect to piping attached to the 
equipment. Equipment without vibration isolators shall be anchored directly to the 
supporting floor, wall or overhead support system. In addition to the anchorage, all 
equipment shall be internally designed so that all static and moving parts are 
anchored to the supporting framework to resist the imposed seismic forces. All 
forces must be transmitted to the base in order to be anchored as required. All 
piping, raceways, ductwork, accessories, appurtenances, and other items 
furnished with equipment shall be anchored to resist a lateral seismic force 
specified without excessive deflection. This force shall be considered acting at the 
center of gravity of the piece under consideration. Lighting fixtures shall be 
provided with safety cable attached to the structure and to the fixture at each 
support point capable of supporting four times the vertical load. 

 
D. Piping: All piping installed shall be anchored to the supporting floor, wall or 

overhead system(s) to resist the lateral seismic forces specified above without 
excessive deflection or pipe stress in compliance with ANSI/ASME B31.1 latest 
edition. This force shall be considered acting at the center of gravity of the pipe 
under consideration. Piping with flexible connections and/or expansion joints shall 
be anchored such that the intended uses of these joints are maintained in the 
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piping system. 
 

1.35 SCHEMATIC DIAGRAMS 
 

A. Schematic diagrams are provided for the Contractor’s guidance in fulfilling the 
operational intent of the Contract Documents. 

 
B. It shall be the Contractor’s responsibility to meet all safety and electrical codes, 

and to provide all equipment, appurtenances and specialty items required to 
provide for complete and operable systems. 

 
C. Review of control schemes submitted by the Contractor shall not relieve the 

Contractor of his contractual responsibility to provide complete and successfully 
operating systems. 

 
1.36 MANUFACTURERS AND SUPPLIERS FIELD AND TEST DATA 
 

A. An experienced, competent, and authorized representative of the manufacturer or 
supplier of each item of equipment as required in these Specifications shall visit 
the site of the Work and inspect, check, and approve the equipment installation. In 
each case, the equipment supplier's representative shall be present when the 
equipment is placed in operation. The equipment supplier's representative shall 
revisit the job site as often as necessary until all trouble is corrected and the 
equipment installation and operation is satisfactory to the City. 

 
B. Six (6) copies of all test and field data collected by the manufacturers/suppliers of 

equipment during installation supervision and start-up services, shall be submitted 
to the City within fourteen (14) calendar days after the start-up services are 
complete. The test and field data shall be submitted whether specified or not in the 
detailed equipment specifications and shall include but not be limited to the motor 
amperage readings to verify drives are properly sized, tolerance and alignment 
measurements where applicable to verify equipment has been satisfactorily 
installed, and all other information collected by the manufacturers/suppliers to 
satisfy themselves that equipment has been properly installed. The manufacturer 
shall submit to the City, a certification on the manufacturer's letterhead stating that 
the equipment (1) has been properly installed and lubricated, (2) is in accurate 
alignment, (3) is free from any undue stress imposed by connecting piping or 
anchor bolts, and (4) has been operated under full load conditions and it operated 
satisfactorily. In cases where the manufacturer/suppliers feels equipment is not 
properly installed, he shall include with this submittal a punch list detailing the 
problems noted. The information required under this Section shall be furnished for 
all equipment and devices requiring installation and start-up services as specified 
in these Specifications including the detailed mechanical, electrical and 
instrumentation specifications. 

 
C. The costs for this work shall be included in the prices quoted by equipment 

suppliers. The Contractor shall perform all Work required to install and place into 
operation the equipment in accordance with the manufacturer's recommendations. 
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1.37 FACTORY TEST AND CERTIFICATION 
 

A. All equipment, devices, and systems requiring factory tests and certifications as 
specified in the Contract Documents shall be tested and certified at the 
Contractor’s expense and may be witnessed by the City, the Engineer, or the City 
by reporting an intent to do so to the Contractor. 

 
B. The Contractor shall not schedule factory testing until the Contractor has received 

an approved submittal from the City. 
 

C. The Contractor shall notify the City and the Engineer via the City, in writing, at least 
twenty-one (21) calendar days prior to testing, unless otherwise specified, and 
shall submit, with the written notification, a testing plan. Slight changes in the 
schedule of testing to accommodate the schedules of the City, the Engineer, and 
the City and their staff will not be considered to constitute a change in the 
Contractor’s cost or schedule. 

 
D. The written notifications shall specify the exact time and date of the testing, the 

location where the tests will be conducted, and shall define the test procedures to 
be utilized.   Testing shall be performed during normal business hours and shall 
be subject to review by the City, the Engineer, and the City as specified herein. 

 
E. Within 7 days of receiving the written notification of the schedule for factory testing, 

the City shall provide the Contractor written notification of the representatives who 
will attend the witness tests. If no representatives of the City, the Engineer or the 
City attend, the Contractor shall be notified in writing. Notification shall not relieve 
the Contractor of his obligation to conduct the specified testing and submit test 
reports. 

 
F. Where the Contract Documents specify several witness tests for a particular unit, 

all tests shall be performed by the Contractor during a single witness testing 
session. 

 
G. If the test results indicate that any unit does not conform to the specified and/or 

guaranteed performance, the unit shall be modified and retested at no additional 
cost to City until full compliance with specified and guaranteed performance can 
be demonstrated. 

 
H. The City, the Engineer, and the City shall be permitted to witness the retests and 

shall be given 7 days’ notice of intent of the Contractor to retest. All costs including 
labor, transportation and lodging for the City, the Engineer, and the City and other 
required witnesses to witness retests shall be borne by the Contractor. 

 
1.38 AIR RELEASE VALVES 
 

A. The Contractor shall furnish and install air release valves on the discharge header 
from each pumping system when and where the discharge header or pipeline 
changes from a horizontal (zero slope) or positive slope to a negative slope. Unless 
specified otherwise or shown otherwise on the Contract Drawings the air release 
valve shall be an Apco Model 200 or equal for water lines, and an Apco Model 400 

MBC Cooling Water System Chiller Upgrade Attachment E – Technicals 74 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 01600 – GENERAL EQUIPMENT PROVISIONS 
Volume 1 of 2 (December 2018)     SECTION 01600 - 23 of 26 

or equal for sewage and sludge lines. Each valve shall be installed with an isolation 
valve of the size and type shown or specified. 

 
1.39 VARIABLE FREQUENCY DRIVES 
 

A. Unit Responsibility. 
 

1. The Contractor shall have unit responsibility for proper coordination and 
compatibility of all variable frequency drives and other driver equipment, 
and controls furnished under Division 16 with the pumping equipment and 
motors specified in these Specifications and shall have total responsibility 
for the satisfactory installation and operation of the entire pumping system 
including pumps, motors, drives, and controls as specified in these 
Specifications. 

 
2. The pump or driven-equipment manufacturer shall assume the sole unit 

responsibility for the pumps and motors, and shall assume responsibility 
that the motors supplied with the pumps will successfully operate the 
pumps over the specified operating speed range, and that the pump 
package including motors will operate successfully over the speed range 
and all other operating characteristics provided by the Variable Frequency 
Drives specified in the Division 16. 

 
3. The pump manufacturer shall submit written approval, in letter form, of the 

variable frequency drives to be furnished as part of the submittal package. 
The pump manufacturer shall perform all field testing necessary to confirm 
compatibility of the drives with successful pump operation throughout the 
pumps' operating range. 

 
1.40 START-UP AND O&M SERVICES 
 

A. Contractor shall provide a qualified manufacturer’s representative for each piece 
of equipment specified in the Contract Documents for a minimum of one 8-hour 
day to instruct City’s Operation and Maintenance personnel in the operation and 
maintenance of the equipment furnished unless otherwise specified. Check-out 
and start-up may involve separate trips. Additional start-up and O&M services 
beyond the minimum specified above shall be provided as specified in Section 
01650 - Startup Requirements, in individual technical sections and as specified 
elsewhere. Equipment check-out and start-up shall be coordinated by 
Manufacturer and Contractor. Training shall consist of both classroom and field 
training. A Lesson Plan used for training shall be submitted for review by the City 
at least thirty (30) days prior to the scheduled start of training and training. All costs 
for manufacturer start-up and O&M services shall be included in Contractor’s Bid. 

 
1.41 SOLID STATE REDUCED VOLTAGE STARTERS 
 

A. The Contractor shall have unit responsibility for proper coordination and 
compatibility of all solid state reduced voltage starters and controls furnished under 
Division 16 with the pumping equipment or other driver equipment and motors 
specified in these Specifications and shall have total responsibility for the 
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satisfactory installation and operation of the entire pumping system including 
pumps, motors, drives, and controls as specified in these Specifications. 

 
B. The pump or driven-equipment manufacturer shall assume the sole responsibility 

for the pumps, motors, and solid state reduced voltage starters, and shall assume 
responsibility that the solid motors supplied with the pumps will successfully 
accelerate to full speed with the specified number of starts per hour. 

 
C. The pump manufacturer shall submit acceleration speed/torque curves of the 

pump and starter for approval.  The pump manufacturer shall perform all field 
testing necessary to confirm compatibility of the drives with successful pump 
acceleration to full speed at all suction and discharge net head conditions. 

 
PART 2 - PRODUCTS 
 
2.1 GENERAL PRODUCT REQUIREMENTS 
 

A. Provide new industrial quality products for the Work, unless used or reuse of 
existing is specifically authorized in the Contract Documents. 

 
B. Provide standard catalogue products of manufacturers regularly engaged in the 

manufacture of the products unless specifically authorized otherwise. 
 

1. Provide products that comply with specified requirements and that will 
function properly in their expected environment and under expected 
service conditions. 

 
2. Where two or more units of the same product class are provided, provide 

products from the same manufacturer that are interchangeable. 
 
3. Factory assemble equipment when practical. 
 
4. For equipment shipped unassembled, provide with assembly plans and 

written instructions. Match-mark or tag separate parts and assemblies to 
facilitate field assembly. 

 
5. Install products in accordance with requirements of Contract Documents 

and approved manufacturer’s recommendations. 
 

PART 3 - EXECUTION 
 

3.1 PREPARATION FOR SHIPMENT  
 

A. All equipment shall be suitably packaged to facilitate handling and to protect 
against damage during transit and storage. All equipment shall be boxed, crated, 
or otherwise completely enclosed and protected during shipment, handling, and 
storage.  All equipment shall be protected from exposure to the elements and 
shall be kept dry at all times. 
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B. Painted and coated surfaces shall be protected against impact, abrasion, 
discoloration, and other damage.  Painted and coated surfaces which are 
damaged prior to acceptance of equipment shall be repainted to the satisfaction 
of Engineer. 
 

C. Grease and lubricating oil shall be applied to all bearings and similar items. 
 

3.2 SHIPPING 
 

A. Before shipping each item of equipment shall be tagged or marked as identified 
in the delivery schedule or on the Shop Drawings.  Complete packing lists and 
bills of material shall be included with each shipment. 
 

3.3 SYSTEMS DEMONSTRATION 
 

A. Prior to final inspection, demonstrate satisfactory operation of each system to City.  
 
3.4 INSTRUCTION OF CITY’S PERSONNEL 
 

A. Instruct City’s personnel in the operation, adjustment, and maintenance of 
equipment and systems. 

 
**END OF SECTION** 
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SECTION 01611 SEISMIC DESIGN CRITERIA 
 
PART 1 – GENERAL 
 
1.1 SCOPE 
 

This section provides the seismic design criteria for designing non-structural 
components.  In the event of conflict with requirements in other sections, the more 
stringent criteria shall be followed. 

 
1.2 DESIGN CRITERIA 
 

A. Non-structural components structures including anchorage of such 
items, shall be designed in accordance with the following criteria. 

 
B. General Design Data: 

 
1. Building Code and References:  IBC 2009, ASCE 7-05 “Minimum Design 

Loads for Buildings and Other Structures”, AISC 360 “Specification for 
Structural Steel Buildings”, AISC 341 “Seismic Provisions for Structural 
Steel Buildings” 

 
2. Site elevation 
 
3. Site elevation, above mean sea level:  400ft 
 
4. Design flood elevation, DFE:  N/A 
 
5. Design groundwater elevation:  N/A 

 
C. Wind Design Data: 
 

1. Basic wind speed, V (Service Loads):  85 mph 
 
2. Exposure category:  C 
 
3. Importance factor, lw (Occupancy Category III):  1.15 

 
D. Design Data for Non-structural Components: 
 

1. Design short period spectral response acceleration:  ion, SDS, 0.885g 
 
2. Site soil classification (Default Value):  D 

 
3. Seismic Design Category:  D 

 
4. Component importance factor, IP:  As indicated in the Non-Structural 

Component Schedule 
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1.3 WIND ANCHORAGE 
 

Equipment that is to be located outdoors shall have anchor bolts designed for the 
effects of wind forces, as determined in accordance with ASCE 7, Chapter 6.  Shop 
drawings shall include full anchor bolt details, and shall be sealed by a professional 
engineer licensed in the state of the project. Calculations shall be furnished when 
requested by Engineer. 

 
1.4 SEISMIC DESIGN 
 

A. General.  Structural systems shall provide continuous load paths, with 
adequate strength and stiffness to transfer all seismic forces from the point 
of application to the point of final resistance. 

 
B. Pre-Engineered Buildings (Not Used) 
 
C. Non-Structural Components.  Non-structural components are architectural, 

mechanical, and electrical items that are permanently attached to and 
supported by a structure but are not part of the structural system, as indicated 
in Chapter 13 of ASCE 7, and in the Non-Structural Components Schedule at 
the end of this section. 

 
D. The Non-Structural Components Schedule identifies the components that 

require some level of seismic design. The requirements of this paragraph are 
applicable only to the items listed in the Non-Structural Components 
Schedule. 

 
E. All components, and the anchorage of those components to the main 

structure, shall be shown on construction documents prepared and sealed by 
a registered design professional that is licensed in the state of the project. 
The construction documents shall be submitted in accordance with the 
Greenbook and Whitebook Submittals section.  Structural calculations shall 
be submitted when requested by Engineer. 

 
F. Design of non-structural components shall be in accordance with all 

applicable provisions of ASCE 7, Chapter 13. Non-structural components 
shall have sufficient strength and ductility to resist the specified seismic 
effects, and shall meet all of the design, proportioning, detailing, inspection, 
and quality assurance provisions of the specified building code and other 
referenced codes. 

 
G. Non-structural components shall be attached so that seismic forces are 

transferred to the structural system. Curbs that support roof-mounted 
equipment shall be designed to transfer forces from the equipment into the 
main structural roof members. All structural attachments shall be bolted, 
welded, or otherwise positively fastened. Frictional resistance due to gravity 
shall not be considered in evaluating the required resistance to seismic 
forces. 
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H. When the Non-Structural Components Schedule indicates that seismic 
design of any component is required, the component shall be designed to be 
operable during and following a design level seismic event without collapsing, 
breaking away from supports, creating an ignition hazard, or releasing any 
contents. 

 
I. “Wp” shall include the total operating weight of the component or system, 

including, but not limited to, any insulation, fluids, and concentrated loads 
such as valves, condensate traps, and similar components. 

 
J. Seismic effects that shall be analyzed in the design of piping systems include 

the dynamic effects of the piping system, contents, and supports. The 
interaction between piping systems and the supporting structures, including 
other mechanical and electrical equipment, shall also be considered. Where 
pipe supports are to be designed by Contractor, as required by the Pipe 
Supports section, both the piping and support systems shall be designed to 
meet the applicable requirements of ASCE 7, Chapter 13. 

 
K. Non-Building Structures. (Not Used) 

 
**END OF SECTION** 
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Non-Structural Component Schedule 

Component 
Applicable 

Specification 
Section 

Importance 
Factor (Ip) 

Design of 
Supports and 
Attachments 

Design of 
Component 

Variable Frequency Drives 11033 1.0 x  
Variable Speed Screw Water Chillers 11070 1.0 x  
Chilled Water Primary Pumps 11071 1.0 x  
Chilled Water Secondary Pumps 11072 1.0 x  
Ancillary Equipment and Appurtenances 11075 1.0 x  
Steel Pipe 15062 1.0 x  

 Valves         15100 1.0 x  
 Pipe Supports         15140 1.0 x  
 Electrical Division 16    
 Instrumentation and Control Division 17    
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SECTION 01615 - EQUIPMENT AND VALVE IDENTIFICATION 
 
PART 1 – GENERAL 
 
1.1 SCOPE 

 
A. This section covers the furnishing and installation of nameplates and tags 

for identification of equipment, valves, panels, and instruments. 
 
1.2 GENERAL 

 
A. Except as otherwise specified in equipment, valve, and instrumentation 

sections, nameplates and tags shall be as specified herein. Nameplates or 
tags shall be provided for all equipment, valves, operator interfaces, control 
and electrical panels, cabinets, instruments, and instrument racks that have 
been named and/or tagged on the Drawings. 

 
1.3 SUBMITTALS 

 
A. Drawings and data shall be submitted in accordance with the requirements 

of the Greenbook and Whitebook Submittals section for each type of tag 
provided including materials, colors, sizes, letter sizes, and installation 
instructions. 

 
PART 2 - PRODUCTS 
 
2.1 EQUIPMENT NUMBER PLATES 

 
A. All equipment tagged on the drawings shall be provided with number plates 

bearing the equipment tag number identified on the Drawings.  Number 
plates shall be bevelled, 1/8th inch thick laminated black phenolic plastic 
engraving stock with white core.  Lettering on number plates shall be 
capitalized block letters 3/4 inch high. 

 
B. Number plate height shall be twice the letter height.  Number plate length 

shall be as needed, with suitable margins all around. Lettering shall be 
placed in one row where practicable; however, where necessary due to 
excessive length, lettering shall be placed on more than one row and 
centered. 

 
C. Number plates shall be attached with stainless steel panhead screws, 

rivets, or drive screws. 
 

D. When a number plate cannot be installed due to the physical size, space, or 
mounting surface geometry of the equipment, the Contractor shall provide a 
12-gauge stainless steel tag with engraved or imprinted equipment tag 
number. 
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E. Lettering on tags shall be ¼ inch high. Tags shall be rectangular with 
smooth edges and shall be fastened to the equipment with stainless steel 
mechanical fasteners or with a stainless-steel chain. 

 
2.2 EQUIPMENT INFORMATION PLATES 
 

A. Equipment shall be provided with engraved or stamped equipment 
information plates securely affixed with mechanical fasteners to the 
equipment in an accessible and visible location. 

 
B. Equipment information plates shall be in addition to the number plates 

specified. Equipment information plates shall indicate the manufacturer’s 
name, address, product name, catalog number, serial number, capacity, 
operating and power characteristics, labels of tested compliances, and any 
other pertinent design data.  Equipment information plates listing the 
distributing agent only will not be acceptable. 

 
2.3 VALVE TAGS 
 

A. Temporary Tags 
 

1. Each valve and piece of equipment with an identifying number 
indicated on the Drawings or listed in the valve or gate schedule, 
shall be tagged or marked in the factory with the identifying number. 

 
B. Permanent Tags 

 
1. All valves and pieces of equipment that have been assigned a 

number on the Drawings or in the valve or gate schedule, shall be 
provided with a permanent number plate. Tags shall be permanently 
attached to valves and gates with stainless steel mechanical 
fasteners or with stainless steel chains.  Numerals shall be 3/4-inch-
high and shall be black baked enamel on an anodized aluminum 
plate. 

 
2.4 PANEL NAMEPLATES 
 

A. Nameplates shall be provided on the face of each panel and cabinet.  
Panel identification nameplates shall be mounted at the top of the panel 
shall include the panel descriptive name and tag number as indicated on 
the Drawings, in two or three lines of text.  Lettering shall be ¾ inch high. 

 
B. Nameplates for devices mounted on or in the panel shall be inscribed with 

the text as indicated on the Drawings. Where nameplate information is not 
indicated on the Drawings, inscriptions shall be in accordance with 
information in the supplier’s submittal drawings as guided by information in 
the relevant specification section. Panel device nameplates shall have 
engraved letters 3/16 inch high. 
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C. Nameplate material and size shall be as specified above for equipment 
number plates. Nameplates shall be secured to the panel with stainless 
steel panhead screws. 

 
2.5 INSTRUMENT TAGS 
 

A. Temporary Tags 
 

1. Where instruments are not provided with permanent tags furnished 
from the factory, instruments shall be tagged or marked in the 
factory with the instrument tag number indicated on the Drawings. 

 
B. Permanent Tags 
 

1. Instruments shall be tagged with the instrument tag number 
indicated on the Drawings.  Tags shall be 12-gauge stainless steel 
with engraved or imprinted symbols.  Lettering on tags shall be ¼ 
inch high.  Tags shall be rectangular with smooth edges and shall be 
fastened to the instrument with stainless steel mechanical fasteners 
or with a stainless-steel chain. 

 
PART 3 – EXECUTION (NOT USED) 
 

**END OF SECTION** 
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SECTION 01650 - STARTUP REQUIREMENTS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 

 
A. This section includes the requirements for startup and testing all items of 

equipment and systems that form a part of this CONTRACT. The purpose of 
this section is to define the requirements for bringing individual equipment, 
systems, and facilities online and for proving proper operation and 
performance of that work.  Contractor is required to develop, submit, and 
maintain detailed plans, including designation of management and staff, for 
these activities as specified herein. Additional requirements such as training 
are specified in other sections. 

 
B. As the Metro Biosolids Center is an active, continuous operating facility, 

placement of improvements online in an expeditious manner is critical. 
Shutdown requirements and placement of the temporary chilled water system 
into service are included in the Construction Sequencing Plans (CSP) 
guidelines in the Construction Sequencing Section. The Contractor will 
perform startup checks and functional testing of the systems as specified 
prior to making connections to the existing system. Upon making a 
connection(s), functional acceptance testing (F.A.T.) will be performed by the 
Contractor with support from Plant Personnel as specified in this Section. 

 
C. The startup and testing services referenced or specified herein include the 

following: 
 

1. Startup checks – By Contractor  
 
2. Functional testing – By Contractor 
 
3. Functional acceptance testing – By Plant Personnel as part of 

standard plant operations once system is placed back online.  
 
4. Contractor in standby mode to address failures. 

 
a. Pre-Startup Activities and Checks - Inspections, tests and 

other activities necessary to determine that equipment, 
systems and subsystems have been properly manufactured 
and installed. Pre-startup activities shall include an audit of 
all factory testing of equipment and compiling the results for 
comparison to startup testing. 

b. Functional Testing – Initial limited operation of equipment, to 
demonstrate capability of installed components to perform 
their intended functions, respond to controls, and safely 
interface with external systems, followed by operation of 
individual systems in manual and automatic mode to test full 
functionality of individual systems. 

c. Functional Acceptance Testing shall demonstrate capability 
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of installed components to perform their intended functions for 
the complete chilled water system. 

 
1.2 RELATED SECTIONS 
 

A. Division 11 – Equipment  
 
B. Division 13 – Instrumentation 
 
C. Division 15 - Mechanical 
 
D. Division 16 – Electrical 

 
1.3 GENERAL 

 
A. The Contractor shall be responsible for and furnish all labor, materials, 

instruments, incidentals, and equipment required for startup and testing. 
Temporary facilities required to carry out the specified testing, including 
temporary pipe, pumps, and other appurtenances, shall be furnished and 
installed, and removed when no longer required for startup and testing.  Refer 
to the Whitebook and Greenbook Responsibilities of the Contractor section 
for requirements concerning water and power for startup and testing.   

 
B. Startup and testing shall be conducted during normal working hours during 

the workweek of Monday through Friday, unless otherwise approved by the 
Engineer. Where continuous long-term testing is required, testing may 
continue over the weekends and holidays with prior approval from the 
Engineer and Plant Personnel. 

 
C. The Contractor’s startup manager shall be on site full time at least 30 days 

prior to any field startup and testing activities and shall remain on site until 
all startup and testing activities are complete. 

 
1.4 STARTUP MANAGER 

 
A. The Contractor’s startup manager shall be a startup and testing expert in  

starting up equipment and systems of similar type, size, capacity, and 
complexity to the equipment and systems included in this Project. The startup 
manager shall have the necessary experience to fully understand all startup 
requirements, to manage the Contractor’s resources providing the startup 
services, and to prepare all startup documentation, as specified. The startup 
manager’s assigned duties and responsibilities are those specifically related 
to planning, supervising, and executing startup activities and shall include, 
but shall not be limited to the following: 

 
1. Coordinating all testing and startup activities. 
 
2. Preparing all startup and field testing plans, documentation, and forms. 
 
3. Liaising between the Contractor, Engineer, and Plant Personnel for 
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all startup and testing activities. 
 
4. Developing a comprehensive schedule for all startup activities and 

providing regular schedule updates. The startup and testing schedule 
shall be incorporated into the Progress Schedule. 

 
5. Scheduling and leading startup and testing planning meetings. 
 
6. Conducting coordination meetings during startup and testing at least 

weekly. 
 
7. Coordinating manufacturers’ services and their certification of proper 

installation and/or operation of equipment as required by the 
Specifications. 

 
8. Overseeing and administering all startup and testing activities, 

including either direct participation in the activities and/or oversight 
and monitoring of activities. It shall be the startup manager’s 
responsibility to assure that all tests have been completed in 
accordance with accepted testing procedures. 

 
9. Ensuring readiness for and coordinating maintenance, repair, and 

adjustment of equipment and systems during startup and testing. 
 
10. Conducting or overseeing pre-test checks to ensure readiness for testing. 
 
11. Verify all piping hydrostatic testing and flushing has been completed 

prior to field testing connected equipment. 
 
12. Ensuring all testing equipment is in proper working order and has 

been calibrated to appropriate standards. 
 
13. Developing safe work policies and procedures including 

lockout/tagout procedures and personal protective equipment 
policies, that will be followed during all field startup and testing 
activities.  At a minimum the Contractor shall comply with OSHA 
and the City’s established safety guidelines.  It shall be the startup 
manager’s responsibility to assure all safety procedures are 
followed at all times. 

 
14. Reviewing and approving all equipment training sessions prior to 

submission to Engineer, to assure that the training is compliant with 
the requirements of the Specifications and includes all applicable 
operation, maintenance, safety, functional, performance, and startup 
and testing information. 
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15. Organizing teams made up of qualified representatives of Suppliers, 
Subcontractors, and others, as appropriate, to efficiently and 
expeditiously startup and test the equipment and systems installed 
and constructed under this CONTRACT. The objective of this 
program shall be to demonstrate to the Engineer that the structures, 
systems, and equipment constructed and installed under this 
CONTRACT meet all performance requirements and the facility is 
ready for operation as intended. In addition, the testing program shall 
produce baseline operating conditions for the City to use in a 
preventive maintenance program. 

 
16. Ensuring the development and maintenance of records documenting 

all startup and testing activity.  The records shall be organized by 
major process system into organized files/binders and turned over to 
the Engineer prior to applying for final payment. Testing records shall 
be accessible to the Engineer and Plant Personnel at all times to allow 
monitoring of the progress. 

 
17. Ensuring the startup team is equipped and ready to make emergency 

repairs and adjustments to equipment installed and modified as part 
of the Project. 

 
18. Scheduling and conducting a one day workshop with the Engineer 

and Plant Personnel to resolve submittal review comments to the 
Contractor’s startup and testing plan submittal. 

 
19. Notifying the Engineer and all respective equipment manufacturers at 

least 20 days prior to the date when each equipment system is 
scheduled for pre-startup activities and checks. 

 
20. Organize International Electrical Testing Association (NETA) 

acceptance testing in accordance with the Electrical Equipment 
Installation section. 

 
1.5 STARTUP TEAM 

 
A. The startup team shall include the startup manager and all staff deemed 

necessary for successful completion of startup and testing.  This will typically 
include Engineers, major equipment vendors, operators, and representatives 
from the Instrumentation and Control System Supplier. Additional trade 
representatives may be included as project requirements dictate. 

 
1.6 MANUFACTURER’S FIELD SERVICES REPRESENTATIVE 

 
A. The manufacturers shall provide a technically qualified field-service 

representative for the installation, startup, and testing of equipment 
furnished, as specified in the equipment sections. The manufacturer shall 
submit qualifications for all key personnel to be involved in startup 
activities. 
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B. The manufacturer’s field services representative shall be employed full-time 
in installation, startup, and testing of similar equipment and facilities and work 
directly for the manufacturer. The representative shall have conducted 
startup activities similar to those required herein on at least one other project 
of similar complexity.  The Engineer shall have the right to reject the 
manufacturer’s field services representative at any time, for immediate 
replacement by the manufacturer, if the accepted qualifications are not 
representative of the actual experience or abilities of the representative, as 
determined by the Engineer. 

 
1.7 SUBMITTALS  
 

A. Contractor shall submit the following information in accordance with the 
requirements of the Greenbook and Whitebook Submittals section. 

 
1. Startup manager’s qualifications. Submittal shall be made at the 

preconstruction conference. 
 
2. Manufacturers’ field services representative’s qualifications. 

Qualification submittals shall be made 3 weeks before the 
manufacturer’s representative is scheduled to be on site. 

 
3. Manufacturer’s certification of proper installation of all equipment as 

specified in the equipment sections. 
 
4. Equipment and system startup and testing plans and schedule in 

accordance with the requirements of this section.  Startup manager 
shall coordinate with Subcontractors and include their information in 
the startup and testing plan. 

 
5. Unless otherwise specified in the equipment sections, preliminary 

copies of field calibration results. Submittal shall be made prior to the 
start of each test for associated systems. 

 
6. Daily logs. 
 

1.8 STARTUP AND TESTING REQUIREMENTS 
 

A. Startup Checks 
 

1. Prior to field testing of all equipment, the Contractor shall perform the 
following: 

 
a. Inspect and clean equipment, devices, and connected piping 

so they are free of foreign material. 
b. Lubricate equipment in accordance with 

manufacturer’s instructions. Turn rotating equipment 
by hand. 

c. Open and close valves by hand and operate other devices to 
check for binding, interference, or improper functioning. 
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d. Test and commission related electrical system components in 
accordance with the requirements specified in the Electrical 
and the Common Motor Requirements For Process 
Equipment sections. 

e. Calibrate all instruments associated with the equipment. 
f. Check for proper rotation, adjustment, alignment, balancing, 

mechanical and electrical connections, and any other 
conditions that may damage or impair equipment from 
functioning properly. 

g. Inspect and verify proper anchorage. 
h. Obtain manufacturer’s certification of proper installation where 

specified in the equipment sections. 
 

2. All equipment shall be confirmed ready to test by the Engineer based 
on the following: 

 
a. Acceptance of Contractor’s startup and testing plan. 
b. Notification in writing by the startup manager that each piece 

of equipment or system is ready for testing. 
c. Verification by the Engineer that all lubricants, tools, 

maintenance equipment, spare parts and approved 
equipment operation and maintenance manuals have been 
furnished as specified. 

d. Cleanliness of equipment, devices, and connected work. 
e. Completion of work adjacent to or interfacing with equipment to be 

tested. 
f. Confirmation of manufacturer’s representative’s availability to 

assist with testing, where specified, and fulfillment of all other 
manufacturers’ responsibilities as specified. 

g. Engineer’s inspection of all related civil construction, 
mechanical, and electrical installations. 

h. Confirmation of completion of testing of all adjacent piping, 
duct work and other affected WORK. 

 
B. Functional Testing 

 
1. All startup checks shall be completed prior to functional 

testing.  Functional testing shall be in accordance with 
relevant standards and in accordance with instructions of the 
manufacturers. 

 
2. Ancillary and/or temporary facilities necessary to recycle, control, or 

discharge water, air, chemical, or gas from facilities being tested, shall 
be operational. 

 
3. Functional testing shall include the functional operation of each piece 

of equipment. All moving parts of equipment and machinery shall be 
tested and adjusted so that they move freely and function 
satisfactorily.  Functional testing shall demonstrate correct operation 
of all hardwired interlocks and controls. 
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4. Functional testing of power actuated valves shall include at least 4 

full open-close operations. Testing shall demonstrate the maximum 
number of operations per hour as recommended by the actuator 
manufacturer without overheating. 

 
5. Once functional testing of individual pieces of equipment is 

completed, individual systems functional testing shall commence. 
Individual system functional testing shall include startup of the 
complete system of mechanical, electrical, and instrumentation and 
control equipment as a functional process system.  Field inspection 
prior to startup as specified in the Instrumentation and Control section, 
other testing by the instrumentation and control system supplier 
required to verify readiness for automatic operation of the individual 
system, shall be completed before commencement of individual 
system functional testing. 

 
6. Individual system functional testing shall include operation in manual 

and automatic modes, startup operation, and shutdown in normal 
and emergency modes. Individual systems shall be tested over their 
entire operating range and for sufficient time to demonstrate the 
intended functionality of each piece of equipment and the system.  If 
any part of a system shows evidence of unsatisfactory or improper 
operation during the test period, correction or repairs shall be made 
and the functional testing shall be repeated until satisfactory results 
are obtained. 

 
7. Functional testing of all process and pumping equipment and drive 

motors, including auxiliary equipment, shall be in accordance with the 
appropriate and approved test codes, such as those specified by the 
American Society of Mechanical Engineers, Hydraulic Institute 
Standards, and IEEE. 

 
8. Qualified personnel from the electrical and mechanical trades 

responsible for installation of the equipment shall be available during 
functional testing involving electrically operated equipment. Where 
appropriate, a representative of the instrumentation and control 
system supplier shall also be available. 

 
C. Functional Acceptance Testing (F.A.T.) 

 
1. Upon completion of the Contractor’s functional testing and 

associated documentation has been submitted and accepted by the 
Engineer, the Contractor shall make final connections to the existing 
operational chilled water system. Upon connection, the Contractor 
shall assist the Plant Personnel to conduct F.A.T. of each complete 
process system by placing the improvements online under normal 
plant operations. The F.A.T. shall demonstrate individual systems 
meet the specified requirements.  F.A.T. shall include the successful 
demonstration of all operating functions and conditions that are 
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specified for the equipment, system, and controls. The Contractor 
shall provide staff “on-call” during the F.A.T. period who can be onsite 
at the MBC facility within two hours of a call from the Plant Personnel 
due to a system failure. The “on-call” status shall remain in effect for 
thirty days for each system as it is placed online. Equipment 
manufacturer’s representative shall be on site during F.A.T. when 
specified in the equipment specifications. 

 
2. The Contractor shall be responsible for preparing and coordinating 

with the Engineer in the preparation of documents for submission 
noted below to perform the F.A.T. The F.A.T. shall include the 
following submissions prior to commencement: 

 
3. Prerequisite checklist, to be acknowledged by the Engineer and Plant 

Personnel prior to initiating the test that demonstrates that all testing 
and other Work required to be completed prior to the test is complete. 

 
a. Listing of Plant Personnel necessary to operate the system 

and conduct any related monitoring of performance. 
b. A listing of Contractor's personnel designated to supervise 

and direct the Plant Personnel as required herein. 
c. A listing of Contractor's personnel available for “on-call” status 

as specified above. 
d. Listing of standby personnel, equipment, and materials that 

will be available if needed during the test period. 
e. Step-by-step procedures for operation of the facility showing 

how local and remote control of equipment will be 
demonstrated. 

f. Description of all data and other information to be reported 
in support of the completed test. Include any blank data logs 
that may be used for recording results. 

g. Descriptions of all necessary calculations that must be 
completed to verify the specified results are being achieved, 
including formulas. 

h. Blank sign-off form for the test acknowledging the 
Contractor’s, Engineer’s, Plant Personnel’s, and the 
equipment manufacturer’s acceptance of the F.A.T. 

 
4. Contractor shall provide Engineer 14 days’ notice prior to testing of 

any individual system. 
 
5. Individual system F.A.T. shall continue for 7 days without interruption 

for each system, and all parts shall operate satisfactorily in all 
respects under a range of conditions to simulate the full operating 
range of the equipment or system.  If there are multiple parallel 
components or trains, then the testing duration will be 7 days for 
each individual train. 

 
6. If any part of a system shows evidence of unsatisfactory or improper 

operation during the testing period, correction or repairs shall be 
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made and the test repeated until the test is successfully completed. 
Testing interrupted by power failure will not be required to be 
repeated, but the test shall be continued upon restoration of power 
and extended to the specified duration at no additional cost to the 
City. 

 
7. During this F.A.T. period, the Plant Personnel shall operate all equipment. 

 
1.9 STARTUP SCHEDULE AND STARTUP PLANS  

 
A. Plans and schedules shall be developed to facilitate coordinated and 

efficient startup and testing of the Project equipment and systems. 
 
B. The Contractor shall submit a startup and testing plan and schedule to the 

Engineer no later than 90 calendar days prior to the commencement of 
startup and testing. A minimum of 20 working days shall be allowed for 
review by Engineer. The schedule and plan must be accepted a minimum of 
30 days prior to commencement of startup and testing. The schedule and 
plan shall include sections for startup checks, functional testing, and 
functional acceptance testing. 

 
C. Forms for startup and testing shall include identification of equipment or 

system, startup/test date, nature of startup/test, startup/test objectives, 
startup/test prerequisites, startup/test results, instruments employed for the 
startup/test and signature spaces for the Engineer’s witness (where 
applicable) and the Contractor’s startup manager. 

 
D. Startup Schedule  
 

1. A startup schedule that provides an overall sequence and duration 
for all startup and testing activities shall be prepared and maintained. 
This schedule shall serve as a companion to but shall not be a 
replacement for the startup plan. The startup schedule described in 
this section shall be integrated into the overall construction schedule 
and shall be prepared as specified in the Greenbook. The startup 
schedule shall be updated weekly during the startup and testing 
period. 

 
E. Startup Plan 

 
1. The Startup Plan shall include the following: 

 
a. Introduction with a narrative description of the overall testing 

and startup program. The description shall include all 
contractual or regulatory treatment requirements to be 
demonstrated. 

b. A summary of the objectives and approach for startup checks, 
functional testing, and functional acceptance testing. 

c. List of the instruments, equipment, and systems that will 
undergo startup and testing with references to the appropriate 
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piping and instrumentation diagrams, equipment 
tags/identification numbers, Specification number and 
standards for testing procedures. 

d. Schedule for startup and field testing for each instrument, 
piece of equipment (including redundant equipment), and 
system. 

e. Safety and emergency response plan including a list of 
emergency and non-emergency contacts (email and 
phone). 

f. Organization chart for Contractor’s startup and testing 
personnel with assigned responsibilities for each. 

g. Startup and testing record keeping plan. 
h. Plan for reuse and disposal of water/wastewater from startup 

and testing, including information on any required regulatory 
permits/approvals. 

i. Description of temporary facilities that will 
be provided.  

 
2. Within 7 to 14 days of initial submittal of the startup plan, the 

Contractor shall schedule a workshop with the Engineer and Plant 
Personnel to present the plan. The Contractor shall submit minutes 
of the workshop, including action items and a schedule for updating 
the startup plan, to the Engineer within 3 days of the workshop. 

 
3. Individual plans for each phase of startup and testing can be 

assembled as chapters in the startup plan or submitted as individual 
documents but should be correlated to ensure there is not 
disagreement between chapters or separate documents. 

 
4. Startup Checks Plan 

 
a. The startup checks plan shall be subdivided into plans for 

each system and major component. Each system/major 
component plan shall include but not be limited to the 
following: 

 
1) Identification of information for each component or 

piece of equipment to be inspected as part of the 
system. All applicable tag numbers shall be included. 

2) Specific activities to be completed on each 
component, piece of equipment, or system as required 
to demonstrate proper installation and connection. 

3) A tracking checklist of prerequisites for the checks 
and each step of the checking procedure, including 
any temporary facilities or utility requirements. 

4) Listing of manufacturer’s representative(s) to be on site 
during the check. 

5) Sign off forms for the Contractor’s startup manager. 
 

5. Functional Testing and Functional Acceptance Testing Plans  
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a. The functional testing plan and F.A.T. plan shall include 

procedures and reporting for testing. The plans shall be 
subdivided into testing plans for each system. Each system 
test plan shall include but not be limited to the following: 

 
1) A narrative description of the purpose and goals of the 

test for each component, piece of equipment, or 
system, which should include all activities (including 
those required by vendors/suppliers) necessary to 
verify proper equipment and system functionality. 

2) Identification of each component or piece of equipment 
to be tested as part of the system. All applicable tag 
numbers shall be included. 

3) Schedule and duration for the tests. 
4) Prerequisites for each test, including any temporary 

facilities or utility requirements. 
5) Pass/fail criteria for the test. 
6) A checklist for tracking testing progress which includes 

prerequisites for the test and each step of the testing 
procedure. The check list shall include specified 
performance criteria that are to be met. 

7) A description of test apparatus required to conduct the test. 
8) Identification of all temporary facilities required 

during startup. 
9) Listing of manufacturer’s representative(s) to be on 

site during the test. Certificates of proper installation, 
as applicable to the test. 

10) Step-by-step detailed procedure of the test. The level 
of detail shall be sufficient for a witness to be able to 
follow the steps during the test and be confident that 
the test is being performed as planned. All steps 
required to proceed through the test in an orderly 
manner are considered significant and each of these 
steps shall be included in the procedure. 

11) Copies of the data recording forms that will be used during 
the test. 

12) Calculation methodologies to be used to evaluate the data 
and/or test criteria for the test. 

13) Sample computations or analyses for the test with 
results in the same format as the final report.  This 
item is intended to demonstrate how data collected 
will be used to generate final results.  A sample shall 
be included for each type of computation required for 
the test and analysis of results. 

14) Blank sign-off forms for the test acknowledging the 
startup manager’s, Engineer’s, Plant Personnel, and 
equipment manufacturer’s acceptance of the test 
where applicable. 

 

MBC Cooling Water System Chiller Upgrade Attachment E – Technicals 97 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 01650 – STARTUP REQUIREMENTS 
Volume 1 of 2 (December 2018)     SECTION 01650 - 12 of 14 

1.10 REPORTS AND RECORDS 
 

A. Records of all startup and testing shall be compiled by the Contractor and 
submitted to the Engineer. Prior to being submitted to the Engineer, the 
startup manager shall certify that the results recorded and the tested 
systems comply with the CONTRACT requirements. Records shall include 
all documentation assembled for each piece of equipment or system 
involved in the startup and testing, including all certifications, forms, and 
check lists completed during the startup and test, and sign-off forms. 

 
B. Records of all startup and testing shall be compiled as separate documents 

for each system tested, and shall be submitted within 48 hours of completion 
of the startup and testing for each system. Testing samples that require 
analysis periods greater than 48 hours shall be clearly defined in the startup 
plan but shall not preclude delivery of the balance of the records within the 
48 hour timeframe. 

 
C. The Contractor shall provide formal reporting and documentation of failures, 

malfunctions or defects, and repairs made during the startup and/or testing 
activities.  A “System Problem Report” form is included at the end of this 
section, and shall be used by the Contractor to document problems that arise 
during these tests and their resolution.  Records submitted shall include 
“System Problem Report” forms completed during testing. 

 
**END OF SECTION** 
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SYSTEM PROBLEM REPORT 
 
Project Name: MBC Chilled Water System Upgrade  

Test Name: 

Test Number: 
 
Problem Type:  Hardware Software Documentation Unknown Other 

 
SYMPTOMS: 

Time: Date: By: 

 
Description: 

 
 
 
 
 
Can problem be reproduced at will? Y /N 

 
DIAGNOSIS: 

Time: Date: By: 

 
Description: 

    
    
    
    

 
CORRECTION: 

Time: Date: By: 

 
Description: 

    
    

 
FINAL SIGN OFF 

Time: Date: By: 
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SECTION 01730 – OPERATION AND MAINTENANCE DATA 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. The Contractor shall provide operation and maintenance data in the form of 
instructional manuals for use by City personnel for all equipment and systems 
including but not limited to pumps, motors, and drives, all valves, gates and related 
accessories, and all instruments and control devices.  

 
B. Definitions:  

 
1. Operation and Maintenance Data:  

 
a. The term "operation and maintenance data" includes all product 

related information and documents which are required for 
preparation of the operation and maintenance manual. It also 
includes all data, which must accompany said manual as directed 
by current regulations of any participating government agency.  

b. Required operation and maintenance data includes, but is not 
limited to, the following:  
 
1) Complete, detailed written operating instructions for each 

product or piece of equipment including: equipment 
function; operating characteristics; limiting conditions; 
operating instructions for startup, normal and emergency 
conditions; regulation and control; and shutdown.  

2) Exploded view of the equipment with all individual parts 
labeled and accompanied by a complete parts list with part 
numbers and parts ordering information. 

3) Complete, detailed written preventive maintenance 
instructions as defined below.  

4) Recommended spare parts lists and local sources of supply 
for parts. 

5) Written explanations of all safety considerations relating to 
operation and maintenance procedures. 

6) Name, address and phone number of manufacturer, 
manufacturer's local service representative, and  
Subcontractor or installer. 

7) Copy of all approved Shop Drawings, and copy of warranty 
bond and service contract as applicable. 

 
1.2 RELATED SECTIONS 
 

A. Section 01600 – General Equipment Provisions 
 

B. Section 01650 –Startup Requirements 
 

C. Division 11 – Equipment 
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D. Division 13 – Instrumentation 
 
E. Division 15 – Mechanical 
 
F. Division 16 – Electrical 

 
1.3 SUBMITTALS 
 

A. The following shall be submitted in compliance with Section 01300: 
 

1. The Contractor shall submit six (6) copies of all the operations and 
maintenance data to the Engineer within 30 days after approval of the final 
Shop Drawing.  

 
2. Provide a letter of transmittal with each submittal and include the following 

in the letter:  
 
a. Date of submittal.  
b. Contract title and number.  
c. Contractor's name and address.  
d. A list of the attachments and the Specification Sections to which 

they relate.  
e. Reference to or explanation of related submittals already made or 

to be made at a future date.  
 

B. Format Requirements:  
 

1. The Contractor shall use 8-1/2 inch by 11-inch paper of high quality. Larger 
drawings or illustrations are acceptable if neatly folded to the specified size 
in a manner, which will permit easy unfolding without removal from the 
binder.  Provide reinforced punched binder tab or provide fly-leaf for each 
product. 

 
2. All text must be legible typewritten, or machine printed originals or high-

quality copies of same.  
 

3. Each page shall have a binding margin of approximately 1-1/2 inches and 
be punched for placement in a three D-ring loose-leaf or triple post binder.  
Provide binders not less than one inch or more than 2-1/2 inches thick.  
Identify each binder on the spine and outside front cover with the following: 
 
a. Title "OPERATING AND MAINTENANCE INSTRUCTIONS". 
b. Title of Project:  _______________. 
c. Project Number:  ______________. 
d. Identity of building, structure, or area as applicable. 
e. Identity of general subject matter covered. 
f. Date______. 
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4. The Contractor shall use dividers and typewritten indexed tabs between 
major categories of information such as operating instructions, preventive 
maintenance instructions, or other.  When necessary, place each major 
category in a separate binder.  

 
5. The Contractor shall provide a table of contents for each binder.  

 
6. The Contractor shall identify products by their functional names in the table 

of contents and at least once in each chapter or Section.  Thereafter, 
abbreviations and acronyms may be used if their meaning is explained in 
a table in the back of each binder.  Use of model or catalog numbers or 
letters for identification is not acceptable.  

 
1.4 PREVENTIVE MAINTENANCE INSTRUCTIONS  
 

A. The term "preventive maintenance instructions" includes all information and 
instructions required to keep a product or piece of equipment properly lubricated, 
adjusted and maintained so that the item functions properly throughout its full 
design life.  

 
B. Preventive maintenance instructions include, but are not limited to, the following:  

 
1. A written explanation with illustrations for each preventive maintenance 

task.  
 

2. Recommended schedule for execution of preventive maintenance tasks. 
 

3. Lubrication charts.  
 

4. Table of alternative lubricants.  
 

5. Trouble shooting instructions.  
 

6. List of required maintenance tools and equipment. 
 

7. List of spare parts, if applicable. 
 
PART 2 - PRODUCTS (NOT USED) 
 
PART 3 - EXECUTION (NOT USED) 
 

**END OF SECTION** 
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SECTION 02050 - DEMOLITION AND SALVAGE 
 

PART 1 - GENERAL 
 
1.1 DESCRIPTION 
 

A. This Section includes general procedures for the demolition and disposal of 
material associated with the work. 

 
B. Definitions: 

 
1. Existing Conditions: Contractor shall visit the site and inspect the nature 

and condition of all facilities to be demolished, partially demolished, 
modified, or altered in any way prior to submittal of its Bid. No increase in 
cost or extension of Contract time will be considered for failure to know 
the conditions of the site and structures. 

 
2. Demolition and Disposal:  All materials removed under demolition work, 

including dismantled structural members, concrete footing, miscellaneous 
and structural metals, and other construction debris shall become the 
property of the Contractor and be removed from the site as trash. Trash 
and debris shall be disposed legally, off site, by the Contractor. Upon 
removal from site, Contractor shall have the rights of salvage of materials. 

 
3. Abandon in Place:  Items to be abandoned shall remain in place and be 

abandoned in accordance with procedures as shown and specified in the 
Contract Documents. Abandonment shall be limited to the items shown 
on the Contract Drawings and those required by the Engineer. All 
abandonment methods shall be discussed and approved by the Engineer. 

 
4. Salvage:  Any equipment and/or appurtenances to be salvaged will be 

identified by the Engineer and delivered to City undamaged. 
 
1.2 QUALITY ASSURANCE 
 

A. Protection of Existing Facilities: The Contractor shall diligently protect existing 
structures and property of the City while proceeding with work of this section and 
the entire Contract. All damage shall be repaired at once to the satisfaction of the 
Engineer. All such repairs shall be at the expense of the Contractor and no claims 
for additional payment will be accepted. 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 

 
A. The following referenced sections of the Standard Specifications for Public Works 

Construction (SSPWC, hereinafter, the Greenbook) apply to the work of this 
section: 

 
1. Greenbook Section 5 
 
2. Greenbook Section 306 
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1.4 SUBMITTALS 
 

A. Submittals shall be provided in accordance with Section 2-5 and applicable 
subsections of the Greenbook and the City Supplement to the Greenbook 
(hereinafter Whitebook), and shall include the following information: 

 
1. Submit copy of permits required by regulatory agencies for demolition 

work and handling of hazardous materials. 
 
1.5 PROJECT CONDITIONS 
 

A. Engineer assumes no responsibility for actual condition of structures to be 
demolished. 

 
1.6 DEMOLITION OF EXISTING FACILITIES 
 

A. Comply with environmental regulations for removal and disposal of hazardous 
material components. 

 
PART 2 - PRODUCTS (NOT USED) 
 
PART 3 – EXECUTION 

 
3.1 GENERAL REQUIREMENTS 
 

A. All demolition, salvage, and renovation work shall be conducted in a manner 
which will protect the environment, promote public health and safety, and 
preclude nuisance conditions. 

 
B. Erect and maintain security devices as necessary, including fencing and gates, 

for protection of the public and City. Do not close or obstruct roadways, 
sidewalks, or hydrants without applicable permits. 

 
C. Protect existing improvements and facilities not to be demolished, including but 

not limited to adjacent structures; walls; fences; sidewalks and roadways not 
designated to be demolished; utilities not designated to be abandoned, removed, 
or salvaged; and any other items not designated to be abandoned, removed, or 
salvaged. 

 
D. Remove materials from site as work progresses. Do not allow materials to 

accumulate on-site. 
 
E. Accurately record actual locations of capped utilities for record documents. 

 
3.2 INSPECTION 
 

A. The Contractor shall inspect existing structures prior to beginning abandonment 
procedures. 
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3.3 REPAIR AND RESTORATION 
 

A. General: The Contractor shall alter or rework existing structures as shown and 
specified. Generally, when structural items of are removed, the areas and 
surfaces from which thee items were removed shall be left with a neat 
appearance and finish compatible with surrounding areas, colors, and surfaces. 
The Contractor shall do all painting, sanding, and other work as necessary to 
comply with the above requirements. Prior to structural modifications, all surfaces 
shall be subject to inspection by the Engineer. Colors shall match existing colors 
as closely as possible. For replacement, repair of restoration of work removed, 
comply with the specifications for the type of work to be done. 

 
3.4 DEMOLITION OF EXISTING STRUCTURES 
 

A. Structures that are in the way of new construction shall be removed completely, 
regardless of whether they are above or below existing or proposed ground or 
grade. 

 
B. This work may be done in any manner selected by the Contractor, and reviewed 

by the Engineer, that does not endanger adjacent structures and property. The 
use of explosives will not be permitted for any purposes. 

 
C. Structural steel members shall be cut into sections of such weight and size as will 

permit convenient handling, hauling, and storage. Concrete to be demolished and 
removed shall be broken into pieces not greater than 24-inches in any dimension 
by methods reviewed by the Engineer. 

 
3.5 SALVAGE 
 

A. When the Contractor is required to remove existing items from the site it will be 
the property of the Contractor, unless stipulated otherwise based on the 
discretion of the Engineer to be considered salvage. All materials identified as 
salvage are considered property of the City. 

 
B. The Contractor shall store all materials identified as salvage in a safe location, 

out of traffic or otherwise disrupting the work, or shall deliver salvage to the City's 
Field Operations Yard as directed by the Engineer. 

 
C. The Contractor shall legally dispose of all other materials in an appropriate 

manner. Disposal is the responsibility of the Contractor. Obtain concurrence from 
the agency having disposal jurisdiction with respect to disposal sites and 
transportation methods. 

 
**END OF SECTION** 
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SECTION 03300 - CAST-IN-PLACE CONCRETE 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Section includes cast-in-place concrete, including formwork, reinforcement, 
concrete materials, mixture design, placement procedures, and finishes. 

 
1.2 SUBMITTALS 
 

A. Submittals shall be provided in accordance with Section 2-5 and applicable 
subsections of the Greenbook and the Whitebook, and shall include the following 
information: 

 
1. Product Data:  For each type of product indicated. 
 
2. Design Mixtures:  For each concrete mixture. 
 
3. Steel Reinforcement Shop Drawings:  Placing drawings that detail 

fabrication, bending, and placement. 
 
4. Welding Certificates 
 
5. Material Certificates 
 
6. Material Test Reports 
 
7. Floor Surface Flatness and Levelness Measurements 

 
1.3 QUALITY ASSURANCE 
 

A. Manufacturer Qualifications: 
 

1. Manufacturer certified according to NRMCA's "Certification of Ready 
Mixed Concrete Production Facilities." 

 
B. Testing Agency Qualifications An independent agency, acceptable to authorities 

having jurisdiction, qualified according to ASTM C 1077 and ASTM E 329 for 
testing indicated. 

 
C. ACI Publications: Comply with the following unless modified by requirements in 

the Contract. 
 

1. ACI 301, "Specifications for Structural Concrete," Sections 1 through 5. 
 
2. ACI 117, "Specifications for Tolerances for Concrete Construction and 

Materials." 
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D. Concrete Testing Service: Engage a qualified independent testing agency to 
perform material evaluation tests and to design concrete mixtures. 

 
PART 2 - PRODUCTS 
 
2.1 FORM-FACING MATERIALS 
 

A. Smooth-Formed Finished Concrete: Form-facing panels that will provide 
continuous, true, and smooth concrete surfaces. Furnish in largest practicable 
sizes to minimize number of joints. 

 
B. Rough-Formed Finished Concrete:  Plywood, lumber, metal, or another approved 

material. Provide lumber dressed on at least two edges and one side for tight fit. 
 
2.2 STEEL REINFORCEMENT 
 

A. Reinforcing Bars:  ASTM A 615, Grade 60, deformed. Reinforcing steel shall not 
be welded. 

 
B. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, 

supporting, and fastening reinforcing bars and welded wire reinforcement in 
place. Manufacture bar supports from steel wire, plastic, or precast concrete 
according to CRSI's “Manual of Standard Practice.” 

 
2.3 CONCRETE MATERIALS 
 

A. Cementitious Material:  Use the following cementitious materials, of the same 
type, brand, and source, throughout Project: 

 
1. Portland Cement:  ASTM C 150, Type II/V, gray. Supplement with the 

following: 
 

a. Fly Ash:  ASTM C 618, Class F. 
b. Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 

100 or 120. 
 

B. Normal-Weight Aggregates:  ASTM C 33, graded. 
 

1. Maximum Coarse-Aggregate Size:  1 inch.  Free of materials with 
deleterious reactivity to alkali in cement. 

 
2. Fine Aggregate:  Free of materials with deleterious reactivity to alkali in 

cement. 
 

C. Water:  ASTM C 94 and potable. 
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2.4 ADMIXTURES 
 

A. Air-Entraining Admixture:  ASTM C 260. 
 
B. Chemical Admixtures: Provide admixtures certified by manufacturer to be 

compatible with other admixtures and that will not contribute water-soluble 
chloride ions exceeding those permitted in hardened concrete. Do not use 
calcium chloride or admixtures containing calcium chloride. 

 
1. Water-Reducing Admixture:  ASTM C 494, Type A. 
 
2. Retarding Admixture:  ASTM C 494, Type B. 
 
3. Water-Reducing and Retarding Admixture:  ASTM C 494, Type D. 
 
4. High-Range, Water-Reducing Admixture:  ASTM C 494, Type F. 
 
5. High-Range, Water-Reducing and Retarding Admixture:  ASTM C 494, 

Type G. 
 
6. Plasticizing and RETARDING Admixture:  ASTM C 1017, Type II. 

 
2.5 VAPOR RETARDERS (NOT USED) 
 
2.6 CURING MATERIALS 
 

A. Evaporation Retarder:  Waterborne, monomolecular film forming, manufactured 
for application to fresh concrete. 

 
B. Absorptive Cover:  AASHTO M 182, Class 2, burlap cloth made from jute or 

kenaf, weighing approximately 9 oz./sq. yd. when dry. 
 
C. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-

polyethylene sheet. 
 
D. Water:  Potable. 
 
E. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 

1, Class B, dissipating. 
 
2.7 RELATED MATERIALS 

 
A. Expansion- and Isolation-Joint-Filler Strips:  ASTM D 1751, asphalt-saturated 

cellulosic fiber. 
 
2.8 CONCRETE MIXTURES 
 

A. Prepare design mixtures for each type and strength of concrete, proportioned 
on the basis prof laboratory trial mixture or field test data, or both, according to 
ACI 301. 
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B. Cementitious Materials:  Use fly ash, pozzolan, ground granulated blast- furnace 

slag, and silica fume as needed to reduce the total amount of portland cement, 
which would otherwise be used, by not less than 15 percent. 

 
C. Admixtures:  Use admixtures according to manufacturer's written instructions. 

 
1. Use plasticizing admixture in concrete, as required, for placement and 

workability. 
 
2. Use water-reducing and retarding admixture when required by high 

temperatures, low humidity, or other adverse placement conditions. 
 
3. Use water-reducing admixture in all concrete. 

 
D. Proportion normal-weight concrete mixture as follows: 

 
1. Minimum Compressive Strength:  3250 psi at 28 days. 
 
2. Maximum Water-Cementitious Materials Ratio:  0.45. 
 
3. Slump Limit:  4 inches before adding water-reducing admixture or 

plasticizing admixture, plus or minus 1 inch. 
 
2.9 FABRICATING REINFORCEMENT 
 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 
 
2.10 CONCRETE MIXING 
 

A. Ready-Mixed Concrete: 
 

1. Measure, batch, mix, and deliver concrete according to ASTM C 94 and 
furnish batch ticket information. 

 
2. When air temperature is between 85 and 90 deg F, reduce mixing and 

delivery time from 1-1/2 hours to 75 minutes; when air temperature is 
above 90 deg F, reduce mixing and delivery time to 60 minutes. 

 
PART 3 - EXECUTION 
 
3.1 FORMWORK 

 
A. Design, erect, shore, brace, and maintain formwork, according to ACI 301, to 

support vertical, lateral, static, and dynamic loads, and construction loads that 
might be applied, until structure can support such loads. 

 
B. Construct formwork so concrete members and structures are of size, shape, 

alignment, elevation, and position indicated, within tolerance limits of ACI 117. 
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C. Chamfer exterior corners and edges of permanently exposed concrete. 
 
3.2 EMBEDDED ITEMS 
 

A. Place and secure anchorage devices and other embedded items required for 
adjoining work that is attached to or supported by cast-in-place concrete. Use 
setting drawings, templates, diagrams, instructions, and directions furnished with 
items to be embedded. 

 
3.3 VAPOR RETARDERS (NOT USED) 
 
3.4 STEEL REINFORCEMENT 
 

A. General: 
 

1. Comply with CRSI's "Manual of Standard Practice" for placing 
reinforcement. 

 
2. Do not cut or puncture vapor retarder. Repair damage and reseal vapor 

retarder before placing concrete. 
3.5 JOINTS 
 

A. General:  Construct joints true to line with faces perpendicular to surface plane 
of concrete. 

 
B. Construction Joints: Install so strength and appearance of concrete are not 

impaired, at locations indicated or as approved. 
 

3.6 CONCRETE PLACEMENT 
 

A. Before placing concrete, verify that installation of formwork, reinforcement, and 
embedded items is complete and that required inspections have been performed. 

 
B. Deposit concrete continuously in one layer or in horizontal layers of such 

thickness that no new concrete will be placed on concrete that has hardened 
enough to cause seams or planes of weakness. If a section cannot be placed 
continuously, provide construction joints as indicated. Deposit concrete to avoid 
segregation. 

 
C. Consolidate placed concrete with mechanical vibrating equipment according to 

ACI 301. 
 
D. Cold-Weather Placement:  Comply with ACI 306.1. 
 
E. Hot-Weather Placement:  Comply with ACI 301. 

 
3.7 FINISHING FORMED SURFACES 
 

A. Rough-Formed Finish: 
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1. As-cast concrete texture imparted by form-facing material with tie holes 
and defects repaired and patched. Remove all fins and other projections. 

 
2. Apply to concrete surfaces not exposed to view. 

 
B. Smooth-Formed Finish: 

 
1. As-cast concrete texture imparted by form-facing material, arranged in an 

orderly and symmetrical manner with a minimum of seams. Repair and 
patch tie holes and defects. Remove all fins and other projections that 
exceed specified limits on formed-surface irregularities. 

 
2. Apply to concrete surfaces exposed to view. 

 
C. Rubbed Finish (NOT USED) 
 
D. Related Unformed Surfaces:  At tops of walls, horizontal offsets, and similar 

unformed surfaces adjacent to formed surfaces, strike off smooth and finish with 
a texture matching adjacent formed surfaces. Continue final surface treatment of 
formed surfaces uniformly across adjacent unformed surfaces unless otherwise 
indicated. 

 
3.8 CONCRETE PROTECTING AND CURING 
 

A. General:  Protect freshly placed concrete from premature drying and excessive 
cold or hot temperatures. Comply with ACI 306.1 for cold-weather protection and 
ACI 301 for hot-weather protection during curing. 

 
B. Evaporation Retarder:  Apply evaporation retarder to unformed concrete surfaces 

if hot, dry, or windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h 
before and during finishing operations. Apply according to manufacturer's written 
instructions after placing, screeding, and bull floating or darbying concrete, but 
before float finishing. 

 
C. Cure Concrete: 

 
1. Cure concrete according to ACI 308.1, by one or a combination of the 

following methods: 
 

a. MOISTURE CURING: Keep surfaces continuously moist for not 
less than seven days. 

b. MOISTURE-RETAINING-COVER CURING: Cover concrete 
surfaces with moisture-retaining cover for curing concrete, placed 
in widest practicable width, with sides and ends lapped at least 12 
inches, and sealed by waterproof tape or adhesive. Cure for not 
less than seven days. Immediately repair any holes or tears during 
curing period using cover material and waterproof tape. 

c. CURING COMPOUND: Apply curing compound with fugitive dye 
uniformly in continuous operation by power spray or roller 
according to manufacturer's written instructions. Apply two coats 
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minimum. Recoat areas subjected to heavy rainfall within three 
hours after initial application. Maintain continuity of coating and 
repair damage during curing period. 

 
3.9 REMOVAL 

 
A. After curing period has elapsed, remove curing compound without damaging 

concrete surfaces by method recommended by curing compound manufacturer. 
 

3.10 CONCRETE SURFACE REPAIRS 
 

A. DEFECTIVE CONCRETE: Repair and patch defective areas as approved. 
Remove and replace concrete that cannot be repaired and patched to Owner’s 
satisfaction. 
 

3.11 FIELD QUALITY CONTROL 
 

A. TESTING AND INSPECTING: Owner will engage a qualified testing and 
inspecting agency to perform field tests and inspections and prepare test 
reports. 

 
**END OF SECTION** 
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SECTION 05120 - STRUCTURAL STEEL 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. This section describes the requirements for furnishing and installing structural 
steel. 

 
B. Materials and fabrication procedures are subject to inspection and tests in mill, 

shop, and components field, conducted by a qualified inspection agency. 
Promptly remove and replace materials which do not comply. 

 
C. Design of Members and Connections:  Details are typical; similar details apply to 

similar conditions, unless otherwise indicated. Verify dimensions at site. 
 
1.2 RELATED SECTIONS 
 

A. The work of the following sections applies to the work of this section. Other 
sections of the specifications, not referenced below, shall also apply to the extent 
required for proper performance of this work. 

 
1. Section 05500 - Miscellaneous Metalwork 
 
2. Section 09900 – Painting and Coating  

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS (NOT USED) 
 
1.4 SUBMITTALS 
 

A. Submittals shall be provided in accordance with Section 2-5 and applicable 
subsections of the Greenbook and the Whitebook, and shall include the following 
information: 

 
1. Shop Drawings: 

 
a. Furnish shop drawings prepared under the supervision of a 

registered professional engineer, including complete details and 
schedules for fabrication and assembly of structural steel 
members, procedures and diagrams. 

b. Include details of cuts, connections, camber, holes, and other 
pertinent data. Indicate welds by standard AWS symbols, and 
show size, length, and type of each weld. 

c. Furnish setting diagrams, templates, and directions for installation 
of anchor bolts and other anchorages to be installed as work of 
other sections. 

d. Prepare erection drawings with sequencing in compliance with all 
current OSHA requirements. 
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2. Test Reports:  Furnish copies of test reports conducted on welded 
connections. Include data on types of tests conducted and test results. 
 

3. Surveys:  Furnish certified copies of each survey conducted by a 
registered professional engineer, showing elevations and locations of 
existing actuators, beams and columns in the vicinity of the platform, 
and final elevations and locations for new members. Show 
discrepancies between actual installation, as-built documents and 
contract documents. 

 
1.5 QUALITY ASSURANCE 
 

A. Welding Qualifications:  Prior to commencing welding, welding procedures, 
welding operations, all welders shall be qualified in accordance with AWS D1.1. 

 
B. Codes:  All work shall be executed in accordance with Chapter 22 of the 

"California Building Code, current edition (CBC)”. 
 
1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Deliver materials to site at intervals to ensure uninterrupted progress of the work. 
 
B. Deliver rebar and anchorage devices, which are to be embedded in cast-in- 

place concrete. 
 
C. Store materials to permit easy access for inspection and identification. 
 
D. Keep structural steel members off ground, using pallets, platforms, or other 

supports. 
 
E. Protect steel members and packaged materials from erosion and deterioration. 
 
F. Do not store materials on structure in a manner to cause distortion or damage 

to members or supporting structures. 
 
PART 2 - PRODUCTS 
 
2.1 MATERIALS 
 

A. General:  For fabrication of work which will be exposed to view, comply with AISC 
AESS (Architecturally Exposed Structural Steel) Category 2 and use only 
materials which are smooth and free of surface blemishes including pitting, rust 
and scale, seam marks, roller marks, rolled trade names, and roughness. 
Remove blemishes by grinding or by welding and grinding, prior to cleaning, 
treating, and application of surface finishes. 

 
B. Structural Steel Shapes:  ASTM A992. 
 
C. Structural Steel Plates, Bars and Angles:  ASTM A36, ASTM A572 if noted on 

plans or AISI Type 316 stainless steel if noted on plans. 
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D. High Strength Threaded Fasteners:  Heavy hexagonal structural bolts, heavy 

hexagon nuts, and hardened washers. Provide quenched and tempered medium-
carbon steel bolts, nuts, and washers, complying with ASTM A325. 

 
E. Welding Electrodes:  Comply with AWS Code. AWS Code E70XX min. 
 
F. Non-Metallic Non-ShrinkGrout:  Premixed, nonmetallic, noncorrosive, 

nonstaining product containing selected silica sands, Portland cement, 
shrinkage compensating agents, plasticizing and water-reducing agents; Euclid 
Chemical Co. “Euco N.S.”, L&M Construction chemicals, Inc. “Crystex”, Master 
Builders “Masterflow 713” or approved equal. 

 
2.2 FABRICATION 
 

A. Shop Fabrication and Assembly: 
 

1. Fabricate and assembly structural assemblies in shop where possible. 
 
2. Fabricate items in accordance with AISC Specifications and as indicated 

on approved shop drawings. 
 
3. Mark and match-mark materials for field assembly. 
 
4. Fabricate for delivery sequence, which will expedite erection and 

minimize field handling. 
 
5. Where shop priming is required, complete assembly, including welding, 

before start of finishing operations. Provide finish surfaces of members 
exposed-to-view which are free of markings, butts and other defects. 

 
B. Connections: 

 
1. Weld connections as indicated. 
 

C. Welded Construction:  Comply with AWS Code for procedures, appearance, and 
quality of welds and methods. Assemble and weld built-up sections by methods 
which will produce true alignment of axes without warp. 

 
2.3 SHOP PAINTING: 
 

A. General: 
 

1. Shop paint structural steel, except members to be embedded in concrete 
or mortar. Paint embedded steel which is partially exposed on exposed 
portions and initial 2-inches of embedded areas only. 

 
2. Do not paint surfaces which are to be field welded or high-strength bolted 

with friction-type connections. 
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3. Apply 2 coats of paint to surfaces inaccessible after assembly or erection. 
Each coat shall be a different color. 

 
B. Surface Preparation:  After inspection and after shipping, clean steel to be 

painted. Remove loose rust, loose mill scale, and spatter, slag or flux deposits. 
Clean steel to be field-painted in accordance with SSPC SP-6. Clean steel 
concealed in finish work in accordance with SP-3. 

 
C. Painting:  Immediately after surface preparation, apply primer at dry film thickness 

of not less than 1.5 mils, in accordance with manufacturer’s instructions. Use 
painting methods which result in full coverage of joints, corners edges and 
exposed surfaces. 

 
PART 3 - EXECUTION 
 
3.1 ERECTION 
 

A. Surveys:  Check elevations of existing beams and columns before fabrication and 
erection of new tie-rods proceeds. Do not proceed with erection until corrections 
have been made. 

 
B. Temporary Shoring and Bracing:  Provide temporary shoring and bracing 

members with connections of sufficient strength to bear imposed loads. Remove 
temporary members and connections when permanent members are in place 
and final connections are made. 

 
C. Setting Concrete Bases: 

 
1. Clean concrete surfaces of bond-reducing materials and roughen to 

improve surface bond. 
 
2. Clean bottom surfaces of base and bearing plates. 
 
3. Provide wedges or shims as necessary. 
 
4. Tighten anchor bolts after supported members have been positioned. Do 

not remove wedges or shims; cut off flush with edge of base or bearing 
plate prior to packing with grout. 

 
5. Pack grout solidly between bearing surfaces and bases or plates filling 

voids. Finish exposed surfaces, protect installed materials, and allow to 
dry. 

 
D. Field Assembly: 

 
1. Set structural members to lines and elevations indicated. Align and adjust 

members before permanently fastening. 
 
2. Clean bearing surfaces and other surfaces which will be in permanent 

contact before assembly. 
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3. Adjust for discrepancies in elevations and alignment. 
 
4. Level and plumb individual members within specified AICS tolerances. 

Establish measurements on mean operating temperature of structure. 
Make allowances for differences between temperature at time of erection 
and mean temperature of structure when completed. 

 
5. Comply with AISC Specifications for bearing, adequacy of temporary 

connections, alignment, and removal of paint on surfaces adjacent to field 
welds. 

 
6. Do not enlarge unfair holes in members by burning or by use of drift pins. 

Ream holes requiring enlargement to admit bolts. 
 

E. Touch-Up Painting: 
 

1. Clean field welds, bolted connections, and abraded areas of shop paint. 
 
2. Apply paint by brush or spray to exposed areas using same material and 

thickness as used for shop painting. 
 

3. Apply by brush or spray, minimum dry film thickness of 1.5 mils. 
 

3.2 FIELD QUALITY CONTROL 
 

A. The Engineer will: 
 

1. Review certificates of compliance. 
 
2. Inspect high strength bolted connections as required by CBC Section 

2228 and Section 1701.5.6. 
 
3. Visually inspect all welding while operators are making welds and after 

work is completed as required by CBC Section 2228 and Section 
1701.5.5. 

 
4. Non-destructive test all complete penetration groove welds larger than 3/8 

inches by ultrasonic or radiographic methods for conformance with the 
weld quality and standard of acceptance of AWS DI.1 for welds subject to 
tensile stress. 

 
**END OF SECTION** 
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SECTION 05500 - MISCELLANEOUS METALWORK 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. The work of this section includes providing miscellaneous metalwork and 
appurtenances including the following: 

 
1. Post Installed Adhesive Anchors/Rebars 

 
1.2 RELATED SECTIONS 
 

A. The work of the following sections applies to the work of this section. Other 
sections of the specifications, not referenced below, shall also apply to the extent 
required for proper performance of this work. 

 
1. Section 05120 - Structural Steel 
 
2. Section 09900 – Painting and Coating 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Except as otherwise indicated in this section of the specifications, comply with 
the Standard Specifications for Public Works Construction (SSPWC). 

 
B. The current editions of the following apply to the work of this section: 

 
1. Commercial Standards: 

 
Reference Title 

AISC MO11 Manual of Steel Constructions 

  

ASTM A36 Specification for Structural Steel 
(Angles, channels, etc.) 

 
Reference Title 

  

ASTM A283 Specification for Low and Intermediate 
Tensile Strength Carbon Steel Plates, 
Shapes and Bars 

ASTM A489 
 
 
 
 

Carbon Steel Eyebolts 
 
 
 
  
 
  

MBC Cooling Water System Chiller Upgrade 
 

Attachment E – Technicals 123 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 05500 – MISCELLANEOUS METALWORK 
Volume 1 of 2 (December 2018)      SECTION 05500 - 2 of 4 

ASTM A 569 Specification for Steel, Carbon, (0.15 
Maximum Percent) Hot Rolled, Sheet 
and Strip, Commercial Quality 

ASTM A572 Specification for Structural Steel (Grade 50) 

ASTM A 575 Specification for Steel Bars, Carbon, 
Merchant Quality, M-Grades 

ASTM A992 Structural Steel Shapes 

ANSI/AWS Structural Welding Code 

NFPA 101 Life Safety Code 

 
1.4 SUBMITTALS AND SHOP DRAWINGS 
 

A. Submittals shall be provided in accordance with Section 2-5 and applicable 
subsections of the Greenbook and the Whitebook, and shall include the following 
information: 

 
1. Shop drawings of miscellaneous metalwork including seat angles, 

supports and guides. 
 
2. Shop drawings showing proposed use of post installed adhesive 

anchors with proposed products. 
 
3. Welding procedures and welder qualifications. 

 
PART 2 - PRODUCTS 
 
2.1 MISCELLANEOUS METALWORK 
 

A. Materials:  Products fabricated of structural steel shapes shall comply with the 
requirements of ASTM A572, or A9920, and structural steel angles, channels, 
plates, and bars shall comply with the requirements of ASTM A 36. 

 
B. Corrosion Protection:  Miscellaneous metalwork of fabricated steel shall be 

primed and top coated after fabrication. 
 
C. Welding: 

 
1. Welding shall be by the metal-arc method or gas-shielded arc method as 

described in the American Welding Society's “Welding Handbook” and 
supplemented by other standards of the AWS. Qualification of welders 
shall be in accordance with the AWS Standards. 
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2. In assembly and during welding, the component parts shall be 
adequately clamped, supported and restrained to minimize distortion 
and for control of dimensions. Weld reinforcement shall comply with the 
AWS Code. Upon completion of welding, weld splatter, flux, slag, and 
burrs left by attachments shall be removed. Welds shall be repaired to 
produce a workmanlike appearance, with uniform weld contours and 
dimensions. Sharp corners of material which is to be painted or coated 
shall be ground to a minimum of 1/32-inch on the flat. 

 
D. Adhesive Anchors/Rebars: 

 
1. Unless otherwise indicated, drilled concrete rebar dowels shall be drilled 

and epoxy grouted dowels. Substitutions will not be considered.  
 

2. Glass capsule, polyester resin adhesive anchors shall not be permitted. 
 
2.2 MANUFACTURERS 
 

A. Products of the type or model (if any) indicated shall be manufactured by one of 
the following (or equal): 

 
1. Epoxy Adhesive Anchors: 

 
a. Sika/FI System with Sikadur Injection Gel Epoxy 
b. Masterbuilders Concresive Epoxy Cartridge Dispensing System 

and Concresive Paste LPL 
 
PART 3 - EXECUTION 
 
3.1 GENERAL 
 

A. Fabrication and Erection: Fabrication and erection of miscellaneous steel 
fabrications shall conform to the requirements of the American Institute of Steel 
Construction “Manual of Steel Construction.” 
 

B. General: 
 

1. Metalwork to be embedded in concrete shall be placed accurately and 
held in correct position while the concrete is placed or, if indicated, 
recesses or blockouts shall be formed in the concrete. The surfaces of 
metalwork in contact with or embedded in concrete shall be cleaned. 
Recesses may be neatly cored in the concrete after it has attained its 
design strength and the metalwork grouted in place. 

 
2. Holes shall be punched 1/16 inch larger than the nominal size of the bolts, 

unless otherwise indicated. Whenever needed, because of the thickness 
of the metal, holes shall be subpunched and reamed or shall be drilled. 
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3.2 INSTALLATION OF ANCHOR BOLTS/REBARS 
 

A. Installation of post installed, drilled-in adhesive anchors shall comply with the 
following: 
 
1. Installation recommendations by the anchor system manufacturer shall 

be followed, including maximum hole diameter. 
 
2. Concrete temperature (not air temperature) shall be compatible with 

curing requirements recommended by adhesive manufacturer. Anchors 
shall not be placed in concrete below 25 degrees F. 

 
3. Anchor/rebar diameter and grade of steel shall comply with equipment 

supplier specifications. Anchor/rebar shall be threaded or deformed full 
length of embedment and shall be free of rust, scale, grease, and oils. 

 
4. Holes shall have rough surfaces, such as can be achieved using a rotary 

percussion drill. 
 
5. Holes shall be blown clean with compressed air and be free of dust or 

standing water prior to installation. 
 
6. Anchor/rebar shall be left undisturbed and unloaded for full 

adhesive curing period. 
 

**END OF SECTION** 
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SECTION 09900 – PAINTING AND COATING  
 
PART 1 - GENERAL 
 
1.1 SCOPE 

 
A. The Contractor shall provide painting and coatings, complete and in place, in 

accordance with the Contract Documents. 
 
B. Definitions: 
 

1. The term "paint," "coatings," or "finishes" as used herein, shall include 
surface treatments, enamels, paints, epoxy resins, and all other protective 
coatings, excepting galvanizing or anodizing, whether used as a 
pretreatment, primer, intermediate coat, or finish coat.   

 
2. The term "DFT" means minimum dry film thickness. 
 

C. The Contractor and Painting Subcontractor shall attend a Pre-Painting Conference 
prior to commencing work on the job. 
 

1.2 RELATED SECTIONS 
 

A. Division 11 - Equipment 
 
B. Division 15 - Mechanical 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. References herein to "SSPC Specifications" or "SSPC" shall mean the published 
standards of SSPC, the Society for Protective Coatings. 
 

B. References herein to "NACE" shall mean the published standards of the National 
Association of Corrosion Engineers. 
 

C. Federal Specifications: 
 
1. OSHA 1910.144 Safety Color Code for Marking Physical Hazards 

 
2. Regulatory Agency Requirements:  All coatings shall be approved by the 

local Air Pollution Control District.  The Contractor shall revise painting 
systems specified herein to provide manufacturer’s regulatory agency 
approved coating system where required.  All painting systems shall be 
VOC compliant.  Equivalent systems are to be submitted at no additional 
costs to meet any new regulations. 

 
D. The work of this section shall comply with the current edition of the Uniform 

Building Code  
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E. Inspection records of field-applied coatings shall be submitted within 15 days after 
the work has been accepted. 

 
1.4 SUBMITTALS 
 

A. Submit coating manufacturer's technical and material safety data sheets for the 
products to be applied. Data sheets shall show the following information at a 
minimum, but shall show all data necessary to indicate conformance to 
specifications: 
 
1. Percent solids by volume. 

 
2. Minimum and maximum recommended dry-film thickness per coat for 

prime, intermediate, and finish coats. 
 

3. Recommended surface preparation. 
 

4. Recommended thinners. 
 

5. Statement verifying that the specified prime coat is recommended by the 
manufacturer for use with the specified intermediate and finish coats. 

 
6. Application instructions including recommended equipment and 

temperature limitations. 
 

7. Curing requirements and instructions. 
 

8. Colors (where applicable). 
  

B. Submit the name of the company and abrasive to be used, the generic type of 
abrasive, the CARB certification, and product data sheets. 

 
1.5 QUALITY ASSURANCE 

 
A. All materials of a specified painting system, including primer, intermediate, and 

finish coats, shall be produced by the same manufacturer. Thinners, cleaners, 
driers, and other additives shall be as recommended by the paint manufacturer for 
the particular coating system. 

 
1.6 DELIVERY, STORAGE AND HANDLING (NOT USED) 
 
1.7 WARRANTY 
 

A. Warranty Inspection:  A warranty inspection may be conducted during the eleventh 
month following completion of all coating and painting work.  The Contractor and 
a representative of the coating applicator and the coating material manufacturer 
shall attend this inspection. 

 
B. All defective work shall be repaired in accordance with these Specifications and to 

the satisfaction of the Engineer. The Engineer may, by written notice to the 
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Contractor, reschedule the warranty inspection to another date within the 2-year 
correction period, or may cancel the warranty inspection altogether.  If a warranty 
inspection is not held, the Contractor is not relieved of its responsibilities under the 
Contract Documents. 

 
1.8 EXTRA MATERIALS 

 
A. Furnish extra materials described below that are from same production run (batch 

mix) as materials applied and that are packaged for storage and identified with 
labels describing contents. 
 
1. Quantity:  Furnish an additional 5 percent, but not less than 1 gal of each 

material and color applied. 
 

1.9 SAFETY AND HEALTH REGULATIONS 
 

A. General: In accordance with the requirements of OSHA Safety and Health 
Standards for Construction (29CFR1926) and the applicable requirements of 
regulatory agencies having jurisdiction, as well as manufacturer’s printed 
instructions and appropriate technical bulletins and manuals, the Contractor shall 
provide and require use of personnel protective lifesaving equipment for persons 
working in or about the project site. 

 
B. Head and Face Protection and Respiratory Devices: Equipment shall include 

protective helmets which shall be worn by all persons while in the vicinity of the 
Work.  In addition, workers engaged in or near the work during sandblasting shall 
wear OSHA approved eye and face protection devices and air purifying, halfmask 
or mouthpiece respirators.  Barrier creams shall be used on any exposed areas of 
skin. 

 
C. Ventilation: Where ventilation is used to control hazardous exposure, all equipment 

shall be explosion-proof.  Forced air ventilation shall be provided to reduce the 
concentration of air contaminant to a safe limit.  Air circulation and exhausting of 
solvent vapors shall be continued until coatings have fully cured. 

 
D. Sound Levels: Whenever the occupational noise exposure exceeds maximum 

allowable sound levels, the Contractor shall implement furnish and require the use 
of approved ear protective devices. 

 
E. Illumination: Adequate illumination shall be provided while Work is in progress, 

which may include explosion-proof lights, scaffolding and electrical equipment.  
Whenever required by the Engineer, the Contractor shall provide additional 
illumination to cover all areas to be inspected.  The level of illumination for 
inspection purposes shall be determined by the Engineer. 

 
F. Temporary Ladders and Scaffolding:  All temporary ladders and scaffolding shall 

conform to applicable safety requirements.  They shall be erected where requested 
by the Engineer to facilitate inspection and shall be moved by the Contractor to 
locations as requested by the Engineer. 
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1.10 CLEANUP 
 

A. Upon completion of the Work, all staging, scaffolding and containers shall be 
removed from the site or destroyed in a manner approved by the Engineer.  
Coating spots and oil or stain upon adjacent surfaces shall be removed and the 
job site cleaned.  All damage to adjacent surfaces or facilities resulting from the 
Work shall be cleaned, repaired or refinished to the satisfaction of the Engineer at 
no additional cost to the City. 

 
PART 2 - MATERIALS 
 
2.1 GENERAL 

 
A. Coating products shall conform to State of California air quality regulations, which 

limits volatile organic compounds per gallon of coating product.  The following 
index lists the various painting and coating systems by service and generic type. 

 
PAINT COATINGS SYSTEM INDEX 

No. Title Generic Coating 
15 Exposed Metal, Atmospheric Weathering 

Environment 
Epoxy/Polyurethane 

41 PVC, CPVC and FRP, Ultraviolet Exposure Epoxy/Polyurethane 
 
B. These systems are specified in detail in the following paragraphs. For each 

coating, the required surface preparation, prime coat, intermediate coat (if 
required), topcoat, and coating thicknesses are described. Mil thicknesses shown 
are minimum dry-film thicknesses. At least two manufacturer's products are listed 
for each system. 

 
2.2 SYSTEM NO. 15 – EXPOSED METAL, ATMOSPHERIC WEATHERING ENVIRONMENT 

 
A. Type: Polyurethane enamel having a minimum volume solids content of 46% with 

an epoxy primer. 
 
B. Service Conditions: For use on exterior metal and piping subject to sunlight and 

weathering. 
 
C. Surface Preparation: SSPC-SP 6. 
 
D. Prime Coat: Provide Tnemec Series V69 Epoxoline II, or ICI/Devoe Devran 

224HS, or Engineer approved equal. Apply to a minimum dry film thickness of 3 
mils DFT. 

 
E. Finish Coats: Provide one coat Tnemec Series 1075 Endura-Shield II, or ICI/Devoe 

Devthane 379HS, or Engineer approved equal. Apply to a minimum dry film 
thickness of 3 mils. 
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2.4 PVC, CPVC AND FRP COATING SYSTEM 
 

A. System No. 41 - Exposed, Exterior: 
 

1. Type:  Epoxy and Semigloss Polyurethane enamel with color. 
 
2. Service Conditions:  For use on exterior PVC piping and appurtenances, 

such as chemical piping and exposed water PVC water lines. 
 
3. Surface Preparation: Check for moisture with ASTM 4263. Clean and 

scarify surface.  
 
4. Prime Coat: Tnemec Series 66 Hi-Build Epoxoline, 1 coat, 2-3 dry mils 

polyline 1900B65-500 hardner – 2 to 3 dry mills. 
 
5. Finish Coats: Tnemec Series 73 Enduroshield.1 coat 2 to 3 dry mills 

DFT/Acrylon 218 BG50-400 semi-gloss 3 to 5 dry mills. 
 

2.5 ABRASIVES FOR SURFACE PREPARATION 
 

A. Abrasives used for dry unconfined blast cleaning shall conform to the requirements 
of the State of California Air Resources Board (CARB) Executive Order G-425. 
Use abrasives that are currently certified by CARB and appear on the Approved 
Abrasives List. 

 
B. Abrasives used for preparation of iron and steel surfaces shall be one of the 

following: 
 

1. 16 to 30 or 16 to 40 mesh silica sand or mineral grit 
 
2. 20 to 40 mesh garnet 
 
3. Crushed iron slag, 100% retained on No. 80 mesh 
 
4. SAE Grade G-40 or G-50 iron grit 
 

C. Abrasives used for preparation of copper and aluminum surfaces shall be one of 
the following: 

 
1. Crushed slag, 80 to 100 mesh 

 
2. Very fine silica sand, 80 to 100 mesh 
 

D. In the above gradations, 100% of the material shall pass through the first stated  
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PART 3 – EXECUTION 
 
3.1 PRE-PAINTING CONFERENCE 
 

A. Conduct a pre-painting conference at the job site to review specified requirements. 
Meeting attendees shall include General Contractor, Subcontractor Painting 
Applicator and its supervisor, the Engineer and the Engineer. 

 
3.2 WEATHER CONDITIONS 

 
A. Do not paint in the rain, wind, snow, mist, and fog or when steel or metal surface 

temperatures are less than 5 °F above the dew point. 
 
B. Do not apply paint when the relative humidity is above 85% or the temperature is 

above 90 °F. 
 
C. Do not paint when temperature of metal to be painted is above 120 °F. 
 
D. Do not apply paints if air or surface temperature is below 40 °F or expected to be 

below 40 °F within 24 hours. 
 
E. Do not apply epoxy, acrylic latex, and polyurethane paints on an exterior or interior 

surface if air or surface temperature is below 60 °F or expected to drop below 60 
F in 24 hours. 

 
3.3 SURFACE PREPARATION 

 
A. Do not sandblast or prepare more surface area than can be coated in one day. 

Remove all sharp edges, burrs, and weld spatter. Do not sandblast PVC, CPVC, 
or FRP piping or equipment. Do not sandblast epoxy, enamel coated, or fusion-
bonded epoxy pipe that has already been factory coated, except to repair 
scratched or damaged coatings. 
 

B. Surface preparation shall conform to the SSPC specifications as follows: 
 

Solvent Cleaning  SP 1 
Hand Tool Cleaning  SP 2 
Power Tool Cleaning  SP 3 
White Metal Blast Cleaning SP 5 
Commercial Blast Cleaning SP 6 
Brush-Off-Blast Cleaning SP 7 
Pickling   SP 8 
Near-White Blast Cleaning SP 10 
 

C. Wherever the words "solvent cleaning," "hand tool cleaning," "wire brushing," or 
"blast cleaning" or similar words are used in these specifications or in paint 
manufacturer's specifications, they shall be understood to refer to the applicable 
SSPC (Steel Structure Painting Council, Surface Preparation Specifications, ANSI 
A159.1) specifications listed above. 
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D. Dust blasting is defined as cleaning the surface through the use of very fine 
abrasives, such as siliceous or mineral abrasives, 80 to 100 mesh. Apply a fine 
etch to the metal surface to clean the surface of any contamination or oxide. 

 
E. Remove oil and grease from metal surfaces in accordance with SSPC-SP 1. Use 

clean cloths and cleaning solvents and wipe dry with clean cloths. Do not leave a 
film or greasy residue on the cleaned surfaces before sandblasting. 

 
F. Remove weld spatter and weld slag from metal surfaces and grind smoothly rough 

welds, beads, peaked corners, and sharp edges in accordance with SSPC-SP 2 
and SSPC-SP 3. 

 
G. Neutralize welds with a chemical solvent that is compatible with the specified 

coating materials. Use clean cloths and chemical solvent. Wipe dry with clean 
cloths. Do not leave a residue on the cleaned surfaces. 

 
3.4 ABRASIVE BLAST CLEANING 

 
A. Use dry abrasive blast cleaning for metal surfaces. Do not use abrasives in 

automatic equipment that have become contaminated. When shop or field blast 
cleaning with handheld nozzles, do not recycle or reuse blast particles. 

 
B. After blast cleaning and prior to application of coating, dry clean surfaces to be 

coated by dusting, sweeping, and vacuuming to remove residue from blasting. 
Apply the specified primer or touch-up coating within the period of an eight-hour 
working day. Do not apply coating over damp or moist surfaces. Reclean prior to 
application of primer or touch-up coating any blast cleaned surface not coated 
within said eight-hour period. 

 
C. Keep the area of the work in a clean condition and do not permit blasting particles 

to accumulate and constitute a nuisance or hazard. 
 

D. During blast cleaning, prevent damage to adjacent coatings. Schedule blast 
cleaning and coating such that dust, dirt, blast particles, old coatings, rust, mill 
scale, etc., will not damage or fall upon wet or newly coated surfaces. 

 
3.5 PROCEDURES FOR ITEMS HAVING SHOP-APPLIED PRIME COATS 

 
A. Handle shop-primed items with care during unloading, installation, and erection 

operations to minimize damage. Do not place or store shop-primed items on the 
ground or on top of other work unless ground or work is covered with a protective 
covering or tarpaulin. Place shop-primed items above the ground upon platforms, 
skids, or other supports. 

 
3.6 FIELD TOUCH-UP OF SHOP-APPLIED PRIME COATS 

 
A. Remove oil and grease surface contaminants on metal surfaces in accordance 

with SSPC-SP 1. Use clean rags wetted with a degreasing solution, rinse with 
clean water, and wipe dry. 
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B. Remove dust, dirt, salts, moisture, chalking primers, or other surface contaminants 
that will affect the adhesion or durability of the coating system. Use a high-pressure 
water blaster or scrub surfaces with a broom or brush wetted with a solution of 
trisodium phosphate, detergent, and water. Before applying intermediate or finish 
coats to inorganic zinc primers, remove any soluble zinc salts that have formed by 
means of scrubbing with a stiff bristle brush. Rinse scrubbed surfaces with clean 
water. 

 
C. Remove loose or peeling primer and other surface contaminants not easily 

removed by the previous cleaning methods in accordance with SSPC-SP 7. Take 
care that remaining primers are not damaged by the blast cleaning operation. 
Remaining primers shall be firmly bonded to the steel surfaces with blast cleaned 
edges feathered. 

 
D. Remove rust, scaling, or primer damaged by welding or during shipment, storage, 

and erection in accordance with SSPC-SP 10. Take care that remaining primers 
are not damaged by the blast cleaning operation. Remaining primers shall be firmly 
bonded to the steel surfaces with blast cleaned edges feathered. 

 
E. Use repair procedures on damaged primer which protects adjacent primer. Blast 

cleaning may require the use of lower air pressure, smaller nozzles, and abrasive 
particle sizes, short blast nozzle distance from surface, shielding, and/or masking. 

 
F. After abrasive blast cleaning of damaged and deflective areas, remove dust, blast 

particles, and other debris by dusting, sweeping, and vacuuming; then apply the 
specified touch-up coating. 

 
G. Surfaces that are shop primed with inorganic zinc primers shall receive a field 

touch-up of organic zinc primer to cover all scratches or abraded areas. 
 
H. Other surfaces that are shop primed shall receive a field touch-up of the same 

primer used in the original prime coat. 
 
3.7 PAINT MIXING 

 
A. Prepare multiple-component coatings using all of the contents of the container for 

each component as packaged by the paint manufacturer. Do not use partial 
batches. Do not use multiple-component coatings that have been mixed beyond 
their pot life. Provide small quantity kits for touchup painting and for painting other 
small areas. Mix only the components specified and furnished by the paint 
manufacturer. Do not intermix additional components for reasons of color or 
otherwise, even within the same generic type of coating. 

 
3.8 PROCEDURES FOR THE APPLICATION OF COATINGS 

 
A. Conform to the requirements of SSPC-PA 1. Follow the recommendations of the 

coating manufacturer including the selection of spray equipment, brushes, rollers, 
cleaners, thinners, mixing, drying time, temperature and humidity of application, 
and safety precautions. 
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B. Stir, strain, and keep coating materials at a uniform consistency during application. 
Apply each coating evenly, free of brush marks, sags, runs, holidays, and other 
evidence of poor workmanship. Use a different shade or tint on succeeding coating 
applications to indicate coverage where possible. Finished surfaces shall be free 
from defects or blemishes. 
 

C. Do not use thinners unless recommended by the coating manufacturer. If thinning 
is allowed, do not exceed the maximum allowable amount of thinner per gallon of 
coating material. Stir coating materials at all times when adding thinner. Do not 
flood the coating material surface with thinner prior to mixing. Do not reduce 
coating materials more than is absolutely necessary to obtain the proper 
application characteristics and to obtain the specified dry-film thicknesses. 
 

D. Remove dust, blast particles, and other debris from blast cleaned surfaces by 
dusting, sweeping, and vacuuming. Allow ventilator fans to clean airborne dust to 
provide good visibility of working area prior to coating applications. Remove dust 
from coated surfaces by dusting, sweeping, and vacuuming prior to applying 
succeeding coats. 
 

E. Apply coating systems to the specified minimum dry-film thicknesses as measured 
from above the peaks of the surface profile. 

 
F. Apply primer immediately after blast cleaning and before any surface rusting 

occurs, or any dust, dirt, or any foreign matter has accumulated. Reclean surfaces 
by blast cleaning that have surface colored or become moist prior to coating 
application. 

 
G. Apply a brush coat of primer on welds, sharp edges, nuts, bolts, and irregular 

surfaces prior to the application of the primer and finish coat. The brush coat shall 
be done prior to and in conjunction with the spray coat application. Apply the spray 
coat over the brush coat. 

 
3.9 SURFACES NOT TO BE COATED 

 
A. The following surfaces shall not be painted and must be protected during painting 

of adjacent areas unless otherwise noted on the Drawings or in other Specification 
sections:  
 
1. Steel to be encased in concrete or masonry 
 
2. Cement mortar coated pipe and fittings 
 
3. Stainless steel 
 
4. Metal plates/nameplates or letters 
 
5. Electrical fixtures except for factory coatings 
 
6. Grease fittings 
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7. Buried pipe unless specifically required in the piping specifications 
 
8. Plastic and fiberglass surfaces 
 
9. Aluminum handrails, stairs and grating, unless in contact with concrete 
 
13. Platform gratings, stair treads, door thresholds, and other walking surfaces 
 
14. Roofing 
 
15. Galvanized steel 

 
3.10 PROTECTION OF SURFACES NOT TO BE PAINTED 

 
A. Remove, mask, or otherwise protect hardware, lighting fixtures, switchplates, 

aluminum surfaces, machined surfaces, couplings, shafts, bearings, nameplates 
on machinery, and other surfaces not intended to be painted. Provide drop cloths 
to prevent paint materials from falling on or marring adjacent surfaces.  Protect 
working parts of mechanical and electrical equipment from damage during surface 
preparation and painting process.  Mask openings in motors to prevent paint and 
other materials from entering the motors. 

 
3.11 SURFACES TO BE COATED 

 
A. Coat mechanical equipment excluding chillers as described in the various 

mechanical equipment specifications. Color shall match the color of the connecting 
piping. 

 
B. Coat aboveground and exposed piping as described in the various piping 

specifications. Color shall be as indicated or as selected by the Engineer. 
 
C. Coat valves as described in the various valve specifications. Above ground valves 

shall match the color of the connecting piping. 
 

D. Coat exposed surfaces of enclosures, guard posts, marker posts, fire hydrants, 
valve boxes, and test boxes as described in the particular specifications for the 
above items. 

 
E. Coat the following list of existing items associated with the Chiller Area: 

 
1. Fire-Sprinkler Piping and system except sprinkler nozzles 
 
2. Plant air system piping 
 
3. Recycled water system piping 
 
4. Potable water system piping 
 
5. Remaining steel fence on west east and south side of the Chiller Area 
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6. Trap primer piping 
 
7. Colors area as indicated in the specification or as selected by the Engineer. 

 
3.12 SHOP AND FIELD INSPECTION AND TESTING 
 

A. General:  Furnish the Engineer with a minimum of 3 days advance notice of the 
start of any field surface preparation work or coating application work, and a 
minimum of 7 days advance notice of the start of any shop surface preparation 
work. 

 
B. All inspection, testing, and operation of inspection tools for field-applied coatings 

and linings shall be performed only in the presence of the Engineer, unless the 
Engineer has granted prior approval to perform such Work in its absence. 

 
C. At no additional cost to the City, the inspection shall be performed by a third-party 

inspection agency acceptable to the Engineer and certified in the inspection of 
coating application procedures. 

 
D Inspection by the Engineer, or the waiver of inspection of any particular portion of 

the Work, shall not relieve the Contractor of its responsibility to perform the Work 
in accordance with these Specifications. 

 
E. For external coating materials for buried or submerged piping systems, the 

Contractor shall supply inspection procedures for use by the Engineer.  
Procedures shall be supplied in advance of starting work. 

 
F. Inspection Devices:  Furnish, until final acceptance of such coatings, inspection 

devices in good working condition for the detection of holidays and measurement 
of dry-film thicknesses of protective coatings.  Dry-film thickness gauges shall be 
made available for the Engineer's use at all times while coating is being done, until 
final acceptance of such coatings.  Furnish the services of a trained operator of the 
holiday detection devices until the final acceptance of such coatings.  Holiday 
detection devices shall be operated only in the presence of the Engineer. 

 
G. Holiday Testing:  Holiday test all coated metal surfaces. Areas which contain 

holidays shall be marked and repaired or recoated in accordance with the coating 
manufacturer's printed instructions and then retested.  Electrical inspection for 
coatings shall be in accordance with applicable NACE standards RPO 188 and/or 
RPS 274. 

 
1. Coatings with Thickness Exceeding 20 Mils:  For surfaces having a total 

dry film coating thickness exceeding 20 mils:  pulse-type holiday detector 
such as Tinker & Rasor Model AP-W, D.E. Stearns Co. Model 14/20, or 
equal shall be used.  The unit shall be adjusted to operate at the voltage 
required to cause a spark jump across an air gap equal to twice the 
specified coating thickness. 

 
2. Coatings with Thickness of 20 Mils or Less:  For surfaces having a total dry 

film coating thickness of 20 mils or less, Tinker & Rasor Model M1 
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nondestructive type holiday detector, K-D Bird Dog, or equal shall be used.  
The unit shall operate at less than 75 V.  For thicknesses between 10 and 
20 mils, a nonsudsing type wetting agent, such as Kodak Photo-Flo, or 
equal, shall be added to the water before wetting the detector sponge. 

 
H. Film Thickness Testing:  On ferrous metals, the dry film coating thickness shall be 

measured in accordance with the SSPC "Paint Application Specification No. 2" 
using a magnetic-type dry film thickness gauge such as Mikrotest model FM, 
Elcometer model 111/1EZ, or equal.  Each coat shall be tested for the correct 
thickness.  No measurements shall be made until at least 8 hours after application 
of the coating.  On nonferrous metals and other substrates, the coating thicknesses 
shall be measured at the time of application using a wet film gauge. 

 
I. Surface Preparation:  Evaluation of blast cleaned surface preparation work will be 

based upon comparison of the blasted surfaces with the standard samples 
available from the NACE, using NACE standards TM-01-70 and TM-01-75. 

 
J. Third-Party Inspection:  At no additional cost to the City, the inspection of coatings 

and linings for submerged and buried service conditions shall be performed by a 
third-party inspection agency acceptable to the Engineer and certified in the 
inspection of coating and lining application procedures. 

 
**END OF SECTION** 
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SECTION 11033 – VARIABLE FREQUENCY DRIVES 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. The Contractor shall provide pulse width modulated (PWM) variable frequency 
drive (VFD) units with motor, controls, and accessories for used with the Chilled 
Water Secondary Pumps. The Contractor shall have unit responsibility for the VFD 
and Chilled Water Secondary Pumps. The VFD’s will replace existing free-standing 
VFD’s. Line reactors are not required. VFD’s will have upstream isolation 
transformers. 

 
B. The Work requires that one City-approved manufacturer be given responsibility for 

furnishing the indicated Work but without altering the Contractor's responsibilities 
under the Contract Documents. 

 
1.2 RELATED SECTIONS 
 

A. The Work of the following Sections applies to the Work of this Section.  Other 
Sections, not referenced below, shall also apply to the extent required for proper 
performance of this Work. 

 
1. Division 11 – Equipment 
 
2. Section 13010 - Instrumentation and Control General Requirements 
 
3. Division 16 – Electrical 

 
1.3 CODES 
 

A. The Work of this Section shall comply with the current edition of NFPA 70, National 
Electrical Code (NEC), as adopted by the City of San Diego. 

 
1.4 SUBMITTALS 
 

A. The Contractor shall furnish submittals in accordance with the General Conditions, 
except that shop drawing information for the drives shall be submitted as part of 
the drawing information for the driven equipment.   

 
B. Shop Drawings:  Shop drawings shall include the following information: 

 
1. The manufacturer’s qualifications, which shall include performing system 

engineering, including harmonic filter calculations, system fabrication and 
installation, documentation (including schematic, wiring and panel 
assembly drawings), field testing, calibration and startup, operator 
instruction, and maintenance training.  

 
2. Equipment Information: 
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a. Name of drive manufacturer 
b. Type and model 
c. Assembly drawing and nomenclature 
d. Maximum heat dissipation capacity in kW 

 
3. Written description of ladder diagram operation, system operation, and 

analog signal processing. 
 
4. Calculation of VFD/motor efficiencies at 50, 75, and 100% speed.  The 

system efficiency shall include power losses from the cooling system, 
controls, contactors, isolation transformers (if required), line reactors, and 
harmonic filters. 

 
5. System block diagram, system schematic diagram, and interconnection 

diagrams 
 
6. Enclosure outline and seismic support calculations stamped and signed by 

a Structural Engineer registered in California. 
 
7. Factory test data certifying compliance with requirements of similar 

equipment from the same manufacturer. 
 
8. Justification for any proposed exception taken to the requirements of this 

Section.  Exceptions shall be in bold letters and be underlined.  
 

C. The Contractor shall submit operations and maintenance Information including: 
 

1. O & M Manual 
 
2. Manufacturer's 1-year warranty 

 
D. Spare Parts List: The Contractor shall submit the list of spare parts recommended 

by the drive manufacturer. 
 

1.5 SERVICES OF MANUFACTURER 
 

A. Inspection, Startup and Field Adjustment:  An authorized service representative of 
the manufacturer shall visit the site for not less than two days per drive system to 
perform the following services: 

 
1. Verify proper installation of the equipment. 
 
2. Inspection, checking and adjusting the equipment. 
 
3. Startup and field testing of the VFD controller. 

 
B. Instruction of City's Personnel:  The authorized service representative shall instruct 

the City's personnel in all aspects of drive operation and maintenance, including 
step-by-step troubleshooting procedures with necessary test equipment.  
Instruction shall be provided for a maximum of 6 personnel for 3 days. 
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PART 2 - PRODUCTS 
 
2.1 PRE-APPROVED VFD MANUFACTURERS 
 

A. VFDs shall be the same manufacturer as the motor control center.  The following 
manufacturers, or equal, are pre-approved for the MCC: 

 
1. Square D 
 
2. Allen-Bradley PowerFlex 753 
 
3. Eaton 
 
4. Mitsubishi 
 
5. Toshiba 

 
2.2 QUALIFICATIONS, APPROVAL, AND DOCUMENTATION OF VFD MANUFACTURER’S 

NOT PRE-APPROVED 
 

A. Procedures:  The procedure for the review of VFD manufacturers that are not pre-
approved is defined herein. 

 
B. Approval: If the Contractor proposes a manufacturer that is not pre-approved, the 

Contractor shall submit the name and documented qualifications of the proposed 
manufacturer.  The Engineer will review the Contractor’s proposed selection.  If 
the Engineer does not approve the proposed selection, the Contractor shall select 
one of the pre-approved manufacturers listed above at no additional cost to the 
City. 

 
C. Documentation to be Submitted by the Manufacturer: 

 
1. A list of at least three PWM variable frequency drive installation of this type, 

voltage and similar horsepower operating successfully. The VFD 
manufacturer shall have performed system engineering, including 
harmonic filter and power factor correction calculations, system fabrication 
and installation, documentation (including schematic, wiring and panel 
assembly drawings), field testing, calibration and startup, operator 
instruction, and maintenance training.  In addition, the list shall include the 
following information for each project: 

 
a. Name of facility, owner, contact name, and telephone number. 
b. Name and type of drive equipment, including horsepower, voltage, 

speed range, and application. 
c. Drive system furnished. 

 
2. The names and qualifications of manufacturer's representatives who will 

be responsible for the following: 
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a. Office engineering 
b. Project management 
c. Field testing, calibration, startup 
d. Operator training 

 
3. A letter certifying that the manufacturer's representatives have read and 

studied the Contract Documents and agreed to the requirements of this 
Section. 

 
2.3 DRIVE NAME  
 

A. General: 
 

1. Number of drive units - Two 
 
2. Driven equipment - 480 volt, 20HP, variable torque centrifugal pump 

 
B. Service Conditions:  The VFD shall be designed and constructed to operate within 

the following service conditions: 
 

1. Elevation - to 3300 feet 
 
2. Ambient Temperature Range - 32 to 104 degrees F 
 
3. Atmosphere - Noncondensing relative humidity to 95%, indoors, air 

conditioned room 
 
4. AC Line Voltage Variation - 5% to +10% 
 
5. AC Line Frequency Variation - + 3 Hz 

 
C. Operating Conditions:  
 

1. Minimum VFD efficiency shall be 95% at 100% speed and 100% torque 
and 87% at 60% speed based on nominal 450 RPM motor with load 
horsepower to vary as cube of speed. 

 
2. Distribution voltage shall be 480 V, three phase, three wire, 60 Hz as 

indicated. 
 

2.4 GENERAL 
 

A. Basic Features:  The controller(s) shall be suitable for use with any standard 
NEMA-B squirrel-cage induction motor(s) having a 1.15 service factor or with 
existing standard NEMA-B squirrel-cage induction motor(s) with nameplate data 
as indicated. The controller shall have the following basic features: 

 
1. The door of each power unit shall include: 
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a. Input disconnect switch handle integrally interlocked with power unit 
door. 

b. One manual speed control potentiometer. 
c. One 3-position mode selector switch marked "LOCAL-OFF-IN 

COMPUTER". 
d. A "Power On" light. 
e. A human interface module. 
f. One elapsed time meter with five digits, without reset. 
g. One VFD fault reset pushbutton. 
h. VFD fault diagnostics. 
i. Indicating lights to show running and ready status. 
j. Other devices indicated. 

 
2. Switches in the door shall control the drive as follows: 

 
a. With the "LOCAL-OFF-IN COMPUTER" switch in the "LOCAL" 

position, the drive output speed shall be controlled by the manual 
potentiometer. Start/Stop will be by local pushbuttons. 

b. With the "LOCAL-OFF-IN COMPUTER" switch in the "IN 
COMPUTER" position, the drive shall start when an external 
isolated contact closes and its speed shall be controlled by a 4-20 
mA external reference signal. 

 
3. The VFD shall be selectable to provide automatic restart after a trip 

condition resulting from overcurrent, overvoltage, undervoltage, or over-
temperature.  For safety, the drive shall shut down and require manual 
reset and restart if the automatic reset/restart function is not successful 
within a maximum of three attempts within a short time period. 

 
4. Speed Profile:  Individual adjustable settings for start, stop, entry, slope, 

and minimum and maximum speed points.  Speed reference shall be from 
an external 4 to 20 mA DC signal. 

 
5. Control Circuit:  Fused 120 VAC control transformer and control relays for 

system logic functions.  For system logic, see electrical drawings. 
 
6. Provision for an external 4 to 20 mA DC speed reference input signal.  VFD 

manufacturer shall provide a signal current isolator to ensure signal and 
galvanic isolation of the grounded or ungrounded input speed reference 
signal.  Where indicated, a frequency proportional 4 to 20 mA powered 
output signal shall be provided for external use and wired out to terminals. 

 
7. Status and alarm outputs, each consisting of SPDT electrically isolated 

auxiliary contacts rated 5 A at 120 VAC.  
 

a. Alarm output shall consist of two separate outputs; VFD fault, and 
motor fault.  VFD fault is either: 

 
1) Output or input under-voltage. 
2) SCR over-temperature. 
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3) Instantaneous overcurrent. 
4) Commutation failure. 
5) Convertor saturation. 
6) Current limit timeout. 
7) Incorrect phase sequence or control power failure. 

 
b. VFD and motor failure shall latch in the trip mode and shall require 

operator intervention to reset the drive.  
c. Status outputs shall consist of three separate unpowered outputs; 

two run status outputs, and a VFD enable output.  VFD enable 
status contacts shall monitor the emergency (coast to a stop) circuit.  
Wiring shall be as required by the electrical control diagrams. 

 
8. Automatic and safety inputs, each consisting of a remote contact closure 

rated 5 A at 120 VAC maximum.  Opening of the automatic input remote 
contact shall cause the motor speed to ramp down to zero speed by 
controlled deceleration.  Opening of the safety input remote contact shall 
cause the VFD SCRs to be shorted and motor speed to coast to a complete 
stop.  Wiring shall be as required by the electrical control diagrams. 

 
9. Adjustable minimum to maximum frequency limits of 30 to 66 Hz.  
 
10. Independent timed linear acceleration and deceleration functions, 

adjustable from 4 to 300 seconds.  
 
11. Terminal blocks for wires entering and leaving the VFD unit.  Terminals 

shall be identified with alpha- numeric characters identical to the terminal 
identifiers indicated on the schematic and connection diagrams.  

 
12. Frequency regulator to operate within the following tolerances: 

 
a. Frequency regulator span shall be 4 mA at minimum speed and 20 

mA at maximum speed.  
b. Frequency regulator accuracy shall be within 1.0% of span.  
c. Frequency regulator deadband shall be within 0.5% of span.  
d. Frequency regulator repeatability shall be within 0.5% of span.  
e. Frequency reference signal input resistance shall be 0 to 550 ohms.  

 
13. Provide output sine wave filter where indicated. 

 
2.5 ENCLOSURE 
 

A. The enclosure shall be a dead-front, freestanding assembly with cabinet base and 
maximum 30-inches wide and 24-inches deep to match existing enclosure 
footprint.  Wall mounted enclosures are not allowed. Working height shall be not 
greater than 72-inches.  Doors shall be 11- gauge sheet steel with full length piano 
hinges.  Removable lifting angles shall be provided. 
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B. Unless otherwise indicated, the enclosure shall be NEMA 12 with gasketed doors 
and door fans.  Enclosure shall be front access only, as indicated.  The enclosure 
shall be suitable for either top or bottom cable entry as indicated. 

 
C. Enclosure shall be painted ANSI 61.  Inside shall be white. 

 
2.6 PROTECTIVE FEATURES AND CIRCUITS 
 

A. The controller shall include the following protective features: 
 

1. Static instantaneous overcurrent and overvoltage trip. 
 
2. Power loss and undervoltage protection. 
 
3. Power unit over-temperature protection. 
 
4. Electronic motor inverse time overload protection. 
 
5. Responsive action to motor winding and bearing temperature detectors 

and any bearing vibration switches indicated.   
 
6. The VFD shall be capable of transient operation with a line voltage dip of 

20% of normal operating voltage on a variable torque load. During line dip, 
the VFD shall automatically provide a speed droop limiting maximum 
capable speed for the duration of the input voltage dip. 

 
7. When power is restored after a complete power outage, the VFD shall be 

capable of catching the motor while it is still spinning and restoring it to 
proper operating speed. 

 
B. The VFD system shall include distribution class arrestors to protect the VFD 

against voltage surges.  The VFD shall include power fuses on the input to the 
converter rectifier. 

 
C. The power circuit design shall be such that the following fault conditions can occur 

without damage to the power circuit components: 
 

1. Single phase fault or three-phase short circuit on VFD output terminals. 
 
2. Failure to commutate inverter IGBT due to severe overload or other 

conditions. 
 
3. Opening of VFD output contactor or motor disconnect switch during VFD 

operation. 
 
4. Loss of input power due to opening of VFD input disconnect device or utility 

power failure during VFD operation. 
 
5. Loss of one phase of input power. 
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D. Drive shall be provided with a main circuit breaker mechanically interlocked with 
the drive cabinet door.  Interlock shall be provided with defeater.  Unless otherwise 
indicated, circuit breaker or fuse shall have a minimum short circuit interrupting 
capacity of 35,000 RMS symmetrical amps. Provide current limiting fuses if 
required. 

 
2.7 CONTROL DEVICES 
 

A. Pilot devices and instruments shall be flush mounted on a VFD unit door.  Pilot 
devices shall be heavy duty with contacts rated 10 A minimum at 600 VAC.  
Indicating lights shall be "push-to-test" LED type.  Lens colors shall be in 
accordance with details shown on Drawings.  Door-mounted indicating lights shall 
be removable without removing related wiring.  The control units of a given type 
and size shall be made interchangeable.  Relays shall be hermetically sealed. 

 
B. Provide programmable I/O module per the contract drawings control diagrams. 
 
C. Provide Ethernet IP communications module. 

 
2.8 DIAGNOSTICS 
 

A. The VFD shall include a microprocessor based digital diagnostic system which 
monitors its own control functions and displays faults and operating conditions. 

 
2.9 POWER FACTOR 
 

A. The collective power factor of the VFD and the motor, when running at full load 
amps, shall not be less than 0.95. 

 
2.10 SPARE PARTS 
 

A. Spare Parts:  Furnish the following spare parts for each VFD: 
 
1. 3 spare fuses of each type used. 
 
2. 2 spare relays of each type used. 
 
3. 2 cans of aerosol spray touch-up paint. 

 
2.11 FACTORY TESTING 
 

A. Component Tests:   
 

1. All components shall be 100% tested. Components shall be burned-in for 
24 hours at 125 degrees F and retested to detect any drift.  All printed circuit 
boards shall be burned-in continuously for 24 hours at 149 degrees F.  The 
printed circuit boards shall be tested after burn-in to ensure they are 
functioning within specification.  Every thyristor shall have the following 
critical parameters tested at rated current: gating, turn-on, turn-off, high 
temperature, forward blocking, reverse blocking, and waveform 
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characteristics. All assembled phase cells shall be tested for cell balance 
at rated voltage, maximum current, maximum dV/dT and maximum dI/dT. 

 
2. Control power shall be applied to microprocessors, printed circuit boards, 

diagnostic boards and similar devices including software to test for proper 
operation, sequencing, logic, and diagnostics. 

 
3. All wiring shall be checked for continuity and for compliance with the wiring 

diagrams. 
 

B. System Tests:  Provide factory standard testing with certified testing report. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 

 
A. VFDs shall be installed in accordance with manufacturer’s recommendations. 
 
B. Inspection, field adjustment and startup services shall be provided by 

manufacturer’s service representative in accordance with Subsection 11033-1.6. 
 
3.2 FIELD TESTING 
 

A. Field testing shall be performed in accordance with Section 16950 - Electrical 
Tests. 

 
**END OF SECTION** 
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SECTION 11060 - EQUIPMENT INSTALLATION 
 
PART 1 - GENERAL 
 
1.1 SCOPE 

 
A. This section covers general installation requirements of new equipment units that 

have been purchased by Contractor as part of this Work. Equipment specific 
installation requirements are covered in the equipment sections. 
 

B. Equipment installed under this section shall be erected and placed in proper 
operating condition in full conformity with Drawings, Specifications, engineering 
data, instructions, and recommendations of the equipment manufacturer, unless 
exceptions are noted by Engineer. 
 

C. When manufacturer's field services are provided by the equipment 
manufacturer, Contractor shall coordinate the services with the 
equipment manufacturer.  Contractor shall give Engineer written notice at 
least 30 days prior to the need for manufacturer's field services furnished 
by others. 

 
PART 2 - PRODUCTS 
 
2.1 MATERIALS 
 

A. Grout, as specified in the Grouting section.   
 
B. Anti-Seize thread lubricant for SS bolts as specified in the Anchorage in Concrete 

and Masonry Section. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Equipment shall not be installed or operated except by, or with the guidance of, 
qualified personnel having the knowledge and experience necessary to obtain 
proper results as specified in the Startup Requirements section. 

 
B. Each equipment unit shall be leveled, aligned, and shimmed into position. 

Installation procedures shall be as recommended by the equipment manufacturer 
and as required herein.  Shimming between machined surfaces will not be 
permitted. 

 
C. Anti-seize thread lubricant shall be liberally applied to the threaded portion of all 

stainless-steel bolts during assembly.  
 
D. When specified in the equipment sections, the equipment manufacturer will 

provide installation supervision and installation checks.  For installation 
supervision, the manufacturer’s field representative will observe, instruct, guide, 
and direct Contractor's erection or installation procedures as specified in the 
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equipment specifications.  For installation checks, the manufacturer’s field 
representative will inspect the equipment installation immediately following 
installation by Contractor, and observe the tests indicated in the Startup 
Requirements section.  The manufacturer's representatives will revisit the site as 
often as necessary to ensure installation satisfactory to the Engineer. 

 
E. All equipment shall be protected after installation, prior to final acceptance by the 

Engineer.  Protection provisions shall be as recommended by the manufacturer, 
and shall include provisions to prevent rust, mechanical damage, and foreign 
objects entering the equipment. 

 
3.2 STARTUP AND TESTING 
 

A. Startup requirements, and tests associated with startup shall be as indicated in 
the Section 01650 Startup Requirements Section. Other field tests shall be as 
indicated in the specific equipment sections.   

 
**END OF SECTION** 
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SECTION 11070 - VARIABLE SPEED SCREW WATER CHILLERS 
 

PART 1 – GENERAL 
 

1.1 SCOPE 
 

A. The contractor shall provide variable speed screw water chillers complete with, 
controls and control connections, chilled water connections, charge of refrigerant 
and oil, motor starters, and electrical power connections. 
 

B. The work requires the chiller manufacturer to provide controls and programming 
for multiple chillers in operation simultaneously and most efficiently, all ancillary 
chiller related equipment including primary and secondary pumps, and related 
lag/lead selection, and providing control signals to City DCS. 

 
1.2 RELATED SECTIONS 

 
A. Section 11060 - Equipment Installation 
 
B. Section 11071 - Chilled Water Primary Pumps 
 
C. Section 11072 - Chilled Water Secondary Pumps 
 
D. Section 11075 - Ancillary Equipment and Appurtenances 
 
E. Division 13 – Instrumentation 
 
F. Division 15 – Mechanical 
 
G. Division 16 – Electrical 
 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. AHRI 550/590 - Standard for Water Chilling Packages using the Vapor 
Compression Cycle. 

 
B. AHRI 370 - Sound Rating of Large Outdoor Refrigerating and Air-Conditioning 

Equipment. 
 
C. ANSI/ASHRAE 15 - Safety Code for Mechanical Refrigeration. 
 
D. ANSI/ASHRAE 90.1 - Energy Efficient Design of New Buildings. 
 
E. ANSI/ASME - Boiler and Pressure Vessel Code SEC VIII, Division 1. 
 
F. UL 1995 - Central Cooling Air Conditioners. 
 
G. ANSI/AFBMA 9-1978 - Load Ratings and Fatigue Life for Ball Bearings. 
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H. California Administrative Code - Title 24 
 
I. ASTM B117 - Standard Method of Salt Spray (Fog) Testing 
 
J. ASTM A123 - Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products 
 
K. ASTM A525 - Zinc (Hot-Dip Galvanized) Coatings on Sheet Steel Products 
 
L. ASTM D1654 - Evaluation of Painted or Coated Specimens, Subjected to 

Corrosive Environments 
 
M. IEEE 519 – IEEE Recommended Practice and Requirements for Harmonic 

Control in Electrical Systems – 2014 
 

1.4 SUBMITTALS 
 
A. Submit dimensional plan and elevation view drawings, weights and loadings, 

required clearances, location and size of all field connections, electrical 
requirements and wiring diagrams. 

 
B. Submit product data indicating rated capacities with certified 

ratings/performance, and all specialties and accessories. 
 
C. Submit manufacturer's installation instructions. 
 
D. Control Narratives 
 
E. Loop diagrams for CAC4 
 
F. Data base register for CAC4 

 
1.5 OPERATION AND MAINTENANCE DATA 

 
A. Submit operation data. 
 
B. Include start-up instructions, maintenance data, controls, and accessories. 
 
C. Submit maintenance data. 

 
1.6 DELIVERY, STORAGE AND HANDLING 

 
A. Comply with manufacturer's installation instructions for rigging, unloading, and 

transporting units. 
 
B. Unit controls shall be capable of withstanding 203 F (95 C) storage temperatures 

in the control compartment for an indefinite period of time. 
 

1.7 WARRANTY  
 
A. Provide a full parts and packaged control systems warranty for 5 years from 
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start-up or 66 months from shipment, whichever occurs first. 
 
B. Duration of the motor/transmission/compressor warranty shall be provided based 

upon the RPM of the compressor as follows:  
 

Compressor RPM Warranty Term 
0 - 10,000 5 years from start-up 
10,001 and above 10 years plus annual oil and refrigerant analysis 

 
C. OEM provides several Extended Warranty options to include: 

 
1. 5 Year Whole Units Parts Warranty  
 
2. 5 Year Whole Unit Labor Warranty  

 
1.8 CODES AND STANDARDS 

 
A. Conform to AHRI 550/590 Standard for testing and certified rating of Water 

Chilling Packages using the Vapor Compression Cycle. 
 
B. Conform to ANSI/UL 1995 code for construction of water chillers.  In the event 

the unit is not UL approved, the manufacturer shall, at manufacturer expense, 
provide for a field inspection by an UL representative to verify conformance to UL 
standards.  If necessary, contractor shall perform modifications to the unit to 
comply with UL, as directed by the UL representative. 

 
C. Conform to ANSI/ASME Boiler and Pressure Vessel Code SEC 8 for construction 

and testing of water chillers. 
 
D. Conform to ANSI/ASHRAE 15 code for construction and operation of water 

chillers. 
 
E. Conform to the most recent versions of the International Building Code (IBC) for 

seismic applications. 
 
F. Chiller must be built in an ISO 9001 classified facility. 

 
1.9 VERIFICATION OF CAPACITY, EFFICIENCY AND OPERATION 

 
A. All proposals for chiller performance must include an AHRI approved selection 

method. Verification of date and version of computer program selection or 
catalog is available through AHRI. 

 
B. Operational Test with Water:  Chiller shall be functionally tested with power and 

water flowing through the chiller before shipment.  A test report showing date and 
time of test shall be provided. 

 
1. The following allowable tolerances must be referenced: 

 
a. The tolerance on capacity shall be as defined by AHRI Standard 
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550/590 for full and part load points. 
b. The tolerance on efficiency shall be defined by AHRI Standard 

550/590 for IPLV/NPLV, full load and all part load test points. 
 

2. The performance test shall be run with clean tubes in accordance with 
AHRI Standard 550/590 to include the following: 

 
a. A downward temperature adjustment shall be made to the design 

leaving evaporator water temperature to adjust from the design 
fouling to the clean tube condition. 

 
3. The factory test instrumentation shall be per AHRI Standard 550/590, and 

the calibration of all instrumentation shall be traceable to the National 
Institute of Standards and Technology (formerly NBS). 

 
4. The owner or his representative shall be notified 14 days in advance to 

witness the factory performance test. If the owner or his representative 
desires to witness the performance test, all travel expenses will be the 
owner's responsibility. 

 
5. A certified test report of all data shall be submitted to the Engineer prior to 

completion of the project. The factory certified test report shall be signed 
by an officer of the manufacturer's company.  Preprinted certification will 
not be acceptable; certification shall be in the original. 
 

6. As part of the factory test, harmonic measurements will be recorded at 
the skid, provided as part of the factory test report and compared to IEEE 
519 statement. 

 
1.10 MAINTENANCE SERVICE 

 
A. All inspections and service of units shall be accomplished by factory trained and 

authorized servicing technicians. 
 
B. In conjunction with and supporting Factory warranty OEM shall furnish complete 

factory authorized service and maintenance of Applied Chillers for 5 years from 
Date of Substantial Completion. 

 
C. OEM shall provide and report quarterly, annual, and bi-annual maintenance in 

compliance with or better than ASHRAE Standard 180-2008. 
 
D. Include maintenance items as recommended in manufacturer's operating and 

maintenance data. 
 
E. Submit copy of service call work orders and summary report to the Owner, 

including description of work performed, operating performance status and noted 
exceptions. 

 
PART 2 - PRODUCTS 
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2.1 SUMMARY 
 

A. The contractor shall furnish and install air-cooled water chillers as shown as 
scheduled on the contract documents.  The chillers shall be installed in 
accordance with this specification and perform at the specified conditions as 
scheduled. 

 
B. Acceptable Manufacturers 
 

1. Trane 
 
2. York 
 
3. Carrier 
 
4. No Substitutions 

 
C. Factory Functional Test:  The chiller shall be pressure tested, evacuated and fully 

charged with R134a refrigerant and oil.  In addition, a factory functional test shall 
be conducted to verify correct operation by cycling condenser fans and 
compressors and confirmation operation of temperature and pressure sensors. 

 
D. Minimum Efficiency Requirements 

 
Cooling efficiency (EER) 10.993 
IPLV.IP (EER) 18.806 
NPLV.IP (EER) 18.363 

 
2.2 COMPRESSORS 

 
A. Construct chiller using semi-hermetic, direct-drive, helical rotary screw 

compressors with independent circuits. 
 
B. Provide oil lubrication system with oil charging valve and oil filter to ensure 

adequate lubrication during starting, stopping, and normal operation. 
 
C. Provide compressor with automatic capacity reduction equipment consisting of a 

capacity control variable speed drive.  The controls system logic must decelerate 
the compressor to minimum speed for a soft start. 

 
D. Provide direct-drive compressor motors with suction gas cooling, of robust 

construction, and designed for VFD operation. 
 
E. Provide compressor heater to evaporate refrigerant returning to compressor 

during shut down.  Energize heater when compressor is not operating. 
 

2.3 EVAPORATOR 
 

A. The evaporator shall be designed, tested, and stamped in accordance with 
ASME code for a refrigerant side working pressure of 200 psig. Waterside 
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working pressure shall be 150 psig. 
 
B. Insulate the evaporator with a minimum of K=0.28 UV rated insulation.  If the 

insulation is field installed, the additional money to cover material and installation 
costs in the field should be included in the bid. 

 
C. Evaporator heaters shall be factory installed and shall protect unit down to -20 F. 

Contractor shall wire separate power to energize heat tape and protect cooler 
while chiller is disconnected from the main power. 

 
D. Provide shell and tube type evaporator, seamless or welded steel construction 

with cast iron or fabricated steel heads, seamless internally and externally finned 
copper tubes, roller expanded into tube sheets. 

 
E. Provide ability to remove evaporator tubes from either end of the heat exchanger. 
 
F. Provide water drain connection, vent and fittings for factory installed leaving 

water temperature control and low temperature cutout sensors. 
 
G. Water connections shall be grooved-end or flanged pipe.  Evaporator shall have 

only one entering and one leaving connection.  If manufacturer provides 2 
separate evaporators, contractor shall provide manifold and pressure gauges to 
ensure equal flow is provided to each evaporator. 

 
H. Proof of flow shall be provided by the equipment manufacturer, mechanically 

installed and electrically wired, at the factory of origin. 
 

2.4 CONDENSER AND FANS 
 

A. Low sound fans shall be dynamically and statically balanced, direct-drive, 
corrosion resistant, glass fiber reinforced composite molded into a low noise fan 
blade. 

 
B. Chiller shall be able to start and operate in ambient conditions down to 32F (0C) 

and up to 105F (40.6C). 
 
C. Condenser coils shall be micro-channel type, parallel flow aluminum alloy tubes 

metallurgically brazed as one piece to aluminum alloy fins. Condenser coils shall 
be made of a single material to avoid galvanic corrosion due to dissimilar metals. 
Tube and fin type condenser coils are an acceptable alternate when tubes and 
fins are fabricated of the same metal material to avoid galvanic corrosion due to 
dissimilar metals. Coils shall be designed for 525 psig or higher working 
pressure. 

 
D. Coils shall be post-coated with an electro-deposited and baked flexible epoxy 

coating that is finished with a polyurethane UV resistant top-coat suitable for 
highly corrosive applications.  

 
E. Unit shall include Louvered Panels (Condenser Coils): Painted steel to match 

unit panels, over external condenser coil faces. 
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F. Provide factory installed louvered "architecturally pleasing" guard panels.  Panel 

louvers shall cover condenser, evaporator and compressor sections so all are 
hidden from sight.  Wire screens or wire mesh will not be allowed. 

 
2.5 ENCLOSURES/STARTER 
 

A. House components in a galvanized steel frame and mounted on a formed steel 
base.  Hot-dip galvanized steel frame coating shall be Underwriters Laboratories 
Inc. (UL) recognized as G90-U, UL guide number DTHW2. 

 
B. Unit panels, base rails and control panels shall be finished with a baked-on 

powder paint.  Control panel doors shall have door stays.  Paint system shall 
meet the requirements for outdoor equipment of Federal Government Agencies. 

 
C. Mount starters and Terminal Blocks in a UL 1995 rated weatherproof panel 

provided with full opening access doors. If a circuit breaker is chosen, it should 
be a lockable, through-the-door type with an operating handle and clearly visible 
from outside of unit indicating if power is on or off. 

 
D. Casings fabricated from steel that do not have a Zinc coating conforming to 

ASTM A 123 or ASTM A525 shall be treated for the prevention of corrosion with 
a factory coating or paint system. The coating or paint system shall withstand 
500 hours in a salt-spray fog test in accordance with ASTM B 117. Each 
specimen shall have a standard scribe mark as defined in ASTM D 1654. Upon 
completion of exposure, the coating or paint system shall be evaluated and rated 
in accordance with procedures A and B of ASTM D 1654. The rating of failure at 
the scribe mark shall be not less than six (average creepage not greater than 1/8 
inch). The rating of the unscribed area shall not be less than ten (no failure). 
Thickness of coating or paint system on the actual equipment shall be identical to 
that on the test specimens with respect to materials, conditions of application, 
and dry-film thickness. For each compressor provide a variable speed drive 
starter. Across-the-line and Delta-Delta shall be unacceptable.  

 
E. A control power transformer shall be factory-installed and factory-wired to provide 

unit control power. 
 
2.6 VARIABLE SPEED DRIVE 

 
A. The water chiller shall be furnished with a variable speed drive (VSD) to minimize 

maintenance and maximize cooling efficiency.  The VSD shall be factory 
mounted on the chiller and shipped completely factory assembled, wired and 
tested. 

 
B. The VSD will be specifically designed to interface with the water chiller controls 

and allow for the operating ranges and specific characteristics of the chiller.  The 
VSD control logic shall optimize chiller efficiency by coordinating compressor 
motor speed to maintain the chilled water setpoint. 

 
C. The VSD efficiency shall be 95% or better at full speed and full load.  
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Fundamental displacement power factor shall be a minimum of 0.95. 
 
D. The VSD shall be solid state, microprocessor-based pulse-width modulated 

(PWM) design.  The VSD shall be voltage and current regulated.  Output power 
devices shall be IGBT transistors. 

 
E. Power semi-conductor and capacitor cooling shall be from a liquid cooled 

heatsink. 
 

F. The VSD shall have thin film capacitors. 
 

1. If thin film capacitors are not factory provided, then manufacturer should 
include a 5-year warranty on the drive. 

 
G. The VSDs shall each be furnished in a UL 1995 rated metal enclosure having as 

minimum a short circuit withstand rating of 65,000 amps.  It will include three 
phase input lugs plus a grounding lug for electrical connections, output motor 
connection via factory installed bus bars and all components properly segregated 
and completely enclosed in a single metal enclosure. 
 
1. Enclosure shall include a padlockable, door-mounted circuit breaker with 

shunt trip and AIC rating of 65,000 amps.  Provide single point power 
connection. 

 
2. The entire chiller package shall be UL/CUL listed. 

 
H. The following VSD status indicators shall be available to facilitate startup and 

maintenance: 
 

1. Output speed in hertz and rpm 
 
2. Input line voltage 
 
3. Input line kW 
 
4. Output/load amps 
 
5. Average current in percent RLA 
 
6. Load power factor 
 
7. Fault 
 
8. VSD transistor temperature 

 
I. The VSD shall include the following features: 

 
1. All control circuit voltages are physically and electrically isolated from 

power circuit voltage. 
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2. Soft start, adjustable linear acceleration, coast-to-stop. 
 
3. Adjustable current limiting and UL approved electronic motor overload 

protection. 
 
4. Insensitivity to incoming power phase sequence. 
 
5. VSD and motor protection from the following faults: 

 
a. Output line-to-line short circuit protection 
b. Line-to-ground short circuit protection 
c. Phase loss at AFD input 
d. Phase reversal / Imbalance 
e. Over-voltage / Under-voltage 
f. Over temperature 
 

J. Warranties 
 

1. The variable speed drive shall be warranted by the manufacturer for a 
period of 5 years from the date of installation. The warranty shall include 
parts, labor, travel costs, and living expenses incurred by the 
manufacturer to provide factory-authorized on-site service. 

 
2.7 REFRIGERANT CIRCUIT 
 

A. Each unit shall have 2 refrigeration circuits to provide redundancy, each with one 
or two (manifolded) compressor(s) on each circuit. 

 
B. Provide for refrigerant circuit: 

 
1. Liquid line shutoff valve. 
 
2. Suction service valve 
 
3. Filter (replaceable core type). 
 
4. Liquid line sight glass. 
 
5. Electronic expansion valve sized for maximum operating pressure. 
 
6. Charging valve. 
 
7. Discharge and oil line check valves. 
 
8. High side pressure relief valve. 
 
9. Full operating charge of HFC-134a and oil. 

 
C. Capacity Modulation:  Provide capacity modulation by a variable speed drive. 

Unit shall be capable or operation down to 20%. 
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2.8 CONTROLS 

 
A. Chilled water temperature control shall be microprocessor-based, proportional 

and integral controller to show water and refrigerant temperature, refrigerant 
pressure, and diagnostics.  This microprocessor-based controller is to be 
supplied with each chiller by the chiller manufacturer. Controls shall include the 
following readouts and diagnostics: 

 
1. Phase reversal/unbalance/single phasing and over/under voltage 

protection. 
 
2. Low chilled water temperature protection. 
 
3. High and low refrigerant pressure protection. 
 
4. Load limit thermostat to limit compressor loading on high return water 

temperature. 
 
5. Condenser fan sequencing to automatically cycle fans in response to 

load, expansion valve pressure, condenser pressure, and differential 
pressure to optimize unit efficiency. 

 
6. Display diagnostics. 
 
7. Oil pressure control based off of maintaining system differential pressure.  
 
8. Compressors:  Status (on/off), %RLA, % speed, anti-short cycle timer, 

and automatic compressor lead-lag. 
 

B. The on-chiller mounted weatherproof control panel shall contain starters, power 
and control wiring, factory wired with terminal block power connections.  Provide 
primary and secondary fused control power transformer and a single 115-volt 60 
Hz single phase connection for evaporator freeze protection heaters. 

 
1. The unit controller shall utilize the following components to automatically 

take action to prevent unit shutdown due to abnormal operating 
conditions which will perform as follows: 

 
a. High pressure switch that is set 20 PSIG lower that factory 

pressure switch that will automatically unload the compressor to 
help prevent a high-pressure condenser control trip.  One switch is 
required for each compressor and indicating light shall also be 
provided. 

b. Motor surge protector that is set at 95% of compressor RLA that 
will automatically unload the compressor to help prevent an over 
current trip.  One protector is required for each compressor and 
indicating light shall also be provided.  

c. Low pressure switch that is set at 5 PSIG above the factory low 
pressure switch that will automatically unload the compressor to 
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help prevent a low evaporator temperature trip.  One switch is 
required for each compressor and indicating light shall also be 
provided. 

 
C. In the above case of a chiller unit operating in an unloaded condition as a result 

of situations presented in B.1.a, b and c., the chiller will continue to run in an 
unloaded state and will continue to produce some chilled water in an attempt to 
meet the cooling load.  However, if the chiller reaches the trip-out limits, the 
chiller controls will take the chiller off line for protection, and a manual reset will 
be required.  Once the "near-trip" condition is corrected, the chiller will return to 
normal operation and can then produce full load cooling. 

 
D. Provide the following safety controls with indicating lights or diagnostic readouts. 

 
1. Low chilled water temperature protection. 
 
2. High refrigerant pressure. 
 
3. Low oil flow protection. 
 
4. Loss of chilled water flow. 
 
5. Contact for remote emergency shutdown. 
 
6. Motor current overload. 
 
7. Phase reversal/unbalance/single phasing. 
 
8. Over/under voltage. 
 
9. Failure of water temperature sensor used by controller. 
 
10. Compressor status (on or off). 

 
E. Provide the following operating controls for each chiller unit: 

 
1. A variable method to control capacity in order to maintain leaving chilled 

water temperature based on PI algorithms. Five-minute solid state anti-
recycle timer to prevent compressor from short cycling. Compressor 
minimum stop-to-start time limit shall be 2 minutes.  If a greater than 5-
minute start-to-start, or greater than 2-minute stop-to-start timer is 
included, hot gas bypass shall be provided to insure accurate chilled 
water temperature control in light load applications. 

 
2. Chilled water pump output relay that closes when the chiller is given a 

signal to start. 
 
3. Load limit thermostat to limit compressor loading on high return water 

temperature to prevent nuisance trip outs. 
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4. High ambient unloader pressure controller that unloads compressors to 
keep head pressure under control and help prevent high pressure 
nuisance trip outs on days when outside ambient is above design. 

 
5. Compressor current sensing unloader unit that unloads compressors to 

help prevent current overload nuisance trip outs. 
 
6. Auto lead-lag functions that constantly even out run hours and 

compressor starts automatically. 
 
7. Low ambient lockout control with adjustable setpoint. 
 
8. Condenser fan sequencing which adjusts the speed of all fans 

automatically in response to ambient, condensing pressure and 
expansion valve pressure differential thereby optimizing unit efficiency. 

 
F. Provide user interface, with protective cover, on the front of the panel.  If display 

is on the inside of the panel, then a control display access door shall be provided 
to allow access to the display without removal of panels.  Provide user interface 
with a minimum of the following features: 

 
1. Leaving chilled water setpoint adjustment from LCD input 

 
2. Entering and leaving chilled water temperature output 

 
3. Percent RLA output for each compressor 

 
4. Pressure output of condenser 

 
5. Pressure output of evaporator 

 
6. Ambient temperature output 

 
7. Voltage output 

 
8. Current limit setpoint adjustment from LCD input. 

 
2.9 SOUND 
 

A. At full load chiller sound power shall not exceed the following levels. Submitted 
sound data shall be in accordance with AHRI 370. Minimum sound requirements 
are: 

 
A-weighted sound power (dBA) 102 
A-weighted 75% sound power (dBA) 99 
A-weighted 50% sound power (dBA) 95 
A-weighted 25% sound power (dBA) 91 
A-weighted sound pressure (dBA) 73 
A-weighted 75% sound pressure (dBA) 69 
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A-weighted 50% sound pressure (dBA) 64 
A-weighted 25% sound pressure (dBA) 60 

 
If manufacturer cannot meet this sound specification, then sound attenuation 
devices and/or barrier walls must be field installed at the contractor’s expense to 
meet the specified level. 

 
2.10 Harmonic Filtration 

 
A. Factory-installed harmonic attenuation package is to be provided with skid 

mounted active or passive filters.  Passive filters may be 12 Pulse Auto-
Transformers or TCI Harmonic Guard passive filter with switched capacitor.  The 
passive filter shall be switched to minimize leading power factor at light loads.  
The filter shall provide less than maximum Total Demand Distortion (TDD) and 
Total Voltage Harmonic Distortion (THDv) levels in accordance with IEEE 519-
2014.  Harmonic levels shall meet IEEE 519 levels at the skid input terminals.  
Failure to meet this requirement shall be rectified by the supplier at no cost to the 
City. 

 
2.11 Special Features: 

 
A. Provide Modine “Insitu” Es2, a spray applied, water based, single part, low VOC 

synthetic polymer coating embedded with #316 stainless steel applied to all coil 
surfaces, internal components exposed to ambient, evaporator/condenser 
refrigerant lines and surface areas associated to the condenser section. External 
cabinet surface areas and base rails are also included.  

 
1. Superior hardness characteristics of HB-F per ASTM D3363-92A and a 

cross hatch adhesion of 4B-5B per ASTM B3359-93. Humidity and water 
immersion resistance shall be up to a minimum 500 and 2000 hours 
respectively (ASTM D2247-92 and ASTM D870-02.) Corrosion durability 
shall be confirmed though testing to meet 10,000 hours salt spray per 
ASTM B117-90. 

 
2. Engineered for Waste Water Treatment Plants for unitary applications 

and air-cooled chillers, post manufacturing. 
 

B. Unit-Mounted Disconnect: 
 

1. Unit shall be supplied with factory-installed, lockable, 65kaic circuit 
breaker for main power supply.  

 
C. Energy Management Module: 

 
1. A factory or field-installed module shall provide the following energy 

management capabilities: 4 to 20 mA signals for leaving fluid temperature 
reset, cooling set point reset or demand limit control; 2-step demand limit 
control (from 0% to 100%) activated by a remote contact closure; and 
discrete input for “Ice Done” indication for ice storage system interface. 
When a factory-installed version of this device is selected, a GFI 
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convenience outlet is also included. 
 

D. Condenser Coil Trim Panels: 
 

1. Unit shall be supplied with factory-installed or field-installed coil covers. 
Factory-installed coil trim panels are not available when a factory-installed 
full hail guard is selected. 

 
E. BACnet*/Modbus† Translator Control: 

 
1. Unit shall be supplied with factory or field-installed interface between the 

chiller and a BACnet Local Area Network (LAN, i.e., MS/TP EIA-485). 
Field programming shall be required. BACnet shall communicate with the 
Chill Water System Custom Application Controller (CAC). 

 
F. Isolation Valve Option: 

 
1. Unit shall be supplied with factory-installed isolation valve which provides 

a means of isolating the compressors from the evaporator vessel, which 
is beneficial in servicing the chiller. The selection of the isolation valve 
option results in chillers which are equipped with a liquid line service 
valve, a discharge service valve (motorized or manual type), and a series 
of valves on or near the evaporator. The net effect is to provide isolation 
capability in the condenser area, the evaporator area and the compressor 
area.  

 
NOTE: The only situation in which the isolation of the condenser area allows the full 
charge to be stored in the condenser is when round tube, plate fin (RTPF) coils are 
employed. 
 
G. Suction Line Insulation: 

 
1. Unit shall be supplied with suction line insulation. Insulation shall be 

tubular closed-cell insulation. 
 

H. Control Transformer: 
 

1. Unit shall be supplied with a factory-installed transformer that will allow 
supply control circuit power from the main unit power supply. 

 
I. High SCCR (Short Circuit Current Rating): 

 
1. A high SCCR (short circuit current rating) device shall allow the chiller to 

tolerate a 65 kA (all voltages except 575-v) or a 25 kA (575-v units) short 
circuit current for a brief period of time while protecting downstream 
components. The high SCCR option shall provide a higher level of 
protection than the standard unit.  

 
J. Security Grilles (Sides) and Hail Guard (Ends): 
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1. Unit shall be equipped with a factory-installed option consisting of 
louvered panels on the ends of the machine and security grilles on the 
sides of the machine. These coverings shall firmly fasten to the chiller 
frame and provide coverage from the top to the bottom of the unit. 

 
K. Low Sound Kit: 

 
1. Unit shall be provided with factory-installed sheet metal enclosures with 

sound-absorbing panels for each compressor as well as an external 
muffler between each compressor and its associated oil separator. 

 
L. Chill Water System Custom Application Controller (CAC) 

 
1. A fourth remote mounted control panel (CAC) shall be provided by the 

chiller manufacturer to communicate with the three chiller skids, field I/O, 
and central DCS.  The CAC controller will be located indoors in an air-
conditioned environment.  THE CAC enclosure shall be NEMA 12 with a 
3-point, padlockable door handle.  The CAC shall contain sufficient I/O 
modules with 15% spares to monitor and control off-skid chill water 
processes indicated in the P&ID’s.  The CAC shall provide an Ethernet IP 
or Modbus IP communication with the Owners DCS.  The CAC enclosure 
shall have an Ethernet switch along with a graphic display.  Provide 
internal dc power supplies as required for internal hardware and local I/O. 
The CAC master controller shall be Carrier ChillerVu or equal by other 
suppliers. Provide system diagrams showing panel internal and external 
elevations, power diagrams, ladder logic, and I/O loop diagrams. 

 
2. The enclosure and requirements shall be in accordance with Section 

17010 Instrumentation and Controls General Requirements and Section 
17080 Control Panels.  

 
PART 3 – EXECUTION 
 
3.1 INSTALLATION 

 
A. Install in accordance with manufacturer's instructions. 
 
B. Align chiller package on steel or concrete foundations. 
 
C. Install units on level base. 
 
D. Connect to electrical service. 
 
E. Connect to chilled water piping. 
 
F. Confer with the Engineer if the Contractor desires to modify the piping 

arrangement to provide easier dismantling to permit tube cleaning, or other 
reasons. 
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3.2 MANUFACTURER'S FIELD SERVICES 
 

A. OEM Startup is performed by factory trained and authorized servicing technicians 
confirming equipment has been correctly installed and passes specification 
checklist prior to equipment becoming operational and covered under OEM 
warranty. 

 
1. Included in OEM Factory Startup: 
 

a. Centrifugal and Rotary Screw/Scroll Chillers 
 

B. Applied Chiller manufacturers shall maintain service capabilities no more than 40 
miles from the jobsite. 

 
C. The manufacturer shall furnish complete submittal wiring diagrams of the 

package unit as applicable for field maintenance and service. 
 

PART 4 – CONTROL SEQUENCE OF OPERATIONS 
 
4.1 SEQUENCE OF OPERATION 

 
A. System General Description:  

 
1. The chilled water system consists of the following: 
 

• Three (3) chillers, configured as: one (1) lead and two (2) lag 
• One (1) chilled water supply isolation valve per chiller 
• Four (4) primary chilled water pumps, configured as: one (1) lead, 

one (1) lag and two (2) standby 
• Two (2) secondary chilled water pumps, configured as one (1) 

lead, one (1) lag  
 

2. The Chilled Water System Custom Application Controller (CAC) provides 
stand-alone control or control from a higher level (plantwide DCS) system 
and provides start/stop and lead/lag/standby control for the primary 
chilled water pumps and also provides lead/lag/standby control of the 
secondary chilled water pumps in order to maintain the system chilled 
water system differential pressure setpoint (adj.). The CAC also monitors 
and controls off-skid actuators and sensors and stages the three chilled 
water skids. The CAC communicates with the plant Distributed Control 
System (DCS) for central DCS status and alarm. Any alarms generated 
from the CAC4 shall have the ability to be cleared and reset from the 
DCS.  Details shall be delineated through the CAC4 data base register 
submittal process. 

 
B. Chilled Water System Enable/Disable:  

 
1. The chilled water system shall be controlled via BacNet communication 

with the CAC. On cooling demand, the CAC controller shall start the lead 
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system primary pump. When run status for that pump is proven, the CAC 
controller shall report that status to City DCS. The CAC shall then begin 
making requests for starting chillers.  

 
2. The primary chilled water pumps shall be controlled on a contact closure 

from the CAC. As an additional chiller is needed to meet cooling loads an 
additional primary pump is requested (one pump per chiller) and the next 
primary chilled water pump in the sequence shall be started by the CAC. 

 
3. When the chilled water system is disabled, the secondary chilled water 

pumps shall be off, and the primary pumps shall be off unless requested 
by one of the chillers. 

 
C. Primary Chilled Water Pump Start/Stop:  

 
1. The CAC controller shall start a chilled water pump through a contact 

closure of the pumps motor starter enable contacts. 
 

D. Primary Chilled Water Pump Status:  
 

1. The CAC controller shall detect chilled water pump run status by a flow 
switch. 

 
E. Primary Chilled Water Pump Lead/Lag:  

 
1. The chilled water pump lead/lag/standby sequence shall be rotated on a 

weekly schedule. The sequence shall be based on calculated run time 
with the pump having the least run time as lead, the pump with the next 
lowest run time will be the second in the sequence, etc. (Least Run Time 
Mode). From the CAC an operator shall be able to manually change the 
lead/lag sequence (Alternate Mode). From the DCS an operator shall be 
able to stop and start any pump and place any pump in manual mode 
(Operator Mode).  

 
F. Primary Chilled Water Pump Failure:  

 
1. If the lead start/stop relay is enabled and the flow switch status is off for 

more than 30 seconds (adj.), the CAC controller shall annunciate a chilled 
water pump failure alarm to the CAC and start the next pump in the 
sequence.  

 
2. Once the problem has been corrected, the operator shall be able to clear 

the alarm failure from the CAC controller. 
 
3. This shall re-enable the lead/lag sequence. 

 
G. Chiller Isolation Valves:  

 
1. Chiller isolation valves shall prevent the flow of water through non-

operating chillers. Chiller primary water pump operation will be 

MBC Cooling Water System Chiller Upgrade 
 

Attachment E – Technicals 167 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 11070 – VARIABLE SPEED SCREW WATER CHILLERS 
Volume 1 of 2 (December 2018)     SECTION 11070 - 18 of 20 

coordinated with the isolation valve operation. 
 

H. Secondary Chilled Water Pump Start/Stop:  
 

1. The CAC controller shall start a secondary chilled water pump through a 
contact closure of the pumps VFD run-enable contacts. 

 
J. Secondary Chilled Water Pump Status:  

 
1. The CAC controller shall detect secondary chilled water pump run status 

by a flow switch. 
 

K. Secondary Chilled Water Pump Lead/Lag:  
 
1. The chilled water pump lead/lag/standby sequence shall be rotated on a 

weekly schedule. The sequence shall be based on calculated run time 
with the pump having the least run time as lead, the pump with the next 
lowest run time will be the second in the sequence, etc. (Least Run Time 
Mode). From the CAC an operator shall be able to manually change the 
lead/lag sequence (Alternate Mode). From the DCS an operator shall be 
able to stop and start any pump and place any pump in manual mode 
(Operator Mode).  

 
2. If the chilled water system differential pressure falls 0.5 psig (adj.) below 

the setpoint of 38 psi (adj.), and the lead pump is at 100% (adj.) for more 
than 5 minutes (adj.), the next pump in the sequence shall start. If the 
pump speed control output is below 40% (adj.) for more than 5 minutes 
(adj.), the last operating pump in the sequence shall be disabled. 

 
L. Secondary Chilled Water Pump Failure:  

 
1. If the lead start/stop relay is enabled and the associated flow switch 

status is off for more than 30 seconds (adj.), the CAC controller shall 
annunciate a secondary chilled water pump failure alarm to the CAC and 
start the lag pump. When a secondary chilled water pump failure exists, 
lead/lag/standby automation shall be disabled and the currently running 
pump becomes the lead pump. Once the problem has been corrected, 
the operator shall be able to clear the alarm failure from the CAC 
controller or DCS workstation. This shall re-enable the lead/lag/standby 
sequence. 

 
M. Secondary Chilled Water Pump Speed:  

 
1. The CAC shall monitor the chilled water system differential pressure 

sensor. When the pump variable frequency drive is enabled, the CAC 
controller shall control the analog speed signal that is sent to the variable 
frequency drives of operating pumps to maintain a chilled water system 
differential pressure setpoint of 38.0 psig (adj.). 
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4.2 CAC-3 I/O POINTS LIST  
 
A. Analog Outputs 
 

• Secondary Pump 1 Speed Command 
• Secondary Pump 2 Speed Command 
• Chiller 1 Outlet Valve Position Command 
• Chiller 2 Outlet Valve Position Command 
• Chiller 3 Outlet Valve Position Command 

 
B. Analog Inputs 
 

• Secondary Pump 1 Speed 
• Secondary Pump 2 Speed 
• Chill Water System Flow 
• Chill Water Distribution Supply Temperature 
• Chill Water Distribution Return Temperature 
• Chiller 1 Outlet Temperature 
• Chiller 1 Flow 
• Chiller 1 Outlet Valve Position 
• Chiller 2 Outlet Temperature 
• Chiller 2 Flow 
• Chiller 2 Outlet Valve Position 
• Chiller 3 Outlet Temperature 
• Chiller 3 Flow 
• Chiller 3 Outlet Valve Position 

 
C. Digital Outputs 
 

• Primary Pump 1 Start/Stop 
• Primary Pump 2 Start/Stop 
• Primary Pump 3 Start/Stop 
• Primary Pump 4 Start/Stop 
• Secondary Pump 1 Start/Stop 
• Secondary Pump 2 Start/Stop 

 
D. Digital Inputs 
 

• Primary Pump 1 Run 
• Primary Pump 1 Flow Switch 
• Primary Pump 1 In Computer 
• Primary Pump 1 AC Control Power Ready 
• Primary Pump 2 Run 
• Primary Pump 2 Flow Switch 
• Primary Pump 2 In Computer 
• Primary Pump 1 AC Control Power Ready 
• Primary Pump 3 Run 
• Primary Pump 3 Flow Switch 
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• Primary Pump 3 In Computer 
• Primary Pump 1 AC Control Power Ready 
• Primary Pump 4 Run 
• Primary Pump 4 Flow Switch 
• Primary Pump 4 In Computer 
• Primary Pump 1 AC Control Power Ready 
• Secondary Pump 1 Run 
• Secondary Pump 1 Flow Switch 
• Secondary Pump 1 In Computer 
• Primary Pump 1 AC Control Power Ready 
• Secondary Pump 1 VFD Fail 
• Secondary Pump 2 Run 
• Secondary Pump 2 Flow Switch 
• Secondary Pump 2 In Computer 
• Primary Pump 1 AC Control Power Ready 
• Secondary Pump 2 VFD Fail 
• Chiller 1 Outlet Valve In Computer 
• Chiller 1 Outlet Valve Fail 
• Chiller 2 Outlet Valve In Computer 
• Chiller 1 Outlet Valve Fail 
• Chiller 3 Outlet Valve In Computer 
• Chiller 1 Outlet Valve Fail 

 
**END OF SECTION** 
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SECTION 11071 – CHILLED WATER PRIMARY PUMPS 
 
PART 1 – GENERAL 
 
1.1 SCOPE 

 
A. Provide pumps and required system trim for heating, chilled water, and dual 

temperature water systems including all related appurtenances for a complete and 
operating systems. Pump shall be end suction type, long-coupled and base 
mounted.  

 
B. Design Criteria for Primary Pumps 

 
Tag Nos.:  70-P-01, 70-P-02, 70-P-03, 70-P-20 
Duty Point:  650 gpm @ 37 feet 
Second Operating Point:  450 gpm @ 45 feet 
Shut Off Head:  57 feet 
Pump Speed:  1770 
Maximum Horsepower:  10 

 
1.2 RELATED SECTIONS 
 

A. Drawings and general provisions of the Contract, including General and 
supplementary Conditions and Division 1 Specification Sections, apply to these 
sections:  
 
1. Section 01080 - Construction Sequencing 

 
2. Section 09900 -  Painting and Coating  

 
3. Section 11060 - Equipment Installation  

 
4. Section 11070 – Variable Speed Screw Water Chillers 

 
5. Section 11075 – Ancillary Equipment and Appurtenances 

 
6. Section 16040 - Electric Motors 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 

 
A. HI - Hydraulic Institute. 

 
B. ANSI - American National Standards Institute. 

 
C. OSHA - Occupational Safety & Health Administration. 

 
D. ASHRAE – American Society of Heating, Refrigeration and Air-Conditioning 

Engineers. 
 

E. NEMA - National Electrical Manufacturers Association. 
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F. UL - Underwriters Laboratories. 

 
G. ETL - Electrical Testing Laboratories. 

 
H. CSA - Canadian Standards Association. 

 
I. NEC - National Electric Codes. 

 
J. ISO - International Standards Organization. 

 
K. IEC - International Electrotechnical Commission. 

 
L. ASME – American Society of Mechanical Engineers. 

 
1.4 SUBMITTALS 

 
A. Operation and Maintenance Data:  Include installation instructions, assembly 

views, lubrication instructions, and replacement parts lists. 
 
B. Product Data including certified performance curves and rated capacities of 

selected model, weights (shipping, installed, and operating), furnished 
specialties, and accessories. Indicate pump’s operating point on curves. 

 
C. Complete Package Information Product Data including: 

 
1. System summary sheet  

 
2. Shop drawing indicating dimensions, required clearances and location 

and size of each field connection 
 

3. Power and control wiring diagram 
 

4. Pump curves and variable speed pump curves  
 

5. Pump data sheets - Rated capacities of selected model and indication of 
pump’s operating point on curves. 
 

6. Submittals on furnished specialties and accessories 
 

D. Support requirements should follow the recommendations in the manufacturer’s 
installation instructions. 

 
1.5 QUALITY ASSURANCE 
 

A. All equipment or components of this specification section shall meet or exceed 
the requirements and quality of the items herein specified, or as denoted on the 
drawings. 
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B. Ensure pump operation at specified system fluid temperatures without vapor 
binding and cavitation, is non-overloading in parallel or individual operation, and 
operates to ANSI/HI 9.6.3.1 standard for Preferred Operating Region (POR) 
unless otherwise approved by the engineer. 

 
C. Ensure pump pressure ratings are at least equal to system’s maximum operating 

pressure at point where installed but not less than specified. 
 
D. Equipment manufacturer shall be a company specializing in manufacture, 

assembly, and field performance of provided equipment. 
 
E. Equipment provider shall be responsible for providing certified equipment start-up 

and, when noted, an in the field certified training session. New pump start-up 
shall be for the purpose of determining pump alignment, lubrication, voltage, and 
amperage readings. All proper electrical connections, pump’s balance, discharge 
and suction gauge readings, and adjustment of head, if required. A copy of the 
start-up report shall be made and sent to both the contractor and to the Engineer. 

 
1.6 DELIVERY, STORAGE AND HANDLING 

 
A. Deliver materials to the site in such a matter as to protect the materials from 

shipping and handling damage. Provide materials on factory provided shipping 
skids and lifting lugs if required for handling. Materials damaged by the elements 
should be package in such a matter that they could withstand short-term 
exposure to the elements during transportation. 

 
B. Store materials in clean, dry place and protect from weather and construction 

traffic. Handle carefully to avoid damage. 
 
C. Use all means necessary to protect equipment before, during, an after 

installation. 
 
D. All scratched, dented, and otherwise damaged units shall be repaired or replaced 

as directed by the Engineer. 
 
1.7 WARRANTY 
 

A. Provide a minimum one (1) year warranty on materials and installation. 
 
PART 2 – PRODUCTS 
 
2.1 PUMP AND MOTOR 
 

A. Contractor shall furnish and install new end suction, base-mounted primary 
pumps for chilled water system as shown on the Drawings.  

 
B. The pumps shall be long coupled, base mounted, single stage, end suction, 

vertical split case design, in cast iron stainless steel fitted, specifically designed 
for quiet operation.  
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C. Maximum operating temperature and pressure: 225°F and 175 psig working 
pressure  

 
D. The pumps shall be composed of three separable components a motor, bearing 

assembly, and pump end (wet end). The motor shaft shall be connected to the 
pump shaft via a replaceable flexible coupling. 

 
E. A bearing assembly shall support the shaft with two heavy-duty regreaseable ball 

bearings. Bearing assembly shall be replaceable without disturbing the system 
piping and shall have foot support at the coupling end. Pump bearings shall be 
regreaseable without removal of the bearings from the bearing assembly. 
Thermal expansion of the shaft toward the impeller shall be prevented via an 
inboard thrust bearing. 

 
F. The bearing assembly shall have a solid SAE1144 steel shaft. A Type 316 

stainless steel shaft sleeve shall be employed to completely cover the wetted 
area under the seal. 

 
G. Pump shall be equipped with an internally-flushed mechanical seal assembly 

installed in an enlarged tapered seal chamber. Application of an internally flushed 
mechanical seal shall be adequate for seal flushing without requiring external 
flushing lines. Seal assembly shall be Buna bellows and seat gasket, stainless 
steel spring, and be of a carbon ceramic design with the carbon face rotating 
against a stationary silicon carbide face. 

 
H. Bearing assembly shaft shall connect to a stainless-steel impeller. Impeller shall 

be both hydraulically and dynamically balanced to ANSI/HI 9.6.4-2009, balance 
grade G6.3 and secured by a stainless-steel locking capscrew or nut. 

 
I. Pump should be designed to allow for back pull-out allowing access to the 

pump’s working components, without disturbing motor or piping, for ease of 
maintenance. 

 
J. A center drop-out type coupling, capable of absorbing torsional vibration, shall be 

employed between the pump and motor. Pumps for variable speed application 
shall be provided with a suitable coupling sleeve. Coupling shall allow for 
removal of pump’s wetted end without disturbing pump volute or movement of 
the pump’s motor and electrical connections. On variable speed applications the 
coupling sleeve should be constructed of an neoprene material to maximize 
performance life. 

 
K. An ANSI and OSHA rated coupling guard shall shield the coupling during 

operation. Coupling guard shall be dual rated ANSI B15.1 and OSHA 1910.219 
compliant coupling guard and contain viewing windows for inspection of the 
coupling. No more than .25 inches of either rotating assembly shall be visible 
beyond the coupling guard. 

 
L. Pump volute shall be of a cast iron design with integrally cast pedestal volute 

support, rated for 175 PSIG with integral cast iron flanges drilled for 125# ANSI 
companion flanges. Volute shall have internal aluminum bronze volute wear rings 
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and shall include gauge ports at nozzles, and vent and drain ports. 
 
M. Motor shall be TEFC, 460V, 3 phase, 60 Hz Premium NEMA Efficient motor. 
 
N. Pump and motors shall be factory aligned and shall be realigned after installation 

by the manufacturer’s representative. Motors shall be non-overloading at any 
point on the pump curve. 

 
O. Base plate shall be of structural steel or fabricated steel channel configuration 

fully enclosed at sides and ends, with securely welded cross members and fully 
open grouting area (for field grouting). The minimum base plate stiffness shall 
conform to ANSI/HI 1.3.8.2.1- 2009 for grouted Horizontal Baseplate Design 
standards. 

 
P. The pump(s) vibration limits shall conform to Hydraulic Institute ANSI/HI 9.6.4-

2009 for recommended acceptable unfiltered field vibration limits (as measured 
per ANSI/HI 9.6.4-2009 Figure 9.6.4.2.3.1) for pumps with rolling contact 
bearings. 

 
Q. Each pump shall be hydrostatically tested 1.5 times the maximum rated working 

pressure and name-plated before shipment. 
 
R. Pump shall conform to ANSI/HI 9.6.3.1-2012 standard for Preferred Operating 

Region (POR) unless otherwise approved by the engineer. 
 
2.2 MANUFACTURER 
 

A. Pumps shall be Model e-1510 4BD as manufactured by Bell & Gossett or 
Engineer approved equal. 

 
PART 3 – EXECUTION 
 
3.1 INSTALLATION 
 

A. All components shall be installed in accordance with manufacturer’s installation 
instructions. 

 
B. Reduction from line size to pump connection size shall be made with eccentric 

reducers attached to the pump with tops flat to allow continuity of flow. 
 
C. Furnish and install valves and a suction diffuser as shown on the Drawings.  
 

3.1 SYSTEMS DEMONSTRATION 
 
A. Prior to final inspection, demonstrate satisfactory operation of each system to 

Engineer. Provide technical representative for start-up and acceptance testing for up to 
two 8-hour days, exclusive of travel time. 
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3.2 INSTRUCTION OF CITY PERSONNEL 
 
A. Instruct City personnel in operation, adjustment, and maintenance of equipment 

and systems, using operation and maintenance data as the basis of instruction. 
 

**END OF SECTION** 
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11072 – CHILLED WATER SECONDARY PUMPS 
 
PART 1 – GENERAL 
 
1.1 SCOPE 

 
A. Provide Chilled Water Secondary Pump and required system trim for heating, 

chilled water, and dual temperature water systems including all related 
appurtenances for a complete and operating system. Pumps shall be double-
suction, vertical split case, base-mounted and described herein. 

 
B. Design Criteria for Secondary Pumps 

 
Tag Nos.:  70-P-04, 70-P-05  
Duty Point:  1040 gpm @ 175 ft 
Second Operating Point:  1700 gpm @ 140 feet 
Shut Off Head:  190 feet 
Pump Speed:  1775 
Maximum Horsepower:  75 
 

1.2 RELATED SECTIONS 
 

A. Drawings and general provisions of the Contract, including General and 
supplementary Conditions and Division 1 Specification Sections, apply to these 
sections:  
 
1. Section 01080 - Construction Sequencing 

 
2. Section 09900 -  Painting and Coating  

 
3. Section 11060 - Equipment Installation  

 
4. Section 11070 – Variable Speed Screw Water Chillers 

 
5. Section 11075 – Ancillary Equipment and Appurtenances 

 
6. Section 16040 - Electric Motors 
 

1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. HI - Hydraulic Institute. 
 
B. ANSI - American National Standards Institute. 
 
C. OSHA - Occupational Safety & Health Administration. 
 
D. ASHRAE – American Society of Heating, Refrigeration and Air-Conditioning 

Engineers.  
 
E. NEMA - National Electrical Manufacturers Association.  
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F. UL - Underwriters Laboratories.  
 
G. ETL - Electrical Testing Laboratories.  
 
H. CSA - Canadian Standards Association.  
 
I. NEC - National Electric Codes.  
 
J. ISO - International Standards Organization.  
 
K. IEC - International Electrotechnical Commission.  
 
L. ASME – American Society of Mechanical Engineers. 

 
1.4 SUBMITTALS 

 
A. Operation and Maintenance Data: Include installation instructions, assembly 

views, lubrication instructions, and replacement parts lists. 
 
B. Product Data including certified performance curves and rated capacities of 

selected model, weights (shipping, installed, and operating), furnished 
specialties, and accessories. Indicate pump’s operating point on curves. 

 
C. Complete Package Information Product Data including: 

 
1. System summary sheet  

 
2. Shop drawing indicating dimensions, required clearances and location 

and size of each field connection 
 

3. Power and control wiring diagram 
 

4. Pump curves and variable speed pump curves  
 

5. Pump data sheets - Rated capacities of selected model and indication of 
pump’s operating point on curves. 
 

6. Submittals on furnished specialties and accessories 
 

D. Support requirements should follow the recommendations in the manufacturer’s 
installation instructions. 

 
1.5 QUALITY ASSURANCE 
 

A. All equipment or components of this specification section shall meet or exceed 
the requirements and quality of the items herein specified, or as denoted on the 
drawings. 
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B. Ensure pump operation, at specified system fluid temperatures without vapor 
binding and cavitation, is non-overloading in parallel or individual operation, and 
operates to ANSI/HI 9.6.3.1 standard for Preferred Operating Region (POR) 
unless otherwise approved by the engineer. 

 
C. Ensure pump pressure ratings are at least equal to system’s maximum operating 

pressure at point where installed but not less than specified. 
 
D. Equipment manufacturer shall be a company specializing in manufacture, 

assembly, and field performance of provided equipment. 
 
E. Equipment provider shall be responsible for providing certified equipment start-up 

and, when noted, an in-the-field certified training session. New pump start-up 
shall be for the purpose of determining pump alignment, lubrication, voltage, and 
amperage readings. All proper electrical connections, pump’s balance, discharge 
and suction gauge readings, and adjustment of head, if required. A copy of the 
start-up report shall be made and sent to both the contractor and to the Engineer. 

 
1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Deliver materials to the site in such a matter as to protect the materials from 
shipping and handling damage. Provide materials on factory provided shipping 
skids and lifting lugs if required for handling. Materials damaged by the elements 
should be packaged in such a matter that they could withstand short-term 
exposure to the elements during transportation. 

 
B. Store materials in clean, dry place and protect from weather and construction 

traffic. Handle carefully to avoid damage. 
 
C. Use all means necessary to protect equipment before, during, and after 

installation.  
 
D. All scratched, dented, and otherwise damaged units shall be repaired or replaced 

as directed by the Architect Engineer. 
 
1.7 WARRANTY 
 

A. Provide a minimum one (1) year warranty on materials and installation.  
 
PART 2 – PRODUCTS 
 
2.1 PUMPS AND MOTORS 

 
A. Contractor shall furnish and install new double suction vertically split case pumps 

for chilled water cooling system as shown on the Drawings.  
 

B. The pumps shall be long-coupled, base mounted, single stage, double suction, 
vertical split case design suitable for standard operations at 300° F and 175 psig 
working pressure.  
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C. The bearing housing shall supply support for heavy-duty single row permanently 
lubricated ball bearings, with flushing provision. Polyurea grease, capable of 
handling both high and low temperatures and that is resistant to washout and 
condensation shall be provided. The bearings shall be capable of absorbing both 
radial and thrust loads and maintaining the rotating element in proper axial 
alignment. Bearings shall be capable of being inspected and repaired by removal 
of only a bearing bracket.  

 
D. The impeller shaft shall be of solid 1045 steel with 316 SS sleeves covering the 

wetted area of the shaft.  
 

E. Mechanical seal assemblies shall be unitized, single spring, EPR elastomer 
bellows with drive ring, Carbon face rotating against a stationary Silicon Carbide 
face. 
  

F. Impeller shall be of the enclosed double suction type made of low zinc silicon 
brass, both hydraulically and dynamically balanced to ISO 1940-1:2003 balance 
grade G6.3 and keyed to the shaft.  

 
G. A spacer coupling, capable of absorbing torsional vibration and of operating in 

variable speed applications, shall be employed between the pump and motor. 
The spacer coupling shall allow for removal of pump’s wetted end without 
disturbing pump volute or movement of the pump’s motor and electrical 
connections. 

 
H. A coupler guard shall shield the coupler during operation. It shall be an ANSI 

B15.1 and OSHA 1910.219 compliant coupling guard with viewing windows for 
inspection of the coupling. No more than .25-inch opening in the guard around 
the rotating assembly shall be visible. 

 
I. Pump volute shall be of a cast iron ASTM A159 material design with an integrally 

cast pump discharge and an integrally cast pump suction. Flanges shall be extra 
heavy-duty design and will be of 250# thickness while capable of being drilled for 
125# ANSI flat face use. Volute shall have integrally cast support feet, gauge 
ports at nozzles, and vent and drain ports. Volute shall have internal aluminum 
bronze wear rings. 

 
J. Motor shall be TEFC, 460V, 3 phase, 60 Hz Premium NEMA Efficient motor. 

 
K. Pump and motors shall be factory aligned and shall be realigned after installation 

by the manufacturer’s representative. Motors shall be non-overloading at any 
point on the pump curve.  

 
L. Base plate shall be welded structural steel fully enclosed at sides and ends, with 

securely welded cross members. The minimum base plate stiffness shall conform 
to ANSI/HI 1.3-2000, section 1.3.5.3 for Horizontal Base Plate Design standards. 
First modal frequency of the base shall be no less than 20% higher than the 
maximum operating speed (29.7 Hz at 1780RPM) of the unit.   
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M. The pump(s) vibration limits shall conform to Hydraulic Institute ANSI/HI 1.1-1.5, 
section 1.4.6.1.1 for recommended acceptable unfiltered field vibration limits (as 
measured per HI 1.4.6.5.2, Figure 1.108) for pumps with rolling contact bearings. 
Pump manufacturer shall be ISO-9001 certified.  

 
N. The seismic capability of the pump shall allow it to withstand a horizontal load of 

0.5g, excluding piping and/or fasteners used to anchor the pump to mounting 
pads or to the floor, without adversely affecting pump operation. 

 
O. Each pump shall be hydrostatically tested and painted with one coat of high 

quality factory approved paint and name-plated before shipment from the factory.  
 
2.2 MANUFACTURER 
 

A. Pumps shall be Model 4 x 6 x 171/2 VSC as manufactured by Bell & Gossett or 
Engineer  approved equal. 

 
PART 3 – EXECUTION 
 
3.1 SYSTEMS DEMONSTRATION 

 
A. Prior to final inspection, demonstrate satisfactory operation of each system to 

Engineer. Provide technical representative for start-up and acceptance testing for 
up to two 8-hour days, exclusive of travel time.  
 

3.2 INSTRUCTION OF CITY PERSONNEL 
 
A. Instruct City personnel in operation, adjustment, and maintenance of equipment 

and systems, using operation and maintenance data as the basis of instruction. 
 

**END OF SECTION** 
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SECTION 11075 ANCILLARY EQUIPMENT AND APPURTENANCES 
 
PART 1 - GENERAL 
 
1.1 SCOPE 

 
A. This section includes all labor, material, tools, incidentals, and equipment 

necessary to furnish and install ancillary equipment and piping and appurtenances 
for the chilled water system as specified herein and as shown on the Contract 
Drawings. 

 
B. Major Ancillary Equipment Summary 

 
70 AS 01 Air Separator with Vent 
70 ET 01 Expansion (Bladder) Tank 
70 CP 01 Chemical Pot Feeder 

 
C. Pump and Ancillary Equipment Appurtenances 

 
1. High capacity air vent 

 
2. Expansion tank air charging vent 

 
3. Expansion tank purge valve 

 
4. Automatic air vent 

 
5. Water make-up station fill pressure reducing valve 

 
6. Suction diffuser 

 
7. Strainers 

 
8. Wafer style check valve 

 
9. Butterfly valve 

 
10. Flexible hose connectors 

 
11. Pipe union 
 

1.2 RELATED SECTIONS 
 

A. Section 01600 - General Equipment Provisions 
 
B. Section 01650 - Startup Requirements 
 
C. Section 01730 - Operation and Maintenance Data 
 
D. Section 09900 - Painting and Coating 
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E. Section 11060 - Equipment Installation  
 
F. Section 11070 - Variable Speed Screw Water Chillers  
 
G. Section 11071 - Chilled Water Primary Pumps 
 
H. Section 11072 - Chilled Water Secondary Pumps 
 
I. Section 13329 – Primary Sensors and Field Instrumentation 
 
J. Section 15100 - Valves  
 
K. Section 15140 - Pipe Supports 
 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. ASME – American Society of Mechanical Engineers. 
 
B. ANSI – American National Standards Institute. 

 
C. ASHRAE - American Society of Heating, Refrigerating and Air-Conditioning 

Engineers 
 

1.4 SUBMITTALS 
 

A. Submit data cover sheet 
 

B. Manufacturer’s catalog cut sheet or shop drawings with dimensions 
 

C. Manufacturers’ product data 
 

D. Materials of construction 
 

E. Installation, operation & maintenance manual. 
 
1.5 UNIT RESPONSIBILITY 

 
A. To assure a properly integrated and chilled water system, ancillary equipment 

described in this section shall be furnished by the same vendor, who shall 
assume full responsibility for the proper operation of the chilled water primary 
and secondary pumps and the associated ancillary equipment. 

 
PART 2 - PRODUCTS 
 
2.1 PRODUCTS 
 

A. Air Separator and Appurtenances 
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1. Contractor shall furnish, install and make ready for operation an air 
separator (70 AS 01) and appurtenances.  The air separator shall be 
designed to collect and release entrained air in the chilled water primary 
system. The air separator will be an ASME vessel designed with 
tangential flanged openings. 
 

2. The Air Separator shall be designed, constructed, and stamped in 
accordance with section VIII, Division I of the ASME Boiler and Pressure 
Vessel Code, and registered with the National Board of Boiler and 
Pressure Vessel Inspectors. Flange end connections should be designed 
according to ANSI Standards. 
 

3. The air separator shall incorporate the following design features: 
 

a. Threaded air removal connection on top of the unit so an air vent 
or expansion/compression tank can be connected, allowing 
collected air to be removed from the unit. 

b. Carbon steel perforated baffle with 3/16” perforations and 51% 
open area 

c. Removable 304 stainless steel perforated strainer with 3/16” 
perforations and 51% open area  

 
4. Materials of Construction: cast iron or carbon steel 
 
5. Design Criteria: 

 
a. Capacity:  1900 gpm 
b. Flange Size:  8 inches 
c. Maximum Working Pressure:  125 psi 
d. Maximum Temperature Rating:  350°F 
e. NPT end connections:  See Drawings 
f. Model No.:  Rolairtrol RL-8F 

 
6. Manufacturer:  Bell & Gossett or Approved Equal 

 
B. Air Separator Appurtenances 

 
1. High Capacity Air Vent 

 
a. Materials of Construction: Cast Iron 
b. Inlet and Outlet Size (inches): ¾ FNPT inlet and 1/2” FNPT outlet 
c. Maximum Working Pressure (psi): 150 
 

2. Manufacturer:  Bell & Gossett or Approved Equal 
 

C. Expansion Tank  
 
1. Contractor shall furnish, install and make ready for operation an ASME 

rated pre-charged bladder-type expansion tank (70 ET 01) for use in the 
chilled water primary loop. The expansion tank will be fitted with a system 
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connection, an air charging valve, lifting ring, drain and system 
connections. The tank shall be located per the Drawings.  
 

2. The expansion tank shall be equipped with a heavy-duty butyl rubber 
bladder containing water on the inside. The tank will be pre-charged to 12 
psi at the factory.  
 

3. Design Criteria: 
 
a. Volume: 53 gallons 
b. Size: 24 inches in diameter by 37 inches tall 
c. Materials of Construction: 
d. Tank: Carbon steel 
e. Bladder: Heavy duty butyl rubber 
f. Design Standard: ASME Section VIII, Division 1 
g. Maximum Design Pressure125 psi 
h. Design Temperature: 240 °F  
 

4. Expansion Tank Appurtenances: 
 
a. Tank purge valve (TPV) is a combination full port shut-off valve 

and drain valve with a tank connection, system connection and 
two 1/4” NPT pipe plugs for draining. The TPV shall include a 5/8” 
hose connection. 
 
1) Materials of construction: 

Valve Body: Brass 
Ball: Chrome Plated 
Ball Seal: Teflon 
Stem: Explosion Proof 
O-Rings: EDPM 

2) Size: 1” NPT 
System Connection: 1” Female SWT 
Tank Connection: 1” Male NPT 
Maximum Operating Pressure: 400 psi 
Maximum Temperature: 250 °F  

3) Model No. TPV 1 SM 
 

b. Automatic Air Vent is designed to vent troublesome air. 
 
1) Materials of construction: 

Valve Body: Brass 
Internals: 

2) Materials of construction: 
Valve Body: Brass 
Internals: Non-ferrous 

3) Model No. 87 
 

c. Pressure Gauge – See Section 17329 
d. Air Charging Vent 
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1) Design Criteria: 
2) Maximum Working Pressure: 150 psi 
3) Body Material: Cast Iron 
4) Dimensions (height and width in inches):  4-3/4” – ¼” 
5) Model No. 87 
 

3. Manufacturer:  Bell & Gossett or Approved Equal 
 

D. Chemical Pot Feeder 
 

1. A new chemical pot feeder will replace the existing, (70 CP 01) and will 
be a 6.3-gallon carbon steel vessel designed for a maximum pressure of 
200 psi.  The chemical pot feeder will have a dome bottom with bypass 
feeder. Any necessary chemicals will be added to the pot and valving will 
aligned to allow a small amount of flow from the discharged side of the 
primary pumps to the return side to move the chemical into the CW 
system.  
 

2. Design Criteria: 
 
a. Volume (gal):  6.3 
b. Dimensions (inches wide by inches tall):  10 X 23 
c. Model No.:  DB-5HD 
 

3. Manufacturer:  J. L. Wingert Co or Approved Equal 
 

E. Suction Diffuser 
 

1. A suction diffuser shall be installed upstream of the primary chilled water 
pumps. The suction diffuser is used to provide optimal flow conditions to 
the pump.  
 

2. The suction diffuser shall have the following: 
 
a. Flow Cone to eliminate recirculation. 
b. A full-length, 4-plane, removable straightening vane.  
c. A fully-removable orifice cylinder with 3/16-inch perforations and 

51% open area. 
d. A full length removable start-up strainer. 
 

3. Materials of Construction:  
 
a. Body: Cast Iron or Ductile Iron 
b. Straightening Vanes: Carbon steel 
c. Orifice Cylinder: Carbon steel 
d. Removable start-up strainer: 16 mesh bronze wire 

 
4. Flange ends up to 175 psi maximum working pressure 

Maximum working temperature:  250°F 
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5. Manufacturer:  Bell and Gossett or Approved Equal 

 
F. Strainer – Upstream of Primary Pumps 

 
1. The strainer shall be located upstream of both the primary and secondary 

chilled water pumps.  
 

2. The strainer shall have the following: 
 
a. Blow off at 22.5° with plug 
b. Cv of 952 for a 6-inch flange unit, where Cv is the flow rate in 

gallons of 60 °60 water that will pass through the strainer in 1 
minute at 1 psi pressure drop. 

c. Cv of 1580 for an 8-inch flange unit 
d. Ports: Two 3/8” ports for differential pressure measurement and 

one 1” dry well port 
 

3. Materials of Construction:  
 
a. Body, Flange, Cover Plate:  Cast Iron  
b. Screen:  304 Stainless Steel 
c. Perforation Size:  0.125 inches 
d. O-ring:  Viton 

  
4. Flange size per Drawings 
 

a. Flange type:  125 lb ANSI 
b. Maximum Working Pressure:  175 psi  
c. Maximum Working Temperature:  150°F 
 

5. Manufacturer:  Model No. LPD by Metraflex or Approved Equal 
 

G. Strainer – Upstream of Water Chiller 
 
1. Strainers shall be Y-type for potable and nonpotable water service 

 
2. Ends:  2 inches and greater – flanged 

 
3. Body:  125 lbs. Class Cast Iron Wye Strainer 

 
4. Screen:  Type 304 stainless steel, 40 Mesh. 

 
5. Manufacturer:  

 
H. Check Valve 

 
1. Check valves shall be of the wafer style, center-guided, silent, non-slam 

type. A mating flange with full gasket shall be installed with the check 
valve.  
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2. All check valve component parts shall be field replaceable.  

 
3. Materials of Construction:  

 
a. Body:  Cast Iron  
b. Disc and Seat:  Bronze 
c. Spring:  Stainless Steel 
 

4. Valve flange size per Drawings 
 
a. ANSI B16.1 Class 125/250 
b. Mating flange size per Drawings and to match valve 
c. ANSI 16.1 Class 125/250 with full bolt hole gasket 
 

5. Maximum Working Pressure and Temperature: 175 psi and 150°F 
 

6. Manufacturer:  Model No. CVO700-DINC by Metraflex or Approved Equal 
 

I. Butterfly Valve 
 

1. Butterfly valves shall be lug body style.  
 

2. Materials of Construction:  
 
a. Body:  Cast Iron  
b. Liner:  EDPM 
c. Disc:  Ductile Iron with Nickel Coating 
d. Upper Stem:  ASIA 420 Stainless Steel 
e. Lower Stem:  ASIA 420 Stainless Steel 
f. Upper Stem Bearing:  PTFE 
g. Upper Stem O-Ring:  EDPM 
h. Lower Stem O-Ring:  EDPM 
i. Lower Stem Set Screw:  ASTM A-582 Steel 
j. Position Plate:  Carbon Steel 
 

3. Flange size per Drawings 
 
4. Maximum Working Pressure and Temperature:  200 psi and 250 °F. 
 
5. Manufacturer:  Model BW/BL by Metraflex or Approved Equal 

 
J. Flexible Hose Connectors 

 
1. Provide flexible hose connectors as indicated on the contract drawings. 

Flexible hose connectors shall be capable of compensating for lateral 
movement and vibration. Flexible hose connectors shall be manufactured 
complete with section of corrugated metal house, compatible braid, with 
inlet and outlet connections as required.  
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2. Materials of Construction:  
 
a. Corrugated Hose:  304 Stainless Steel  
b. Braid:  304 Stainless Steel 
 

3. Flange size per Drawings 
 
4. Maximum Working Pressure and Temperature:  200 psi and 250 °F. 
 
5. Manufacturer:  METRA_MINI by Metraflex or Approved Equal 

 
K. Water Fill Connection Pressure Reducing Valve – Contractor shall furnish and 

install a fast-fill dual pressure reduction valve/ relief valve to provide fast fill 
function with fill overpressure protection. The valve shall be of the fast fill type 
and have a cleanable strainer, a corrosion resistant seat and a large diaphragm 
for positive action. The valve shall be installed in the location as shown on the 
Drawings. 
 
1. Materials of Construction: 

 
a. Valve Body:  Brass 
b. Wetted Parts:  Corrosion Resistant 
c. Pressure Reducing Setting Range:  12 with 10 to 25 psi adjustable 

range 
d. Pressure Relief Valve Setting Range:  30 psi setting with 20 to 40 

psi adjustable range 
e. Maximum Operating Temperature:  225°F 
f. Maximum Operating Pressure:  125 psi 
g. Valves ends:  ½” sweat/NPT 

 
2. Manufacturer:  Bell & Gossett or Approved Equal 

 
K. Pipe Union 

 
1. Screw unions may be employed on pipelines 2-1/2-inches in diameter 

and smaller. Pipes and fittings made of non-ferrous metals shall be 
isolated from ferrous metals by nylon insulating pipe bushings, unions or 
couplings manufactured by Smith-Blair, Pipe Seal and Insulator Co. or 
approved equal. 
 

PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Install piping specialties in accordance with manufacturer's instructions. 
 
B. PAINTING 

 
1. Clean and prime coat ferrous metal surfaces of equipment in the shop in 

accordance with the requirements of Section 09900 Painting and Coating. 
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2. Coat machined, polished and non-ferrous surfaces bearing surfaces and 

similar unpainted surfaces with corrosion prevention compound which shall 
be maintained during storage and until equipment begins operation. 

 
3. Field painting per Section 09900 Painting and Coating 

 
**END OF SECTION** 
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SECTION 13010 - INSTRUMENTATION AND CONTROLS - GENERAL REQUIREMENTS 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Work Included: 
 

1. Provide all tools, equipment, materials, and supplies and be responsible for 
all labor required to complete the installation, startup and operational 
testing of the Area 70 chill water control system as indicated on the 
Drawings and as specified herein and other technical sections. 

 
2. Provide all the necessary equipment components and interconnections 

along with the services of manufacturers' engineering representatives 
necessary to ensure the City receives a completely integrated and 
operational Instrumentation and Control (I&C) system as herein specified. 

 
3. Provide all terminations for wiring at field mounted instruments, equipment 

enclosures, alarm, and status contacts. 
 

4. Provide all Instrumentation and Control wire required for a fully functioning 
I&C system as shown on the Drawings except for wire specifically specified 
in Division 16. 

 
5. Provide all terminations for power and control wiring, control cables, and 

Ethernet cables to terminate in the Chill Water System Custom Application 
Controller (CAC) at terminal blocks, switches, Ethernet connections, etc.  
Check and confirm continuity of field wiring, control cables, serial and 
Ethernet cables between instruments, chiller skids, and CAC. 

 
6. System integration, to be performed by the City or contractors and 

consultants working directly for the City. 
 

a. Modifications to City DCS (PCM) and Ovation programming. 
 

7. Provide panel drawings and loop diagrams described herein. Provide a 
complete and accurate Ethernet map of the chilled water custom control 
panel (CAC-3) for network signals to the remote DCS (70-PCM-01) 

 
B. Work Specified in Other Divisions: 

 
1. Process piping and other mechanical work and equipment as specified in 

Divisions 11 or 15. 
 

2. Instruments and controls which are not directly used for process control, 
i.e., those provided as part of a package system, such as a chiller skid, etc. 
as specified in Divisions 11, 15, or 16. 
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3. Division 16 Work, including all instrumentation and controls conduit, and 
only that wire specified in Division 16. Refer to Division 16 Specifications 
for specific requirements for wire, conduit, grounding, and other electrical 
equipment. 

 
1.2 RESPONSIBILITIES 
 

A. Provide all engineering, documentation, labor, and materials required to resolve 
signal, power, or functional incompatibilities between the wiring and cable points 
of termination in the CAC and interfacing devices. This includes all interface to 
existing instruments and equipment. 

 
B. As a minimum, the Contractor shall perform the following work: 

 
1. Prepare analog and digital hardware submittals 
 
2. Procure hardware 
 
3. Fabricate panels 
 
4. Perform factory tests on panels 

 
5. Perform bench calibration and verify calibration after installation 

 
6. Oversee and certify installation 

 
7. Oversee, document, and certify loop testing 

 
8. Oversee, document, and certify system commissioning 

 
9. Conduct the performance test 

 
10. Prepare Owner's Manuals 

 
11. Conduct training classes 

 
12. Prepare record drawings 

 
C. Integration of the chill water control system with instrumentation and control devices 

being provided under other sections: 
 

1. Resolve signal, power, or functional incompatibilities between the points of 
termination at the RTU and interfacing devices. 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. American National Standard Institute (ANSI) Publications: 
 
Y14.15a Drafting Practice 
C62.1 Surge Arrestors 
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B. Instrumentation Society of America (ISA) Publications: 

 
S5.4 Instrument Loop Diagrams 
S20 Specification Forms for Process Measurement and Control 

Instruments, Primary Elements and Control Valves 
 
1.4 SUBMITTALS 
 

A. General: It is incumbent upon the Contractor to coordinate the work specified in 
these Sections so that a complete instrumentation, communication networks and 
control system for the Area 70 chill water system will be provided and will be 
supported by accurate shop and record drawings. As a part of its responsibility the 
Contractor shall prepare and submit complete and organized shop drawings, as 
specified herein. Interface between instruments, existing control panels, motor 
control centers, starters, control valves, flowmeters, variable frequency drives, and 
other equipment related to the instrumentation and control system shall be 
included in the shop drawing submittal. 

 
1. In these Contract Documents all systems, meters, instruments, and other 

elements are represented schematically, and are designated by numbers, 
as derived from criteria in Instrument Society of America Standard 
ANSI/ISA S5.1. The Contractor shall assign nomenclature and instrument 
tags on their submittal drawings. ANSI nomenclature and numbers shall be 
employed exclusively throughout shop drawings, data sheets, computer 
programming and similar materials. Any other symbols, designations, and 
nomenclature unique to the manufacturer's standard methods shall not 
replace those prescribed above. 

 
2. Should an error be found in a shop drawing during installation or startup of 

equipment, the correction, including any field changes found necessary, 
shall be noted on the drawing and submitted finally "as-built" prior to 
acceptance of the project. 

 
3. The Contractor shall respond to all comments on shop drawing 

resubmittals made by the City either by making the noted correction or 
stating why it was not revised. Any resubmittal received by the City, which 
do not contain responses to the City's previous comments, shall be 
returned to the Contractor marked "rejected." No further review by the City 
shall be performed until the Contractor responds to these comments. 

 
B. Submittals: 

 
1. Control System Hardware: This submittal to include instrumentation and 

control panels shall be included in a singular, all-inclusive submittal which 
shall include but not be limited to: 

 
a. A complete index appearing in the front of each bound submittal 

volume. Labeled tags shall separate system groups. 
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b. Panel, and cabinet layout drawings shall be prepared, and they 
shall include the following information: 

 
1) Front, side, and plan views to scale. 
2) Dimensions. 
3) Arrangement (interior and exterior). 
4) Mounting information, including conduit entrance locations. 
5) Finish data. 
6) Tag number and functional name of items mounted in and 

on panel, console and cabinet. 
7) Nameplate legend which includes text, letter size, and 

colors to be used 
 

c. Installation, mounting, and anchoring details for all components and 
assemblies, including access requirements and conduit connection 
or entry details. 

d. Panel wiring diagrams shall be prepared and integrate the field 
wiring. They shall include the following information: 

 
1) Name of panel. 
2) Wiring sizes and types. 
3) Terminal strip numbers. 
4) Functional name and manufacturer's designation for items 

to which wiring is connected. 
5) Electrical control schematics in accordance with ANSI 

standards. 
 

e. Field wiring diagrams shall be prepared and be integrated with the 
panel-wiring diagram.  They shall include the following information: 

 
1) Wire and piping sizes and types to existing and new field 

devices. 
2) Conduits in which wiring is to be located. 
3) Panel termination strip numbers. 
4) Location, functional name, and manufacturer's designation 

of items to which wiring, and piping are connected. 
 

f. Drawings showing schematic diagrams for control circuits. 
Complete details on the circuit interrelationship of all devices within 
and outside each Control Panel shall be submitted using schematic 
control diagrams. The diagrams shall show numbered terminals on 
components together with the unique number of the wire to be 
connected to each terminal. The diagrams shall also show terminal 
assignments from all primary measurement devices, such as 
flowmeters, and to all final control devices, such as samplers, 
pumps, valves and chemical feeders. The Contractor shall furnish 
all necessary equipment suppliers' shop drawings to facilitate 
inclusion of this information for the System Integrator. 

g. Interface with existing control and monitoring system. This shall 
include any and all modifications made to existing measurement 

MBC Cooling Water System Chiller Upgrade 
 

Attachment E – Technicals 196 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 13010 – INSTRUMENTATION AND CONTROLS-GENERAL REQUIREMENTS 
Volume 1 of 2 (December 2018)      SECTION 13010 - 5 of 20 

and control circuits, equipment and wiring, that are at the site but 
not indicated on the plan drawings, as applicable to this project. The 
plans primarily indicate new field devices and not necessarily 
extension of existing field wiring. It is the responsibility of the 
Contractor to ascertain actual field conditions of the existing circuits, 
equipment and wiring. The City will provide to the Contractor copies 
of all drawings and data the City can find showing such existing 
conditions. The City makes no representation as to the 
completeness or correctness of any such drawings and data and 
cannot guarantee that complete or partial data exists for any of the 
facilities included in this contract. Lack of such drawings or detail 
shall not alleviate the contractual responsibility to ascertain and 
implement interfaces and modifications to existing measurement 
and control circuits, equipment and wiring. The existence of the 
electrical drawings reflecting existing control and monitoring 
functions within these contract documents are for guidance only 
and do not relieve the Contractor from meeting the requirements 
stated herein. 

h. Complete and detailed bills of materials: A bill of material list, 
including quantity, description, manufacturer, and part number, 
shall be submitted for each field mounted device or assembly, 
cabinet assemblies and subassemblies. Bills of material shall 
include all items within an enclosure. 

i. Data sheets for each component, together with a technical product 
brochure or bulletin: The data sheets shall show: 

 
1) Component functional description used herein and on the 

Drawings;  
2) Manufacturer's model number or other product designation; 
3) Project system or loop of which the component is a part; 
4) Project location or assembly at which the component is to 

be installed;  
5) Requirements for electric supply (if any);  
6) Special requirements or features, such as specifications for 

ambient operating conditions. 
7) Features and options which are furnished. 

 
j. A list of recommended spare parts covering items which are 

furnished under this Contract with the name, address, and phone 
number of manufacturer and manufacturer's local service 
representative of these parts. 

 
1. Report Submittal: Six (6) sets of sample reports shall be supplied to the 

Engineer for review. The submittal shall include a short description of the 
methods and procedures to be performed by operators to print the reports 
including the automatic reporting capabilities. 

 
2. Test Reports:  The Contractor shall provide reports detailing the results of 

tests performed on the system including the Field Functional Test Report. 
Three (3) sets shall be provided of each report. 
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3. Start-up Test Procedure Submittal:  The Start-up Test Procedure Submittal 

shall be included in a singular all-inclusive package which shall include but 
not be limited to: 

 
a. The proposed procedures to be followed during start-up of the 

Control System and its components. 
b. The forms and checklists needed to document the completion of a 

successful start-up. 
 

4. Technical Manuals: Four (4) final sets of technical manuals shall be 
supplied for the City in accordance with Division 1 and two (2) additional 
final sets shall be supplied for the City, as a condition of acceptance of the 
project.  Two sets shall consist of 1 or more volumes, each of which shall 
be bound in a standard size, 3-ring, loose-leaf, vinyl plastic hard cover 
binder suitable for bookshelf storage.  Binder ring size shall not exceed 3 
inches.  The other four sets will be recorded on CD ROM in PDF format. 

 
a. Initially, 3 sets of these manuals shall be submitted to the Engineer 

for review after return of favorably reviewed shop drawings and data 
required herein. Following the City's review, one set will be returned 
to the Contractor with comments. The sets shall be revised and/or 
amended as required and the requisite final sets shall be submitted 
to the City 15 days prior to startup of systems. The City will distribute 
the copies. 

b. In addition to updated shop drawing information reflecting actual 
existing conditions, each set of technical manuals shall include 
installation, connection, operating, calibration, set points (e.g., 
pressure, pump control, time delays, etc.) adjustment, test, 
troubleshooting, maintenance and overhaul instructions in 
complete detail. This shall provide the City with comprehensive 
information on all systems and components to enable operation, 
service, maintenance and repair.  Exploded or other detailed views 
of all instruments, assemblies and accessory components shall be 
included together with complete parts lists and ordering 
instructions. 

c. This manual shall be provided prior to project acceptance. 
d. Security Manual: The Contractor shall furnish a document 

identifying all security access codes (username, passwords) 
assigned in the as-built system. This document shall be provided 
as a separate item. 

e. This manual shall be provided prior to project acceptance. 
f. As Built Shop Drawings:  Shop drawings shall be updated to reflect 

actual as-built conditions. 
g. This manual shall be provided prior to system acceptance. 

 
5. Record Drawings: The Contractor shall keep current a set of complete 

schematic diagrams that shall include all field and panel wiring. These 
drawings shall include all of the hardwired signals shown on the P&ID 
drawings. One set of drawings electronically formatted in AutoCad (DWG) 
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and two hard copies shall be submitted after completion of all field 
functional tasks but prior to acceptance of the completed work by the City. 

 
1.5 QUALITY ASSURANCE 
 

A. Standard of Quality:  The Contractor shall provide equipment of the types and sizes 
specified which has been demonstrated to operate successfully. Provide 
equipment which is new and of recent proven design. 

 
1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Box, crate, or otherwise enclose and protect instruments and equipment during 
shipment, handling, and storage. Keep all equipment dry and covered from 
exposure to weather, moisture, corrosive liquids and gases or any element that 
could degrade the equipment.  Protect painted surfaces against impact, abrasion, 
discoloration, and other damage.  Notify the City in writing in the event that any 
equipment or material is damaged.  Obtain prior favorable review by the City before 
making repairs to damaged products  

 
1.7 WARRANTY 

 
A. Correction of Defects: The Contractor shall correct all defects in the contractor-

supplied Control System upon notification from the City for a period of one year 
from the date of Acceptance Test Completion. Mechanical corrections shall be 
completed within 5 days of notification. Programming issues shall be corrected 
within 24 hours. 

 
1.8 DRAWINGS 
 

A. Drawings: The Instrumentation Drawings are diagrammatic; exact locations of 
instrumentation products shall be determined in the field. Except where special 
details are used to illustrate the method of installation of a particular piece or type 
of equipment or material, the requirements or descriptions in this Specification 
shall take precedence in the event of conflict. 

 
B. Locations of equipment, inserts, anchors, motors, panels, pull boxes, manholes, 

conduits, stub-ups, fittings, power and convenience outlets, and ground wells are 
approximate unless dimensioned; verify locations with the CONSTRUCTION 
MANAGER prior to installation. Field verify scaled dimensions on Drawings. 

 
C. Review the Drawings and Specification Divisions of other trades and perform the 

instrumentation work that will be required for the installations. 
 
D. Should there be a need to deviate from the Instrumentation Drawings and 

Specifications, submit written details and reasons for all changes to the City for 
favorable review. 

 
E. Resolution of varying interpretations of the Contract Documents shall conform to 

Division 1, General and Supplementary Conditions. 
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F. The Drawings provide details of installation and supersede the manufacturer's 
recommendation where a conflict exists. 

 
G. Provide panel and loop drawings for the chill water custom control panel (CAC-3). 

Diagrams shall include power distribution, internal terminal labeling, field terminal 
block labeling, and field instrument terminal numbers and tags 

 
PART 2 – PRODUCTS 
 
2.1 MATERIALS AND STANDARD SPECIFICATIONS 

 
A. Provide instruments, equipment and materials suitable for service conditions and 

meeting standard specifications such as ANSI, ASTM, ISA, and SAMA.  The intent 
of this Specification is to insure instruments and equipment are of a uniform quality 
and manufacture throughout the plant.  All instruments in the plant of the same 
type shall be made by the same manufacturer. 

 
2.2 NAMEPLATES 
 

A. For each piece of equipment, provide a manufacturer's nameplate showing their 
name, location, the pertinent ratings and the model designation. 

 
B. Identify each piece of equipment and related controls with a rigid laminated 

engraved phenolic nameplate.  Engrave nameplates with the inscriptions indicated 
on the Drawings and, if not so indicated, with the equipment name.  Securely fasten 
nameplates in place using two stainless steel screws or, where favorably reviewed 
by the City, with epoxy cement.  Where no inscription is indicated on the Drawings, 
furnish nameplates with an appropriate inscription furnished by the City upon prior 
request by the Contractor. 

 
C. Each control device, including pushbuttons, control switches, and indicating lights, 

shall have an integral legend plate or nameplate indicating the device function. 
These shall be inscribed as indicated on the Drawings or as favorably reviewed by 
the City. 

 
D. Provide CAUTION or SAFETY nameplates to alert operators of special conditions 

that may result in faulty equipment operations.  Devices containing batteries that 
must be replaced periodically must be clearly identified. Nameplates are not 
required if the device senses and displays a low battery warning. 

 
E. Provide arc flash labeling on new VFD’s and at each chiller control panel. 

 
2.3 NAME TAGS 

 
A. All instrumentation and equipment items or systems shall be identified by name 

tags. Field equipment shall be tagged with the assigned instrumentation tag 
number listed in the Instrument Schedule. 

 
B. Name tags shall be stainless steel with engraved or stamped black characters of 

3/16-inch minimum height.  Tags shall be attached to equipment with a tag holder 
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and stainless-steel band with a worm screw clamping device. Use 20-gauge 
stainless steel wire where banding is impractical. For field panels or large 
equipment cases use stainless steel screws; however, such permanent 
attachment shall not be on an ordinarily replaceable part. 

 
2.4 FIELD-MOUNTED EQUIPMENT 
 

A. All instrument and control equipment mounted outside of protective structures shall 
be equipped with suitable surge arresting devices to protect the equipment from 
damage due to electrical transients induced in the interconnecting lines from 
lightning discharges or nearby electrical devices. Protective devices used on 
120 Vac inputs to field mounted equipment shall be secondary valve surge 
protectors conforming to the requirements of ANSI C62.1. 

 
2.5 EQUIPMENT OPERATING CONDITIONS 
 

A. All equipment shall be rated for normal operating performance with varying 
operating conditions over the following minimum ranges: 

 
1. Electrical Power: 120 Vac ±10%, 60 Hz, unregulated, except where 

specifically stated otherwise on the Drawings or in the Specifications, or 
when two-wire, loop-powered devices are specified. 

 
2. Field Instruments: 

 
a. Outdoor Areas: 

Ambient Temperature:  +15°F to +120°F 
Ambient Relative Humidity:  5% to 100% 
Weather:  Rain, and ice 

b. Indoor Unheated Areas: 
Ambient Temperature:  +40°F to +120°F 
Ambient Relative Humidity:  5% to 95%, non-condensing 

c. Indoor Environmentally Controlled Areas: 
Ambient Temperature:  +60°F to +104°F 
Ambient Relative Humidity:  10% to 90%, non-condensing 

 
2.6 EQUIPMENT LOCATIONS 
 

A. Provide equipment and materials suitable for the types of locations in which they 
are located as defined under Division 16.  All equipment specified for field 
mounting shall be weatherproof and splash proof as a minimum.  If electrical or 
electronic components are contained within the equipment, they shall be housed 
in NEMA 4X gasketed cases unless noted otherwise on the Drawings. 

 
2.7 CURRENT TECHNOLOGY 
 

A. All meters, instruments, and other components shall be the most recent field-
proven models marketed by their manufacturers at the time of submittal of the shop 
drawings unless otherwise required to match existing equipment. 
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2.8 LOOP ACCURACY 
 

A. The accuracy of each instrumentation system or loop shall be determined as a 
probable maximum error; this shall be the square-root of the sum of the squares 
of certified "accuracies" of the designated components in each system, expressed 
as a percentage of the actual span or value of the measured variable. Each 
individual instrument shall have a minimum accuracy of plus and minus 0.5 percent 
of full scale and a minimum repeatability of plus and minus 0.25 percent of full 
scale unless otherwise indicated.  Instruments which do not conform to or improve 
upon these criteria are not acceptable. 

 
2.9 SIGNAL ISOLATORS, CONVERTORS, AND CONDITIONERS 
 

A. Ensure that input-out signals of all instruments and control devices are compatible. 
Provide signal isolators and converters as necessary to obtain the required system 
performance.  Mount the devices in the field at point of application.  Provide items 
as manufactured by AGM or equal. 

 
2.10 ANALOG SIGNAL INDICATED UNITS 
 

A. For all instruments with local or remote indicators, provide indicators scaled in 
actual engineering units, i.e., gallons per minute, feet, psi, etc., rather than 0 to 
100%, unless noted otherwise on the Drawings or Instrument Schedule. 

 
2.11 SIGNAL TRANSMISSION 
 

A. Analog: 
 

1. Signal transmission between electric or electronic instruments shall be 4-20 
mA and shall operate at 24 Vdc.  Signal output from all transmitters and 
controllers shall be current regulated and shall not be affected by changes 
in load resistance within the unit's rating. 

 
2. Nonstandard transmission systems such as impulse duration, pulse rate, 

and voltage regulated will not be permitted except where specifically noted 
in the Instrument Schedule or shown on the Drawings.  When transmitters 
with nonstandard outputs do occur, their output shall be converted to 4-20 
mA prior to transmission. 

 
B. Discrete:  All alarm and status signals shall be 120 Vac unless specified otherwise. 

Ethernet and serial transmissions shall be allowed to the extent shown on the 
Drawings. 

 
2.12 PAINTING 
 

A. Factory paint all instruments and equipment except where installed in pipelines. 
Where instrument panels are installed adjacent to electrical control panels 
provided under Division 16, provide instrument panels of identical color to that of 
electrical control panels.  Paint as required in Division 9 for structural supports, 
brackets, etc.  Repair damaged factory paint to satisfaction of the City.  Feathering, 
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priming and painting shall produce a reasonable match to the surrounding paint 
work. 

 
2.13 FASTENERS 
 

A. Fasteners for securing equipment to walls, floors and the like shall be 316 stainless 
steel. When fastening to existing walls, floors, and the like, provide capsule 
anchors, not expansion shields. Size capsule anchors to meet load requirements. 
Minimum size capsule anchor bolt is 3/8-inch. 

 
2.14 INSTRUMENT CALIBRATION 
 

A. Each field instrument shall be calibrated at 0%, 25%, 50%, 75% and 100% of span 
using test instruments to simulate inputs and read outputs that are rated to an 
accuracy of at least 5 times greater than the specified accuracy of the instrument 
being calibrated. Such test instruments must have accuracies traceable to the 
National Institute of Standards and Technology (NIST). 

 
B. Submit a written report to the City on each instrument.  This report shall include a 

laboratory calibration sheet or the manufacturer's standards calibration sheet on 
each instrument and calibration reading as finally adjusted within tolerances. 

 
C. The Contractor may, at his option, choose to perform calibration on an instrument 

by acquiring the services of an independent test lab, or by obtaining the required 
test instruments and performing the calibration. 

 
2.15 BINDERS 
 

A. Submittals shall be furnished separately bound in a "D" standard size, 3-ring with 
gap free D-ring, loose-leaf, vinyl plastic, heavy duty, hard cover binder suitable for 
bookshelf storage.  Binder ring size shall not exceed 3 inches. 

 
2.16 ELECTRONIC MEDIA 
 

A. Manuals and Drawings shall be provided in hardcopy and electronic format. As-
built Documents shall be provided in Adobe Acrobat (pdf) format on CD – ROMs. 
The Contractor shall provide vendor manuals electronically and include these 
manuals on the CD set.  The CD shall be organized to simplify user browsing. 

 
PART 3 – EXECUTION 
 
3.1 PROCESS CONTROL SYSTEM 
 

A. Control Philosophy and Loop Functional Descriptions are described in Section 
11070 Variable Speed Screw Water Chillers, Part 4, which is hereby incorporated 
by reference. 
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3.2 MOUNTINGS 
 

A. Mount and install equipment as indicated.  Mount field instruments on pipe mounts 
or other similar means in accordance with suppliers' recommendation. Where 
mounted in control panels, mount according to requirements of that section. 

 
B. Equipment specified for field mounting shall be suitable for direct pipe mounting or 

surface mounting, surface-mounted indicators and equipment with calibration 
adjustments or requiring periodic inspection shall be mounted not lower than 3 
feet-6 inches nor higher than 6 feet above walkways, platforms, catwalks, and the 
like. 

 
C. Note that applicable specifications require detail drawings showing seismic sway 

bracing design and anchorage requirements for their equipment. Seismic zone 
requirements are specified in Division 1. 

 
D. All devices shall be accessible to operators for servicing, operating, reading, etc. 

Provide permanent platforms to assure devices are continuously accessible. 
 
3.3 FIELD WIRING 
 

A. Ring out signal wiring prior to termination and perform surge withstand tests where 
required. Verify wire number and terminations are satisfactory as designated on 
the Loop Diagrams. Verify all terminations are tight and shields are uniformly 
grounded at one location. 

 
3.4 ELECTROMAGNETIC INTERFERENCE (EMI) 
 

A. Construction shall proceed in a manner which minimizes the introduction of noise 
(RFI/EMI) into the I&C System. 

 
B. Cross signal wires and wires carrying ac power or control signals at right angles. 
 
C. Separate signal wires from wires carrying ac power or switched ac/dc control 

signals within control panels, terminal cabinets, telemetry equipment, multiplexer 
cabinets, and data loggers as much as possible.  Provide the following minimum 
separations within such equipment unless indicated otherwise on the Drawings: 

 
Power Wiring Capacity Separation 

(Inches) 
120 volts ac or 10 amps 12 
240 volts ac or 50 amps 18 

 
3.5 SIGNAL GROUNDING 
 

A. Proper grounding of equipment and systems in this Division is critical, since 
computer and associated networks and peripherals are involved. The Drawings 
and Division 16 specify safety grounding for all equipment in this Division. 
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B. A single-point grounding system for instrument signals is required for all instrument 
panels.  This instrument single point grounding system does not use building steel 
or conduit systems for its ground path. 

 
C. Ground all signal shields, signal grounds, and power supplies at an isolated signal 

bus within each instrument panel, rack, or enclosure.  The shields at the far ends 
of these signal cables must be disconnected (floated) from any ground to prevent 
ground loops. 

 
Do not connect the rack or enclosure frames to the signal grounding buses. 

 
3.6 PREPARATION 
 

A. Ensure that installation areas are clean, and that concrete or masonry operations 
are completed prior to installing instruments and equipment.  Maintain the areas in 
a broom-clean condition during installation operations. 

 
B. Panels shall be protected during construction to prevent damage to front panel 

devices and prevent dust accumulation in the intervals.  Other protective measures 
(lamp, strip heaters, etc.) shall be included as weather conditions dictate. 

 
3.7 CALIBRATION 
 

A. General:  All devices provided under Division 17 shall be calibrated according to 
the manufacturer's recommended procedures to verify operational readiness and 
ability to meet the indicated functional and tolerance requirements. 

 
B. Calibration Points:  Each instrument shall be calibrated at 0, 25, 50, 75, and 100% 

of span using test instruments to simulate inputs.  The test instruments shall have 
accuracies traceable to National Institute of Testing Standards. 

 
C. Bench Calibration: Instruments which have been bench-calibrated shall be 

examined in the field to determine whether any of the calibrations are in need of 
adjustment. Such adjustments, if required, shall be made only after consultation 
with the City. 

 
D. Field Calibration:  Instruments which were not bench-calibrated shall be calibrated 

in the field to insure proper operation in accordance with the instrument loop 
diagrams or specification data sheets. 

 
E. Calibration Sheets:  Each instrument calibration sheet shall provide the following 

information and a space for sign-off on individual items and on the completed unit: 
 

1. Project name 
 

2. Loop number 
 

3. Tag number 
 

4. Manufacturer 
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5. Model number 

 
6. Serial number 

 
7. Calibration range 

 
8. Calibration Data:  Input, output, and error at 10 percent, 50 percent, and 90 

percent of span 
 

9. Switch setting, contact action, and deadband for discrete elements 
 

10. Space for comments 
 

11. Space for sign-off by System Integrator and date 
 

12. Test equipment used and associated serial numbers 
 

13. Space for sign-off by City I&C technician with date 
 
F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of 

equipment or system at a location determined by the City. The Contractor shall 
have the System Integrator sign the tag when calibration is complete.  The City will 
sign the tag when the calibration and testing has been accepted. 

 
3.8 LOOP TESTING 
 

A. General:  Individual instrument loop diagrams per ISA Standard S5.4 – Instrument 
Loop Diagrams, expanded format, shall be submitted to the City for review prior to 
the loop tests. The Contractor shall notify the City of scheduled tests a minimum 
of 30 days prior to the estimated completion date of installation and wiring of the 
control system. After the City's review of the submitted loop diagrams for 
correctness and compliance with the specifications, loop testing shall proceed.  
The loop check may be witnessed by the City. 

 
B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages 

shall be stroked from the operator interface units as well as local control devices 
and adjusted to verify proper control action, hand switch action, limit switch 
settings, torque settings, remote control actions, and remote feedback of valve 
status and position.  Control valve actions and positioner settings shall be checked 
with the valves in place to ensure that no changes have occurred since the bench 
calibration. 

 
C. Interlocks:  All hardware and software interlocks between the instrumentation and 

the motor control circuits control circuits of variable-speed controllers and 
packaged equipment controls shall be checked to the maximum extent possible. 

 
D. Instrument and Instrument Component Validation:  Each instrument shall be field 

tested, inspected, and adjusted to its indicated performance requirement in 
accordance to its Manufacturer's specifications and instructions.  Any instrument 
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which fails to meet any Contract requirement, or, in the absence of a Contract 
requirement, any published manufacturer performance specification for functional 
and operational parameters, shall be repaired or replaced. 

 
E. Loop Validation:  Controllers and electronic function modules shall be field tested 

and exercised to demonstrate correct operation.  All control loops shall be checked 
under simulated operating conditions by impressing input signals at the primary 
control elements and observing appropriate responses of the respective control 
and monitoring elements, final control elements, and the graphic displays 
associated with the CAC. Actual signals shall be used whenever available. 
Following any necessary corrections, the loops shall be restested. Specified 
accuracy tolerances for each analog network are defined as the root-mean-square-
summation of individual component accuracy requirements.  Individual component 
accuracy requirements shall be as indicated by Contract requirements or by 
published manufacturer accuracy specifications, whenever Contract accuracy 
requirements are not indicated.  Each analog network shall be tested by applying 
simulated analog or discrete inputs to the first element of an analog network.  For 
networks which incorporate analog elements, simulated sensor inputs 
corresponding to 0, 25, 50, 75, and 100% of span shall be applied, and the 
resulting element outputs monitored to verify compliance to calculated root-mean-
square-summation accuracy tolerance requirements. Continuously variable 
analog inputs shall be applied to verify the proper operation and setting of discrete 
devices.  Provisional settings shall be made on controllers and alarms during 
analog loop test.  All analog loop test data shall be recorded on test forms which 
include calculated root-mean-square-summation system accuracy tolerance 
requirements for each output. 

 
F. Loop Validation Sheets:  The Contractor shall prepare loop confirmation sheets for 

each loop covering each active instrumentation and control device except simple 
hand switches and lights. Loop confirmation sheets shall form the basis for 
operational tests and documentation.  Each loop confirmation sheet shall cite the 
following information and shall provide spaces for sign-off on individual items and 
on the complete loop by the System Integrator: 

 
1. Project name 

 
2. Loop number 

 
3. Tag number, description, manufacturer and model number for each 

element 
 

4. Installation bulletin number 
 

5. Specification sheet number 
 

6. Loop description number 
 

7. Adjustment check 
 

8. Space for comments 
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9. Space for loop sign-off by System Integrator and data 

 
10. Space for sign-off by System Integrator and date 

 
G. Loop Certification:  When installation tests have been successfully completed for 

all individual instruments and all separate analog control networks, a certified copy 
of all test forms shall be retained by the Contractor. 

 
3.9 FIELD FUNCTIONAL TESTING 
 

A. General:  Field functional testing shall commence after acceptance of all wire test, 
calibration tests and loop tests, and all inspections have demonstrated that the 
instrumentation and control system complies with all Contract requirements.  Field 
functional testing shall demonstrate proper operation of all systems with process 
equipment operating over full operation ranges under conditions as closely 
resembling actual operation conditions as possible. 

 
B. Field functional Test Procedures and Documentation:  All field functional testing 

activities shall follow detailed test procedures and check lists accepted by the City. 
All test data shall be acquired using equipment as required and shall be recorded 
on test forms accepted by the City, which include calculated tolerance limits for 
each step. Completion of all system field functional testing activities shall be 
documented by a certified report, including all test forms with test data entered and 
retained by the Contractor. 

 
C. Operational Validation:  Where feasible, system field functional testing activities 

shall include the use of water to establish service conditions that simulate, to the 
greatest extent possible, normal final control element operation conditions in terms 
of applied process loads, operation ranges, and environmental conditions.  Final 
control elements, control panels, and ancillary equipment shall be tested under 
start-up and steady-state operation conditions to verify that proper and stable 
control is achieved using motor control center and local field mounted control 
circuits.  All hardwired and software control circuit interlocks and alarms shall be 
operational.  The control of final control element and ancillary equipment shall be 
tested using both manual and automatic (where provided) control circuits. The 
stable steady-state operation of final control elements running under the control of 
field mounted controllers as required eliminating oscillatory final control element 
operation. The transient stability of final control elements operation under the 
control of field mounted, and software based automatic analog controllers shall be 
verified by applying control signal disturbances, monitoring the amplitude and 
decay rate of control parameter oscillations (if any) and making necessary 
controller adjustments as required to eliminate excessive oscillatory amplitudes 
and decay rates. 

 
D. Loop Tuning:  All electronic control stations incorporating proportional, integral or 

differential control circuits shall be optimally tuned, by a qualified control systems 
engineer, by applying control signal disturbances and adjusting the gain, reset, or 
rate settings as required to achieve a proper response. Measured final control 
element variable position/speed setpoint settings shall be compared to measured 

MBC Cooling Water System Chiller Upgrade 
 

Attachment E – Technicals 208 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 13010 – INSTRUMENTATION AND CONTROLS-GENERAL REQUIREMENTS 
Volume 1 of 2 (December 2018)      SECTION 13010 - 17 of 20 

final control element position/speed values at 0, 25, 50, 75, and 100 % of span and 
the results checked against indicated accuracy tolerances. 

 
E. Field Functional Test Validation Sheets: Field functional testing shall be 

documented on a test form as follows: 
 

1. For functions which can be demonstrated on a loop-by-loop basis, the form 
shall include: 

 
a. Project name 
b. Loop number 
c. Loop description 
d. Tag number, description, manufacturer and data sheet number for 

each component. 
e. Specification page and paragraph of function demonstrated 
f. Description of function 
g. Space for sign-off and date by both the System Integrator and City. 

 
F. Field Functional Test Certification:  The Contractor shall submit an instrumentation 

and control system field functional test completion report which shall state that all 
Contract requirements have been met and shall include a listing of all 
instrumentation and control system maintenance and repair activities conducted 
during the field functional testing.  Acceptance of the instrumentation and control 
system field functional testing must be provided in writing by the City before the 
acceptance testing may begin.  Final acceptance of the control system shall be 
based upon plant completion as stated in the General Conditions. 

 
3.10 ON-SITE SUPERVISION 
 

A. The Contractor shall furnish the services of an on-site resident engineer to 
supervise and coordinate installation, adjustment, testing, and start-up of the chill 
water control system.  The resident engineer shall be present during the total 
period required to affect a complete operation system. A team of engineering 
personnel shall be on site to check all equipment, perform the tests indicated in 
this Section, and furnish startup services. 

 
3.11 ACCEPTANCE TEST 
 

A. General:  Subsequent to Field Functional Test and instrument calibration, verifying 
substantial completion of field installation and start-up, the system will be given a 
final 30-day acceptance test. The 30-day test must be successfully completed, 
including resolution of punch-list items generated during the test period, prior to 
the date of substantial completion of the entire project. The system must run 
continuously for 30 consecutive days.  During this period, all system functions shall 
be exercised, and any system interruption and accompanying component, 
subsystem, or program failure shall be logged for cause of failure, as well as time 
of occurrence and duration of each failure. The Contractor shall provide a 
competently trained technician or programmer on call during all normal working 
days and hours from the start of the acceptance test until final acceptance of the 
system. 
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B. Testing:  The systems to be tested on-line will include general operations as well 

as remote interface with the City Ovation system. Each system function, e.g., 
status report-backs, logs, and displays shall be exercised several times at a 
minimum, and in a manner, which approximates "normal" system operation. 
Failure of the system during the above program testing shall be considered as 
indicating that the programs and operating system do not meet the requirements 
of the specifications and corrective action shall be required before restarting the 
acceptance test.  Only those components, subsystems, and systems covered in 
this specification shall be considered for this acceptance test. Problems and 
failures of other systems shall not be considered as part of this test (except as they 
display the capabilities of this system to detect failures). 

 
C. Failures:  Failures shall be classified as either major or minor.  A minor failure 

would be a small and non-critical component failure, which can be corrected by the 
City operators.  This occurrence shall be logged but shall not be reason enough 
for stopping the test and shall not be grounds for non-acceptance. However, 
should the same or similar component failure occur repeatedly, this may be 
considered as grounds for non-acceptance.  A major failure shall be considered to 
have occurred when a component, subsystem, or program fault causes a halt in 
operation of the system and/or when a technician's work is required to make a 
repair or to re-initiate operation of the system. A major failure shall cause 
termination of the acceptance test.  When the causes of a major failure have been 
corrected, a new acceptance test with a new 30-day duration shall be started. 

 
D. Technician Report:  Each time a technician is required to respond to a system 

malfunction, he or she must complete a report which shall include details 
concerning the nature of the complaint or malfunction and the resulting repair 
action required and taken. If a malfunction occurs which clears itself or which the 
operator on duty is able to correct, no report shall be required (logged as specified 
above).  If a technician has performed work but no report is written, then a major 
failure shall be considered to have occurred.  Each report shall be as specified 
above).  Each report shall be submitted within 24 hours to the Engineer 

 
3.12 TRAINING AND INSTRUCTION 
 

A. General:  The Contractor shall provide maintenance and operator training courses 
by a qualified instructor as described herein. The training courses shall be given 
on-site during the final stages of the system checkout.  All instruction, tools and 
training material shall be provided by the Contractor. 

 
B. Instructors: The training shall be performed by qualified representatives of the 

equipment manufacturers and shall be specific to each piece of equipment. 
 

C. Schedule:  Training shall be performed during the field functional testing phase of 
the project. The training sessions shall be scheduled a minimum of 2 weeks in 
advance of when the courses are to be initiated.  The City will review the course 
outline for suitability and provide comments that shall be incorporated. 
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D. Agenda: The training shall include operation and maintenance procedures, 
troubleshooting with necessary test equipment, and changing set points, and 
calibration for that specific piece of equipment. 

 
E. Operator Training:  An operator's training course shall be given for up to eight (8) 

designated personnel of the City. This course shall be designed to teach 
operations, maintenance, and supervisory personnel how to operate the 
instrumentation and control systems.  Two separate classes shall be offered. Each 
class shall have a duration of 4 hours.  Operator training shall be completed when 
operations staff are all on duty. 

 
F. Hands-On Instruction:  In addition to the maintenance and the operator training 

courses, the operating and maintenance personnel shall be given hands-on 
instruction in the functions and operation of the system and instruments 7 days 
(minimum) prior to startup. This instruction shall be scheduled for two identical 
sessions of 2 hours each with the City.  Qualified persons who have been made 
familiar in advance with the systems shall give instruction. 

 
**END OF SECTION** 
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SECTION 13080 - CONTROL PANELS 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Provisions:  Requirements of Division 1 and Section 13010 form a part of this 
Section.  

 
B. Work Included: This Section covers requirements for the non-bussed control 

section of the motor control center.  
 
1.2 RELATED SECTIONS 
 

A. Section 13010 - Instrumentation and Controls General Requirements 
 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. National Electrical Manufacturers Association (NEMA) Publications: 
 

1. ICS 1 General Standards for Industrial Controls and Systems  
 
2. ICS 2 Standards for Industrial Control Devices, Controllers and 

Assemblies 
 
3. ICS 4 Terminal Blocks for Industrial Control Equipment and Systems 
 
4. ICS 6 Enclosures for Industrial Controls and Systems 
 

B. Underwriters Laboratories (UL) Publication: 
 

1. 508 Industrial Control Equipment  
 

C. National Fire Protection Association (NFPA) 
 

1. 70E – Standard for Electrical Safety in the Workplace 
 
1.4 SUBMITTALS 
 

A. The Control System Hardware Submittal shall be furnished in accordance with 
Section 13010 – Instrumentation and Controls General Requirements. 

 
B. Technical Manuals:  Provide technical manuals as specified in Section 13010. 

 
1.5 CERTIFICATION 
 

A. UL Label: 
 

1. Each control panel and terminal cabinet shall bear the UL label except as 
noted in the following paragraph.  The UL label shall apply to the enclosure, 
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the specific equipment supplied with the enclosure, and the installation and 
wiring of the equipment within and on the enclosure. If required for UL 
labeling, provide ground fault interrupters, isolation transformers, fuses, 
and any other necessary equipment, even though such equipment is not 
indicated on the Drawings. The fabricator shall be an approved UL listed 
manufacturer. 

 
2. Control panel enclosures containing instruments mounted through the 

enclosure walls or door shall meet all requirements for UL labeling as 
above, but no UL label is required. This exception applies only if UL 
Recognized instruments for the intended purpose are not made. 

 
1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Ship assembled control panels in sections that facilitate handling and field 
installation. 

 
1.7 ARC FLASH LABELS 
 

A. Provide arc flash labels on the control panel doors.  Arc Flash labels shall be based 
on an Arc Flash Analysis to be completed by the City. 

 
1.8 WORK PAYMENT 
 

A. Payment for the Work in this section shall be included as part of the lump-sum or 
unit-price bid amount for which such Work is appurtenant thereto, including all 
Work and materials specified herein and as may be required to complete this 
portion of the Work.  

 
PART 2 - PRODUCTS 
 
2.1 GENERAL 
 

A. Environmental Suitability: 
 

1. Forced air ventilation shall be provided in indoor control enclosures to 
prevent internal panel temperatures from exceeding 105°F. Provide heat 
calculations for each control panel to determine cooling requirements. 

 
2. Louvers shall be provided, when required for forced air ventilation, near the 

bottoms and tops on the side of panels. 
 

3. Provide a thermostatically controlled fan in each enclosure when required 
for forced air ventilation.  Ventilation fans shall be low acoustic type suitable 
for control rooms.  Provide removable cleanable or disposable dust filter for 
each remote site enclosure. 

 
B. The control panel controls shall be 120 VAC.  Control conductors shall be provided 

in accordance with the indicated requirements. 
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C. Control panels shall be housed in NEMA 12 enclosures with gasketed doors with 
3-point latch unless otherwise indicated. Control panels shall be floor or wall-
mounted, as indicated. Internal control components shall be mounted on an 
internal back-panel or side-panel as required. Panels covered under this 
specification are: 

 
1. Chilled Water System Custom Application Controller (CAC). 

 
D. Safety Requirements:  The electrical supply to each control panel shall be 

arranged to be disconnected by a local 15-amp thermal magnetic circuit breaker, 
except for necessary foreign circuits.  Each source of foreign voltage shall be 
isolated by providing disconnecting or pull-apart terminal blocks or a disconnect 
operable from the control panel front.  Each control panel shall be provided with 
identified terminal strips for the connection of all external conductors. The 
Contractor shall provide sufficient terminal blocks to connect 25 percent additional 
conductors for future use. 

 
E. Discrete outputs from the control panel shall be provided by electrically isolated 

contacts rated for 5 amps at 120 VAC.  Analog inputs and outputs shall be isolated 
4-20 mA signals with power supply. 

 
F. All control panel mounted devices shall be mounted a minimum of 36 inches above 

finished grade. 
 
2.2 CONTROL PANEL MATERIALS 
 

A. Panel section faces shall be No. 10 gauge minimum thickness steel for free 
standing panels and No. 14 gauge minimum thickness steel for wall mounted or 
pedestal mounted panels. All materials shall be selected for levelness and 
smoothness. 

 
B. The following requirements apply to the front and rear face of the panel, both sides 

and the edges of all flanges, and the periphery of all holes or cut-outs. 
 

1. All high spots, butts, and rough spots shall be ground smooth. 
 

2. The surfaces shall be sanded or sandblasted to a smooth, clean bright 
finish. 

 
3. All traces of oil shall be removed with a solvent. 

 
4. The first coat of primer shall be applied immediately. 

 
C. Structural shapes and strap steel shall comply with ASTM A 283 – Low and 

Intermediate Tensile Strength Carbon Steel Plates, Grade C. 
 

1. Bolting Material:  Commercial quality carbon steel bolts, nuts, and washers 
shall be 1/2-inch diameter with UNC threads.  Carriage bolts shall be used 
for attaching end plates.  All other bolts shall be hex end machine bolts.  All 
nuts shall be hot pressed hex, American Standard, heavy. Standard 
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wrought washers shall be used for foundation bolts and attachments to 
building structures. All other bolted joints shall have SAE standard lock 
washers. 

 
D. Panels shall be of sufficient size to adequately enclose all instruments designated 

as “panel-mounted” plus ample interior clearance to allow for installation, general 
servicing, and maintenance of the instruments.  Elevations and horizontal spacing 
shall be subject to Engineer’s approval.  Where indicated, PLCs mounted in wall 
mounted enclosures shall be 48-inches tall by 30-inches wide by 12-inches deep, 
minimum.  Enclosures shall be as manufactured by Hoffman or approved equal. 
Provide 3-point latch with padlock. 

 
2.3 CONTROL PANEL ELECTRICAL REQUIREMENTS 
 

A. Wiring Duct: Wiring duct shall be manufactured of Noryl and shall be of the 
restricted slot design, white in color. Panduit or approved equal. Size shall be 
based on actual wiring requirements.  All duct shall be precisely cut for a precision 
fit. All covers shall be readily accessible.  All analog signals shall be run in separate 
ducts. 

 
B. Cable Ties:  Cable ties shall be self-locking with stainless steel locking tables as 

manufactured by Thomas & Betts.  Adhesive backed type mounting bases shall 
not be used. 

 
C. Terminal Blocks:  Terminal blocks shall be din rail mounted.  All terminals shall be 

complete with marking tags. 
 
D. Wiring Methods: Wiring methods and materials for all panels shall be in 

accordance with the N.E.C. requirements for General Purpose (no open wiring) 
unless otherwise indicated. 

 
E. Signal and Control Circuit Wiring: 

 
1. Wire type and sizes:  Conductor shall be flexible stranded copper machine 

tool wire, UL listed Type MTW, and shall be rated 600-volts. Wires for 
instrument control circuits and alarm input circuits shall be No. 14 AWG.  
All other wires, including shielded cables, shall be No. 16 AWG minimum. 

 
2. Wire Insulation Colors: 

 
CONTROL PANEL WIRE COLOR CODE 

115 VAC POWER – HOT BLACK 
115 VAC POWER – 
SWITCHED 

RED 

115 VAC POWER – 
NEUTRAL 

WHITE 

120 VAC DIGITAL INPUTS RED 
24 VDC DIGITAL INPUTS BLUE 
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120 VAC DIGITAL OUTPUTS RED 
24 VDC DIGITAL OUTPUTS BLUE 
24 VDC POWER + BLUE 
24 VDC POWER - BLUE WITH WHITE STRIPE 

 
3. Signal Cable – Non-Computer Use: 

 
a. Signal wire shall be twisted pair or triads in conduit or troughs. 

Cable shall be constructed of No. 16 AWG copper signal wires with 
THWN or THHN insulation. 

b. Color code for instrument signal wiring shall be as follows:  Positive 
(+) – White; Negative (-) - Black. 

c. A copper drain wire shall be provided for the bundle with a wrap of 
aluminum polyester shield.  The overall bundle jacket shall be PVC. 

 
4. Industrial Ethernet Cable: 

 
a. Shielded (STP) Ethernet Cable shall be used to connect the CAC, 

OIT, and DCS (PCM) to the Industrial Ethernet Switches. 
 

5. Wire Marking:  Wire numbers shall be marked using white numbered wire 
markers make from plastic-coated cloth, Brady Type B-500 or approved 
equal, or shall be heat-shrink plastic. 

 
6. Flexible conduit is not acceptable except when specifically approved by the 

Engineer in writing. 
 
7. Conduit fittings shall be Crouse-Hinds cast fittings or approved equal. 
 
8. Panels shall be provided with two separate ground bars, one for power 

ground and one for signal ground. Provide the ground bars with tapped 
holes to accommodate ground connections from various devices in the 
panel.  Provide insulator kit for signal ground bar.  Connect all signal shield 
grounds within the panel to the signal ground bar.  

 
9. For case grounding, panel shall be provided with a 1/4-inch by 1-inch 

copper ground bus complete with solderless connector for one No. 4 AWG 
bare stranded copper cable. The copper cable shall be provided by the 
Contractor and be connected to a system ground loop. 

 
F. Panel Lights and Receptacles:  Panels shall be internally lighted by LED lamps, 

provided with guards and a toggle switch located convenient to each access door. 
Provide one duplex GFI type receptacles in each panel section. The lights and 
receptacles shall be wired to outgoing terminal blocks for dedicated 120-volt, 60 
Hertz, single-phase supply. 
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G. Power Supply Wiring: 
 

1. Unless otherwise indicated, all instruments and motor controls shall 
operate on 115-volt, 60 Hz circuits. 

 
2. When instruments do not come equipped with integral fuses, provide fuses 

as required for the protection of individual instruments against fault 
currents.  Fuses shall be mounted on the back of the panel in a fuse holder, 
and each fuse shall be identified by a service name tag.  Fuses shall be 
manufactured by Bussmann Manufacturing Division, Type KAW TRON or 
approved equal. 

 
H. 24 VDC Power Supply: Panels shall be equipped with a linear 24-volt D.C. power 

supply for driving current loops and other D.C. powered equipment. It shall be 
solidly mounted, labeled and located in plain view oriented for ease of 
maintenance. Unit shall be sized based on 200% of load requirements of 
equipment actually furnished.  24 VDC power supply shall be manufactured by 
Power One or approved equal. 

 
I. DIN Rail Mount Circuit Breakers:  Circuit breakers shall be 115 VAC, single pole 

as manufactured by Allen Bradley Series 1492-CB1; no equals. 
 
J. Relays shall be of the 120VAC, 10-amp, plug-in type.  Contacts shall be silver 

cadmium oxide unless otherwise noted on the contract drawings.  Drop out speed 
shall be 12 milliseconds typical.  Coil windings shall be polyurethane insulated. 
Contact arrangement shall be Form C.  Each unit shall be furnished complete with 
coil pilot light to aid troubleshooting.  

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Installation, testing, calibration, validation, startup and instruction shall be in 
accordance with Section 17010. 

 
B. Exercise care at all times after installation of control panels to keep out foreign 

matter, dust, dirt, debris, or moisture.  Use protective sheet metal covers, canvas, 
heat lamps, etc., as needed to ensure equipment protection. 

 
C. For all metal panels mounted on concrete walls or floors, install 1/8-inch shims, 

and paint the back sides and bottom of the panels with Mobil Hi-Build Bituminous 
Coating 35-J-10; Koppers Bitumastic Super Tank Solution; or approved equal.  
Film thickness shall be 10-mils minimum. 

 
**END OF SECTION** 
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SECTION 13329 - PRIMARY SENSORS AND FIELD INSTRUMENTS 
 

PART 1 - GENERAL 
 

1.1 SCOPE 
 

A. Contactor shall provide all labor, materials, equipment and incidentals as shown, 
specified and required to furnish, install, calibrate, test, adjust and place into 
satisfactory operation all primary sensors and field instruments furnished under 
this Section. 

 
B. Drawings and Specifications illustrate and specify functional and general 

construction requirements of the sensors and field instruments and do not 
necessarily show or specify all components, wiring, piping and accessories 
required to make a completely integrated system.  Contactor shall provide all 
components, piping, wiring, accessories and labor required for a complete, 
workable and integrated system. 

 
C. Contactor shall be responsible for installing in-line flow elements (magmeter flow 

tubes, insert flow tubes, etc.) and for providing taps in the process piping systems 
for installation of other flow, pressure and temperature sensing instrumentation. 

 
D. This Specification Section includes specifications for field instruments. All 

instruments shall be installed, loop-tested, checked out and started up by the 
Contactor.  All field instruments shall comply with this Section. 

 
E. Coordination:  Coordinate the installation of all items specified herein and 

required to ensure the complete and proper interfacing of all the components and 
systems. 

 
1.2 RELATED SECTIONS 

 
A. Section 01610 – General Equipment Provisions 
 
B. Division 11 - Equipment 
 
C. Section 13010 – Instrumentation and Controls General Requirements. 
 
D. Division 15 - Mechanical 
 
E. Division 16 - Electrical. 
 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS (NOT USED) 

 
1.4 SUBMITTALS 

 
A. Comply with the requirements specified in Section 13010. 
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1.5 QUALITY ASSURANCE 
 

A. Comply with the requirements of Section 13010 
 
B. Acceptable Manufacturers: 

 
1. Furnish primary sensors and field instruments by the named 

manufacturers or equal equipment by other manufacturers. 
 
2. The named manufacturers have been specified to establish the standard 

of quality and performance of the equipment to be supplied. 
 
3. Obtain all sensors and field instruments of a given type from the same 

manufacturer. 
 

C. Manufacturers' Responsibilities and Services: 
 

1. Design and manufacture the primary sensors and field instruments in 
accordance with the applicable general design requirements specified in 
Section 17010 and the detailed specifications herein. 

 
2. Field supervision, inspection, start-up and training in accordance with the 

requirements of Sections 01660 and 13010. 
 

1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Comply with the requirements specified in Section 13010. 
 
B. Primary sensors and field instruments shall not be delivered to the site until all 

product information and system shop drawings for the sensors and instruments 
have been approved. 

 
1.7 WARRANTY 
 

A. Provide a 12-month warranty on materials and workmanship for all devices.  
Should any fail due to an identified defect in materials or workmanship it shall be 
repaired or replaced at no cost to the CITY. 
 

B. The warranty period shall commence once the project achieves substantial 
completion. 

 
1.8 IDENTIFICATION TAGS 

 
A. All sensors and field instruments shall have an identification tag meeting the 

following requirements: 
 

1. Tag numbers for sensors and field instruments shall be as listed on the 
Contract Drawings. 
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2. The identifying tag number shall be permanently etched or embossed 
onto a stainless-steel tag which shall be fastened to the device housing 
with stainless steel rivets or self-tapping screws of appropriate size. 

 
3. Where neither of the above fastenings can be accomplished, tags shall 

be permanently attached to the device by a circlet of 1/16-inch diameter 
stainless steel wire rope. 

 
4. All sensors and field instruments mounted on or within panels shall have 

the stainless-steel identification tag installed so that the numbers are 
easily visible to service personnel. 

 
PART 2 - PRODUCTS 

 
2.1 PROCESS TAPS, SENSING LINES, INSERTION MOUNTING AND ACCESSORIES 

 
A. Water Pressure Sensing Lines and Accessories for Flow and Pressure 

Transmitters: 
 
1. Material:  Type 316 stainless steel; .035 wall thickness. 
 
2. Pressure Rating:  150 psi. 
 
3. Size:  1/2-inch outside diameter. 
 
4. Connections:  Type 316 stainless steel compression type, "Swagelok", as 

manufactured by Crawford or equal. 
 
5. Shut-off Valves:  Ball valve 
 
6. Manifolds: 

 
a. Type:  3-valve meter manifolds. 
b. Materials: Type 316 stainless steel body, bonnets and stems; 

delrin seats; Teflon packing. 
c. Manufacturer:  Provide manifolds of one of the following: 

 
1) Whitey. 
2) Anderson-Greenwood 
3) Or Equal. 

 
B. Pressure Tap Sensing Lines and Accessories for Pressure Gages and Pressure 

Switches: 
 

1. Material and Fittings:  Type 316 stainless steel tubing (ASTM A 269 or 
A213) with a minimum working pressure of 150 psi, and hardness of Rb 
80.  Tube fittings shall be type 316, dual ferrule design, Swagelok or 
equal. 
 

2. Sizes:  1/2-inch minimum for main sensing piping and gage and switch 
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connections. 
 
3. Pressure Rating:  Equal to or greater than the applicable system test 

pressure as specified in the Schedule in Section 15052. 
 
4. Accessories: 

 
a. For applications not requiring diaphragm seals, provide separate 

1/2-inch Type 316 stainless steel threaded gauge cocks for each 
gage and switch. 

b. For applications requiring diaphragm seals, provide a separate 
1/2-inch threaded ball valve for seal process side shutoff for each 
gage and switch.  Materials shall match the connected piping.  Ball 
valves shall be provided in accordance with Specifications in 
Section 15100. 

 
2.2 MAGNETIC FLOWTUBE AND TRANSMITTER 

 
A. Functions: 

 
1. Flowtube: Produce low level, high impedance pulsed dc signal 

proportional to the rate of fluid flow using the principle of electromagnetic 
induction. 

 
2. Pulsed dc Magnetic Flow Transmitter:  Drive the flowtube coils with 

pulsed dc power and convert the flowtube output signal into a dc current 
output linear to the flow rate. 

 
A. System (Flowtube and Transmitter) Performance Requirements: 

 
1. Flow Range:  0 - 3000 gpm 
 
2. System Accuracy (with Analog Output):  ±0.5 % of flow rate over full flow 

range 
 

3. System Repeatability:  ±0.1 % of flow rate  
 

4. Drift:  Complete zero stability. 
 
5. Minimum Fluid Conductivity Limit:  5 micro Siemens per centimeter or 

less. 
 
6. Minimum Pre-amp Input Impedance:  1012 ohms. 
 
7. Fluid Property Effects:  Accuracy unaffected by changes in fluid velocity, 

density, pressure, temperature or conductivity (above minimum 
conductivity limits). 

 
8. Transmitter Outputs: 
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a. 4-20 mAdc HART, direct acting and isolated, into 0-1000 ohms. 
b. High accuracy, field adjustable scaled pulse output (0.1 to 10 Hz 

or greater) to drive local totalizer. 
 
9. Power Consumption:  Not to exceed 50 watts for flowtube and transmitter 

combined. 
 
10. Operating Temperature:  Suitable for operation with process fluid 

temperature from 0°F to 140°F. 
 
11. Pressure Rating:  Greater than or equal to test pressure specified in 

Division 15 for appropriate piping system. 
 

B. Construction and Required Features: 
 

1. Flowtube: 
 

a. Type:  Lined metal flowtubes.  Lined to match chemical properties 
of fluid being measured. 

b. Interchangeability: Ratio of flow velocity to voltage reference 
signals generated identical for all meter sizes to permit 
interchangeability with transmitter without requiring circuit 
modifications. 

c. System accuracy in Paragraph B.2 shall be proven by submittal of 
flow test curves of the actual meters being furnished. 

d. Test curves shall show a minimum of ten equally spaced flow 
points.  Tests shall be performed using water and a weight or 
volume tank.  A "Master Meter" used as a reference standard is 
not acceptable.  The test setup shall be submitted and approved 
prior to testing. 

e. Flow tube Liner Material: 
 

1) Meter tubes 12-inch and smaller 
2) Material for Threshold Inhibitor:  EDPM 
 

f. Electrodes: 
 

1) Conical or elliptical shaped. 
2) Material for Threshold Inhibitor:  Type 316 stainless steel. 

 
g. Enclosure: 

 
1) Materials and Rating:  Cast low-copper aluminum alloy or 

fabricated sheet steel. 
2) Finish:  Finish exterior, except for flange faces, with a high 

build epoxy paint. 
 
h. End Connections:  ANSI Class 150 suitable for mating with pipe 

specified. 
i. Electrical Connections:  3/4-inch NPT tapped holes for power 
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conduit fitting and signal conduit fittings. 
 

2. Pulsed dc Magnetic Flow Transmitter: 
 

a. Microprocessor-based, solid state construction. 
b. Pulse and analog outputs galvanically isolated from input and 

earth ground. 
c. Automatic zeroing feature making it unnecessary to zero the 

instrument before or after placing it in operation. 
d. Precalibrated span adjustment providing continuous span 

adjustment over entire range. 
e. Range adjustment:  Direct reading, continuously adjustable for full 

scale settings from 1 to 31 feet per second. 
f. Signal Conditioning:  Adjustable damping circuit with response 

times of 1 to 25 seconds minimum. 
g. Low Flow Cutoff:  Provide automatic low flow cutoff circuitry to 

stop pulse output and local totalization when flow drops below a 
specified value.  Cutoff setpoint shall be adjustable from 0 to 10 
percent of the calibrated upper range value. 

h. Enclosure: 
 
1) Die cast, low-copper aluminum alloy, NEMA 4. 
2) Finish:  Epoxy coating. 

 
i. Mounting: 

 
1) All transmitter and driver electronics shall be integrally 

mounted at the flow tubes. 
 

j. Local Indication: 
 

1) LCD meter with field selectable engineering units or 0-100 
percent display for flow rate indication.  Provide stainless 
steel tag indicating 100 percent value in engineering units 
as specified in the Instrument Index. 

2) 7-digit electronic totalizer with reset.  Totalizer shall be 
integral with transmitter and visible through viewing 
window. 

 
k. Power Requirements:  Designed for operation on 120 Vac ± 10 

percent, 60 Hz, ±3 Hz power supply. 
 

3. Accessories: 
 
a. Shielded cable assemblies of sufficient length for connection 

between flowtube and transmitter electronics. 
b. 316 stainless steel grounding rings for all services. 
c. 316 stainless steel grounding straps. 
d. Contactor shall provide a NEMA 4X rated SPST ON-OFF manual 

disconnect switch for 120 Vac input power to transmitter and 
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driver electronics. 
e. Provide spool piece for replacement of each different size flow 

tube where no bypass piping is provided. 
f. Provide a ground conductor and connect the unit to the ground 

grid as shown on the Drawings. 
g. Provide one calibrator suitable to calibrate all flow tubes provided. 

 
C. Manufacturer:  Provide one of the following: 

 
1. Rosemount 

 
2. Endress + Houser 

 
3. Yokogawa 

 
4. Or equal. 

 
2.3 PRESSURE AND DIFFERENTIAL PRESSURE TRANSMITTERS 

 
A. The differential pressure transmitter shall be Micro-Processor Based unit 

featuring ‘Smart’ electronics and shall have a 4 to 20 mADC, two wire, loop 
powered 24 VDC output linear to differential pressure input and shall feature 
HART super-imposed on the 4 to 20 mA DC signal.  Capacitance shall be 
measured via an electronic resonance circuit between the moving plates and 
fixed plates.   

 
B. Design Criteria: 

 
1. Accuracy:  +/- 0.075% of full scale range 

 
2. Rangeability:  120 to 1   

 
3. Pressure Rating:  2000 psig of static pressure to either the high input side 

or low input side of the transmitter without any shift in calibration or 
accuracy.   
 

4. Process wetted parts:  Type 316 stainless steel.   
 

5. Hardware such as bolts, nuts and washers:  Type 316 stainless steel.     
 

C. The differential pressure transmitter shall have an integral programmable output 
signal simulation for external loop testing.  An integral temperature sensor shall 
be provided in the circuit to compensate for temperature resulting in high 
accuracy and rangeability.  

 
D. The differential pressure transmitter shall have a programmable dampening 

feature of at least 0 to 32 seconds.  
 
E. Electronics housing shall have a programmable LCD display in direct engineering 

units and shall be provided in an IP66/68 Ingress Protection rated housing. 
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F. Each differential pressure transmitter is to be provided with a 316SS isolation 

valve  
 
G. Instrument Manifold integrally mounted to the transmitter with 1/2” FNPT process 

impulse piping connections and a 316SS mounting bracket for wall mounting. 
 
H. A five-point factory calibration certificate, traceable to NIST, shall be provided 

with each differential pressure transmitter.  
 
I. Manufacturer:  Smar Model LD301D, or equal.  

 
2.4 FLOW SWITCH 

 
A. Flow switches shall be thermal dispersion, electronic type with dual switch point 

circuitry and mounted in a UL-approved cast iron enclosure or an FM-approved 
cast aluminum enclosure.  All wetted surfaces shall be Type 316 stainless steel.  
Power requirements shall be 24 VDC.  Flow switches shall be FCI Model No. 12-
64, or equal. 

 
2.5 PRESSURE GAUGE 

 
A. Bourdon Tube Pressure Element Type, Liquid Filled Gage: 

 
1. Performance Requirements: 

 
a. Range:  0-150 psi 
b. Accuracy:  ±0.5 percent of span (ANSI B40.1 Grade 2A). 

 
2. Construction Features: 

 
a. Case: 

 
1) Solid front design constructed of glass filled polyester. 
2) Color:  Black. 

 
b. Ring:  Threaded, glass filled polyester. 
c. Full blowout back. 
d. Window:  Glass. 
e. Dial:  White with black marking; 270-degree scale.  Gauge shall 

be installed with face in vertical position. 
f. Bourdon Tube and Socket:  Type 316 Stainless Steel, heliarc 

welded unless otherwise specified in the Instrument Schedule. 
g. Movement:  Cam and roller movement, 300 series stainless steel. 
h. Size:  4-1/2-inch. 
i. Connection:  1/2-inch male NPT bottom connection. 
j. Mounting:  Stem, flush panel or wall mounting as required. 
k. Adjustable pointer. 
l. Externally accessible zero adjustment. 
m. Built-in overload and underload movement stops. 
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n. Pressure Snubber:  Sintered stainless-steel snubber threaded into 
gage socket or in external stainless-steel housing with 1/2-inch 
NPT male and female connections. 

o. Filling Liquid:  All applications: Silicone Oil, except Chlorine and 
Fluoride Systems:  Provide only Fluorlube Oil. 

p. Process Isolation:  Provide gage cocks or ball valves for process 
isolation in accordance with the requirements of Article 2.1. 

q. Provide diaphragm seal. 
 

3. Product and Manufacturer:  Provide one of the following: 
 

a. Ashcroft. 
b. US Gauge. 
c. Process Gauges, as manufactured by Wika. 
d. 3D Instruments 
e. Or equal. 

 
2.6 DIAPHRAGM SEAL 

 
A. General:  Furnish diaphragm seals for pressure gauges, pressure transmitters, 

and pressure switches at locations shown on the Contract Drawings 
 

B. Required Features: 
 
1. Provide fill/bleed screw to permit filling of instrument and diaphragm seal. 
 
2. Instrument Connection:  1/2-inch NPT. 

 
3. Diaphragm material must be compatible with fluid in process piping. 
 
4. Process Connection:  1/2-inch NPT. 

 
5. Working Pressure Rating:  Equal to or greater than the instrument system 

pressure or that shown in the instrument index. 
 

6. Bolting Materials:  Type 316 stainless steel. 
 

7. 1/4-inch NPT flushing connection. 
 

8. Filling Fluid:  Silicone Oil, except Chlorine:  Provide only Flurolube Oil. 
 

9. Provide a clean-out ring which holds the diaphragm captive in the upper 
housing to allow the upper housing assembly to be removed for 
recalibration or cleaning of the process side housing without the loss of 
filling liquid or change in calibration. 

 
C. Construction Features: 

 
1. Top Housing:  Type 316 stainless steel. 
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2. Diaphragms, O-rings and Gaskets:  Provide manufacturer recommended 
material to chemicals diaphragm is exposed per Section 1.8 of this 
specification. 

 
3. Process Side Housing Material:  316 SS for metallic piping; PVC or CPVC 

to match non-metallic piping.  Material must be compatible with fluid. 
 

D. Assembly and Calibration: 
 

1. The complete diaphragm seal assembly, including gage, switch or 
transmitter, shall be factory assembled, filled and calibrated to the ranges 
and switch set-points specified prior to shipment. 

 
2. System Supplier Manufacturer shall be responsible for assuring that fill 

volumes and sensitivities of the supplied seals and diaphragms are 
suitable to provide the required gage, switch or transmitter accuracy over 
the specified measurement range or at switch set-points. 

 
3. Location and orientation of the gages, switches and seal assemblies shall 

be coordinated with the actual piping and equipment installations so that 
gages and indicators shall be easily read and accessed for maintenance 
by plant personnel. 

 
4. Where field mounting and orientation conflicts arise due to incomplete 

coordination with field changes in the process piping and equipment 
installation, assemblies shall be relocated, re-oriented, re-assembled and 
re-calibrated as directed by Engineer. 

 
E. Product and Manufacturer:  Provide diaphragm seal assemblies of one of the 

following: 
 

1. Type R, as manufactured by Ametek USG 
 

2. Type 100, as manufactured by Ashcroft 
 
3. Or equal 

 
2.7 TEMPERATURE GAUGE 

 
A. Function 

 
1. Measure and indicate locally the temperature in a chemical pipeline. 

 
2. Where required, actuate an alarm switch for local annunciation or control. 

 
B. Sensor 

 
1. Type:  Direct drive, N-type bourdon coil actuated. 

 
2. Range:  As noted. 
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3. Compensator:  Case mounted, bimetal for head and line as a unit. 

 
C. Gauge 

 
1. Dial Size:  4 inches, nominal. 

 
2. Engineering Units:  As noted. 

 
3. Dial Colors:  Black on white. 

 
4. Pointer:  Needle edged. 

 
5. Process Connection:  Factory connected to capillary. 

 
6. Mounting:  Remote panel mount, with front flange for flush face. 

 
D. Capillary 

 
1. Type:  Flexible metallic, liquid filled, with bulb. 

 
2. Capillary Length:  As required to suit device locations; 2 feet minimum, 

33 feet maximum. 
 

3. Bulb Length:  To suit required range. 
 

4. Bulb Style:  Sliding union type (thermowell required). 
 

5. Process Connections: 
 
a. Bulb:  1/2" MNPT. 
b. Thermowell:  5/8" to 1" MNPT, to suit installation. 

 
E. Alarm Relays (when noted or shown) 

 
1. Number:  One. 

 
2. Form:  SPDT, dry type. 

 
3. Rating:  5A at 125 VAC. 

 
4. Setpoint:  Initial setpoint as noted, externally adjustable over the full range 

of the gauge. 
 

5. Actuation:  On rising temperature via mechanical microswitch directly 
coupled to the gauge assembly. 
 

6. Enclosure:  NEMA 4 rated, aluminum alloy. 
 

F. Performance Characteristics 
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1. Accuracy:  ±1% of full scale. 

 
2. Overtemperature Protection: 150% of maximum rated temperature 

without shift. 
 

G. Materials of Construction 
 
1. Bourdon Tube Sensor:  Inconel X-750 

 
2. Pointer Shaft:  Eligiloy. 

 
3. Shaft Bearings:  Synthetic sapphire 

 
4. Pointer:  Type 316 stainless steel. 

 
5. Connecting Capillary:  Type 316 stainless steel. 

 
6. Case:  Aluminum alloy. 

 
7. Crystal:  Glass. 

 
8. Fittings:  Type 316 stainless steel. 

 
9. Bulb:  Type 316 stainless steel. 

 
10. Thermowell:  Type 316 stainless steel. 

 
H. Manufacturer 

 
1. 3D Instruments Inc., Model 136X with specified accessories; 

 
2. Or equal. 

 
2.8 TEMPERATURE TRANSMITTER 

 
A. The Temperature Transmitter shall be a Micro-Processor Based electronic unit 

featuring “Smart” electronics and shall have a 4 to 20 mADC output signal with 
HART super-imposed on the 4 to 20 mADC signal.   

 
B. The temperature transmitter shall be a 24 VDC, two wire, loop powered unit and 

shall have an accuracy of +/-0.02%.  
 
C. The electronic housing shall feature a programmable LCD display for direct 

engineering units and shall be housed in an IP66/68 Ingress Protection rated 
housing.   

 
D. The temperature transmitter shall feature a programmable output simulation for 

external loop testing.  All adjustments shall be via a non-intrusive electronic 
screwdriver or via a HART configuration tool. 
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E. The temperature transmitter shall be ‘universal’ and capable of working with all 

thermocouple and RTD temperature sensors.  
 
F. The temperature transmitter shall feature programmable dampening between 0 

to 32 seconds for output signal stability.  Each temperature transmitter shall be 
provided with a matched temperature sensor per Callendar Van Dusen equation.   

 
G. The temperature sensor shall be a 100-ohm platinum, 3 wire, DIN 385, RTD with 

stainless steel sheath, MGO insulation, 0.250” OD, spring loaded design and 
provided with a 316SS corresponding thermowell assembly with stepped shank 
and lagging dimension to allow for piping insulation.   

H. The temperature sensor shall be directly connected to the Temperature 
Transmitter. Each sensor/thermowell assembly shall be properly sized for each 
pipe size to account for proper temperature transfer.   

 
I.  The Temperature Transmitter shall be provided with a 5-point factory calibration 

certificate traceable to NIST.   
 
J. Manufacturer: Smar Model TT301, or equal. 
 

PART 3 - EXECUTION 
 

3.1 INSTALLATION 
 
A. Contactor shall require the system supplier to furnish the services of qualified 

factory- trained servicemen to assist in the installation of the instrumentation and 
control system equipment. 

 
B. Install each item in accordance with manufacturer’s recommendations and in 

accordance with the Contract Documents. Transmitters and instruments which 
require access for periodic calibration or maintenance shall be mounted so they 
are accessible while standing on the floor. 

 
C. All items shall be mounted and anchored using stainless steel hardware unless 

otherwise noted. 
 
D. All field instruments shall be rigidly secured to walls, stands or brackets as 

required by the manufacturer and as shown. 
 
E. Conform to all applicable provisions of the NEMA standards, NEC and local, 

State and Federal codes when installing the equipment and interconnecting 
wiring. 

 
3.2 START-UP, CALIBRATION, AND TESTING AND TRAINING 

 
A. The Contactor shall utilize qualified personnel to accomplish, or supervise the 

physical installation of all elements, components, accessories, or assemblies that 
it provides.  The Contactor shall employ installers who are skilled and experienced 
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in the installation and connection of all elements, components, accessories, and 
assemblies it provides. 

 
B. All components of the instrumentation and control system, including all 

communication cabling, shall be the installation responsibility of the Contactor 
unless specifically noted otherwise.  Grounding shall be shown on submittal 
drawings.  After installation of the instrumentation and control system is completed, 
the installation shall be inspected jointly by the Contactor, the CSI and the 
Equipment Manufacturer's representatives.  Any problems shall be corrected, and 
when both are satisfied with the installation, a written certification of the installation 
shall be delivered to the Engineer. The certification shall state that all 
probes/analyzers/transmitters and controllers and all other components of the 
process sampling, analyzing and transmission system have been inspected and 
are installed in accordance with the CSI and Manufacturer's guidelines. 
 

C. Calibration:  All probes and analyzers shall be calibrated and tested after 
installation.  
 

D. The Contactor shall submit to the Engineer a system testing completion report 
when each process system and all aspects of the configuration software have been 
successfully tested as described herein.  The report shall note any problems 
encountered and what action was required to correct them.  It shall include a clear 
and unequivocal statement that the process systems have been thoroughly tested 
and are complete and functional in accordance with all Specification requirements.  

 
**END OF SECTION** 
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SECTION 15011 - HOT TAPS, PIPE STOPS, AND TEMPORARY PIPING SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
This Section describes general requirements for hot taps, pipe stops, and temporary 
piping systems, and their appurtenances.  This Section is to be used as a guideline in 
conjunction with the Contractor’s design of temporary piping systems and for the 
Contractor’s preparation of a sequence of work for hot taps, pipe stops, and temporary 
piping systems. 
 

1.2 RELATED SECTIONS 
 

A. Section 01080 – Construction Sequencing  
 
B. Section 15100 – Valves 
 
C. Section 15490 – Testing of Plumbing and Pressure Testing Pipe Systems 

 
1.3 PIPE TAPPING (HOT TAP AND PIPE STOPS) 

 
A. Pipe tap connections (hot taps) to existing chiller piping shall be performed at 

locations indicated on the drawings. 
 
B. The sequence of work and materials for hot taps and pipe stops shall be approved 

by the City.  Tapping operations shall be continuously witnessed by the City.  
 
C. The Contractor shall provide all materials, labor, and equipment to access the 

piping as necessary to accomplish the tapping and stops, at the locations shown, 
and in accordance with the Contract Documents. 

 
1.4 TEMPORARY PIPELINES 

 
A. Temporary chilled water piping, to facilitate the temporary chillers, shall be sized 

and routed to support the temporary chillers as necessary to meet the cooling 
requirements of the plant, and allow for construction activities within the chiller and 
surrounding areas. 

 
B. All temporary piping, fittings, and service connections shall be furnished, installed, 

and maintained by the Contractor, and approved by the City. 
 

C. Upon completion of the work, the Contractor shall remove the temporary piping 
and appurtenances and shall restore all surfaces to the satisfaction of the Owner 

 
1.5 SUBMITTALS 
 

A. Shop Drawings:  Submit for approval the following: 
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1. Detailed drawings and data on temporary pipe and fittings including routing 
to the temporary chiller location, dimensions, thickness, weight, gaskets, 
and materials information.  

 
2. Detail drawings of hot tap and pipe stop configuration at each location 

including specific location relative to the nearest elbow of the existing 
system to remain as part of the project, dimensions, fittings, tapping valve, 
pipe and fitting thicknesses. gaskets, and specifics of the type of hot tap 
and pipe stop to be used, installing equipment manufacturer and other 
related materials information. 

 
B. Information on Installing firm including name, address, contact information, lead 

field supervisor, welders, and welding certifications. 
 

1.6 QUALITY ASSURANCE 
 

A. Hot taps and pipe stops shall be accomplished by personnel and firm specializing 
in performing these services.  Substitution of approved materials or personnel 
presented in the submittal process will not be allowed. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. Manufacturer's Product Data:  The Contractor shall submit manufacturer's product 

data for all materials and products to be used in the work in accordance with 
Section 01300 including, but not limited to, tapping connections, tapping valves, 
flanges and gasket materials, special pieces, and all other items required to 
provide an operable temporary chilled water system, and ultimately a complete 
and final chilled water system. 

 
B. The Contractor shall submit the proposed temporary piping layout.  
 
C. All components of temporary piping systems pipe furnished by the Contractor shall 

be of good quality, thermally insulated, clean, and suitable for conveying chilled 
water in the opinion of the City. 
 

2.2 TAPPING EQUIPMENT 
 

A. The tapping machine shall have the ability to positively flush all shavings and other 
residue created when installing tapped outlets of 4 inches or larger. 

 
B. The shell cutter bell on the tapping machine shall be tapped with a 2-inch minimum 

outlet.  
 
C. A ball valve shall be installed on the outlet to regulate flow. 
 
D. A hose and filter shall be connected to the ball valve to retrieve shavings and 

residue generated during the tapping process. 
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E. The shell cutter pilot tool shall be designed to capture the coupon generated by 
performing the tap. 

 
F. The tapping machine shall be filled with water prior to commencing the tapping 

procedure. 
 

G. Tapping valve shall be specified in Section 15100 Valves. 
 

H. Contractor shall pipe stop configurations including simple short type pipe stops and 
pipe stops with bypass options. 
 

I. Tapping equipment and service provided by Koppl Pipeline Services, Inc., or 
equal. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. The Contractor shall furnish tapping connections, valves, and all other materials 

as required to accomplish the desired a complete and functional installation. 
 
B. The Contractor shall provide emergency standby equipment or materials. 
 
C. The Contractor shall submit the proposed construction schedule, sequence of 

work, and materials for all work to be performed by the Contractor. The work shall 
not be scheduled until Contractor has obtained the City’s written approval. 

 
3.2 TAPS, STOPS AND TEMPORARY PIPING INSTALLATIONS 

 
A. Prior to construction, Contractor shall provide a written detailed plan with sketches 

for making the tapping arrangements at each of the location of the proposed 
connections. Contractor shall record the following information on the construction 
drawings for record purposes: 

 
1. Pipe size, outside diameter 
 
2. Pipe type, steel in the case of chilled water pipe  
 
3. Pipe schedule and flange pressure rating 
 
4. Elevation 
 
5. Location of fittings or couplings within 3 feet of the proposed connection 

point 
 
6. Potential conflicts  
 

B. After the City has given approval to proceed with the connection, the Contractor 
shall schedule the wet tap or pipe stop installation with the City. 
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1. Shutdowns will be scheduled at the convenience of the City. No shutdowns 
will be scheduled on a Friday. Shutdowns may be scheduled for nights or 
weekends if required by operational criteria of the City. 

 
2. The Contractor shall give the City a minimum of five (5) working days’ 

notice prior to any proposed shutdown of existing mains or services. 
Scheduling shall be subject to City approval. 

 
3. The City may postpone or reschedule any shutdown operation if, for any 

reason, the City believes that the Contractor is inadequately prepared with 
competent personnel, equipment, or materials to proceed with the 
connection. 

 
4. If progress in completing the connection within the time specified is 

inadequate, the City may order necessary corrective measures. Corrective 
measures may consist of directing City personnel or another contractor to 
complete the work. All costs for corrective measures shall be borne by the 
Contractor. 

 
C. The Contractor may proceed only when the materials and sequence of work have 

been approved, materials have been delivered, hot tap or pipe stop installation has 
been scheduled and the written detailed tapping plan has been furnished and 
approved by the City. 

 
1. The Contractor shall provide lights, scaffolding temporary supports as 

deemed necessary for the City. 
 
2. The Contractor shall provide all scaffolding, temporary supports and lights 

when necessary, one day prior to the hot tap or pipe stop installation. 
 
3. The Contractor shall perform all operations in the presence of the Owner. 

Only Owner personnel are authorized to operate existing valves. The 
Contractor shall be responsible for any and all damage resulting from 
unauthorized operation of existing City facilities. 

 
4. Tapping: 

 
a. Install the tapping flange connection and tapping valve.  Clean the 

tapping machine prior to attachment to the tapping valve. 
b. Constantly monitor feed settings and motor speed of the tapping 

machine to ensure a successful tapping operation. 
 

5. Pipe Stops: 
 
a. Cut and remove portions of existing piping and install caps, flanges, 

tees, valves, install or remove temporary piping and other 
appurtenances required to complete the stop or bypass flow 
configuration. The Contractor shall discard pipe and appurtenances 
removed from service in accordance with the Contract Documents. 
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6. After the tapping or pipe stop operations are completed, and the City has 
given approval to proceed, the Contractor shall complete the installation as 
shown on the Contract Documents including, but not limited to: 
 
a. Installing the pipe section(s) necessary to make the closure to the 

new system. 
b. Installing valves, 
c. Repairing, painting, and reinsulating as necessary to obtain City 

approval. 
 

3.3 TEMPORARY PIPE SYSTEMS 
 

A. The temporary piping shall be installed in such a manner that it will not present a 
hazard to City operations staff and Contractor’s personnel and will not interfere 
with access to work areas. 

 
B. Isolation valves shall be installed as shown and/or as required by the City. 
 
C. If repairs to temporary piping are necessary, the Contractor shall make such 

repairs in a timely manner and as approved by the City. If progress in making 
repairs is inadequate in the sole opinion of the City, or in the event of an 
emergency, the City may take corrective measures, which may include the 
performance of repair work by City personnel or another contractor.  All costs for 
corrective measures shall be borne by the Contractor. 

 
**END OF SECTION** 
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SECTION 15053 – DUCTILE IRON PIPE AND FITTINGS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Contractor shall provide all labor, materials, equipment and incidentals as shown, 
specified and required to furnish and install ductile iron pipe and fittings. 

 
1.2 RELATED SECTIONS 

 
A. Section 15410 - Installation of Plumbing Piping  

 
B. Section 15490 - Testing of Plumbing Piping 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Comply with applicable provisions and recommendations of the following, except 
as otherwise shown or specified.  
 
1. AWWA C110, Ductile-Iron and Gray-Iron Fittings, 3 in. through 48 in., for 

Water and Other Liquids.  
 
2. AWWA C111, Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and 

Fittings.  
 
3. AWWA C115, Flanged Ductile-Iron Pipe with Threaded Flanges.  
 
4. AWWA C150, Thickness Design of Ductile-Iron Pipe. 
 
5. AWWA C151, Ductile-Iron Pipe, Centrifugally Cast, for Water or Other 

Liquids.  
 
6. AWWA C153, Ductile-Iron Compact Fittings, 3 in. Through 24 inches and 

54 inches through 64 inches for Water Service. 
 
7. AWWA M41, Ductile - Iron Pipe and Fittings. 
 
8. ANSI B16.1, Cast Iron Pipe Flanges and Flanged Fittings. 
 
9. ANSI B18.2.1, Square and Hex Bolts and Screws Inch Series, Including 

Hex Cap Screws and Lag Screws.  
 
10. ANSI B18.2.2, Square and Hex Nuts.  
 
11. ASTM A 307, Specification for Carbon Steel Bolts and Studs, 60,000 psi 

Tensile Strength. 
 
12. ASTM A 354, Specification for Quenched and Tempered Alloy Steel Bolts, 

Studs and Other Externally Threaded Fasteners. 
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13. ASTM A 746, Standard Specifications for Ductile Iron Gravity Sewer Pipe.  
 

1.4 SUBMITTALS 
 

A. Shop Drawings:  Submit for approval the following: 
 

1. Detailed drawings and data on pipe and fittings including dimensions, 
thickness, weight, gaskets, linings, coatings and materials information.  

 
B. Certificates:  Submit certificates of compliance with referenced standards.  
 

1.5 QUALITY ASSURANCE 
 

A. Ductile iron pipe and fittings shall be the product of one manufacturer.  Substitution 
of approved materials by the submittal process with other manufacturers not 
identified in the approved submittals will not be allowed. 
 

1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Refer to Section 01600 – General Equipment Provisions  
 
PART 2 - PRODUCTS 
 
2.1 MATERIALS 

 
A. Ductile Iron Pipe and Fittings: 

 
1. Pipe:  Fabricate in accordance with requirements of AWWA C115. 
 
2. Joints: 

 
a. Push-On Joints:  Conform to AWWA C111.  

 
1) Gaskets:  Molded rubber. 
2) Stripes:  Each plain end shall be painted with a circular 

stripe to provide a guide for visual check that joint is properly 
assembled.  

 
b. Restrained Joints for Push-On Joint Piping: 

 
1) Product and Manufacturer: Provide one of the following for 

restrained push-on joint pipe and fittings: 
 
a) Flex-Ring Joint Pipe, TR Flex Pipe. 
b) Or equal. 

 
3. Coatings and Linings:  

 
a. Pipe shall be lined with epoxy coating.  
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B. Couplings:  

 
1. Couplings between ductile iron and cast iron or PVC shall be Fernco 1156 

series or equal.  
 

C. Specials: 
 

1. Transition Pieces:  
 

a. Furnish suitable transition pieces (adapters) for connections to 
existing piping. 

b. Unless shown on Drawings, Contractor shall expose existing piping 
to determine material, dimensions and other data required for 
transition pieces.  

 
2. Taps: 

 
a. Provide taps, where shown or required, for small diameter pipe 

connections. 
b. Provide corporation stops where shown or required. 

 
2.2 MARKING FOR IDENTIFICATION 
 

A. All pipeline materials shall be stamped, marked or identified with the following: 
 

1. Name or trade mark of the manufacturer. 
 

2. Pipe class. 
 

3. Size and length dimensions. 
 

4. Date and place of manufacture. 
 
PART 3 – EXECUTION 
 
3.1 See Section 15410 - Installation of Plumbing Piping.   
 

**END OF SECTION** 
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SECTION 15054 – CAST IRON PIPE AND FITTINGS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Contractor shall provide all labor, materials, equipment and incidentals as shown, 
specified and required to furnish and install all hubless cast iron pipe, fittings and 
couplings on the project. 

 
1.2 RELATED SECTIONS 
 

A. Section 15410 - Installation of Plumbing Piping  
 

B. Section 15430 - Waste and Vent Piping Systems 
 

C. Section 15490 - Testing of Plumbing Systems 
 

1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Comply with applicable provisions and recommendations of the following, except 
as otherwise shown or specified.  
 
1. ASTM A 74. Standard Specification for Cast Iron Soil Pipe and Fittings 
 
2. ASTM A 888, Standard Specification for Hubless Cast Iron Soil Pipe and 

Fittings for Sanitary and Storm Drain, Waste, and Vent Piping 
Applications 

 
3. ASTM C 1540, Hubless Medium Duty and Heavy-Duty Couplings 
 
4. ASTM C 564, Rubber Gaskets for Cast Iron Soil Pipe and Fittings 
 
5. CISPI Standard 301, Hubless Cast Iron Soil Pipe and Fittings. 
 
6. CISPI Standard 310, Hubless Couplings for Cast Iron Soil Pipe and 

Fittings. 
 

1.4 SUBMITTALS 
 

A. Shop Drawings:  Submit for approval the following: 
 

1. Detailed drawings and data on pipe and fittings including dimensions, 
thickness, weight, gaskets, linings, coatings and materials information.  

 
B. Certificates:  Submit certificates of compliance with referenced standards.  
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1.5 QUALITY ASSURANCE 
 

A. Cast iron pipe and fittings shall be the product of one manufacturer.  Substitution 
of approved materials by the submittal process with other manufacturers not 
identified in the approved submittals will not be allowed. 
 

1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Refer to Section 01600 – General Equipment Provisions  
 
PART 2 - PRODUCTS 
 
2.1 MATERIALS 
 

A. Cast Iron Pipe and Fittings: 
 

1. Pipe shall be manufacturer from gray cast iron and shall conform to ASTM 
A 888 and CISPI Standard 301. 

 
2. Pipe shall be marked with the collective trademark of the CIPI. 
 
3. Hubless joints shall conform to the CISPI Standard 310 
 
4. Pipe, joint and fittings shall be manufactured in the USA. 

 
B. Gaskets: 
 

1. Gaskets shall be molded one-piece neoprene Quik-Tite in conformance 
with ASTM A 74. 

 
C. Couplings:  

 
1. Couplings shall be Fernco 1056 series or equal.  

 
D. Specials: 

 
1. Transition Pieces:  

 
a. Furnish suitable transition pieces (adapters) for connections to 

existing piping. 
b. Unless shown on Drawings, Contractor shall expose existing piping 

to determine material, dimensions and other data required for 
transition pieces.  

 
PART 3 – EXECUTION 
 
3.1 See Section 15410, Installation of Plumbing Piping  
 

**END OF SECTION** 
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SECTION 15062 - STEEL PIPE 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Contractor shall provide all labor, materials, equipment and incidentals as shown, 
specified and required to furnish and install steel pipe and fittings. 

 
1.2 RELATED SECTIONS 

 
A. Section 01600 - General Equipment Provisions 
 
B. Section 09900 - Painting and Coating 
 
C. Section 15080 - Piping Specialties 
 
D. Section 15100 – Valves 
 
E. Section 15140 – Pipe Supports 
 

1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Except as otherwise indicated, the current editions of the following apply to the 
WORK of this Section. 

 
1. ANSI B 36.10, Welded and Seamless Wrought Steel Pipe 
 
2. ASTM A 53, Standard Specification for Pipe, Steel, Black and Hot Dipped 
 
3. ANSI, B16.5, Steel Pipe Flanges and Flanged Fittings 
 
4. ASTM, A234, Pipe Fittings of Wrought Carbon Steel and Alloy Steel for 

Moderate and Elevated Temperatures. 
 
5. ASTM, A370, Test Methods and Definitions for Mechanical Testing of Steel 

Product 
 
6. ASTM, E165, Practice for Liquid Penetrant Inspection Method 
 
7. AWS, D1.1, Structural Welding Code. 

 
1.4 SUBMITTALS 
 

A. Shop drawings: 
 

1. Tabulated layout schedule showing location and dimension of each special 
piece or pipe. 
 

2. Material of construction, with ASTM or API reference and grade 
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3. Outside diameter, working pressure rating and wall thickness of steel pipe 

and fittings 
 

4. Full and complete information regarding location, type, size, and extent of 
all welds shall be shown on the shop drawings. The shop drawings shall 
distinguish between shop and field welds. 
 

5. Shop drawings shall indicate by welding symbols or sketches the details of 
the welded joints, and the preparation of parent metal required to make 
them. 
 

6. Submit all shop welding procedure specifications, including welder/welding 
operator qualifications, fabricator welding inspection qualifications, welding 
procedure specifications, procedure qualification records including all 
destructive and non-destructive test results and welding bead profiles as 
required.   

 
B. Test Reports: 

 
1. The Contractor shall furnish certified reports of the following tests: 

 
a. Physical and chemical properties of all steel 
b. Hydrostatic test reports (shop and field) 
c. Results of production weld tests   
 

1.5 QUALITY ASSURANCE 
 

A. Inspection of the pipe and fittings will also be made by the Engineer after delivery.  
The pipe shall be subject to rejection at any time on account of failure to meet any 
of the requirements of this Section even though sample pipes may have been 
accepted as satisfactory at the place of manufacture.  Pipe rejected after delivery 
shall be marked for identification and shall be removed from the job at once.   

 
B. Where new pipe is to be connected to existing pipes, the Contractor shall field 

verify the location, elevation, pipe material, pipe outside diameter, and any other 
characteristics of the existing pipe before proceeding with fabrication of pipe or 
special pieces.  The field verification shall be performed in the presence of the 
Engineer.  The Contractor shall fabricate special pieces and adjust and align the 
new pipe as necessary, to meet the field conditions and provide all required 
material, labor, and equipment to make the connection. 
 

1.6 WELDING 
 
A. All welding procedures used to fabricate pipe shall be pre-qualified under the 

provisions of AWS D1.1. 
 
B. Welding procedures shall be required for, but not necessarily limited to, 

longitudinal and girth for pipe cylinders, spigot and bell ring attachments, 
reinforcing plates and ring flange welds, and plates for lug connections. 
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C. All welding shall be done by skilled welders, welding operators, and tackers who 

have had adequate experience in the methods and materials to be used.   
 
D. Welders shall be qualified under the provisions of AWS D1.1 by an independent 

local, approved testing agency not more than 6 months prior to commencing work 
on the pipeline.  Machines and electrodes similar to those used in the WORK shall 
be used in qualification tests. 

 
E. The Contractor shall furnish all material and bear the expense of qualifying 

welders. 
 
PART 2 - PRODUCTS 
 
2.1 GENERAL 
 

A. Material, manufacturing operations, testing and inspection of pipe shall be in 
conformance with applicable portions of ASTM A53.  

 
B. Specials are defined as fittings, closure pieces, bends, reducers, wyes, tees, 

crosses, outlets, manifolds, and other steel plate specials, wherever located, and 
all in structures. 

 
C. The pipe shall be of the diameter shown, furnished complete with welded joints, as 

indicated in the Contract Documents.  All welded joints shall be double welded on 
the outside. 

 
D. The inside diameter shall not be less than the nominal diameter specified or 

shown. 
 
E. Closures and correction pieces shall be provided as required so that closures may 

be made due to different headings in the pipe laying operation and so that 
correction may be made to adjust the pipe laying to conform to pipe stationing 
shown on the Drawings.  

 
F. The Contractor shall be fully liable for the cost of replacement or repair of pipe and 

specials which are damaged during storage, loading, transport and off-loading. 
 
G. The Contractor shall legibly mark all pipes and specials in accordance with the 

laying schedule and marking diagram.  Each pipe shall be numbered in sequence 
and said number shall appear on the laying schedule and marking diagram in its 
proper location for installation.   

 
H. All special pipe sections and fittings shall be marked at each end indicating the 

top.  The word "top" shall be painted or marked on the outside top spigot end of 
each pipe section. 
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2.2 MATERIALS 
 

A. Steel Pipe, NPS ¾ through NPS 1½:  ASTM A 53, Type S (seamless) 
Grade A, Schedule 40, black steel, plain ends. 

 
B. Steel Pipe, NPS 2 through NPS 10:  ASTM A 53, Type S (seamless) and Type 

ERW (welded) Grade A or B, Schedule 40, black steel, plain ends. 
 

C. Steel Pipe Nipples:  ASTM A733 made of ASTM A53, Schedule 40, black steel; 
seamless. 
 

D. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300. 
 

E. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300. 
 

F. Flanged Fittings:  ASME B16.1, Classes 125, and 250; raised ground face, and 
bolt holes spot faced. 
 

G. 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. 

 
H. Welding Materials:  Comply with Section II, Part C, of the ASME Boiler and 

Pressure Vessel Code for welding materials appropriate for wall thickness and 
for chemical analysis of pipe being welded. 
 

I. Gasket Material:  Thickness, material, and type suitable for fluid to be handled; 
and design temperatures and pressures. 
 

J. All steel used for the fabrication of pipe shall have a maximum carbon content of 
0.25 percent, a maximum sulfur content of 0.015 percent, and shall have a 
minimum elongation of 22 percent in a 2-inch gauge length. 
 

PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Piping Installation:  
 

1. Install straight runs true to line and elevation.  
 
2. Install vertical pipe truly plumb in all directions. 
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3. Install piping parallel or perpendicular to building walls. Piping at angles 
and 45 degree runs across corners will not be accepted unless specifically 
shown or approved. 

 
4. Install small diameter piping generally as shown when specific locations 

and elevations are not indicated.  Locate such piping as required to avoid 
equipment, beams, and other obstructions. 

 
5. Install piping so as to leave all corridors, walkways, work areas, and like 

spaces unobstructed.  Unless otherwise approved or otherwise shown, 
provide a minimum headroom clearance under all piping of 7 feet 2 inches.  

 
6. Protect and keep clean water pipe interiors, fittings and valves. 
 
7. Provide temporary caps or plugs over all pipe openings at the end of each 

days’ work, and when otherwise required or directed by Engineer.  
 
8. Cutting:  Cut pipe from measurements taken at site, not from Drawings.  
 
9. Install dielectric unions wherever dissimilar metals are connected except 

for bronze, brass or stainless-steel valves in ferrous piping.  
 
10. Provide a union downstream of each valve with screwed connections. 
 
11. Provide screwed or flanged unions at each piece of equipment, where 

shown, and where necessary to install or dismantle piping. 
 

B. Flanged Joints: 
 

1. Assemble flanged joints using 1/8-inch ring-type gaskets for raised face 
flanges.  Use full face or ring-type gaskets for flat face flanges.  Gaskets 
shall be suitable for the service intended in accordance with the 
manufacturer's ratings and instructions.  Gaskets shall be properly 
centered. 
 

2. Bolts shall be tightened in a sequence which will insure equal distribution 
of bolt loads. 
 

3. The length of bolts shall be uniform, and they shall not project beyond the 
nut more than 1/4-inch or fall short of the nut when fully taken up.  The ends 
of bolts shall be machine cut so as to be neatly rounded.  No washers shall 
be used except as required on PVC pipe. 
 

4. Bolt threads and gasket faces for flanged joints shall be lubricated prior to 
assembly. 
 

5. Alternately tighten bolts 180 degrees apart to compress the gasket evenly. 
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C. Steel Pipe Joints: 
 

1. Joints in steel pipe shall be butt welded, lap welded slip joints, flanged, or 
threaded joints, except that flexible couplings, mechanical couplings, or 
flanged connections shall be provided where shown on the Drawings. 
 

2. After welding, the joint and the surrounding damaged or uncoated area 
shall be coated with the same material and to the same thickness as the 
shop applied coating and lining. 
 

3. For threaded joints, use standard, right hand tapered full depth threads on 
steel piping and apply an approved joint compound to the male threads 
only, before installation.  Remove all cuttings and foreign matter from the 
inside of the pipe.  Thoroughly clean all pipe, fittings, valves, specials, and 
accessories before installing. 
 

D. Installing Valves and Accessories: 
 

1. Provide supports for large valves, flow meters and other heavy items as 
shown or required. 

 
2. Install floor stands as shown and as recommended by the manufacturer. 
 
3. Position valve operators as shown.  When the position is not shown, install 

the valve so that it can be conveniently operated and as approved by 
Engineer.  Avoid placing operators at angles to the floors, walls or 
walkways. 

 
4. Position flow measuring devices in pipe lines so that they have the length 

of straight upstream and downstream runs between devices and pipe 
changes recommended by the manufacturer, unless specific location 
dimensions are shown.  Position check valves so that they do not conflict 
with the discs of butterfly valves. 

 
E. Unions: 

 
1. Install dielectric unions wherever dissimilar metals are connected except 

for bronze or brass valves in ferrous piping. 
 
2. Provide a union downstream of each valve with screwed connections. 
 
3. Provide screwed unions or flanged connections at each piece of 

equipment, where shown, and where necessary to install or dismantle 
piping. 

 
F. Eccentric Reducers:  Use eccentric reducers where shown and where air or water 

pockets would otherwise occur in mains because of a reduction in pipe size. 
 
G. Transitions from One Type of Pipe to Another: 
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1. Provide all necessary adapters, dielectric gaskets, specials and connection 
pieces required when connecting different types and sizes of pipe or 
connecting pipe made by different manufacturers. 

 
3.3 PAINTING 
 

A. Field painting is specified under Section 09900 – Painting and Coating 
 
3.4 TESTING OF PIPING 
 

A. General:  
 

1. Test all piping as specified below unless otherwise authorized by Engineer.  
 
2. Notify Engineer 48 hours in advance of testing.  
 
3. Provide all testing apparatus including pumps, hoses, gages, and fittings.  
 
4. Pipelines shall hold the specified test pressure for two hours. 
 
5. Test any encased piping prior to pouring slabs or encasement. 
 
6. Repair and retest pipelines which fail to hold specified test pressures, or 

which exceed the allowable leakage rate. 
 
7. Test pressures required are measured at the lowest elevation of the 

pipeline section being tested, unless otherwise specified.  
 
8. Conduct all tests in the presence of the Engineer.  Repeat tests in the 

presence of local authorities having jurisdiction, if required. 
 
9. CONTRACTOR shall provide temporary plugs, caps and blind flanges to 

facilitate pressure testing.  
 
B. Pressure Test Procedure:  

 
1. Ensure that all supports, and restraint protection are securely in place.  
 
2. Fill section to be tested slowly with water and expel all air.  Install cocks, if 

necessary, to ensure removal of air.   
 
3. Test only one section of pipe at a time.  
 
4. Apply specified test pressure required for two hours and observe pressure 

gage. Check carefully for leaks while test pressure is being maintained.  
 
5. No pressure drop or leakage is permitted. 
 

**END OF SECTION** 
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SECTION 15064 - COPPER PIPE 
 
PART 1 - GENERAL 
 
1.1 SCOPE 

 
A. Contractor shall provide all labor, materials, equipment, and incidentals as shown, 

specified and required to furnish and install copper pipe and fittings. 
 
B. All jointing materials, end caps and other appurtenances and accessories shall be 

provided. 
 
C. It is the intent of the Contract Documents to provide complete and workable piping 

systems.  Any supplementary fittings and appurtenances required for proper 
completion of the work shall be considered as having been included under this 
section. 

 
1.2 RELATED SECTIONS 

 
A. Section 01600 – General Equipment Provisions 
 
B. Section 15080 – Piping Specialties 
 
C. Section 15100 – Valves, (General) 
 
D. Section 15140 – Pipe Supports  
 

1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. ANSI B 16.22, Wrought Copper and Bronze Solder Joint Pressure Fittings. 
 
B. ASTM B 32, Specification for Solder Metal. 
 
C. ASTM B 42, Specification for Standard Size Seamless Copper Pipe. 
 
D. ASTM B 68, Specification for Bright Annealed Seamless Copper Tube. 
 
E. ASTM B 75, Specification for Seamless Copper Tube. 
 
F. ASTM B 88, Specification for Seamless Copper Water Tube. 
 
G. ASTM B 302, Specification for Threadless Copper Pipe. 
 
H. ASTM B 306, Specification for Copper Drainage Tube (DWV). 
 
I. ASTM B 280, Specification for Seamless Copper Tube for Air Conditioning and 

Refrigeration. 
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1.4 SUBMITTALS 
 

A. Shop Drawings:  Submit for approval the following: Detailed drawings and data on 
pipe fittings and appurtenances.   

 
1.5 QUALITY ASSURANCE 
 

A. Each type of pipe and fitting shall be obtained from no more than one 
manufacturer. 

 
B. Requirements of Regulatory Agencies:  Comply with the applicable provisions of 

the following regulatory agencies, where applicable: 
 

1. Underwriters' Laboratories, Incorporated. 
 
2. National Fire Protection Association. 
 
3. ASME, Boiler and Pressure Vessel Code. 
 
4. State and Local Building Codes and Ordinances. 
 
5. Uniform Plumbing Code. 

 
1.6 DELIVERY, STORAGE AND HANDLING 
 

A. See Section 01600 – General Equipment Provisions  
 
PART 2 - PRODUCTS 
 
2.1 MATERIALS 

 
A. Potable Piping:  Potable piping shall conform to the requirements of ASTM B 88. 

Underground, buried piping, unless otherwise specified, shall be Type K.  All 
fittings shall be soldered, except at valves which may be flared or compression 
types.  Non-potable and process piping shall conform to the above requirements. 
Above floor piping shall be Type L, unless otherwise specified. 

 
B. Threadless Copper Pipe:  Pipe shall be assembled with soldering-joint pipe fittings.  

Material shall conform to ASTM B 302. 
 
C. Copper Drainage Pipe:  Pipe for sanitary drainage or soil, waste and vent pipe, 

shall conform to ASTM B 306. 
 
2.2 JOINTING 
 

A. Except as noted above, all copper piping shall be assembled with soldered type 
joints.  Fittings shall conform to ANSI B 16.22, Wrought Copper and Copper Alloy 
Solder Joint Pressure Fittings. 
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1. Soldered joints shall be 95-5 tin-antimony solder, conforming to ASTM B 
32. 

 
B. All joints shall conform to manufacturer’s recommendations and shall be made by 

skilled workmen. 
 
C. Joints shall develop full strength and shall be greater than the pipe joined. 

 
2.3 MARKING 

  
A. All items shall be marked or labeled with the following information: 

 
1. Metal or alloy designation. 
 
2. Temper. 

 
3. Size and schedule. 

 
4. ASTM specification number. 

 
5. Name and location of supplier. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Joints: 
 

1. Assemble copper tubing with soldered joints.  Solder shall be 95-5 tin-
antimony solder conforming to ASTM B 32. 
 

2. Ream or file pipe to remove burrs. 
 

3. Clean and polish contact surfaces of joints. 
 

4. Apply flux to both male and female ends. 
 

5. Insert end of tube into full depth of fitting socket. 
 

6. Heat joint evenly. 
 

7. Form continuous solder bead around entire circumference of joint. 
 

8. Runs shall contain unions at connection to equipment and at reasonable 
distances along the lengths of runs to permit convenient disassembly of 
piping and removal of equipment. 
 

9. Stubbing exposed to view shall be wiped after sweating. 
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A. All copper pipes passing through a concrete slab or wall shall be installed in a PVC, 
Schedule 80 sleeve. 

 
3.2 INSPECTION 
 

A. Contractor shall inspect all piping to assure that piping is free from defects in 
material and workmanship.  The compatibility of all pipe, fittings and coatings shall 
be verified by the Contractor. 

 
**END OF SECTION** 
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SECTION 15080 – PIPING SPECIALTIES 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Contractor shall provide all labor, materials, equipment and incidentals as 
shown, specified and required to furnish and install all piping specialties 

 
1.2 RELATED SECTIONS 
 

A. Section 01600 – General Equipment Provisions 
 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Uniform Plumbing Code 
 

1.4 SUBMITTALS 
 

A. Shop Drawings: Submit for approval the following: 
 

1. Detailed drawings and data on each type of specialty to be furnished. 
 
2. Operations and Maintenance data 

 
1.5 QUALITY ASSURANCE 
 

A. Manufacturer's Qualifications: 
 

1. Manufacturer shall have experience in the production of  similar types of 
piping specialties specified. 

 
PART 2 - PRODUCTS 
 
2.1 PRODUCTS 
 

A. Emergency Shower and Eyewash Stations: 
 

1. Emergency Shower and Eyewash Station: 
 

a. Materials: 
 

1) Shower: ABS plastic shower head with 1-1/2-inch instant 
action stay-open stainless-steel ball valve and stainless 
steel 24-inch rigid pull rod. 

2) Eye/Face-Wash: ABS plastic bowl with twin Buna-N 
covered ABS plastic heads and stainless-steel ball valve, 
instant action, stay-open type. 

3) Pipe: All PVC parts shall be Schedule 80. 
4) Flowrate at 30 psi: 
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a) Eye/Face Wash - 5.5 gpm. 
b) Shower - 33 gpm 

 
b. Manufacturers: Provide emergency shower and eyewash 

stations of one of the following: 
 

1) Haws Drinking Faucet Company, Model No. 8330. 
2) Or equal. 

 
2. Alarm System: At each emergency shower and/or eyewash station: 

 
a. Type: Audible and visual alarm system, complete and factory 

wired, except for power connection, operated by a waterproof 
flow switch. 

 
1) Light: UL listed. Light intensity 9000 lumens on horizontal 

axis, solid state, weatherproof. 
2) Alarm: High audible 106 decibels at 1 foot. 
3) Flow Switch: Paddle-type, watertight for horizontal 

mounting, AC, 125V, 5 amps, single pole, double throw, UL 
listed. Two flow switches shall be provided, one for local 
alarm and one for signal to the remote-control panel for the 
particular system. 

4) Electrical Connection:  3/4-inch conduit, 115-volt, 60 cycle 
single phase.  Refer to Division 16, Electrical 

 
b. Manufacturers:  Provide one of the following: 
 

1) Haws Drinking Faucet Company, Model 9000 
2) Or equal 

 
2.2 PAINTING 
 

A. Field painting according to Section 09900 Painting and Coating. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Install piping specialties in accordance with manufacturer's instructions. 
 

**END OF SECTION** 
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SECTION 15085 – PIPING INSULATION SYSTEM 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Contractor shall provide all labor, materials, equipment and incidentals as shown, 
specified and required to furnish and install insulation, vapor barrier and aluminum 
exterior cladding and thermal blanket at all pumps and valves, strainers and meters 
to make for a fully operational and compliant chilled water system.  
 

1.2 RELATED SECTIONS 
 

A. Section 01600 – General Equipment Provisions 
 
B. Division 11 – Equipment 
 
C. Division 15 – Mechanical 
 

1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 
A. Comply with applicable provisions and recommendations of the following, except 

as otherwise shown or specified:  
 
1. Federal Specification HH-1-558B, Insulation Blocks, Boards, Blankets, 

Felts, Sleeving, Pipe Fitting Covering 
 
2. ASTM C 272, Standard Test Method for Water Absorption of Core 

Materials for Structural Sandwich Constructions 
 
3. ASTM C 273, Standard Test Method for Shear Properties of Sandwich 

Core Materials 
4. ASTM C 450, Standard Practice for Fabrication of Thermal Insulating 

Fitting Covers for NPS Piping, and Vessel Lagging 
 

5. ASTM C 518, Standard Test Method for Steady-State Thermal 
Transmission Properties by Means of the Heat Flow Meter Apparatus 

 
6. ASTM C 552, Standard Specification for Cellular Glass Thermal Insulation 
 
7. ASTM C 585, Standard Practice for Inner and Outer Diameters of Thermal 

Insulation for Nominal Sizes of Pipe and Tubing 
 
8. ASTM C 795, Standard Specification for Thermal Insulation for Use in 

Contact with Austenitic Stainless Steel 
 
9. ASTM C 871, Standard Test Methods for Chemical Analysis of Thermal 

Insulation Materials for Leachable Chloride, Fluoride, Silicate, and Sodium 
Ions 
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10. ASTM C921, Standard Practice for Determining the Properties of Jacketing 
Materials for Thermal Insulation 

 
11. ASTM D 1621, Standard Test Method for Compressive Properties of Rigid 

Cellular Plastics 
 
12. ASTM D 1622, Standard Test Method for Apparent Density of Rigid Cellular 

Plastics 
 
13. ASTM D 1623, Standard Test Method for Tensile and Tensile Adhesion 

Properties of Rigid Cellular Plastics 
 
14. ASTM D 2126, Standard Test Method for Response of Rigid Cellular 

Plastics to Thermal and Humid Aging 
 
15. ASTM D 2842, Standard Test Method for Water Absorption of Rigid 

Cellular Plastics 
 
16. ASTM D 2856, Standard Test Method for Open-Cell Content of Rigid 

Cellular Plastics by the Air Pycnometer 
 
17. ASTM E 84, Standard Test Method for Surface Burning Characteristics of 

Building Materials 
 
18. ASTM E 96, Standard Test Method for Water Vapor Transmission of 

Materials 
 
1.4 SUBMITTALS  
 

A. Submit for approval the following:  
 

1. Manufacturer’s literature, specifications, engineering data and samples 
including adhesives, tapes and vapor retarder. 

 
2. Fabrication instructions for pipe fitting and valve insulation and coating. 
 
3. Installation instructions for pipe and pipe fitting insulation. 
 
4. Detailed Shop Drawings showing layout of all insulation including all 

fittings.  Identify any exposed fittings and piping. 
 

5. MSDS for insulation materials. 
 

6. Insulation Installer Qualifications. 
 
1.5 QUALITY ASSURANCE 
 

A. The Contractor shall provide a qualified installer of the piping insulation.   
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1. The insulation installer shall have at least five (5) installations of similar 
type and size. The Contractor shall provide a list of these installations with 
description of the work and client reference.  
 

2. The Contractor shall ensure that the installer has been trained by the 
manufacturer of the pipe insulation on proper installation methods for 
cryogenic service. 
 

B. Requirements of Regulatory Agencies:  
 

1. Building Codes:  Comply with applicable requirements of all governing 
authorities and the following codes: 

 
a. Comply with applicable requirements of all governing authorities 

and the Uniform Plumbing Code. 
 
2. Certifying Agency:  Certified by Underwriters' Laboratories, Incorporated. 
 
3. Permits:  Contractor shall obtain and pay for all required permits, fees, 

inspections and approvals by authorities having jurisdiction.  
 

C. Field Measurement:  Take field measurements where required prior to installation 
to ensure proper fitting of work. 

 
1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Delivery of Material:  Material shall be delivered to the job site in waterproof 
packaging. 

 
B. Storage of Material: 

 
1. Store material in clean, dry area, out of the weather and off the ground. 
 
2. Material shall be tightly covered to protect against dirt, water and 

mechanical and chemical damage. 
 
3. Material shall remain in original packaging till time of installation. 

 
PART 2 - PRODUCTS 
 
2.1 MATERIALS - PIPING INSULATION 
 

A. Products shall not contain asbestos, lead, mercury, or mercury compounds. 
 

B. Calcium silicate, mineral-fiber, phenolic, polyisocyanurate, polystyrene, and 
mineral fiber pipe insulation wicking system insulation shall not be used. 
 

C. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 
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D. Insulation materials for use on austenitic stainless steel shall be qualified as 
acceptable according to ASTM C 795. 
 

E. Foam Insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process 
 

F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with 
annealed, rigid, hermetically sealed cells.  Where pipe/insulation diameter permits, 
the jacketing shall be factory applied to insulation.  Nominal density is 7.5 lb/cu. ft. 
or more.  Thermal conductivity (k-value) at 75 deg F is maximum 0.29 Btu x in./h 
x sq. ft. x deg F.  Provide factory-applied jacket requirements as specified in 
"Factory-Applied Jackets" paragraph 2.8.7 
 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
 

a. Cell-U-Foam Corporation; Ultra-CUF. 
b. Pittsburgh Corning Corporation; Foamglas. 
c. Or equal. 
 

2. Block Insulation:  ASTM C 552, Type I, Grade 1. 
 
3. Special-Shaped Insulation:  ASTM C 552, Type III. 
 
4. Board Insulation:  ASTM C 552, Type IV. 
 
5. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, 

Type II. 
 
6. Preformed Pipe Insulation with Factory-Applied ASJ or ASJ-SSL:  Comply 

with ASTM C 552, Type II. 
 
7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 

 
8. Minimum insulation thickness: 3-inch 

 
2.2 THERMAL BLANKETS 

 
A. Thermal blankets: custom fit pre-engineered insulation system, flexible and 

removable after installation to allow reinstallation and access to valves, pumps, 
flanges, equipment, and other hard to insulate items. 

 
1. Insulation Material:  ASTM C 1086, encapsulated 11 lb/cu. ft. fiberglass 

needled mat, Type E fiber 
 
2. Inner and Outer Jacket:  Minimum 16.5 oz./sq. yd. PTFE Teflon 

impregnated fiberglass.  
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3. Blanket Construction:   Double sewn lock stitch with a minimum of 7 stitches 
per inch.  Raw jacket edges shall have a PTFE Teflon fiberglass cloth 
binding with Teflon coated fiberglass thread stitching. 

 
4. Quilting:  Stainless steel tufts or pins placed at random locations no greater 

than 16” inches apart, with stainless steel speed washers for securing the 
insulation in place. 

 
5. Fasteners: Stainless Steel "D" ring strap with Velcro tab both matching 

straps are spaced along the closing seam edge no greater than 8" apart.  
 
6. I.D. Tags:  Stainless steel with embossed lettering. 
 
7. Insulation thickness: 2-inch minimum thickness, or thicker to comply with 

insulation schedule in Part 3. 
 
8. Products: 
 

a. Advance Thermal Corporation. 
b. Shannon Enterprises of W.N.Y., Inc.; Insultech LT 450 TT for high 

temperature water and LT 450 SS for steam and condensate or 
other models. 

c. Or equal. 
 

9. Thermal blankets installed outdoors shall be installed in a manner that rain 
and dew will not collect on blankets or seep inside of blanket.  Provide 
removable aluminum jackets water shields or rain guards. 
 

2.3 FIRE-RATED INSULATION SYSTEMS 
 

A. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket 
that is tested and certified to provide a 1 or 2-hour fire rating as required by the 
installation.  

 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
 

a. CertainTeed Corp.; FlameChek. 
b. Johns Manville; Firetemp Wrap. 
c. Nelson Firestop Products; Nelson FSB Flameshield Blanket. 
d. Thermal Ceramics; FireMaster Duct Wrap. 
e. 3M; Fire Barrier Wrap Products. 
f. Unifrax Corporation; FyreWrap. 
g. Or equal. 
 

2.4 INSULATING CEMENTS 
 

A. Insulating cements shall be suitable for temperature range equivalent to that of the 
insulation. 
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B. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Insulco, Division of MFS, Inc.; Triple I. 
b. P. K. Insulation Mfg. Co., Inc.; Super-Stik. 
c. Or equal. 

 
C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with 

ASTM C 449. 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Insulco, Division of MFS, Inc.; SmoothKote. 
b. P. K. Insulation Mfg. Co., Inc.; PK No. 127, and Quik-Cote. 
c. Rock Wool Manufacturing Company; Delta One Shot. 
d. Or equal. 
 

2.5 ADHESIVES 
 

A. Materials shall be compatible with insulation materials, jackets, and substrates and 
for bonding insulation to itself and to surfaces to be insulated. Adhesives shall 
contain no flammable solvents if that option is available. 

 
B. Cellular-Glass Adhesive:  Solvent-based resin adhesive, with a service 

temperature range equal to the insulation. 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Design Polymerics  
b. Foster Products Corporation 
c. Or equal. 

 
C. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, 

Grade A for bonding insulation jacket lap seams and joints. 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Design Polymerics DD2590-CA. 
b. ITW TACC, Division of Illinois Tool Works; SP80, T1080 
c. Marathon Industries, Inc. 
d. Or equal. 
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2.6 MASTICS 
 

A. Materials shall be water based and be compatible with insulation materials, 
jackets, and substrates; comply with MIL-PRF-19565C, Type II. 

 
B. Vapor-Barrier Mastic:  Water based; suitable for outdoor use on below ambient 

services. 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Childers Products, Division of ITW; CP-35. 
b. Foster Products Corporation, H. B. Fuller Company; 30-90. 
c. ITW TACC, Division of Illinois Tool Works; CB-50. 
d. Marathon Industries, Inc.; 590. 
e. Mon-Eco Industries, Inc.; 55-40. 
f. Vimasco Corporation; 749. 
g. Or equal. 
 

2. Water-Vapor Permeance:  ASTM E 96, Procedure B, 0.013 perm at 43-mil 
dry film thickness. 

 
3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by 

weight. 
 
5. Color:  White. 
 

2.7 SEALANTS 
 

A. Joint Sealants: 
 

1. Joint Sealants for Cellular-Glass Products:  Subject to compliance with 
requirements, provide one of the following: 

 
a. Childers Products, Division of ITW; CP-76. 
b. Foster Products Corporation, H. B. Fuller Company; 30-45. 
c. Marathon Industries, Inc.; 405. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Pittsburgh Corning Corporation; Pittseal 444. 
f. Vimasco Corporation; 750. 
g. Or equal. 
 

2. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

 
3. Permanently flexible, elastomeric sealant. 
 
4. Service Temperature Range:  Minus 100 to plus 300 deg F. 
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5. Color:  White or gray. 
 

B. FSK and Metal Jacket Flashing Sealants: 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Childers Products, Division of ITW; CP-76-8. 
b. Foster Products Corporation, H. B. Fuller Company; 95-44. 
c. Marathon Industries, Inc.; 405. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Vimasco Corporation; 750. 
f. Or equal. 
 

2. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
 
4. Service Temperature Range:  equal to the insulation. 
 
5. Color:  Aluminum. 
 

C. ASJ Flashing Sealants: 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Childers Products, Division of ITW; CP-76. 
b. Or equal. 
 

2. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
 
5. Color:  White. 
 

2.8 FACTORY-APPLIED JACKETS 
 

A. The factory-applied jackets shall comply with the following: 
 

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil 
backing; complying with ASTM C 1136, Type I. 
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2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based 
adhesive covered by a removable protective strip; complying with 
ASTM C 1136, Type I. 

 
3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper 

backing; complying with ASTM C 1136, Type II. 
 

2.9 FIELD-APPLIED FABRIC-REINFORCING MESH 
 

A. Woven Glass-Fiber Fabric for Pipe Insulation:  Approximately 2 oz./sq. yd. with a 
thread count of 10 strands by 10 strands/sq. inch for covering pipe and pipe fittings. 

 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
 

a. Vimasco Corporation; Elastafab 894. 
b. Or equal. 
 

B. Woven Glass-Fiber Fabric for Duct and Equipment Insulation:  Approximately 6 
oz./sq. yd. with a thread count of 5 strands by 5 strands/sq. inch for covering 
equipment. 

 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
 

a. Childers Products, Division of ITW; Chil-Glas No. 5. 
b. Or equal.  
 

2.10 FIELD-APPLIED JACKETS 
 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 
indicated. 

 
B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper 

backing. 
 
C. Metal Jacket: 

 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
 

a. Childers Products, Division of ITW; Metal Jacketing Systems. 
b. PABCO Metals Corporation; Surefit. 
c. RPR Products, Inc.; Insul-Mate. 
d. Or equal. 
 

2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105 or 
5005, Temper H-14. 

 
a. Sheet and roll stock ready for shop or field sizing. 
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b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded 

polyethylene and 40-pound kraft paper. 
d. Factory-Fabricated Fitting Covers: 
 

1) Aluminum, 0.024-inch-thick, smooth or stucco embossed 
finish. 

2) Preformed 2-piece or gore, 45- and 90-degree, short- and 
long-radius elbows. 

3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting 

covers are not available. 
 

2.11 TAPES 
 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136.  Product performance is based on 
products manufactured by Venture Tape; there are slight variations among 
manufacturers listed. 

 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
 

a. Avery Dennison Corporation, Specialty Tapes Division; 
Fasson 0835. 

b. Compac Corp.; 104 and 105. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 428 AWF ASJ. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW 

Plus/SQ. 
e. Or equal. 
 

3. Width:  3 inches. 
 
4. Thickness:  11.5 mils. 
 
5. Adhesion:  90 ounces force/inch in width. 
 
6. Elongation:  2 percent. 
 
7. Tensile Strength:  40 lbf/inch in width. 
 
8. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 
 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with 
acrylic adhesive; complying with ASTM C 1136. 
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1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0827. 
b. Compac Corp.; 110 and 111. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 491 AWF FSK. 
d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ. 
e. Or equal. 
 

2. Width:  3 inches. 
 
3. Thickness:  6.5 mils. 
 
4. Adhesion:  90 ounces force/inch in width. 
 
5. Elongation:  2 percent. 
 
6. Tensile Strength:  40 lbf/inch in width. 
 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 
 

C. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 

 
a. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0800. 
b. Compac Corp.; 120. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 488 AWF. 
d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ. 
e. Or equal. 
 

2. Width:  2 inches. 
 
3. Thickness:  3.7 mils. 
 
4. Adhesion:  100 ounces force/inch in width. 
 
5. Elongation:  5 percent. 
 
6. Tensile Strength:  34 lbf/inch in width. 
 

2.12 SECUREMENTS 
 

A. Bands: 
 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 
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a. Childers Products; Bands. 
b. PABCO Metals Corporation; Bands. 
c. RPR Products, Inc.; Bands. 
d. Or equal. 
 

2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015-
inch thick1/2-inch-wide with wing seal. 

 
3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 

0.020-inch-thick, 3/4-inch-wide with wing or closed seal. 
 

B. Insulation Pins and Hangers: 
 

1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated 
steel pin, fully annealed for capacitor-discharge welding, 0.135-inch- 
diameter shank, length to suit depth of insulation indicated with integral 1-
1/2-inch galvanized carbon-steel washer. 

 
a. Products:  Subject to compliance with requirements, provide one of 

the following: 
 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
4) Nelson Stud Welding; CHP. 
5) Or equal. 

 
2. Self-Sticking-Base Insulation Hangers for Equipment:  Baseplate welded to 

projecting spindle that is capable of holding insulation securely in position 
when self-locking washer is in place. Comply with the following 
requirements: 

 
a. Products:  Subject to compliance with requirements, provide one of 

the following: 
 

1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series TSA. 
2) GEMCO; Press and Peel. 
3) Midwest Fasteners, Inc.; Self Stick. 
4) Or equal. 

 
b. Baseplate:  Galvanized carbon-steel sheet, 0.015-inch-thick by 2 

inches square. 
c. Spindle:  Low carbon steel, fully annealed, 0.105-inch-diameter (12 

gage) shank, length to suit depth of insulation indicated. 
d. Adhesive-backed base with a peel-off protective cover. 
 

3. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-
inch- thick, galvanized-steel sheet, with beveled edge sized as required to 
hold insulation securely in place but not less than 1-1/2 inches in diameter. 
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a. Products:  Subject to compliance with requirements, provide one of 

the following: 
 

1) AGM Industries, Inc.; RC-150. 
2) GEMCO; R-150. 
3) Midwest Fasteners, Inc.; WA-150. 
4) Nelson Stud Welding; Speed Clips. 
5) Or equal. 

 
b. Protect ends with capped self-locking washers incorporating a 

spring steel insert to ensure permanent retention of cap in exposed 
locations. 

 
C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless 

steel or Monel. 
 
D. Wire:  0.062-inch soft-annealed stainless steel. 

 
1. Manufacturers:  Subject to compliance with requirements, provide products 

by one of the following: 
 

a. C & F Wire. 
b. Childers Products. 
c. PABCO Metals Corporation. 
d. RPR Products, Inc. 
e. Or equal. 
 

2.13 CORNER ANGLES 
 

A. Aluminum Corner Angles:  0.040-inch-thick, minimum 1 by 1 inch, aluminum 
according to ASTM B 209, Alloy 3003, 3005, 3105 or 5005; Temper H-14. 

 
PART 3 – EXECUTION 
 
3.1 INSTALLATION  
 

A. Verify that pressure testing of piping and equipment connections has been 
completed and that the pipe system is ready for installation of insulation. 

 
B. Clean and dry piping and equipment connections to be insulated.  
 
C. Field verify the dimensions of the installed piping prior to installation of insulation 

and confirm to the Engineer that it is physically possible to install the pipe insulation 
in accordance with project drawings, operation performance parameters and 
limitations of this specification. 
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D. Inspect insulation materials including the insulation facing, jacket, vapor barrier 
prior to installation.  All material applied in one day shall have any required vapor 
barrier applied the same day and exposed ends shall be temporarily protected with 
a moisture barrier sealed to the pipe. 
 

**END OF SECTION** 
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SECTION 15100 – VALVES 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Contractor shall furnish all labor, materials, equipment appurtenances, specialty 
items and services required to provide all valves and appurtenances as shown and 
specified in the Contract Documents.  This Section also covers electric motor 
operators for valves. 

 
B. Coordination:  To ensure that all valves and appurtenant equipment area properly 

coordinated and will function in accordance with the requirements of the Contract 
Documents, the Contractor shall obtain each specific valve and valve actuator from 
a single supplier.   
 

C. The Contractor shall retain ultimate responsibility under this Contract for 
equipment coordination, installation, operation and guarantee, and the Contractor 
shall furnish and install all equipment, labor, materials, appurtenances, specialty 
items and services not provided by the supplier(s) but required for complete and 
operable systems. The equipment and appurtenances covered by this 
specification are intended to be standard equipment of proven ability as 
manufactured by reputable concerns having extensive experience in production of 
such equipment.  The equipment furnished shall be manufactured and installed in 
accordance with the best practices and methods and shall operate satisfactory 
when installed as shown and specified in the Contract Documents. 

 
1.2 RELATED SECTIONS 
 

A. Section 01600 – General Equipment Provisions 
 

B. Section 01615 – Equipment and Valve Identification 
 

C. Section 01650 – Startup Requirements 
 

D. Section 11070 – Variable Speed Screw Water Chillers 
 

E. Section 11071 – Chilled Water Primary Pumps 
 

F. Section 11072 – Chilled Water Secondary Pumps 
 

G. Section 11075 – Ancillary Equipment and Appurtenances 
 

H. Section 15062 – Steel Pipe  
 

I. Section 15080 - Piping Specialties 
 

J. Section 15140 - Pipe Supports 
 

K. Division 16 – Electrical 
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1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. ANSI B16.1, Cast Iron Pipe Flanges and Flanged Fittings. 
 

B. ASNI B16.4, Cast Iron Fittings. 
 

C. ASTM A 48, Standard Specification for Gray Iron Castings. 
 

D. ASTM A 126, Standard Specification for Gray Iron Castings for Valves. 
 

E. ASTM A 307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 
psi Tensile Strength. 

 
F. ASTM A 354, Standard Specification for Quenched and Tempered Alloy Steel 

Bolts, Studs and Other Externally Threaded Fasteners. 
 
G. ASTM A 436, Standard Specification for Austenitic Gray Iron Castings. 
 
H. ASTM A 536, Standard Specification for Ductile Iron Castings. 
 
I. ASTM B 62, Standard Specification for Composition Bronze or Ounce Metal 

Castings. 
 
J. Motors: All actuator motors and drives shall be sized to be non-overloading over 

the full range of operating conditions specified herein, and shall comply with all 
state, federal and local requirements for designated area classification as shown 
and specified in the Contract Documents. 

 
1.4 SUBMITTALS 
 

A. Submittals Requirements: 
 

1. Drawings and Data: Complete fabrication, assembly, foundation, and 
installation drawings including data and position drawings for all electrically 
operated valves showing how each valve will be oriented and the amount 
of clearance at each location, and operation, maintenance and storage 
instructions, together with detailed specifications and data covering 
materials used, power drive assembly, parts, devices and other 
accessories forming a part of the equipment furnished, shall be submitted 
for review. 

 
2. Submit detailed drawings and data on all valves listed, in this section, 

including type, size, service, rating and descriptions, as well as description 
of all specified requirements and all special features. 

 
3. Submit seismic calculations as described in Section 01600 and 01611. 

 
4. Complete operation and maintenance instruction, lubrication schedules 

and troubleshooting guides shall be submitted. 

MBC Cooling Water System Chiller Upgrade 
 

Attachment E – Technicals 274 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 15100 - VALVES 
Volume 1 of 2 (December 2018)     SECTION 15100 - 3 of 14 

 
5. Automatically Actuated Valves: 

 
a. The Contractor shall submit a single package for all automatically 

actuated valves which provides the following: 
 

1) A single submittal package for each automated valve 
including manufacturer's literature for the valve and the 
actuator.  

2) Where the submittal package for one automatically 
actuated valve is typical for many, the cover sheet of the 
submittal package shall indicate all the actuated valves for 
which the submitted package is typical. 

3) Detailed installation drawings depicting the orientation of 
the actuator on the valve and the orientation of the 
valve/actuator assembly at the location shown on the 
drawings. 

4) Wiring diagrams of the actuators. 
 

6. Verification that painting shall be per Section 09900 and the approved 
Section 09900 Submittals. 

 
1.5 QUALITY ASSURANCE 
 

A. Manufacturer's Qualifications: 
 

1. Manufacturer shall have  experience in the production of the equipment 
to be furnished. 

 
2. Each type of valve shall be the product of one manufacturer. 

 
PART 2 – PRODUCTS 
 
2.1 VALVES 
 

A. Gate Valves (Hot Tapping and Pipe Stops):  
 

1. Provide valves complete with operating handwheels, linings, and coatings. 
 

2. Cast or mold onto the valve body or bonnet the name of the manufacturer 
and the valve size. Do not attach identification plates to the valve body or 
bonnet. 

 
3. Provide valves with 125/150 flanged ends. 

 
4. Unless otherwise indicated, valves shall be the same size as the pipe in 

which they are installed. 
 

5. Unless otherwise indicated, valves shall have a working pressure rating not 
less than the pipe in which they are installed. 
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a. Gate Valve  

 
• 4” through 12”, Full Port, Non-Rising Type 304 Stainless 

Steel Stem, ASTM Ductile-Iron Grade A536 65/45/12 Body 
and Bonnet, Wax Encapsulated Cap Screws, Bronze 
Wedge Nut, Designed to AWWA C515 with Fusion Bonded 
Epoxy Lined Interior. Manufactured to AWWA C515, with 
250 PSI Rating.  

• Gate valves shall be Smith Cooper, or other approved 
equal.  

 
B. Ball Valve 
 

1. True Union PVC Ball Valve 
 

a. Type of Service: Sewage, water  
b. Type of end connection: True union threaded, flanged, or solvent 

weld. 
c. Size (inches):  1/2" - 6" 
d. Solvent weld, flanged or bell and spigot 
e. Rating and Description: PVC, CPVC body, Teflon seats, true union, 

and Viton O-ring seals.   Valve shall provide for 100% flow waterway 
and quarter turn operation. 150 psi at 70°C 

f. Manufacturer:  Provide products as manufactured by one of the 
following: 

 
1) Hayward MFG. Co. 
2) GF Plastics Systems, Inc. 
3) Or Equal 

 
2. Brass Ball Valve 

 
a. Type of Service: Water, air 
b. Type of end connection: Threaded 
c. Size (inches):  1/4" - 4". 
d. Rating and Description: 720 psi, brass body with stainless steel 

trim, full port, two-piece bar stock, and reinforced teflon seats and 
seals. 

e. Manufacturer and Product: Provide the following: 
 

1) Apollo  
2) Jamesbury 
3) Or equal. 

 
C. Check Valves – See Sections 11071,11072 and 11075 

 
D. Butterfly Valves – See Sections 11071, 11072 and 11075 

 
E. Air Release and Vacuum Valves Air Release and Vacuum Valves: 
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1. Type of Valve:  Air release. 

 
2. Type of Service:  Water, drainage. 

 
3. Type of end connection:  Threaded or flanged. 

 
4. Size (inches):  1/2” – 6”. 

 
5. Rating and Description: 

 
a. Cast iron body and cover:  ASTM A126, Grade B. 
b. Float:  Stainless steel, ASTM A240 
c. Linkage:  Stainless steel, ASTM A296, Type 316. 
d. Needle:  BUNA-N. 

 
6. Manufacturer and Product: Provide the following: 

 
a. APCO Valve and Primer Co. Series 50 for 1/2”, 3/4” inlet size. 
b. APCO Valve and Primer Co. Series 200 for 1” to 6” inlet size. 
c. Or equal. 

 
F. Pressure Reducing Valves - See Section 11075 

 
2.2 ELECTRIC MOTOR ACTUATORS 
 

A. General: 
 

1. Electric motor actuators shall be furnished and installed on valves where 
indicated on the Drawings and specified in the Contract Documents. 
  

2. Each valve actuator shall be furnished according to the specified type, 
and with the specified features. 

 
3. Painting shall be per Section 09900 and the submittals approved under 

Section 09900. 
 

B. Coordination and Responsibility: 
 

1. It shall be the unit responsibility of the supplier of the valves to coordinate 
the electric motor actuator with the driven equipment to obtain a 
successfully functioning unit. 

 
2. The coordination shall include mechanical compatibility; opening, closing, 

and running torque requirements; torque seating or back-seating control 
requirements; operating speed and rating of actuator motor; external 
control requirements. 

 
3. The valve and valve actuator shall be factory-assembled and tested at the 

valve manufacturer's facility, and shipped directly from the valve 
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manufacturer's facility to the site; or the valve and electric actuator shall 
be assembled at facilities of a local electric actuator supplier (EAS) 
contingent on the following: 

 
a. The EAS shall provide written submittal information from the valve 

manufacturer and the electric actuator manufacturer to the facility 
operated by the EAS is certified to conduct assembly and testing 
that would otherwise be conducted at the factory. 

b. The EAS and actuator manufacturer shall show evidence of 
having conducted at least one similar project using the actuators 
specified. 

 
4. The Contractor shall ensure that all actuators, including those specified in 

other Sections or shown on the Contract Drawings shall be of the same 
type and supplied by the same manufacturer. The Contractor shall provide 
all necessary coordination between the actuator manufacturer and driven 
equipment manufacturer in order to satisfy the conditions specified herein. 

 
C. Electric Actuator for Open/Close Operation of Metallic Body Valves  

 
1. General: 

 
a. Actuators shall be furnished and installed for non-modulating 

services where indicated on the Contract Drawings and as 
specified herein. 

b. The actuator shall be attached to the driven equipment by a 
suitable flanged connection for the actuator.  

c. Hardware for the flanged bolted connection shall be Type 316 
stainless steel. 

 
2. Valve Actuator Housing: 

 
a. The electric actuator housing shall be cast iron or aluminum and 

shall form a single, self-contained, weatherproof housing 
containing the motor, gearing, control, switches, electronic 
interfaces, and a separately sealed isolated terminal compartment 
for external connections. Power supply and control terminals shall 
be physically isolated from one another to protect against transient 
voltages. Terminal strips shall be shrouded to prevent accidental 
contact by personnel. Module shall include a snubber circuit to 
provide protection from voltage surges. 

b. The Actuator housing shall be rated NEMA 6, IP68. 
c. Double O-ring seals shall be provided to seal the terminal 

compartment, the motor enclosure, and the torque and limit switch 
compartment from rain and moisture.  Similarly, O-ring seals shall 
be provided to seal the compartments from the oil bath gear box. 

d. Separate threaded hubs for NPT conduit connections shall be 
furnished for power wiring, analog signal wiring and control signal 
wiring. 

e. Provide a pad and 1/4-20 threaded hole for grounding lug. 
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f. Sheet metal or plastic housings attached to the cast metal actuator 
enclosure for control components shall not be acceptable. 

 
3. Reduction Gearing and Shafts: 

 
a. Reduction gearing shall run in an oil bath gearbox sealed for any 

operating angle. Shafts shall be mounted in anti-friction bearings. 
Fill/drain plugs shall be furnished for the required operating 
position. 

b. Actuators shall be designed so that a hammer blow is imparted to 
the stem nut when opening or closing a valve, slide gate, or sluice 
gate. The design shall allow free movement at the stem nut before 
imparting the hammer blow. The actuator motor shall gain full 
speed before stem load is encountered. 

c. Where an actuator is specified with a quarter-turn valve, the valve 
actuator shall be provided with a worm and quadrant gear 
assembly to operate the valve. 

 
1) The position indicator shall be manufactured by Westlok or 

equal and the indicator shall be furnished in lieu of a 
position indicator on the actuator gearbox. The position 
indicator plate shall be retrofitted with an adapter keyed to 
mate with the indicator. Position switches shall not be 
required. 

2) When a position indicator is not required, the position 
indicator plate shall be furnished on the actuator housing 
with an indicating arrow and name plates to indicate the 
OPEN and CLOSED position of the valve. 

 
d. The gear reduction assembly for the actuator shall consist of a 

spur gear (if necessary to meet time requirements), worm gear, 
and quadrant gear designed to provide the required time to open 
as specified on the Drawing and herein. 

e. The assembly shall be grease lubricated for its life of operation 
and rated for an ambient temperature range from -40°C to 95°C.  

 
4. Handwheels: 

 
a. A permanently attached handwheel shall be provided for 

emergency manual operation. The handwheel shall not rotate 
during electrical operation and shall form an integral part of the 
mechanism. To place the operator in manual operation, a lever shall 
be used to mechanically disconnect the motor drive from the gear 
train.  The operator shall return automatically to motor operation as 
the motor control is energized.  The maximum torque required on 
the handwheel under the most adverse conditions specified herein 
shall not exceed 60-lb-ft; the maximum force on the handwheel 
shall not exceed 60 lbs.  An arrow and the word “open” shall be cast 
on the handwheel to indicate the direction to turn the disengaged or 
engaged position.  Failure of any primary motor drive gearing shall 
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not inhibit manual operation. 
 

5. Torque Switches: 
 

a. Torque switches shall be furnished for actuators to disconnect the 
actuator motor and pick up a monitor relay when torque limits are 
exceeded. 

b. Torque switches shall be provided, where required, with 
mechanical means or bypass switches for driven equipment 
whose end travel is signaled by torque developed in seating or 
unseating. 

c. Torque switch settings shall be readily adjustable via non-intrusive 
means without removing any electrical covers. 

d. Torque output value will be displayed locally at the actuator via an 
integral 0 - 100% LCD display. 

 
6. Travel and Position Limit Switches: 

 
a. End of travel and position limit switches shall be provided. 
b. Limit switches, cam operated and adjustable, shall be furnished 

for control, interlocking and indication. Switches shall be wired to 
accessible terminal blocks. Switches shall be snap action, double 
break, rated minimum SA, 125V AC. Electro-magnetically 
latching relays set by means of an infrared setting tool are an 
acceptable alternative. 

c. Each actuator shall be provided with 4 independently adjustable 
auxiliary switches in addition to those required for actuator 
operation. 

d. Position feedback value will be displayed locally at the actuator 
via an integral 0 - 100% LCD display. 

 
7. Starters: 

 
a. The actuator shall have an integral, 120 VAC operated reversing 

starter. The contactors shall be mechanically and electrically 
interlocked. The contactor shall be mounted on a removable 
chassis along with a 120 V, fused, control power transformer. 

b. Chassis for the starter shall include a spare fuse cartridge. 
c. Phase rotation protection shall be furnished with the starter. 

 
8. Controls: 

 
a. All actuator controls shall be integral to the valve housing. 
b. The electric actuator will be furnished with integral controls to 

provide instant reverse protection for the valve actuator 
components during valve travel such that an operator cannot 
initiate travel from full open to full closed, or vice-versa, and 
instantly reverse the direction of travel by depressing the CLOSE 
switch. 

c. Devices such as selector switches, pushbuttons, indicating lights 
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and nameplates on the exterior of the actuator housing shall be 
NEMA 4X non-metallic. Fastening hardware shall be Type 316 
stainless steel. 

d. Actuator shall be provided with an OPEN/STOP/CLOSE 
pushbutton switch and a LOCAL/OFF/REMOTE SWITCH 
mounted on the actuator housing. Switches shall be non-intrusive 
and not penetrate any actuator covers. 

e. The switches shall be lockable with a padlock to prevent 
unauthorized field changes to the position of the control switches. 

f. A 120 VAC monitor relay powered by the 120-control voltage at 
the actuator shall be provided to monitor actuator status. The 
monitor relay shall be deenergized on phase loss, over torque, 
opening of the motor temperature switch, or when the "LOR" 
switch is not in remote. 

g. Adjustable torque switches and position limit switches shall be 
furnished for deenergizing the motor on end of travel. An over- 
torque limit switch contact shall be wired to the common fault 
monitor relay for remote indication. 

h. Remote inputs for Open/Closed control shall be optically isolated 
to protect actuator control circuits from high voltage transients. 
Isolators shall provide protection for transients up to 2 KV. 

i. Actuator housing shall include red, amber and green LED's to 
locally indicate actuator position: green for open; amber for mid- 
travel; and red for closed. Local diagnostics on the integral LCD 
display shall indicate motor overload and over torque alarms. 

j. A normally open isolated contact output shall be provided to 
indicate that the valve is in remote control. 

k. Contacts shall have a minimum contact rating of 120V, 5A. 
l. In addition to the above, control devices and wiring shall be as 

indicated on the Contract Drawings and in Division 13. 
 
9. Space Heaters: A space heater shall be furnished in the control and 

switch compartment and in the motor compartment of the actuator. Space 
heaters shall be powered by the control transformer. 

 
10. Power Supply and Motors: 

 
a. Power supply shall be 120V, 1 phase, 60Hz 
b. With a line voltage of not more than +/- 10% of rated voltage, the 

motor shall develop the rated torque continuously for 15 minutes 
without exceeding the rated temperature rise and without causing 
the overload protective devices in the motor starter to trip. When 
running time exceeds 15 minutes Class H motors shall be used. 

c. Motors shall be integral with the actuator, totally enclosed, non- 
ventilated, with high starting torque and low inertia and inrush 
current.  Motors shall have Class F or Class H insulation.  An 
embedded automatic reset temperature switch shall be provided to 
disconnect the motor.  An internal LED or local diagnostic screen 
located integrally with the actuator housing shall signal motor 
overload. 
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d. Motors shall be sized so that the observed temperature rise by 
thermometer shall not exceed 55°C above an ambient of 40°C 
when operating at fully rated load continuously for either 15 
minutes, or twice the stroking time, whichever is longer. 

 
11. Disconnect Switches: 

 
a. Each actuator shall be furnished with a factory-mounted NEMA 

4X, 3 pole disconnect switch, or non-automatic circuit breaker with 
a withstand rating equal to the available fault current as 
determined by the short circuit study specified in Section 16411. 

 
12. Manufacturer and Product: 

 
a. Rotork  
b. AUMA 

 
13. Spare Parts: 

 
a. Provide one spare fuse for each actuator furnished. 
b. Provide spare cover screws and seals. 

 
2.3 VALVE POSITION SWITCH/INDICATORS 
 

A. Quarter-turn valves shall be furnished with a valve position switch/indicator and 
associated hardware where shown on the Drawings and specified herein. 

 
B. The valve position monitor shall consist of a NEMA 4X, engineered resin housing 

position indicator beacon mounted on the top of the housing in a clear, non-metallic 
cover. In the OPEN position, the beacon will display yellow quadrants; in the 
CLOSED position, the beacon will display black quadrants. 

 
C. The housing will enclose sealed proximity switch actuated by cams mounted on 

the extension stem which extends through the housing of the position monitor. 
Switch shall have SPDT Form C tungsten contacts and shall be hermetically 
sealed. The contacts shall be rated for 3 Amps at 120 VAC. The switch shall be 
rated for a temperature range of -20 F to 200 F and shall have an operational lift 
of 600,000 cycles and repeatability of 0.005 inches. 

 
D. Manufacturer: 
 

1. Westlok 9468 Series II Magnum Position Monitors. 
 
2. Or equal. 

 
2.4 MANUAL VALVE OPERATORS 
 

A. Valves shall be equipped with an enclosed worm gear drive and handwheel 
operator. 
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B. Enclosed worm gear operators shall have a gear ratio designed not to exceed 
80 pounds pull to meet the required operator torque. 

 
C. Gears shall be permanently lubricated and totally enclosed. 
 
D. Operators shall be designed to hold the valve disc in any intermediate position 

without creeping or fluttering. 
 
E. Adjustable stops shall be provided to prevent overtravel in either position, to 

withstand a pull of 200 pounds. 
 
F. Stops shall be enclosed within the operator housing and be capable of 

absorbing the full operator torque with minimum safety factor of 5. 
 
G. Operators shall be equipped with a direct coupled indicator unless a position switch 

is to be furnished with the operator 
 
H. Valve operator shall be designed to fully close or fully open the valve with a 

maximum allowable torque of 80 pounds-feet. Valves shall open counter- 
clockwise and shall have a position indicator. 

 
I. Where indicated on the Contract Drawings, worm gear operators shall be furnished 

with position switch/indicators, mounting brackets, and hardware for Open/Close 
position indication.  

 
J. The housing will enclose sealed proximity switch actuated by cams mounted on 

the extension stem which extends through the housing of the position monitor. 
Switch shall have SPDT Form C contacts shall be rated for 3 Amps at 120 VAC. 
The switch shall be rated for a temperature range of -20 °F to 200 °F and shall 
have an operational life of 600,000 cycles and repeatability of 0.005- inches. 

 
1. Manufacturer: 

 
2. Provide manual operator by one of the following: 

 
a. Rotork 
b. AUMA 

 
2.5 PAINTING 
 

A. Clean and prime coat exterior ferrous metal surfaces of equipment in the shop in 
accordance with the requirements of Section 09900, Painting. 

 
B. Coat machined, polished and non-ferrous surfaces including gears, bearing 

surfaces and similar unpainted surfaces with corrosion prevention compound 
which shall be maintained during storage and until equipment begins operation. 

 
C. Field painting is under Section 09900 Painting and Coating 
 
D. The Contractor shall certify, in writing, that the shop primer and coating system 
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is compatible with the finish coating system, in accordance with Section 09900, 
Painting. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Install all valves and appurtenances in accordance with manufacturer's 
instructions. 

 
B. Install all valves so that operating handwheels or wrenches may be conveniently 

turned from operating floor but without interfering with access, and as approved 
by Engineer. 

 
C. Unless otherwise approved install all valves plumb and level. Install valves free 

from distortion and strain caused by misaligned piping, equipment or other 
causes. 

 
3.2 FIELD TESTS AND ADJUSTMENTS 
 

A. The Contractor shall provide the services of a factory-trained technician working 
for the supplier of automatically actuated valves to conduct field inspection and 
tests on each of the automatically actuated valves. 

 
B. The Electric Actuator Supplier (EAS) shall prepare and submit a test certificate 

for each of the automatically actuated valves on the letterhead of the supplier of 
the automatically actuated valves. Each test certificate shall be submitted prior to 
commencement of the field acceptance testing of the operation and control of the 
Chilled Water System.  
 

C. The test certificate for each valve shall include the following information: 
 

1. Confirmation that valve switch settings have been adjusted to provide 
positive contact closure at the valve actuator. 

 
2. Amperage draw readings for the valve taken at the actuator during travel 

from full -open to full-closed positions. 
 
3. Verification that all local pilot devices for the actuator, either mounted on 

the actuator, or located in a remote enclosure, provide local indication and 
control of the actuator. 

 
4. Verify that the valve functions correctly and meets the specified time and 

duty cycle requirements of the automatically actuated valves. 
 
5. Confirm that the valve, actuator, and internals, are in good working order. 

 
D. Field acceptance testing of the Chilled Water System for a particular area shall 

not commence until the valve test certificates have been received by the 
Engineer. 
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3.3 MANUFACTURERS SERVICE 
 

A. The Contractor shall provide the services of a factory-trained technician working 
for the supplier of automatically actuated valves to conduct field inspection and 
tests on each of the automatically actuated valves once installation of the electric 
actuators is complete and to ensure automatically actuated valves or gates 
interface properly with the Chilled Water System. 

 
B. The Contractor shall prepare and submit a test certificate for each of the 

automatically actuated valves on the letterhead of the supplier of the 
automatically actuated valves. Each test certificate shall be submitted prior to 
commencement of the field acceptance testing for the Chilled Water System. 

 
C. The test certificate for each valve shall include the following information: 

 
1. Confirmation that valve switch settings have been adjusted to provide 

positive contact closure at the valve actuator. 
 
2. Amperage draw readings for the valve taken at the actuator during travel 

from full -open to full-closed positions. 
 
3. Verification that all local pilot devices for the actuator, either mounted on 

the actuator, or located in a remote enclosure, provide local indication and 
control of the actuator. 

 
D. Field acceptance testing of the Chilled Water System for a particular area shall 

not commence until the valve test certificates have been received by the 
Engineer. 

 
E. The supplier of the automatically actuated valves shall include the cost of providing 

two eight-hour training sessions on the operation, maintenance, and repair of the 
automatically actuated valves services shall instruct DISTRICT'S personnel in 
operation, care and maintenance and supervise initial operation. 

 
**END OF SECTION** 

  

MBC Cooling Water System Chiller Upgrade 
 

Attachment E – Technicals 285 | Page



 
MBC – Chiller Water System Upgrade Technicals       
Section 15100 - VALVES 
Volume 1 of 2 (December 2018)     SECTION 15100 - 14 of 14 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE LEFT INTENTIONALLY BLANK 
 

 

MBC Cooling Water System Chiller Upgrade 
 

Attachment E – Technicals 286 | Page



 
MBC – Chiller Water System Upgrade Technicals              
Section 15140 – PIPE SUPPORTS 
Volume 1 of 2 (December 2018)      SECTION 15140 - 1 of 6 

SECTION 15140 – PIPE SUPPORTS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 

 
A. The Contractor shall provide pipe supports, seismic restraints, hangers, guides, 

and anchors, as required by Section 01611 and 01600, as shown in the Drawings 
and specified herein, in accordance with the requirements of the Contract 
Documents. 

 
1.2 RELATED SECTIONS 
 

A. Section 01600 – General Equipment Provisions 
 

B. Section 01611 – Seismic Design Criteria 
 

C. Section 05120 – Structural Steel 
 
D. Section 09900 – Painting and Coating 
 
E. Section 15080 – Piping Specialties 
 

1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 
A. The following standards have been referenced in this Section: 

 
1. ANSI/ASME B31.1, Power Piping 
 
2. ASTM A123, Specifications for Zinc (Hot-Dip Galvanized) 

Coatings on Iron and Steel Products 
 

1.4 SUBMITTALS 
 
A. Shop drawings shall include the following information: 

 
1. Pipe supports, restraints, hangers, anchors, and guides 

 
2. Thermal expansion and related pipe stress analysis calculations for special 

supports and anchors. 
 
1.5 QUALITY ASSURANCE 
 

A. The pipe supports shall be new and of current manufacture.  No pipe support shall 
be purchased for use on the project prior to the return of approved shop drawings 
submitted by the Contractor pursuant to the provisions of Section 01300. 
 

B. The Contractor shall be responsible for the satisfactory serviceability of the pipe 
supports under the specified conditions. 
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1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Transport pipe supports with proper equipment to protect units from dirt and 
damage. 
 

B. Store units off ground and on firm surfaces. Protect units from damage and 
corrosion.  

 
1.7 WARRANTY 
 

A. The Contractor shall obtain from the pipe support manufacturer a warranty for all 
components specified herein for one (1) year from the date of Substantial 
Completion. 

 
PART 2 – PRODUCTS 
 
2.1 GENERAL REQUIREMENTS 

 
A. Code Compliance:  All piping systems and pipe connections to equipment shall be 

properly anchored and supported to prevent undue deflection, vibration, 
dislocation due to seismic events and line pressures, and stresses on piping, 
equipment, and structures. All supports, and parts thereof shall conform to the 
requirements of ANSI/ASME B31.1 - Power Piping, except as supplemented or 
modified below.  Supports for plumbing piping shall be in accordance with the latest 
edition of the applicable plumbing code or local administration requirements. 

 
B. Structural Members:  Wherever possible, pipes shall be supported from structural 

supports.  Where it is necessary to fabricate frame structural supports, such 
supplementary supports shall be provided at no additional cost to the City.  All 
supplementary supports shall be in accordance with the requirements of the 
building code and the American Institute of Steel Construction and shall be 
acceptable to the Engineer. 

 
C. Pipe Hangers:  Pipe hangers shall be capable of supporting the pipe in all 

conditions of operation, allowing free expansion and contraction of the piping, and 
preventing excessive stress on equipment.  All hangers shall have a means of 
vertical adjustment after erection.  Hangers shall be designed to prevent becoming 
disengaged by any movement of the supported pipe.  Hangers subject to shock, 
seismic disturbances, or thrust imposed by the actuation of safety valves, shall 
include additional support as necessary. All hanger rods shall be subject to tensile 
loading only. 

 
D. Hangers Subject to Horizontal Movements:  At hanger locations where lateral or 

axial movement is anticipated, suitable linkage shall be provided to permit such 
movement.  Where horizontal pipe movement is greater than 1/2-inch, or where 
the hanger rod deflection from the vertical is greater than 4 degrees from the cold 
to the ambient position of the pipe, the hanger rod and structural attachment shall 
be offset in such a manner that the rod is vertical in the cold position. 
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E. Thermal Expansion:  Where expansion and contraction of piping is expected, a 
sufficient number of expansion loops or joints shall be provided, together with the 
necessary rolling or sliding supports, anchors, guides, pivots, and restraints 
permitting the piping to expand and contract freely in all directions away from the 
anchored points.  All components shall be structurally suitable to withstand all 
loads imposed as required in Section 01600 and 01611. 

 
F. Riser Supports:  Where practical, risers shall be supported on each floor with riser 

clamps and lugs, independent of the connected horizontal piping. 
 
G. Freestanding Piping:  Free-standing pipe connections to equipment such as chiller 

units shall be firmly attached to steel frames fabricated from angles, channels, or 
I-beams anchored to the floor slab with horizontal, welded steel angles and U-bolts 
or clamps securing the pipes. 

 
H. Materials of Construction: 

 
1. General:  All pipe support assemblies, including framing, hardware, and 

anchors, shall be steel construction, galvanized after fabrication, unless 
otherwise indicated. 

 
I. Noise Reduction:  To reduce transmission of noise in piping systems, all copper 

tubes in buildings and structures shall be wrapped with a 2-inch wide strip of rubber 
fabric or similar, suitable material at each pipe support, bracket, clip, or hanger. 

 
J. Insulation shields shall be utilized to protect the piping insulation at the point of 

support. The furnished and installed pipe supports shall be coordinated with the 
subcontractor that installs the insulation. 

 
2.2 SUPPORT SPACING 

 
A. Supports for piping shall be spaced to prevent excessive sag, bending, and shear 

stresses in the piping, with special consideration given where components such as 
flanges and valves impose concentrated loads.  Pipe support spacing shall not 
exceed the maximum spans in the tables below.  For temperatures other than 
ambient temperatures and for other piping materials or wall thicknesses, the pipe 
support spacing shall be modified in accordance with the pipe manufacturer's 
recommendations.  Vertical supports shall be provided to prevent the pipe from 
being overstressed from the combination of all loading effects. 
 
1. Support Spacing for Schedule 40 and Schedule 80 Steel Pipe: 

 
   Nominal Pipe Diameter (inches) Maximum Span (feet) 
   1/2      6 
   3/4 and 1     8 
   1-1/4 to 2     10 
   3      12 
   4      14 
   6      17 
   8 and 10     19 
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   12 and 14     23 
   16 and 18     25 
   20 and 22     30 

 
2. Support Spacing for Copper Tubing: 

 
   Nominal Pipe Diameter (inches) Maximum Span (feet) 
   1/2 to 1-1/2     6 
   2 to 4      10 
   6 and greater     12 

 
3. Support Spacing for Schedule 80 PVC Pipe: 

 
   Maximum Span 
   Nominal Pipe Diameter  (at 100 degrees F) 
   (inches)     (feet)         
   1/2      4 
   3/4      4.5 
   1      5 
   1-1/4      5.5 
   1-1/2      5.75 
   2      6.25 
   3      7.5 
   4      8.25 
   6      10 
   8      11 
   10      12.25 
   12      13.25 

 
2.3 MANUFACTURED SUPPORTS 

 
A. Stock Parts: Designs shall exemplify good engineering practice and use stock or 

production parts.  Such parts shall be locally available, new, of best commercial 
quality, designed and rated for the intended purpose. 

 
B. Manufacturers, or approved equal: 

 
1. Unistrut 
 
2. Bergen-Paterson Pipesupport Corp., Woburn, MA 
 
3. Grinnell Corp., Exeter, PA 
 

2.4 COATING 
 
A. Galvanizing:  Unless otherwise indicated, all fabricated pipe supports other than 

stainless steel or non-ferrous supports shall be blast-cleaned after fabrication and 
hot-dip galvanized in accordance with ASTM A 123 - Specifications for Zinc (Hot-
Dip Galvanized) Coatings on Iron and Steel Products. 
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B. Other Coatings:  Other than stainless steel or non-ferrous supports, all supports 
including galvanized supports, shall also receive protective coatings in accordance 
with the requirements of Section 09900. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 

 
A. General:  All pipe supports, seismic restraints, hangers, brackets, anchors, guides, 

and inserts shall be fabricated and installed in accordance with the manufacturer's 
printed instructions and ANSI/ASME B31.1 - Power Piping.  All concrete inserts for 
pipe hangers and supports shall be coordinated with the formwork. 

 
B. Appearance:  Pipe supports and hangers shall be positioned to produce an orderly, 

neat piping system.  All hanger rods shall be vertical, without offsets.  Hangers 
shall be adjusted to line up groups of pipes at the proper grade for drainage and 
venting, as close to ceilings or roofs as possible, and without interference with 
other work. 

 
3.2 FABRICATION 

 
A. Quality Control:  Pipe hangers, supports, and seismic restraints shall be fabricated 

and installed by experienced welders and fitters, using the best welding 
procedures available.  Fabricated supports shall be neat in appearance without 
sharp corners, burrs, and edges. 

 
**END OF SECTION** 
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SECTION 15410 - INSTALLATION OF PLUMBING PIPING 
 

PART 1 - GENERAL 
 
1.1 SCOPE 

 
A. Contractor shall retain the services of a licensed Plumbing Subcontractor, who 

shall provide all labor, materials, equipment and incidentals as shown, specified 
and required to furnish and install a complete waste and vent piping system, 
including floor drains and a trap primer system.  

 
1.2 RELATED SECTIONS 

 
A. Section 15053 - Ductile Iron Pipe 

 
B. Section 15054 - Cast Iron Pipe 

 
C. Section 15062 - Steel Pipe 

 
D. Section 15064 - Copper Pipe 

 
E. Section 15080 - Piping Specialties 

 
F. Section 15430 - Waste and Vent Piping Systems 
 
G. Section 15490 - Testing of Plumbing Piping Systems 
 

1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Reference Standards:  Comply with applicable provisions and recommendations 
of the following, except as otherwise shown or specified:  

 
1. ANSI A21.6, Cast-Iron Pipe Centrifugally Cast in Metal Molds, for Water or 

Other Liquids 
 
2. ANSI A21.11, Rubber Gasket Joints for Case-Iron and Ductile-Iron 

Pressure Pipe and Fittings 
 
3. ANSI A21.50, Thickness Design of Ductile-Iron Pipe 
 
4. ANSI A21.51, Ductile-Iron Pipe, Centrifugally Cast, in Metal Molds or 

Sand-Lined Molds for Water or Other Liquids 
 
5. ANSI A112.5.1, Cast Iron Soil Pipe and Fittings 
 
6. ANSI B16.12, Cast-Iron Threaded Drainage Fittings  
 
7. ANSI B125.2, Black and Hot-Dipped Zinc-Coated (Galvanized) Welded 

and Seamless Steel Pipe for Ordinary Uses 
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8. ASTM A 518, Corrosion-Resistant High-Silicon Cast Iron 
 
9. ASTM C 564, Rubber Gaskets for Cast Iron Soil Pipe and Fittings 
 
10. ASTM D 1248, Polyethylene Plastics Molding and Extrusion Materials 

 
11. ASTM D 1785, Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, 

and 120 
 
12. ASTM D 2466, Socket-Type Poly (Vinyl Chloride (PVC) Plastic Pipe 

Fittings, Schedule 40 
 
13. ASTM D 2467, Socket-Type Poly (Vinyl Chloride) (PVC) Plastic Pipe 

Fittings, Schedule 80 
 
14. CISPI 301-78, Cast Iron Soil Pipe and Fittings for Hubless Cast Iron 

Sanitary System 
 
15. CISPI 310-78, Cast Iron Soil Pipe Institutes Patented Joint for Use in 

Connection with Hubless Cast Iron Sanitary System 
 
16. FS HH-P-117, Federal Specification for Packing, Jute Twisted 
 

1.4 SUBMITTALS  
 

A. Shop Drawings:  Submit for approval detailed 1/4-inch scale layout drawings, 
showing materials and dimensions of piping system.  See Sheet G-5 for applicable 
piping systems and submittal requirements in other Sections for additional required 
submittals.  

 
B. Product Data Sheets and Manufacturer’s information:  submit the manufacturer’s 

specifications and product data sheets for the following: 
 

1. Plumbing piping and fittings 
 
2. Plumbing fixtures, specialties, and appurtenances 
 
3. Plumbing valves and accessories 
 
4. Supports, hangers, and restraints for plumbing piping. 
 
5. The Plumbing Subcontractor furnish and install reducers, couplings, and 

adapter connections between different pipe sizes and/or materials.  
 
1.5 QUALITY ASSURANCE 
 

A. Requirements of Regulatory Agencies: 
 

1. Building Codes:  Comply with applicable requirements of all governing 
authorities and the following codes: 
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a. State and local Plumbing Code. 
b. Uniform Plumbing Code. 

 
2. Permits:  Contractor shall obtain and pay for all required permits, fees and 

inspections by authorities having jurisdiction. 
 

B. Qualifications of the Plumbing Subcontractor: 
 

1. The Contractor shall provide the services of a single plumbing 
Subcontractor who shall assume unit responsibility for the work shown on 
the plumbing drawings and specified herein. 

 
C. Receipt and Review of Plumbing Submittals: 

 
1. No equipment submittals for plumbing equipment shall be reviewed until 

the qualifications of the plumbing Subcontractor, a current plumber license, 
and have been reviewed and approved. 
 

2. Delays and expenses associated with returned submittals under 1.2.C.1 
above shall be the sole responsibility of the Contractor. 

 
1.6 JOB CONDITIONS  
 

A. Sequencing:  Obtain approval of Shop Drawings and layout drawings before 
installing any piping and placing concrete encasements.  

 
PART 2 - PRODUCTS  
 
2.1 MATERIALS  
 

A. Materials for piping system shall be specified under applicable Sections of Division 
15, Mechanical. 

 
PART 3 - EXECUTION 
 
3.1 BEFORE INSTALLATION 
 

A. General:  Thoroughly plan the installation of piping systems prior to placing 
concrete so that any inserts, openings, sleeves, supports and blocking will be 
correctly located.  

 
B. Defective Materials:  Examine piping, fittings, valves, and accessories to be 

installed and reject those which are defective or in poor condition.  
 
C. Cleaning:  Thoroughly clean all piping, fittings, valves and accessories. 

 
3.2 INSTALLATION  
 

A. General:  
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1. Install all items as shown, specified, and as recommended by the 

manufacturer.  
 
2. Request instructions from Engineer when there is a conflict between the 

manufacturer's recommendations and the Contract Documents.   
 
3. Present conflicts between piping systems and equipment or structures to 

Engineer who will determine corrective measures to be taken.  
 
4. Do not modify structures to facilitate installation of piping, unless 

specifically approved by Engineer. 
 
B. Piping:  

 
1. Install straight runs true to line and elevation.  
 
2. Install vertical pipe truly plumb in all directions. 
 
3. Install piping parallel or perpendicular to building walls.  Piping at odd 

angles and 45-degree runs across corners will not be accepted, unless 
specifically shown. 

 
4. Install small diameter piping generally as shown on the Contract Drawings, 

when specific locations and elevations are not indicated.  Locate such 
piping as required to avoid ducts, equipment, beams, etc.  

 
5. Unless otherwise approved by Engineer, provide temporary caps or plugs 

over all pipe openings at the end of each day's work, or when otherwise 
required or directed, to prevent foreign material from entering the piping 
systems.  

 
6. Cutting:  Cut pipe from measurements taken at site, not from Contract 

Drawings. 
 

C. Joints:  
 

1. General:  
 

a. Make joints in accordance with the pipe manufacturer's recom-
mendations and the supplemental specifications below.  

b. Cut piping accurately and squarely and install without forcing or 
springing. 

c. Ream out all pipes and tubing to full inside diameter after cutting.
d. Remove all cuttings and foreign matter from the inside of pipes and 

tubing before installation. 
 

2. Threaded Joints:  Use standard, right hand tapered full depth threads on 
steel piping and apply an approved joint compound, to the male threads 
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only, before installation.  Leave not more than three pipe threads exposed 
at each connection.  

 
3. Solder Joints:  

 
a. Ream or file pipe to remove burrs.  
b. Clean and polish contact surfaces of joints.  
c. Apply flux to both male and female ends.  
d. Insert end of tube into fittings full depth of socket. 
e. Heat joint evenly.  
f. Form continuous solder bead around entire circumference of joint. 

 
4. Flanged Joints:  Assemble any flanged joints with approved full-face 

gaskets and gasket compounds and draw up flange bolts evenly.  
 
5. Plastic Pipe Joints:  Make joints in plastic piping in accordance with the 

manufacturer's recommendations. 
 
6. Welded Joints:  ANSI B31.1 latest revision and requirements of the 

American Welding Society for pipe welding. 
 
7. Flared Joints: 

 
a. Cut the tube to the required length. 
b. Remove all burrs.   
c. Slip the coupling nut and sleeve over the end of the tube. 
d. Clamp the tube in the flaring block so that the end of the tube is 

slightly above the face of the block. 
e. Place the yoke of the flaring tool on the block so that the beveled 

end of the compression cone is over the tube end. 
f. Turn the compression screw down firmly, forming the flare between 

the chamber in the flaring block and the beveled compression cone. 
g. Remove the flaring tool. 
h. Assemble the joint by placing the fitting squarely against the flare. 

Engage the coupling nut with the fitting threads.  Tighten with two 
wrenches, one on the nut and one on the fitting. 

 
D. Unions: 

 
1. Install dielectric unions wherever dissimilar metals are connected, except 

for bronze or brass valves in ferrous piping.  
 
2. Provide a union downstream of each valve with screwed connections. 
 
3. Provide screwed or flanged unions as specified and to provide for ready 

dismantling of piping. 
 

E. Eccentric Reducers:  Use eccentric reducers where shown and where air or water 
pockets would otherwise occur in mains because of a reduction in pipe size. 
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F. Valves and Accessories:  
 

1. Provide supports for large valves, flow meters and other heavy items as 
shown or otherwise required. 

 
2. Install floor stands as shown on the Contract Drawings and as 

recommended by the manufacturer. 
 
3. Provide lateral restraints for extension bonnets and extension stems as 

shown and as recommended by the manufacturer.  
 
3.3 AFTER INSTALLATION 
 

A. Remove and replace any items which are found to be defective after installation. 
 
B. Repair damaged pipe as recommended by the manufacturer and approved by 

Engineer. 
 

C. Clean all debris out of piping systems.  
 

D. Maintain all piping, fittings, valves and accessories in clean undamaged condition. 
  
E. Inspections: The Contractor shall ensure that a representative or employee of the 

plumbing Subcontractor is present for all inspections provided by the Engineer. 
 

**END OF SECTION** 
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SECTION 15430 - WASTE AND VENT PIPING SYSTEMS 
 
PART 1 - GENERAL  
 
1.1 SCOPE 
 

A. Contractor shall provide all labor, materials, equipment and incidentals as shown, 
specified and required to furnish and install a complete waste and vent piping 
system, including floor drains and a trap primer system.  

 
1.2 RELATED SECTIONS 

 
A. Section 15053 - Ductile Iron  

 
B. Section 15054 - Cast Iron 

 
C. Section 15062 - Steel Pipe 

 
D. Section 15064 - Copper Pipe 
 
E. Section 15080 - Pipe Specialties  

 
F. Section 15410 - Installation of Plumbing Piping  

 
G. Section 15490 - Testing of Plumbing Piping Systems 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Reference Standards:  Comply with applicable provisions and recommendations 
of the following, except as otherwise shown or specified:  

 
1. ANSI A21.6, Cast-Iron Pipe Centrifugally Cast in Metal Molds, for Water or 

Other Liquids 
 
2. ANSI A21.11, Rubber Gasket Joints for Case-Iron and Ductile-Iron 

Pressure Pipe and Fittings 
 
3. ANSI A21.50, Thickness Design of Ductile-Iron Pipe 
 
4. ANSI A21.51, Ductile-Iron Pipe, Centrifugally Cast, in Metal Molds or 

Sand-Lined Molds for Water or Other Liquids 
 
5. ANSI A112.5.1, Cast Iron Soil Pipe and Fittings 
 
6. ANSI B16.12, Cast-Iron Threaded Drainage Fittings  
 
7. ANSI B125.2, Black and Hot-Dipped Zinc-Coated (Galvanized) Welded 

and Seamless Steel Pipe for Ordinary Uses 
 
8. ASTM A 518, Corrosion-Resistant High-Silicon Cast Iron 
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9. ASTM C 564, Rubber Gaskets for Cast Iron Soil Pipe and Fittings 
 
10. ASTM D 1248, Polyethylene Plastics Molding and Extrusion Materials 

 
11. CISPI 301-78, Cast Iron Soil Pipe and Fittings for Hubless Cast Iron 

Sanitary System 
 
12. FS HH-P-117, Federal Specification for Packing, Jute Twisted 

 
1.4 SUBMITTALS  
 

A. Shop Drawings:  Submit for approval the following:  
 

1. Manufacturers literature, specifications, and engineering data including, 
dimensions, size and material of the following:  

 
a. Specifications and manufacturer’s product literature of all pipe and 

fittings 
b. Floor drains 
c. Floor and open area cleanouts  
d. Trap primers and appurtenances 

 
2. Drawings on a 1/4-inch minimum scale showing materials and dimensions 

of the complete waste and vent piping system, in plan and in section. 
 
1.5 QUALITY ASSURANCE 
 

A. Requirements of Regulatory Agencies:  
 

1. Building Codes:  Comply with applicable requirements of all governing 
authorities and the following codes: 

 
a. State and Local plumbing codes 
b. Uniform Plumbing Code 

 
2. Permits:  Contractor shall obtain and pay for all required permits, fees and 

inspections by all authorities having jurisdiction. 
 
1.6 DELIVERY, STORAGE AND HANDLING 
 

A. Protection:  Properly plug or cap the open ends of all pipes at the end of each day's 
work or other stopping point throughout construction.  Equipment shall be tightly 
covered and protected against dirt, water and chemical or mechanical injury.  
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PART 2 - PRODUCTS  
 
2.1 MATERIALS  
 

A. All gravity waste and vent piping located in concrete slabs or underground as 
shown shall be Ductile Iron, Cast Iron and Carbon Steel as shown in the Plumbing 
Schedule 1 sheet of the Drawings.  

 
B. Drains and Cleanouts: Provide auxiliary inlet tapped for trap primer protection with 

removable threaded plugs on all floor drains. Provide auxiliary inlet tapped for  
 

1. Floor Drain General Purpose: 
 

a. Type:  For areas with finished floors 
b. Materials: 

 
1) Body:  Enamel coated cast iron 
2) Collar:  Enameled cast iron 
3) Strainer Head:  Square nickel bronze grate with bronze 

body, heel proof grate, and vandal proof screws 
 

c. Outlet Connection:  4-inch,  
d. Product and Manufacturer:  Provide one of the following: 
 

1) Jay R. Smith, Fig. 2270 
2) Zurn Industries, Fig Z520  
3) Or equal 

 
2. Cleanouts: 

 
a. Floor and Open Area Cleanouts: 
 

1) Materials:  Cast iron body and adjustable bronze top 
2) Outlet Connection:  Standard spigot 
3) Accessories: 
 

i) Flashing flange with flashing device and 1/4-inch 
diameter weep holes 

ii) Round heavy-duty nickel bronze top 
iii) Plug:  Cast bronze taper thread plug 

 
4) Product and Manufacturer:  Provide one of the following: 
 

i) Jay R. Smith, Fig. 4021 
ii) Zurn Industries, Fig. Z-1400 
iii) Or equal 

 
3. Trap Primers: 

 
a. Type:  Automatic floor drain trap primer valve 
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b. Connections:  1/2-inch inlet and 3/8-inch outlet 
c. Accessories: 
 

1) Distribution units 
2) Vacuum breaker 
 

d. Product and Manufacturer:  Provide one of the following: 
 

1) Precision Plumbing Products, Inc. Fig. PO-500 
2) Or equal 

 
4. Pipe Adapters 

 
a. Type:  Cast Iron to PVC and PVC to Cast Iron 
b. Connections:  6-inch and less inlet or outlet 
c. Accessories:  316 Stainless steel bands 
d. Product:  FERNCO Series 1056 Adapters 

 
PART 3 - EXECUTION  
 
3.1 INSTALLATION  
 

A. Installation of drains and cleanouts shall be in accordance with manufacturer's 
instructions and recommendations. 

 
B. Installation of piping shall be in accordance with Section 15410, Installation of 

Plumbing Piping. 
 
C. All waste and vent piping in chases shall pitch uniformly at a 1/8-inch (minimum) 

per foot grade, unless otherwise shown. 
 
D. Traps shall be furnished and installed where shown and as required by local 

building codes.  
 
E. Accessible cleanouts shall be furnished and installed as shown and as required by 

local building codes.  
 
F. Pipe adapters shall be provided for adapting PVC pipe to cast iron fittings. 
 

3.2 FIELD QUALITY CONTROL  
 

A. Test piping in accordance with Section 15490 - Testing of Plumbing Piping 
Systems. 

 
**END OF SECTION** 
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SECTION 15490 – TESTING OF PLUMBING PIPING SYSTEMS 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. Contractor shall provide all tests necessary to demonstrate compliance with the 
Contract Documents, codes and regulations, which include water tests, air tests, 
and smoke tests as specified. 

 
1.2 RELATED SECTIONS 

 
A. Section 15062 - Steel Pipe 

 
B. Section 15065 - Copper Pipe 

 
C. Section 15053 -  Ductile Iron Pipe 

 
D. Section 15054 -  Cast Iron Pipe 
 
E. Section 15080 - Pipe Specialties  

 
F. Section 15410 - Installation of Plumbing Piping  

 
G. Section 15430 - Waste and Vent Piping Systems 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Reference Standards:  Comply with applicable provisions and recommendations 
of the following, except as otherwise shown or specified:  

 
1. ANSI A21.6, Cast-Iron Pipe Centrifugally Cast in Metal Molds, for Water or 

Other Liquids 
 
2. ANSI A21.11, Rubber Gasket Joints for Case-Iron and Ductile-Iron 

Pressure Pipe and Fittings 
 
3. ANSI A21.50, Thickness Design of Ductile-Iron Pipe 
 
4. ANSI A21.51, Ductile-Iron Pipe, Centrifugally Cast, in Metal Molds or 

Sand-Lined Molds for Water or Other Liquids 
 
5. ANSI A112.5.1, Cast Iron Soil Pipe and Fittings 
 
6. ANSI B16.12, Cast-Iron Threaded Drainage Fittings  
 
7. ANSI B125.2, Black and Hot-Dipped Zinc-Coated (Galvanized) Welded 

and Seamless Steel Pipe for Ordinary Uses 
 
8. ASTM A 518, Corrosion-Resistant High-Silicon Cast Iron 
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9. ASTM C 564, Rubber Gaskets for Cast Iron Soil Pipe and Fittings 
 
10. CISPI 301-78, Cast Iron Soil Pipe and Fittings for Hubless Cast Iron 

Sanitary System 
 
11. CISPI 310-78, Cast Iron Soil Pipe Institutes Patented Joint for Use in 

Connection with Hubless Cast Iron Sanitary System 
 
12. FS HH-P-117, Federal Specification for Packing, Jute Twisted 

 
1.4 SUBMITTALS 
 

A. Submit a complete written inspection report to the Engineer within 7 days following 
 the scheduled date of the inspection. 
 
B. Submit a description of proposed testing methods, procedures, and apparatus to 

the Engineer for approval at least two weeks in advance of testing.  
 
C. Submit a test report for each test to the Engineer certifying the test pressure, 

duration of the test, and test performance of all installed piping. 
 
1.5 QUALITY ASSURANCE 
 

A. Requirements of Regulatory Agencies:  
 

1. Building Codes:  Comply with applicable requirements of all governing 
authorities and the following codes: 

 
a. State and local plumbing codes. 
b. Uniform Plumbing Code. 

 
PART 2 - PRODUCTS 
 
2.1 GENERAL 
 

A. Provide all necessary equipment and materials, including gages and pumps, to 
perform the testing operations. 

 
PART 3 - EXECUTION 
 
3.1 GENERAL 
 

A. Conduct water, air and smoke tests as required on all piping systems, as specified 
below.  

 
B. Conduct all tests in the presence of and in a manner approved by the Engineer 

and all state and local authorities having jurisdiction.  Repeat test for these 
authorities if requested by them. 
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C. Coordinate all required inspections of plumbing piping systems with the Engineer.  
Provide the Engineer with a minimum of three days’ advanced notice of schedule 
inspection. 

 
D. Submit a complete written inspection report to the Engineer within 7 days following 

the scheduled date of the inspection. 
 
E. Repair and retest all lines which do not pass the tests as specified herein. 
 
F. Inspect all valves, joints, and specialties for tightness and for proper operation 

while under test pressure. 
 
3.2 WATER TEST 
 

A. Drainage and Vent System Piping:  
 

1. Perform tests either on the entire system or on successive sections of the 
system. 

 
2. Tightly close all openings, except the highest opening, of the system or 

section to be tested.  
 
3. Fill the system or section with water to the point of overflow. 
 
4. Test with a head of at least 10 feet of water, except for the uppermost 10 

feet of the system.  
 
5. Allow water to stand in the system for at least 15 minutes before inspecting. 
 
6. Inspect the system or section for leaks and repair any leaks found. 

 
B. Water Piping: 

 
1. Water piping shall be tested and proved tight under a pressure not less 

than 100 psi.  
 
2. Potable water shall be used for testing potable water systems.  

 
3.3 AIR TEST 
 

A. Attach air compressor testing apparatus to any suitable opening after closing all 
other inlets and outlets.  Force dehydrated, oil-less, compressed, dew point - 40F, 
air into system until there is a uniform gage pressure without the introduction of 
additional air.  Below is a list of required gage pressures:  

 
1. Drainage and Vent Piping (substitute for water test) 5 psi for 15 minutes. 
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3.4 SMOKE TEST 
 

A. Finished Plumbing:  Final test for gas and water tightness of the completed 
drainage and vent system:  

 
1. Fill all traps with water.  
 
2. Introduce a pungent thick smoke, produced by one or more smoke 

machines, into the system.  
 
3. When the smoke appears at vent openings, close the system. 
 
4. Maintain a pressure in the system equivalent to a 1-inch water column for 

the period of the inspection.  
 
5. Inspect the system for leaks and repair any leaks found. 

 
**END OF SECTION** 
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SECTION 16040 - ELECTRIC MOTORS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. The Contractor shall provide electric motors, accessories, and appurtenances, 
complete and operable, in accordance with the Contract Documents.  The 
provisions of this Section apply to all electric motors. 

 
1.2 RELATED SECTIONS 
 

A. The Work of the following Section applies to the Work of this Section.  Other 
Sections, not referenced below, shall also apply to the extent required for proper 
performance of this Work. 

 
1. Section 16050 - Basic Electrical Materials and Methods 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Except as otherwise indicated, the current editions of the following apply to the 
Work of this Section: 

 
1. ANSI/NEMA MG 1 - Motor and Generator 
 
2. ANSI/NEMA MG12.53 - Motor Testing 
 
3. ANSI/IEEE 112 - Standard Test Procedure for Polyphase Induction Motors 

and Generators 
 
4. IEEE 43 - Recommended Practice for Testing Resistance of Rotating 

Machinery 
 
5. IEEE 841 - Recommended Practice for Chemical Industry Severe-Duty 

Squirrel Cage Induction Motors 
 
6. IEEE RP-841 - Recommended Practice for Chemical Industry Severe Duty 

Squirrel Cage Induction Motors 
 
1.4 SUBMITTALS 
 

A. Shop Drawings and Catalog Data:  Submit shop drawings and catalog data 
submittals in accordance with Section 01300 - Contractor Submittals. 

 
B. Motor Data:  Complete motor data shall be submitted in the shop drawings for 

driven machinery.  Motor data shall include: 
 

1. Machine name and specification number of driven machine.   
 
2. Name of the motor manufacturer. 
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3. Motor type or model and dimension drawing.  Include motor weight. 
 
4. Nominal horsepower. 
 
5. NEMA design. 
 
6. Enclosure. 
 
7. Frame size. 
 
8. Winding insulation class and temperature rise class. 
 
9. Voltage, phase and frequency ratings. 
 
10. Service factor. 
 
11. Full load current at rated horsepower for application voltage. 
 
12. Full load speed. 
 
13. Guaranteed minimum full load efficiency.  Also provide nominal efficiencies 

at 2 and 3/4 load. 
 
14. Type of thermal protection or overtemperature protection, if included. 
 
15. Wiring diagram for devices such as motor leak detection, temperature, or 

zero speed switches, as applicable. 
 
16. Bearing data, with recommended lubricants for relubricatable type 

bearings. 
 
17. If used with a variable frequency controller, verify motor is inverter duty 

type.  Include minimum speed at which motor may be operated for the 
driven machinery. 

 
18. Power factor at 2, 3/4 and full load. 
 
19. Recommended size for power factor correction capacitors to improve 

power factor to 0.95 (lagging) when operated at full load. 
 

C. Water Cooling:  If water cooling is required for motor thrust bearings, the shop 
drawings shall indicate this requirement. 

 
PART 2 - PRODUCTS 
 
2.1 GENERAL REQUIREMENTS 
 

A. Identical Motors:  Electric motors driving identical machines shall be identical. 
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B. Maximum Motor Loading:  Maximum motor loading shall in all cases be equal to 
nameplate horsepower rating or less, exclusive of service factor and as verified 
with the approved submittal data of the driven machinery. 

 
C. Minimum Motor Horsepower:  All motors shall be sized to carry continuously all 

loads which may be imposed through their full range of operation.   The motor 
horsepower shall be not less than the estimated minimum specified for each driven 
machine.  If the estimated minimum horsepower specified is not adequate to 
satisfy the foregoing restrictions or any other requirements of these Specifications, 
the motor with the required horsepower shall be supplied at no additional cost to 
the Engineer.  In addition, any changes caused by increase in motor horsepower 
shall be made by the Contractor at no additional cost to the Engineer; such 
changes may involve circuit breakers, magnetic starters, motor feeder conductors, 
conduit sizes, etc. 

 
D. Exempt Motors:  Motors which are for valve operators, submersible pumps, or 

motors which are an integral part of standard manufactured equipment, i.e., non-
NEMA mounting, common shaft with driven element, part of domestic or 
commercial use apparatus may be excepted from these Specifications to the 
extent that such variation reflects a necessary condition of motor service or a 
requirement of the driven equipment. 

 
2.2 DESIGN REQUIREMENTS 
 

A. General:  All electric motors shall comply with ANSI/NEMA MG 1 - Motor and 
Generator. 

 
B. NEMA Design:  Electric motors shall be NEMA Design B, (except as indicated in 

Equipment Specifications for motors controlled for variable speed operation and 
other special motors,) constant speed squirrel-cage induction motors having 
normal starting torque with low starting current.  In no case shall starting torque or 
breakdown torque be less than the value in ANSI/NEMA MG 1.  Motors shall be 
suitable for the starting method indicated on the Electrical Drawings. 

 
C. Motor Voltage Ratings:  Motors shall have voltage ratings in accordance with the 

following, unless otherwise indicated: 
 
1. Motors below 2 hp shall be rated 115 V, single-phase, 60-Hz.  Dual voltage 

motors rated 115/230 V, 115/208 V, or 120-240 V are acceptable, provided 
all leads are brought out to the conduit box. 

 
2. Motors 2 hp and larger shall be rated 230 V, or 460 V, 3-phase, 60-Hz, as 

required and as indicated.  Dual voltage motors rated 230/460 V or 
208/230/460 V are acceptable, provided all loads are brought out to the 
conduit box. 

 
D. Insulation:  All three-phase motors shall be furnished with Class F insulation, rated 

to operate at a maximum ambient temperature of 104 degrees F and at the 
altitudes where the motors will be installed and operated, without exceeding Class 
B temperature rise limits stated in ANSI/NEMA MG 1-12.42.  Single phase motors 
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shall have Class F insulation with temperature rise not to exceed the insulation 
class. 

 
E. Motors in Nonhazardous Areas: Motors 50 hp or smaller located in nonhazardous 

areas shall be totally enclosed, fan cooled with a service factor of 1.15 unless 
otherwise indicated. Motors larger than 50 hp and up to 200 hp shall be the type 
indicated in the drawing schedules. 

 
F. Motors in Hazardous Areas:  Motors for use in hazardous areas shall have 

enclosures suitable for the classification shown on the Drawings.  Such motors 
shall be UL listed and stamped as such. 

 
G. Motors for Use Outdoors:  Motors for 25 hp and larger for use outdoors shall have 

space heaters.  Space heaters shall be 120 VAC. 
 
H. High Efficiency Motors:   

 
1. Motors with a nameplate rating of 1 hp and above shall be "high efficiency" 

units.  Motors shall be stamped with the efficiency on the nameplate with 
the caption "NEMA Nominal Efficiency" or "NEMA Nom. Eff."  Such motors 
shall have efficiencies determined by the test as set forth in ANSI/IEEE 
112-Standard Test Procedure for Polyphase Induction Motors and 
Generators, Method B. 

 
2. Efficiency Index:  Efficiency index, nominal efficiency, and minimum 

efficiency shall be defined in accordance with ANSI/NEMA MG 12.53 - 
Motor Testing; these values shall be stated in the shop drawing submittal.   

 
3. High efficiency motors shall conform to the guaranteed minimum, full-load 

efficiency requirement required by the Department of Energy (DOE) 
guidelines. 

 
I. Motors intended for use with variable frequency drives (VFDs) shall be compatible 

with the characteristics of the VFD.  Motor nameplate shall specify inverter duty 
type motor.  Motor insulation shall meet NEMA 1, Part 31.  Provide factory installed 
rotor grounding ring and insulated bearings. 

 
J. All two-speed motors shall be of the two-winding type. 

 
2.3 ACCESSORY REQUIREMENTS 
 

A. General:  Horizontal motors 3 hp and larger, and all vertical motors, shall have 
split-type cast metal conduit boxes.  Motors other than open drip-proof shall be 
gasketed. Motors less than 3 hp shall have the manufacturer's standard conduit 
boxes. 

 
B. Lifting Devices:  All motors weighing 265 pounds or more shall have suitable lifting 

eyes for installation and removal. 
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C. Special Requirements:  Refer to individual equipment specifications for special 
requirements such as motor winding thermal protection, multispeed windings, etc. 

 
D. Grounding Lugs:  Provide motor grounding lug suitable to terminate ground wire, 

sized as indicated on the Drawings. 
 
E. Nameplate:  All motors shall be fitted with a permanent, stainless steel nameplate 

indelibly stamped or engraved with NEMA Standard motor data, in conformance 
with NEMA MG-1-10.40. 

 
2.4 MOTOR THERMAL PROTECTION 
 

A. Single Phase Motors:  All single-phase 120, 208, or 230 V motors shall have 
integral thermal overload protection or shall be inherently current limited. 

 
B. Thermostats:  Winding thermostats where specifically indicated shall be snap 

action, bi-metallic, temperature-actuated switch.  Thermostats shall be provided 
with one normally closed contact.  The thermostat switch point shall be 
precalibrated by the manufacturer. 

 
2.5 MOTOR BEARINGS 
 

A. General:  Bearings shall conform with the provisions of Section 11000 - Equipment 
General Provisions, except as supplemented or modified by the requirements of 
this Specification. 

 
B. Bearing Life:  All motors greater than 2 hp shall have bearings designed for a 

minimum rated L-10 life of 10 years or 100,000 hours, whichever comes first. 
 
C. Fractional Horsepower:  Fractional horsepower through 2-hp motors shall be 

furnished with Lubricated-for-Life ball bearings. 
 
D. Horizontal Motors Over 2 Horsepower:  Motors larger than 2 hp shall be furnished 

with relubricatable ball bearings. 
 
E. Vertical Motors Over 2 Horsepower:  Vertical motors larger than 2 hp shall be 

furnished with relubricatable ball, spherical, roller, or plate type thrust bearings.  
Lubrication shall be per manufacturer's recommendation for smooth operation and 
long life of the bearings. 

 
F. Water Cooled Motors:  If water cooling is required for the thrust bearings, cooling 

water lines shall be provided complete with shut-off valve, strainer, solenoid valve, 
flow indicator, thermometer, throttling valve and, (where subject to freezing), 
insulation with heat tracing. 

 
2.6 MANUFACTURERS 
 

A. The Contractor’s designated equipment supplier shall have the responsibility to 
select and supply suitable electric motors for the driven equipment.  The choice of 
motor manufacturer shall be subject to review by the Engineer.  Such review will 
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consider the future availability of replacement parts and compatibility with driven 
equipment.  Acceptable manufacturers include the following, or equal: 

 
1. U.S. Motors. 
 
2. Reliance Electric. 
 
3. Louis Allis (Division of Magnetek, Inc.) 
 
4. Marathon Electric Manufacturing Co. 
 
5. Siemens Energy & Automation, Inc. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 

 
A. Motor installation shall be performed in accordance with the motor manufacturer's 

written recommendations and the written requirements of the manufacturer of the 
driven equipment. 

 
B. Electrical work involving connections, controls, switches, and disconnects, shall be 

as indicated in Division 16. 
 
C. Capacitors shall be connected to the output terminals of the motor starter.  Motor 

overload elements shall be adjusted downwards to reflect the reduction in line 
current resulting from power factor correction. 

 
3.2 FACTORY TESTING 
 

A. Motors rated 100 hp and larger shall be factory tested in conformance with 
ANSI/IEEE 112, IEEE 43 - Recommended Practice for Testing Resistance of 
Rotating Machinery, and NEMA MG-2.  Test reports shall include heat run, 
performance, bearing (temperature, noise), locked rotor, speed torque, no-load 
saturation, surge, and megohmmeter/dielectric absorption ratio.  Test report shall 
indicate test procedure and instrumentation used to measure and record data.  
Test report shall be certified by the motor manufacturer's test personnel and be 
submitted. 

 
3.3 FIELD TESTING 
 

A. The Contractor shall perform the following field tests: 
 

1. Inspect each motor installation for any deviation from rated voltage, phase 
or frequency; or improper installation. 

 
2. Visually check for proper phase and ground connections.  Verify that multi-

voltage motors are connected for proper voltage. 
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3. Check winding and bearing temperature detectors and space heaters for 
functional operation. 

 
4. Test for proper rotation before connection to the driven equipment. 
 
5. Test insulation (megger test) of all new as well as reused motors in 

accordance with NEMA MG-1.  Test voltage shall be 1000 VAC plus twice 
the rated voltage of the motor. 

 
**END OF SECTION** 
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SECTION 16050 - BASIC ELECTRICAL MATERIALS AND METHODS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. The Contractor shall provide electrical and appurtenant Work necessary for a 
complete and operable electrical system, in accordance with the Contract 
Documents. 

 
B. The Contractor shall make all field connections and terminations to all motors, 

switchgear, panels, control equipment and devices, instruments, and to all vendor-
furnished packaged equipment.  The requirements of this Section shall apply to all 
electrical items indicated in Division 16 unless otherwise indicated. 

 
C. The Contractor shall provide all materials and incidentals required to complete the 

electrical work.  Typical materials which may be incidentals are terminal lugs not 
furnished with vendor-supplied equipment, compression connectors for cables, 
splices, junction and terminal boxes, and all control wires required by vendor-
furnished equipment to interconnect with other equipment all specifically indicated 
on the Contract Documents. 

 
D. All concrete work required for encasement, installation, or construction of the Work 

specified in Division 16 shall be 3000-psi concrete conforming to the applicable 
requirements of Section 03301-Cast-in-Place Concrete; provided, that the 
following exceptions and supplementary requirements shall apply: 

 
1. Consolidation of encasement concrete around duct banks shall be by hand 

puddling, and no mechanical vibration shall be permitted. 
 
2. A workability admixture shall be used in encasement concrete, which shall 

be a hydroxylated carboxylic acid type in liquid form.  Admixtures 
containing calcium chloride shall not be used. 

 
3. Concrete for encasement of conduit or duct banks shall contain an integral 

red-oxide coloring pigment in the proportion of 8 pounds per cubic yard of 
concrete. 

 
1.2 RELATED SECTIONS 
 

A. The Work of the following Sections applies to the Work of this Section.  Other 
Sections, not referenced below, shall also apply to the extent required for proper 
performance of this Work. 

 
1. Section 03300 - Cast-In-Place Concrete 
 
2. Section 05550 – Miscellaneous Metalwork 
 
3. Section 09900 - Painting and Coating 
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4. Section 13010 - Instrumentation and Controls General Requirements 
 
5. Section 16950 - Electrical Tests 

 
1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 
 

A. Codes and Standards: 
 

1. NEC - National Electrical Code, latest edition 
 

B. Government Standards: 
 

1. FS W-C-596E/GEN(1) - Connector, Plug, Receptacle and Cable Outlet, 
Electrical Power 

 
2. FS W-S-896E/GEN(1) - Switches, Toggle (Toggle and Lode), Flush 

Mounted (ac) 
 
3. FS WW-C-563 - Electrical Metallic Tubing (EMT) 
 
4. FS WW-C-581D, E - Conduit, Metal, Rigid, And Intermediate; And 

Coupling, Elbow, and Nipple, Electrical Conduit:  Steel, Zinc Coated 
 

C. Commercial Standards: 
 

1. ANSI C80.1 - Zinc Coated, Rigid Steel Conduit, Specification for 
 
2. ANSI C80.4 - Fittings for Rigid Metal Conduit and Electrical Metallic Tubing, 

Specifications for 
 
3. ANSI/UL 467 - Grounding and Bonding Equipment, Safety Standard for 
 
4. ASTM B3 - Soft or Annealed Copper Wire 
 
5. ASTM B8 - Specification for Concentric-Lay-Stranded Copper Conductors, 

Hard, Medium-Hard, and Soft 
 
6. ASTM B33 - Specification for Timed Soft or Annealed Cooper Wire for 

Electrical Purposes 
 
7. ICEA S-61-402 - Thermoplastic - Insulated Wire and Cable 
 
8. ICEA S-66-524, NEMA WC7 - Cross-Linked, Thermosetting, Polyethylene 

Wire and Cable 
 
9. ICEA S-68-516, NEMA WC8 - Ethylene Propylene Rubber Insulated Wire 

and Cable 
 
10. NEMA 250 - Enclosures for Electrical Equipment (1,000 volts maximum) 
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11. NEMA PB-1 - Panelboards 
 
12. NEMA VE-1 - Ventilated Cable Tray 
 
13. UL 6 - Rigid Metal Electrical Conduit 
 
14. UL 44 - Rubber - Insulated Wire and Cable. 
 
15. UL 514 - Electrical Outlet Boxes and Fittings 
 
16. UL 886 - Electrical Outlet Boxes and Fittings for Use in Hazardous 

Locations 
 
17. UL 1072 - Medium Voltage Cable, Type MV-90 

 
D. All equipment furnished by the Contractor shall be listed by and shall bear the label 

of Underwriters' Laboratories, Incorporated (UL), or of an independent testing 
laboratory acceptable to the local code-enforcement agency having jurisdiction. 

 
E. In addition to other regulatory requirements, the Work of this Section shall comply 

with the requirements of the current edition of the Standard Specifications for 
Public Works Construction (SSPWC) Subsection 209-1, together with the latest 
adopted editions of the Regional and City of San Diego Supplement Amendments. 

 
F. The construction and installation of all electrical equipment and materials shall 

comply with all applicable provisions of the OSHA Safety and Health Standards 
(29CFR1910 and 29CFR1926, as applicable), State Building Standards, and 
applicable local codes and regulations. 

 
1.4 SUBMITTALS 
 

A. Shop Drawings and Catalog Data: The Contractor shall submit shop drawings and 
catalog data submittals in accordance with Section 01300 - Submittals. 

 
B. Material Lists:  The Contractor shall submit complete material lists for the Work of 

this Section.  Such lists shall state the manufacturer and brand name of each item 
or class of material.  The Contractor shall submit shop drawings for all grounding 
work not specifically indicated. 

 
C. Shop Drawing Content:  Shop drawings are required for materials and equipment 

listed in other Sections.  Shop drawings shall provide sufficient information to 
evaluate the suitability of the proposed material or equipment for the intended use, 
and for compliance with these Specifications.  The following shall be included: 

 
1. Front, side, rear elevations and top views with dimensional data. 
 
2. Location of conduit entrances and access plates. 
 
3. Component data. 
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4. Connection diagrams, terminal numbers, wire numbers, internal wiring 
diagrams, conductor size, and cable numbers. 

 
5. Method of anchoring, seismic requirement; weight. 
 
6. Types of materials and finish. 
 
7. Nameplates. 
 
8. Temperature limitations, as applicable. 
 
9. Voltage requirement, as applicable. 
 
10. Front and rear access requirements. 

 
D. Catalog Data:  Catalog data shall be submitted to supplement all shop drawings.  

Catalog cuts, bulletins, brochures, or the like or photocopies of applicable pages 
thereof shall be submitted for mass produced, non-custom manufactured material.  
These catalog data sheets shall be stamped to indicate the project name, 
applicable Specification section and paragraph, model number, and options.  This 
information shall be marked in spaces designated for such data in the stamp. 

 
E. Materials and Equipment Schedules: The Contractor shall furnish within 30 days, 

a complete list of all materials, equipment, apparatus, and fixtures proposed for 
use.  The list shall include type, sizes, names of manufacturers, catalog numbers, 
and such other information required to identify the items. 

 
F. Manuals: The Contractor shall furnish manuals as part of the shop drawing 

submittals under Section 1 specifications. 
 
G. Record Drawings:  In addition to the record drawings as a part of the record 

drawing requirements specified in Section 1 specifications, the Contractor shall 
show depths and routing of all duct bank concealed below grade electrical 
installations. 

 
1.5 QUALITY ASSURANCE 
 

A. Field Control of Location and Arrangement:  The Drawings diagrammatically 
indicate the desired location and arrangement of outlets, conduit runs, equipment, 
and other items.  The Contractor shall determine the exact locations in the field 
based on the physical size and arrangement of equipment, finished elevations, and 
other obstructions.  Locations shown on the Drawings, however, shall be adhered 
to as closely as possible. 

 
B. Equipment Locations:  All conduit and equipment shall be installed in a manner to 

avoid all obstructions and to preserve head room and keep openings and 
passageways clear.  Lighting fixtures, switches, convenience outlets, and similar 
items shall be located within finished rooms, as shown.  Where the Drawings do 
not indicate exact locations, such locations shall be obtained from the Engineer.  
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Where equipment is installed without instruction and must be moved, it shall be 
moved without additional cost to the OWNER. 

 
C. Workmanship:  All materials and equipment shall be installed in accordance with 

printed recommendations of the manufacturer which have been reviewed by the 
Engineer.  The installation shall be accomplished by workmen skilled in this type 
of work and installation shall be coordinated in the field with other trades so that 
interferences are avoided.  

 
D. Quality of Work:  All Work, including installation, connection, calibration, testing, 

adjustment, and paint touchup, shall be accomplished by qualified, experienced 
personnel working under continuous, competent supervision.  The completed 
installation shall display competent work, reflecting adherence to prevailing 
industrial standards and methods. 

 
E. Protection of Equipment and Materials: The Contractor shall furnish adequate 

means for and shall fully protect all finished parts of the materials and equipment 
against damage from any cause during the progress of the Work and until 
acceptable by the Engineer. 

 
F. Protection:  All materials and equipment, both in storage and during construction, 

shall be covered in such a manner that no finished surfaces will be damaged, 
marred, or splattered with water, foam, plaster, or paint.  All moving parts shall be 
kept clean and dry. 

 
G. Damaged Materials and Equipment:  The Contractor shall replace or have 

refinished by the manufacturer, all damaged materials or equipment, including face 
plates of panels and switchboard sections, at no expense to the OWNER. 

 
H. Tests: The Contractor shall perform all tests required by the Engineer or other 

authorities having jurisdictions.  All such tests shall be performed in the presence 
of the Engineer.  The Contractor shall furnish all necessary testing equipment and 
pay all costs of tests, including all replacement parts and labor necessary due to 
damage resulting from damaged equipment or from test and correction of faulty 
installation.  The following testing shall be accomplished: 

 
1. Testing for the ground resistance value under "Grounding," below. 
 
2. Insulation resistance tests under "Wire and Cable," below. 
 
3. Operational testing of all equipment furnished and/or connected in other 

Sections of Division 16, including furnishing of support labor for testing. 
 

I. Standard test reports for mass-produced equipment shall be submitted along with 
the shop drawing for such equipment.  Test reports on testing specifically required 
for individual pieces of equipment shall be submitted for review prior to final 
acceptance of the project. 

 
J. Any test failure shall be corrected in accordance with the industry practices and in 

a manner satisfactory to the Engineer. 
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1.6 PERMITS AND INSPECTION 
 

A. The Contractor shall obtain permits and pay for inspection fees as indicated in the 
Contract Documents. 

 
B. The Contractor shall pay for any service charges required by the utility company 

for connection and activation. 
 

1.7 AREA DESIGNATIONS 
 

A. General:  For purposes of delineating electrical enclosure and electrical installation 
requirements of this project, certain areas have been classified in the Contract 
Documents as defined below.  Electrical installations within these areas shall 
conform to the referenced code requirements for the area involved. 

 
B. General Purpose [Indoor] Locations:  Electrical work installed in areas which are 

not otherwise specifically classified shall be "General Purpose. Workmanship and 
enclosures shall comply with the general requirements of these Specifications.  
Electrical enclosures shall be NEMA Type 1 unless otherwise specified or noted. 

 
C. Outdoor and Damp Locations:  In outdoor locations, raceway shall be galvanized 

rigid PVC (polyvinyl chloride)-coated conduit; entrances shall be threaded; and 
fittings shall have gasketed covers.  Provisions shall be made to drain the fitting or 
conduit system.  Threaded fastening hardware shall be stainless steel.  Raceway 
supports such as hanger rods, clamps, and brackets shall be stainless steel.  
Attachments or welded assemblies shall be galvanized after fabrication.  
Instruments and control cabinets, and panel enclosures shall be NEMA Type 
NEMA 4X enclosure shall be 316 stainless steel.  Switchboard and motor control 
centers shall be weatherproof NEMA Type 3R.  Enclosures shall be mounted 
1 inch from walls to provide an air space.  Locations which are indoors and 2 feet 
below grade elevation or which are classified as damp locations on the Drawings 
shall have electrical installations which conform to the requirements for outdoor 
locations.  "Damp locations" shall include pipe galleries, tunnels, and basements.  
All rooms housing liquid handling equipment are also classified as damp locations 
regardless of grade elevation. 

 
D. Splash Locations:  Areas shown as splash proof shall have electrical installations 

as described for "outdoor locations."   
 
E. Corrosive Locations:  Corrosive locations shall have stainless steel threaded 

hardware; all other electrical hardware, fittings, and raceway systems shall be 
PVC-coated.  Raceway supports such as hanger rods, clamps, and brackets shall 
be stainless steel. Electrical enclosures shall be NEMA Type 4X 316 stainless 
steel.  Corrosive locations shall include below grade structures. 

 
F. Hazardous Locations:  Areas shown as hazardous shall have electrical 

installations suitable for Class 1, Division 1 or 2 as indicated, Group B locations as 
required under OSHA Safety and Health Standards (29CFR) and National Fire 
Protection Association (NFPA) 820.   
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1.8 CLEANUP 
 

A. Cleaning of Materials and Equipment:  All materials and equipment shall be 
thoroughly cleaned.  Exposed parts shall be thoroughly clean of cement, plaster, 
and other materials.  All oil and grease spots shall be removed with a 
nonflammable cleaning solvent.  Such surfaces shall be carefully wiped and all 
cracks and corners scraped out.  Paint touchup shall be applied to all scratches on 
panels and cabinets.  Electrical cabinets or enclosures shall be vacuum cleaned 
before final acceptance. 

 
B. Cleaning of the Site:  During the progress of the Work, the Contractor shall clean 

the premises and leave the premises and all portions of the site free of debris. 
 

1.9 DEMOLITION AND RELATED WORK 
 

A. Demolition Work:  The Contractor shall perform all electrical demolition work as 
indicated. 

 
1. Electrical equipment and components, terminal and relay cabinets, MCCs, 

shall be returned to the OWNER in an orderly fashion to a designated 
location on the site. 

 
2. Wire, conduit, junction boxes, fittings, supports and miscellaneous 

hardware removed as part of the demolition work shall not be reused and 
shall be returned to the OWNER. 

 
3. Wires and/or conduits that need to be extended shall be terminated in a 

new terminal box with terminal strips.  Terminal box shall be properly sized 
by the Contractor.  In outdoor installation, the terminal box shall be NEMA 
4X 316 stainless steel.  Wires and terminals shall be properly identified 
before disconnection and after reconnection. 

 
4. Wiring in conduits located in or under slabs shall be removed.  The conduit 

shall be plugged level with the floor where practical.  In other cases, the 
conduit shall be cut three inches below the finished floor and the area shall 
be resurfaced. 

 
5. Openings in walls and platforms created by the removal of conduit or 

electrical equipment shall be patched with materials similar to those in 
surrounding work areas or as required to provide proper sealed conditions 
as reviewed and accepted by the Engineer. 

 
6. Electrical demolition shall be as shown on the Drawings or as required by 

the Specifications. 
 
7. The Contractor shall exercise due care in the removal of the equipment 

made surplus by this project so as not to impair its resale value or reuse.  
The OWNER has the right to salvage any wire or other electrical equipment 
removed from the project. 
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B. Installation of New Equipment in Existing Structures: 

 
1. Installation of certain new equipment and devices is required in existing 

structures.  For this phase of the Work, the Contractor shall remove existing 
equipment or devices, install new equipment as indicated, remove existing 
conductors from existing raceways, and pull new conductors in existing 
raceways, reconnect existing conductors or furnish and install new conduit 
and wires. 

 
2. The Contractor shall visit the site before bidding and carefully examine 

existing installation so that its proposal will reflect all the Work necessary 
to provide a complete installation so that the resulting installation will 
function as required.  Include in the bid price all costs of labor and materials 
necessary to complete installations. 

 
C. Installation of Temporary Equipment: 

 
1. To facilitate continuous operation of existing equipment, temporary 

equipment shall be provided where indicated.  The Contractor shall submit 
installation and connection details for review and acceptance.  Temporary 
installations shall be provided at no additional cost to the OWNER. 

 
2. All cables, conduits, and fittings used in temporary connections shall not 

be reused to install permanent connections.  Salvaged items shall be 
returned to the OWNER. 

 
D. Plant Monitoring Power and Control Shutdowns: 

 
1. Existing plant operation shall be continued during this demolition process. 

The Contractor shall carefully examine all Work to be done in, on, or 
adjacent to existing equipment.  Work shall be scheduled, subject to the 
OWNER's approval, to minimize required plant shutdown time.  The 
Contractor shall submit a written request, including sequence and duration 
of activities to be performed during plant shutdown. 

 
2. The Contractor shall perform all switching and safety tagging required for 

plant shutdown or to isolate existing equipment.  In no case shall the 
Contractor begin any Work in, on, or adjacent to existing equipment without 
written authorization of the Engineer. 

 
E. Modifications to Existing Electrical Facilities: 

 
1. The Contractor shall provide all modifications or alterations to existing 

electrical facilities required to successfully install and integrate the new 
electrical equipment.  All modifications to existing equipment, panels, or 
cabinets shall be made in a professional manner with all coatings repaired 
to match existing. Modifications to existing electrical facilities required for a 
complete and operating system shall be made at no additional cost to the 
OWNER.  Extreme caution shall be exercised in digging trenches in order 
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not to damage existing underground utilities.  Cost of repairs of damages 
caused during construction shall be the Contractor's responsibility. 

 
2. The Contractor shall verify all available existing circuit breakers in lighting 

panels for their intended use as required by the Drawings.  At no additional 
cost to the OWNER, the Contractor shall verify the available space in 
substation switchboards to integrate new power circuit breakers. 

 
PART 2 - PRODUCTS 
 
2.1 GENERAL 
 

A. All equipment and materials shall be new, shall be listed by UL, and shall bear the 
UL label where UL requirements apply.  All equipment and materials shall be the 
products of experienced and reputable manufacturers in the industry.  Similar 
items in the project shall be products of the same manufacturer.  All equipment 
and materials shall be of industrial grade and standard of construction; shall be of 
sturdy design and manufacture; and shall be capable of reliable, trouble-free 
service. 

 
2.2 GROUNDING 
 

A. General:  All components of the grounding electrode system shall be manufactured 
in accordance with UL 467 and shall conform to the applicable requirements of 
NEC Article 250. 

 
B. Grounding Cable:  Grounding cable shall be copper.  Bare copper wire shall be 

annealed, No. 8 AWG minimum, if not called out in the Drawings. 
 
C. Ground Rods:  Ground rods shall conform to ANSI/UL 467 and shall be 3/4-inch 

diameter copper-clad steel, sectional type, joined by threaded copper alloy 
couplings. 
 
1. Grounding connectors shall be high-strength copper alloy suitable for direct 

burial. 
 
2. Wire connections shall be exothermic weld by Cadweld of Erico Products 

for underground installation, or Burndy Hyground System using irreversible 
compression-type connectors for exposed aboveground installation. 

 
3. Manufacturers of grounding materials shall be Copperweld, Blackburn, 

Burndy, or equal. 
 
2.3 UNDERGROUND DUCTS AND MANHOLES 
 

A. General:  Where an underground distribution system is required, it shall be 
comprised of multiple runs of single bore metallic and nonmetallic ducts, concrete 
encased, with steel reinforcing bars, with underground manholes and pullboxes.  
When nonmetallic ducts are required, they shall be rigid Schedule 40 PVC for 
concrete encasement. 
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1. Manholes and pullboxes shall be of precast concrete.  Concrete 

construction shall be designed for traffic loading. 
 

a. Covers shall be traffic type, except as shown otherwise.  Manholes 
and pullbox covers designated as "HV" covers shall be identified as 
"High Voltage Electric," "P" shall be identified as "Secondary 
Electric," "C" as "Control" and "S" as "Signal."  All covers shall be 
watertight after installation. 

b. Manholes and pullboxes shall be equipped with pulling-in irons 
opposite and below each ductway entrance. 

c. Manholes shall have concrete covers with 30-inch diameters lids.  
All covers and lids shall be bolted to cast-in-place frames with 
corrosion resistant hardware.  Frames shall be factory-primed; 
covers shall be cast-iron and shall have pick holes. 

 
2. Manholes and pullboxes shall have cable supports so that each cable is 

supported at 3-foot intervals within the manhole or pullbox.  Cable supports 
and racks shall be fastened with galvanized bolts and shall be fabricated 
of fiber glass or galvanized steel. Porcelain insulators for cable racks shall 
be provided. 

 
3. Manholes and pullboxes shall be Brooks, Quikset, U.S. Precast, or equal.  

Cast-iron covers shall be by U.S. Foundry, or equal. 
 

B. Concrete Envelope:  The concrete envelope shall have a compression strength of 
3000 psi in accordance with the requirements of Section 03301 - Cast-in-Place 
Concrete. 

 
2.4 RACEWAYS 
 

A. General:  Raceway shall be manufactured in accordance with UL and ANSI 
standards and shall bear UL label as applicable. 

 
B. Galvanized Rigid Steel (GRS) Conduit: 

 
1. Rigid steel conduits and fittings shall be full weight, mild steel, hot-dip 

galvanized and zinc bichromate coated inside and outside after 
galvanizing. 

 
2. Rigid steel conduit shall be manufactured in accordance with UL Standard 

No. 6 and ANSI C80.1. 
 
3. Rigid steel conduit shall be manufactured by Triangle PWC, Republic Steel, 

or equal. 
 

C. Rigid Nonmetallic Conduit:  Rigid nonmetallic conduit shall be Schedule 40 PVC.   
 

1. Nonmetallic conduits and fittings shall be UL listed, sunlight-resistant, and 
rated for use with 90 degrees C conductors. 
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2. Nonmetallic conduits and fittings shall be manufactured by Carlon, Condux, 

or equal. 
 

D. Flexible Metallic Conduit:  Flexible metallic conduit shall be fabricated from 
galvanized interlocked steel strip.  Liquid-tight flexible metallic conduit shall have 
an extruded PVC covering over the flexible steel conduit.  For conduit sizes 3/4 
inch through 1-1/4 inches, flexible conduits shall have continuous built-in copper 
ground conductor. Flexible conduit shall be American Brass, Anaconda, 
Electroflex, or equal.  Explosion-proof flexible conduits shall be used for Class I, 
Div. 1, Group C&D areas. 

 
E. PVC-Coated Raceway:  PVC-coated raceway system shall conform to Federal 

Specification WW-C-581E, ANSI C80.1, and to UL specifications.   
 

1. The zinc surfaces of the conduits and fittings shall remain intact and 
undisturbed on both the inside and the outside of the conduit through the 
preparation and application processing. 

 
2. A PVC coating shall be bonded to the galvanized outer surface of the 

conduit.  The bond between the PVC coating and the conduit surface shall 
be greater than the tensile strength of the plastic.   

 
3. The thickness of the PVC coating shall be a minimum of 40 mils.   
 
4. A PVC jacketed coupling shall be furnished with each length of conduit.  A 

PVC sleeve equal to the OD of the conduit shall extend 1-1/2 inches from 
each end of coupling. 

 
5. PVC-coated conduits shall be as manufactured by Robroy, Occidental 

(OCCAL), or equal. 
 
2.5 WIRE AND CABLE 
 

A. General:  All conductors, including ground conductors, shall be copper.  Insulation 
shall bear UL label and the manufacturer's trademark, type, voltage and 
temperature rating, and conductor size.  Wire and cable shall be products of 
American, Rome Cable, Okonite, Houston, or equal. 

 
B. Control Cables:  All control cables shall be rated for 600 V and shall meet the 

following requirements: 
 

1. Control wires shall consist of No. 14 gage stranded copper conductors and 
shall be XHHW rated for 90 degrees C at dry locations and 75 degrees C 
at wet locations. 

 
2. Control wires at panels and cabinets shall be machine tool grade type 

MTW, UL approved, rated for 90 degrees C at dry locations. 
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3. Multiconductor control cable shall be rated at 600 V and shall consist of 
No. 14 gauge stranded copper conductors, individually insulated with a 
minimum of 20 mils of polyethylene, 10 mils full color coded PVC jacket 
over each insulated conductor, a polyester tape over assembly, and an 
overall PVC jacket.  Multiconductor cable shall be identified by either ICEA 
color coding or ink imprinting.  Multiconductor cables may be used in 
conduits or cable trays as required by the Drawings.  Multipull taped control 
conductor assemblies may be used in conduits as approved by the 
Engineer. 

 
4. Multiconductor tray cable shall be rated 600 V, listed by UL as Type TC 

cable per Article 340 of the NEC.  The individual conductors shall be UL 
listed as Type XHHW, with a sunlight-resistant overall jacket.  The cables 
shall pass UL and IEEE-383 ribbon burner flame tests. 

 
C. Instrumentation Cables:  Shielded instrumentation cables shall be rated at 300 V 

and shall comply with the following requirements: 
 

1. Individual shielded cable shall consist of twisted 2 or 3 No. 16 gauge, 
stranded, color coded, tinned-coated copper in accordance with ASTM B 
33 - Specification for Tinned Soft or Annealed Copper Wire for Electrical 
Purposes and B 8 - Specification for Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, and Soft.  Color coding shall be black-
clear, or black-red-clear. 

 
2. Insulation thickness shall be 32 mils of polyethylene, insulated with 2.3 mils 

100% aluminum foil/polyester shield and No. 18 stranded tinned copper 
drain wire, all under a 32 mil PVC jacket.  The shield shall be continuous 
and shall be grounded only at the receiving end, or as indicated. 

 
3. Multi-individual shielded pair or triad instrumentation cable shall consist of 

individual shielded and twisted pair copper conductors with an ethylene-
propylene insulation, and No. 18 AWG tinned stranded copper drain wire, 
an overall aluminum mylar shield and an overall chloro-sulfonated 
polyethylene compound jacket.  The cables shall be suitable for cable tray 
installation and shall be flame retardant. 

 
4. Thermocouple Extension: Extension cable shall be provided for the type of 

thermocouple circuit indicated.  Conductors shall be 16 AWG, solid allow, 
with 15 mils of 90 degree C flame-retardant polyvinylchloride insulation, 
twisted and covered with 100% 2.35 mil aluminum polyester tape and a 20 
AWG, 7-strand, tinned-copper drain wire and a 35 mil, flame-retardant PVC 
jacket overall.  Cable shall be listed for cable tray installation. 

 
D. Building Wire and Cable:  Building wires and cables shall be rated at 600 V and 

shall meet the following requirements: 
 

1. Building wire shall be single conductor copper cable listed by UL as Type 
THHN/THWN rated 75 degrees C in wet locations and 90 degrees C in dry 
locations. 
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2. Building wire No. 8 AWG and larger shall be stranded; size No. 10 AWG 

and smaller shall be solid or stranded.  
 
3. No wire smaller than No. 12 AWG shall be used unless specifically 

indicated. 
 

E. Cable Terminations:  Cable terminations shall be in accordance with the following: 
 
1. Compression connectors shall be Burndy "Hi Lug", Thomas & Betts "Shure 

Stake", or equal.  Threaded connectors shall be split bolt type of high 
strength copper alloy. 

 
2. Spring connectors (wire nuts) shall be 3M "Scotch Lok," "Ideal Wing Nuts", 

or equal. 
 
3. Preinsulated fork tongue lugs shall be "Thomas & Betts" RC Series, 

Burndy, or equal. 
 
4. General purpose insulating tape shall be Scotch No. 33, Plymouth 

"Slip-knot", or equal.  High temperature tape shall be polyvinyl by Plymouth, 
3M, or equal. 

 
5. Epoxy resin splicing kits shall be 3M Scotchcoat 82 Series, Burndy Hy Seal, 

or equal. 
 
2.6 PULL AND JUNCTION BOXES 
 

A. General:  Outlet, switch, pull and junction boxes for flush-mounting in general 
purpose locations shall be one-piece, galvanized, pressed steel.  Ceiling boxes for 
flush-mounting in concrete shall be galvanized, pressed steel.   

 
B. Surface Mounted Boxes:  Outlet, switch, pull and junction boxes where surface 

mounted in exposed locations shall be cast ferrous boxes with mounting lugs, zinc 
or cadmium plating, and enamel finish.  Surface mounted boxes in concealed 
locations may be pressed steel. 

 
C. Corrosive Locations:  Control station, pull and junction boxes, including covers, for 

installation in corrosive locations shall meet the NEMA 4X requirements and shall 
be stainless steel or fiber glass-reinforced polyester and shall be furnished with 
mounting lugs. 

 
D. Cast and Pressed Steel Boxes:  All cast boxes and pressed steel boxes for flush 

mounting in concrete shall be fitted with cast, malleable box covers and gaskets.  
Covers for pressed steel boxes shall be one-piece pressed steel, cadmium plated, 
except that boxes for installation in plastered areas and finished rooms shall be 
stainless steel over plaster rings.  Stainless steel plates shall be Sierra S-line, 
Hubbell, or equal.  Cast boxes shall be as manufactured by Crouse-Hinds, 
Appleton, or equal. 
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E. Floor Boxes:  Floor boxes shall have checker plate covers such as O-Z/Gedney 
Type "YR," or equal.  Surface boxes shall be O-Z/Gedney Type "YH," fully 
adjustable B2529 dual-level floor box by Hubbell, or equal. 

 
2.7 CONDUIT FITTINGS 
 

A. General:  Fittings shall comply with the same requirements as the raceway with 
which they will be used.  Fittings having a volume less than 100 cubic inches for 
use with rigid steel conduit, shall be cast or malleable nonferrous metal.  Such 
fittings larger than one inch shall be "mogul size."  Fittings shall be of the gland 
ring compression type.  Covers of fittings, unless in "dry" locations, shall be closed 
with gaskets.  Surface-mounted cast fittings, housing wiring devices in outdoor and 
damp locations, shall have mounting lugs. 

 
B. Insulated Bushings:  Insulated bushings shall be molded plastic or malleable iron 

with insulating ring, similar to O-Z Type A and B, equivalent types by Thomas & 
Betts, Steel City, Appleton, O-Z/Gedney, or equal. 

 
C. Insulated Grounding Bushings:  Insulated grounding bushings shall be malleable 

iron with insulating ring and with ground lug, such as O-Z Type BL, equivalent 
types by T & B, Steel City, O-Z/Gedney, or equal. 

 
D. Erickson Couplings:  Erickson couplings shall be used at all points of union 

between ends of rigid steel conduits which cannot be coupled.  Running threads 
and threadless couplings shall not be used.  Couplings shall be 3-piece type such 
as Appleton Type EC, equivalent types such as manufactured by T & B, Steel City, 
O-Z/Gedney, or equal. 

 
E. Liquid-Tight Fittings:  Liquid-tight fittings shall be similar to Appleton Type ST, 

equivalent types such as manufactured by Crouse-Hinds, T & B, O-Z/Gedney, or 
equal.  Fittings shall be PVC coated when used with PVC coated conduits. 

 
F. Hubs:  Hubs for threaded attachment of steel conduit to sheet metal enclosures, 

where required, shall be similar to Appleton Type HUB, equivalent types such as 
manufactured by T & B, Myers Scrutite, or equal.  Hubs located outdoors shall be 
316 stainless steel. 

 
G. Transition Fittings:  Transition fittings to mate steel to PVC conduit, and PVC 

access fitting, shall be as furnished or recommended by the manufacturer of the 
PVC conduit. 

 
H. Sealed Fittings:  Sealing fittings are required in conduit runs entering corrosive 

areas and elsewhere as shown.  Sealing fittings shall be Appleton Type EYS, O-Z 
Type FSK, or equal.  Sealing compound shall not be poured in place until electrical 
installation has been otherwise accepted. 

 
I. Expansion Fittings:  Expansion fittings shall be installed wherever a raceway 

crosses a structural expansion joint. Such fittings shall be expansion and deflection 
type and shall accommodate lateral and transverse movement.  Fittings shall be 
O-Z/Gedney Type "DX," Crouse Hinds "XD," or equal.  These fittings are required 
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in metallic and nonmetallic raceway installations.  When the installation is in a 
nonmetallic run, a 3-foot length of rigid conduit shall be used to connect the 
nonmetallic conduit to the fitting. 

 
2.8 WIRING DEVICES 
 

A. General:  All wiring devices shall be a product of a single manufacturer and shall 
conform to applicable NEMA Standards for UO series.  Devices shall be as 
manufactured by Hubbell, Sierra, Pass & Seymour, or equal.  General purpose 
duplex receptacles and toggle switch handles shall be brown everywhere except 
in finished rooms, where they shall be ivory.  Special purpose receptacles shall 
have a body color as shown.  Receptacles and switches shall conform to Federal 
Specifications W-C-596E and W-S-896E, respectively. 

 
1. Receptacles: 

 
a. General purpose duplex receptacles shall be grounding type, 

125-volt, ac, 20-amperes, NEMA Configuration 5-20R, such as 
Hubbell 5252, or equal. 

b. Convenience receptacles for installation in outdoor and corrosive 
areas shall be NEMA 5-20R configured and shall have stainless 
steel or nickel plated parts and plastic parts of melanine. 

 
1) Receptacles at outdoor locations shall be UL-approved for 

weatherproof locations with plug inserted.  These shall be 
Crouse-Hinds, Hubbell, Pin and Sleeve Series, or equal. 

2) Receptacles at damp or dry locations shall be Crouse-Hinds 
DS 23G, Pyle National N-1, or equal. 

3) Receptacles at corrosive locations shall be Hubbell 52CM62 
15 A, 53CM62 20 A, or equal. 

 
c. Ground fault interrupter (GFI) receptacles shall be NEMA 5-20R 

configured and shall mount in a standard outlet box.  Units shall trip 
at 5 mA of ground current and shall comply with NEMA WD-1-1.10 
and UL 943.  GFI receptacles shall be capable of individual as well 
as "downstream" operation.  GFI receptacles shall be Hubbell GF 
5252, or equal. 

d. The 240-V duplex receptacles shall be 2-pole, 3-wire, grounding 
type, 250-VAC, 20-A, NEMA Configuration 6-20R, such as Hubbell 
5462 gray, or equal. 

e. Single 30-A receptacles shall be 2-pole, 3-wire, grounding type, 
125-VAC, 30-A, NEMA Configuration 5-30R, such as Hubbell 9308, 
or equal. 

f. All 480-V, 60-A, 3-phase receptacle outlets shall be 60-A, 3-wire, 
4-pole, 600-V, weatherproof with spring door, such as 
Crouse-Hinds Catalog No. AREA 6424, Hubbell Hubbellock No. 
26410 for receptacle and No. 26419 for plug, or equal.  One 
matching plug shall be furnished loose. 

g. All 480-V, 30-A, 3-phase receptacle outlets shall be 30-A, 3-wire, 4-
pole, 600-V, weatherproof with spring door such as Crouse-Hinds 
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Catalog No. AREA 3423, Bryant Cat. 7223FR, Russell Stoll No. 
JRFA6344, Hubbell No. 22CM427 for receptacle and No. 
21CM4158 for plug, or equal.  One matching plug shall be furnished 
loose. 

 
2. Switches: 

 
a. Switches at outdoor locations shall be Crouse-Hinds DS 128, 

Mackworth Rees Style 3845, Joy Flexitite, or equal. 
b. Switches at damp locations shall be Mackworth Rees Style 3496, 

Joy Flexitite, or equal. 
c. Switches at dry locations shall be Crouse-Hinds DS 32G, Pyle 

National SCT-10k, or equal. 
d. Toggle switches shall conform to the following table, or equal: 

 
Hubbell No. Bryant No. Hubbell No. Bryant No. 
 
Single Pole 1221 (brown) 4901 (brown) 1221I (ivory) 4901I 
(ivory) 
Three Way 1223 4903 1223I 4903I 
Momentary 1556 4821 1556I 4821I 
Four Way 1224  1224I 

 
2.9 CABINETS AND ENCLOSURES 
 

A. General:  All electrical cabinets and enclosures housing control relays and terminal 
blocks shall be manufactured in accordance with NEMA Publications 250, UL 
Standards 50 and 508. All large enclosures shall have 3-point latch with door 
handle without additional external door latches. 

 
1. Relay or control, and terminal cabinets shall be NEMA 4X 316 SST 

enclosures.  Sizes shown on the Drawings are minimum.  Provide sufficient 
terminal blocks to terminate 25% more conductors than are shown.  
Interiors of cabinets shall be finished white including internal back mounting 
plate. 

 
2. Floor standing NEMA 12 construction shall have three-point latching 

mechanism operated by oil tight key-locking handle, and shall have 
gasketed overlapping doors.  Steel construction shall be 12-gauge; 
construction for wall-mounted type shall be 14-gauge steel.  Exterior finish 
shall be ANSI 61 light gray, or equal. 

 
3. Floor standing NEMA 4X enclosures shall be Type 316 stainless steel, 12-

gauge, with oil-resistant door gasket and shall have three-point latching 
mechanism operated by oil tight key-locking handle.  Wall-mounted type 
construction shall be 14 gauge, Type 316 stainless steel. 

 
4. Floor standing NEMA 4 construction shall be 12-gauge steel, with oil-

resistant door gaskets and shall have three-point latching mechanism 
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operated by oil tight key-locking handle.  Wall-mounted type construction 
shall be 14-gauge, with welded mounting plate. 

 
B. Wiring of Cabinets:  Wiring of terminal cabinets, control or relay cabinets shall be 

accomplished with stranded copper conductor rated for 600 V and UL listed as 
Type MTW.  Wires for annunciator and indication circuits shall be No. 16 AWG.  
All others shall be No. 14 AWG.  Color coding shall be as specified elsewhere in 
this Section.  Incoming wires to terminal or relay cabinets shall be terminated on a 
master set of terminal blocks.  All wiring from the master terminals to internal 
components shall be factory-installed and shall be contained in 2-inch wide by 2-
inch high plastic wireways having removable covers.  Wiring to door-mounted 
devices shall be extra flexible and anchored to doors using wire anchors cemented 
in place.  Exposed terminals of door-mounted devices shall be guarded to prevent 
accidental personnel contact with energized terminals. 

 
C. Terminal Blocks:  All terminal block requirements shall be as manufactured by 

WAGO with cage clamp, Phoenix, or equal. 
 
D. Nameplates:  Nameplate engraving shall be as shown or as directed by the 

Engineer.  Characters shall be uniform block style not smaller than 1/8-inch.  
Nameplates shall be secured using cadmium plated steel or other corrosion 
resistant screws.  Adhesive alone is not acceptable. 

 
E. Testing:  Each relay or control and terminal cabinets shall be completed, 

assembled, wired, and tested at the factory.  Test shall be in accordance with the 
latest UL and NEMA Standards.  All cabinets shall bear UL label, as applicable. 

 
2.10 DISCONNECT SWITCHES 
 

A. Disconnect Switches:  Disconnect switches shall be externally operated with quick-
make/quick-break mechanisms.  The handle shall be interlocked with the switch 
cover by means of a defeatable interlock device.  The switch shall be padlockable 
in the "off" position.  Switches shall have nameplates stating manufacturer, rating, 
and catalog number.  Heavy-duty switches shall have arc suppressors, pin hinges, 
and shall be horsepower rated at 600 V.  All switches rated at 100 A or larger shall 
have auxiliary contact for remote status indication.  Heavy-duty switches shall be 
provided for all motor circuits above 3 horsepower.  In smaller motor circuits 
switches shall be general duty.  Provide auxiliary switches where indicated. 

 
B. Ratings:  Switch rating shall match the horsepower requirements of the load at the 

particular voltage if not otherwise shown. 
 
C. Enclosures:  Switch enclosure shall be suitable for the location and shall be as 

manufactured by Square D, Eaton, or equal. 
 
2.11 ELECTRICAL IDENTIFICATION 
 

A. Nameplates:  Nameplates shall be fabricated from white-letter, black-face 
laminated plastic engraving stock, Formica type ES-1, or equal.  Each shall be 
fastened securely, using fasteners of brass, cadmium plated steel, or stainless 
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steel, screwed into inserts or tapped holes, as required.  Engraved characters shall 
be block style of adequate size to be read easily at a distance of 6 feet with no 
characters smaller than 1/8-inch high. 

 
B. Conductor and Equipment Identification:  Conductor and equipment identification 

devices shall be either imprinted plastic-coated cloth marking devices such as 
manufactured by Brady, Thomas & Betts, or equal, or shall be heat-shrink plastic 
tubing, imprinted split-sleeve markers cemented in place, or equal. 

 
C. Identification Tape:  Identification tape for protection of buried electrical installation 

shall be a 6-inch wide red polyethylene tape imprinted "CAUTION - ELECTRIC 
UTILITIES BELOW." 

 
2.12 LIGHTING AND POWER PANELBOARDS 
 

A. General:  Panelboards shall be dead front factory assembled.  Panelboards shall 
comply with NEMA PB-1 as well as the provisions of UL 50 and 67.  Panelboards 
used for service equipment shall be UL labeled for such use.  Lighting panelboards 
shall be rated for 120/208-V 3-phase operation or 120/240-V for single phase 
operation as shown.  Power panelboards shall be rated for 600 V, 3-phase 
operation. 

 
1. Interiors shall have solderless, anti-turn connectors and shall be 

constructed so that branch circuit breaker can be replaced without 
disturbing adjacent units or resorting to field drilling and tapping.  Bus bars 
and connecting drops shall be copper.  Neutral bar shall be full-sized and 
shall have one terminal screw for each branch circuit; main bus bar shall 
be full-sized for entire length.  Spaces shown shall have cross connections 
for the maximum sized device that can be fitted. 

 
2. Panelboard box shall be galvanized code grade steel with knockouts, and 

shall have removable end walls.  All boxes or panelboard enclosures shall 
have gray baked enamel finish. 

 
B. Lighting Panelboards: 

 
1. Cabinets for building panels shall be 20-inch wide minimum, with 4-inch 

minimum side gutters and 5-inch minimum top and bottom gutters.  
Panelboard trim shall be the same size as cabinet on surface-mounted 
panels and 3/4-inch larger all around than cabinet of flush-mounted panels.  
Doors in trim shall have typed circuit directory and pocket with protective 
clear plastic sheet.  All trim and cabinets of surface-mounted panels in 
general purpose areas shall be phosphate treated, primed and finished with 
baked enamel, panels of flush mounted panels shall be finished to match 
surrounding wall color.   

 
2. The number of circuit breakers and the ampere ratings shall be in 

accordance with panel schedules.  Main circuit breaker or main lugs only 
shall be provided as indicated. The panelboard circuit breakers shall be 
group mounted and shall be molded case with 3- or 2-pole main breakers 
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as required and branch circuit breakers with AIC as indicated.  Circuit 
breakers shall be thermal/magnetic type. 

 
3. Surface mounted cabinets and trim in wet and damp areas shall be 

galvanized. Panelboards in corrosive areas shall be housed in NEMA 4X, 
stainless steel cabinet.  Provide control enclosures under common panel 
trim.  All panelboard doors shall be keyed alike. 

 
C. Power Panelboards: 

 
1. Power panelboard shall be UL listed and suitable for use as service 

equipment with 6 circuits, or less or with main circuit breaker. 
 
2. Short circuit current rating shall be 200,000 A maximum RMS symmetrical 

when equipped with a fusible main disconnect. 
 
3. Cabinets for power panelboards with 225-amp mains shall be 35 inches 

wide, if the main bus is 800-amp, the box shall be 38 inches wide, 1200-
amp mains require a 42-inch box.  Minimum bottom and top gutters shall 
be 8-inch, minimum side gutter shall be 5-inch. 

 
D. Panelboards to Computers or Delicate Equipment:  Panelboards supplying power 

to computer equipment or delicate instruments shall have voltage surge arresters 
mounted inside the panelboard and connected at the line side of the main circuit 
breaker.  It shall be rated at 650 VAC phase to ground maximum and shall have 
an impulse sparkover voltage of 3200 V.  Surge arresters shall be Square D 
Catalog No. J9200-9A for 3-phase system and J9200-10 for 1-phase system, Type 
DPA by Current Tech, or equal. 

 
E. Panelboards shall be as manufactured by Square D, Cutler-Hammer, Siemens, or 

equal. 
 
2.13 CONTROL STATIONS 
 

A. General:  Control stations shall comply with NEMA Standards ICS2-216.  All 
control stations shall be industrial type, heavy duty, oil-tight, with legend plates. 

 
B. Requirements:  Control stations shall be as follows: 

 
1. Pushbutton Switch:  Pushbutton switches shall be momentary type with 

round or square button plate.  All emergency-stop pushbuttons shall have 
red button plates.  Lock-out stop shall be momentary pushbutton with 
locking mechanism. 

 
2. Selector Switches:  Selector switches shall be rated 10 A at 600 V and shall 

be rotary type with number of position and poles as indicated. 
 
3. Indicating Lights:  Pilot lights shall be full-voltage, push to test type and with 

plastic color caps:  red color for running, green for ready, and amber for 
failure status. 
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4. Control station enclosures shall be die cast aluminum, NEMA Type I in 

general purpose area and stainless steel, NEMA 4X in corrosive or outdoor 
or wet areas. 

 
C. Manufacturers:  Manufacturers shall be Square D Class 9001, Allen-Bradley 

Bulletin 800, or equal. 
 
PART 3 - EXECUTION 
 
3.1 GROUNDING 

 
A. General:  Grounding cable shall be sized in accordance with NEC Article 250 

requirements when sizes are not indicated on the Drawings.  The location of 
ground rods shall be as indicated.  The length of rods forming an individual ground 
array shall be equal in length and shall be of the quantity required to obtain a 
ground resistance of no more than 5 ohms. 

 
B. Equipment Ground:  Ground continuity throughout the facility shall be maintained 

by installing an electrically-continuous metallic raceway system, or a non-metallic 
raceway with a grounding conductor when non-metallic raceway is permitted in the 
Contract Documents. 

 
1. Metallic raceway shall be installed with double lock nuts or hubs at 

enclosures.  Nonmetallic raceway containing dc conductors operating at 
more than 50 V to ground, or any AC conductors, shall contain a copper 
grounding conductor either bare, or green if insulated.  Such conductor 
shall be bonded to terminal and intermediate metallic enclosures. 

 
2. Metal equipment platforms which support any electrical equipment shall be 

bonded to the nearest ground bus or to the nearest switchgear ground bus.  
This grounding requirement is in addition to the raceway grounding 
required in the preceding paragraph herein. 

 
C. Grounding Electrode System: Install the grounding electrode system with all 

required components in accordance with NEC Article 250.  
 

1. Connection to ground electrodes and ground conductors shall be 
exothermic welded where concealed and shall be bolted pressure type 
where exposed.  Bolted connectors shall be assembled wrench-tight. 

 
2. Insulated grounding bushings shall be employed for all grounding 

connections to steel conduits in switchboards, in motor control centers, in 
pullboxes, and elsewhere where conduits do not terminate at a hub or a 
sheet metal enclosure.  Where insulated bushings are required, they shall 
be installed in addition to double lock-nuts. 

 
3. Copper bonding jumpers shall be used to obtain a continuous metallic 

ground. 
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D. Shield Grounding: 
 

1. Shielded power cable shall have its shield grounded at each termination in 
a manner recommended by the cable manufacturer.   

 
2. Shielded instrumentation cable shall be grounded at one end only; this shall 

be at the Main Control Panel or otherwise at the "receiving" end of the 
signal carried by the cable, unless shop drawings indicate that the shield 
shall be grounded at both ends. 

 
3. Termination of each shield drain wire shall be on its own terminal screw.  

All of these terminal screws in one rack shall be jumpered with No. 16 solid 
tinned bare copper wire; connection to ground shall be accomplished with 
a No. 12 green insulated conductor to the main ground bus. 

 
3.2 UNDERGROUND DUCTS AND MANHOLES  
 

A. Duct Bank Installation:  The underground concrete encased duct bank shall be 
installed in accordance with the criteria below: 

 
1. Duct shall be assembled using high impact nonmetallic spacers and 

saddles to provide conduits with vertical and horizontal separation.  Plastic 
spacers shall be set every 5 feet. 

 
2. The duct shall be laid on a grade line of at least 4 inches per 100 feet, 

sloping towards pullboxes or manholes.  Duct shall be installed and pullbox 
and manhole depths adjusted so that the top of the concrete envelope is a 
minimum of 24 inches below grade. 

 
3. Changes in direction of the duct envelope by more than 10 degrees 

horizontally or vertically shall be accomplished using bends with a minimum 
radius 24 times the duct diameter. 

 
4. Couplings shall be staggered at least 6 inches vertically.  Bottom of trench 

shall be of select backfill or sand.  The duct array shall be anchored every 
4 feet to prevent movement during placement of the concrete envelope. 

 
5. Each bore of the completed duct bank shall be cleaned by drawing through 

it a standard flexible mandrel one foot long and 1/4-inch smaller than the 
nominal size of the duct through which the mandrel will be drawn.  After 
passing of the mandrel, draw a wire brush and swab through. 

 
6. A raceway, in the duct envelope, which does not require conductors, shall 

have a 1/8-inch polypropylene pull cord installed throughout the entire 
length of the raceway. 

 
B. Duct Entrances:  Duct entrances shall be grouted smooth; duct for primary and 

secondary cables shall be terminated with flush end bells.  Sections of pre-
fabricated manholes and pullboxes shall be assembled with waterproof mastic and 
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shall be set on a 6- inch bed of gravel as recommended by the manufacturer or as 
required by field conditions. 

 
C. Duct Bank Markers:  Duct bank markers shall be installed every 200 feet along run 

of duct bank, at changes in horizontal direction of duct bank, and at ends of duct 
bank.  Concrete markers, 6 by 6 inches square and one foot long, shall be set 2 
inches above finish grade.  The letter "D" and arrow set in the concrete shall be 
facing in the direction of the duct alignment. 

 
D. Wiring:  Each duct bank shall contain a No. 4/0 bare stranded copper ground wire, 

continuous throughout the entire duct bank.  End of ground wires shall be 
terminated at switchgear or MCC ground bus, or transformer ground lugs. 

 
E. Watertight Penetrations:  Duct bank penetration through walls of manholes or 

pullboxes, and on building walls below grade shall be watertight. 
 
F. Trench Backfill:  Trenches containing duct banks shall be filled with select backfill 

with no large rocks which could damage the duct. 
 
G. Concrete Encased Duct Banks:  Concrete encased duct bank shall terminate at 

building foundations.  When duct enters the building on a concrete slab on grade, 
duct shall not be encased, but shall transition to rigid steel PVC-coated conduits 
on all stub-ups. 

 
3.3 RACEWAYS 
 

A. General:  Raceways shall be installed as indicated, however, conduit routings 
shown are diagrammatic.  Raceway systems shall be electrically and mechanically 
complete before conductors are installed.  Bends and offsets shall be smooth and 
symmetrical, shall be accomplished with tools designed for the purpose intended.  
Factory elbows shall be used for all 3/4-inch conduit.  Bends in larger sizes of 
metallic conduit shall be accomplished by field bending or by the use of factory 
elbows.  All installations shall be in accordance with the latest edition of the NEC. 

 
B. Installation:  Raceways shall be installed in accordance with the following 

schedule: 
 

1. Low Voltage Raceway (control, power, and data hi-way and 
communications): 

 
a. Rigid Schedule 40 PVC shall be used for concrete encased duct on 

earth. 
b. PVC-coated galvanized rigid steel raceways shall be used on 

exposed locations in corrosive areas and for all power feeders 
between variable frequency drives and their respective motors. 

c. Galvanized rigid steel (GRS) shall be used on exposed installations 
in general purpose areas. 

d. Electrical metallic (EMT) conduit shall be used in lighting and 
receptacle circuits on suspended ceilings or stud walls in general 
purpose areas. 
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e. Rigid Schedule 40 PVC shall be used for conduits embedded in 
concrete slab on grade and above grade. 

f. Rigid Schedule 40 PVC shall be used for area lighting circuits and 
may not be concrete encased. 

g. Schedule 40 PVC shall be used for fiber optic data hi-way system 
concrete encased on grade. 

h. Galvanized rigid steel (GRS) conduit shall be used for coaxial data 
hi-way cables for concrete encased on grade and exposed 
installations. 

i. PVC-coated GRS shall be used in exposed installations in outdoor 
areas. 

 
2. Analog Signal Raceways: 

 
a. Schedule 40 PVC conduits shall be used for concrete encased duct 

on earth. 
b. PVC-coated GRS shall be used on exposed installations in 

corrosive areas. 
c. Galvanized rigid steel conduits shall be used on exposed 

installations in general purpose areas. 
d. PVC-coated GRS shall be used on exposed installations in outdoor 

areas. 
 

3. Exposed Raceways: 
 

a. Conduits shall be rigidly supported with clamps, hangers, and 
Unistrut channels. 

b. Intervals between supports shall be in accordance with the National 
Electric Code. 

 
C. Conduit Terminations:  Empty conduit terminations not in manholes or pullboxes 

shall be plugged.  Exposed raceway shall be installed perpendicular or parallel to 
buildings except where otherwise indicated.  Conduit shall be terminated with flush 
couplings at exposed concrete surfaces.  Conduit stubbed up for floor-standing 
equipment shall be placed in accordance with approved shop drawings.  Metallic 
raceways installed below-grade or in outdoor locations and in concrete shall be 
made up with a conductive waterproof compound applied to threaded joints.  
Compound shall be Zinc Clads Primer Coatings No. B69A45, HTL-4 by Crouse-
Hinds, Kopr Shield by Thomas & Betts, or equal. 

 
D. Conduit Installations: 

 
1. Conduit may be cast integral with horizontal and vertical concrete slabs, 

providing one-inch clearance is maintained between conduit surface and 
concrete surface.  If said clearance cannot be maintained, the conduit shall 
be installed exposed below elevated slabs; provided, that in the case of 
slabs on grade, conduit shall be installed below the slab.  Maximum size of 
conduit that can be cast in slab shall be 1-1/2 inches. 
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2. Nonmetallic conduit may be cast integral with horizontal slabs with 
placement criteria stated above.  Non-metallic conduit may be run beneath 
structures or slabs on grade, without concrete encasement.  In these 
instances conduit shall be placed at least 12 inches below the bottom of 
the structure or slab.  Nonmetallic conduit may be buried 24 inches 
minimum below grade, with a 3-inch concrete cover, in open areas or 
where otherwise not protected by concrete slab or structures.  Top of 
concrete cover shall be colored red.  Nonmetallic conduit shall be permitted 
only as required by the Specifications and in concealed locations as 
described above. 

 
3. Where a run of concealed PVC conduit becomes exposed, a transition to 

rigid steel conduit is required.  Such transition shall be accomplished by 
means of a factory elbow or a minimum 3-foot length of rigid steel conduit, 
either terminating at the exposed concrete surface with a flush coupling.  
Piercing of concrete walls by nonmetallic runs shall be accomplished by 
means of a short steel nipple terminating with flush couplings. 

 
4. Flexible conduit shall be used at dry locations for the connection of 

equipment such as motors, transformers, instruments, valves, or pressure 
switches subject to vibration or movement during normal operation or 
servicing.  Flexible conduit may be used in lengths required for the 
connection of recessed lighting fixtures; otherwise the maximum length of 
flexible conduit shall be 18 inches. 

 
5. In other than dry locations, connections shall be made using flexible liquid-

tight conduit. Equipment subject to vibration or movement which is normally 
provided with wiring leads, such as solenoid valves, shall be installed with 
a cast junction box for the make-up of connections.  Flexible conduits shall 
be as manufactured by American Brass, Cablec, Electroflex, or equal. 

 
6. Conduit penetrations on walls and concrete structures shall be performed 

in accordance with the following: 
 
a. Seal all raceways entering structures at the first box or outlet with 

oakum or suitable plastic expandable compound to prevent the 
entrance into the structure of gases, liquids, or rodents. 

b. Dry pack with nonshrink grout around raceways that penetrate 
concrete walls, floors, or ceilings aboveground, or use one of the 
methods indicated for underground penetrations. 

c. Where an underground conduit enters a structure through a 
concrete roof or a membrane waterproofed wall or floor, provide an 
acceptable, malleable iron, watertight, entrance sealing device.  
When there is no raceway concrete encasement, provide such 
device having a gland type sealing assembly at each end with 
pressure bushings which may be tightened at any time.  When there 
is raceway concrete encasement indicated, provide such a device 
with a gland type sealing assembly on the accessible side.  
Securely anchor all such devices into the masonry construction with 
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one or more integral flanges.  Secure membrane waterproofing to 
such devices in a permanently watertight manner. 

d. Where an underground raceway without concrete encasement 
enters a structure through a non-waterproofed wall or floor, install a 
sleeve made of Schedule 40 galvanized pipe.  Fill the space 
between the conduit and sleeve with a suitable plastic expandable 
compound, or an oakum and lead joint, on each side of the wall or 
floor in such a manner as to prevent entrance of moisture.  A 
watertight entrance sealing device may be used in lieu of the 
sleeve. 

 
E. Cable Tray:  Cable tray shall be installed straight and true and shall be supported 

with cable tray hangers and supports on 8 feet centers maximum.  Tray hangers 
and brackets shall comply with the requirements of Section 05500 - Miscellaneous 
Metals.  Cable tray shall be grounded as described in paragraph entitled, 
"Grounding," above. 

 
3.4 WIRES AND CABLES 
 

A. General:  Conductors shall not be pulled into raceway until: 
 

1. Raceway system has been inspected and accepted by the Engineer. 
 
2. Plastering and concrete have been completed in affected areas. 
 
3. Raceway system has been freed of moisture and debris. 

 
B. Wire and Cables: 

 
1. Conductors of No. 1 size and smaller shall be hand pulled.  Larger 

conductors may be installed using power winches.  Pulling tensions on the 
cables shall be within the limits recommended by the cable manufacturer.  
Wire pulling lubricant, where needed, shall be UL approved. 

 
2. Wire in panels, cabinets, and gutters shall be neatly grouped using nylon 

tie straps and shall be fanned out to terminals. 
 
3. Cables rated 2000 V and above shall be fireproofed for their entire exposed 

length in manholes and handholes, using 1-1/2-inch arc-proofing tape 
anchored by overwrapping with glass cloth tape such as 3M Co. No. 27, 
Scotch, Plymouth, or equal. 

 
C. Splices and Terminations: 

 
1. The Contractor shall provide, install, and terminate the conductors required 

for power and controls to electrical equipment and to interconnect incoming 
annunciator, instrumentation terminal cabinets, and control and 
instrumentation equipment except where indicated elsewhere.  There shall 
be no cable splices in underground manhole or pullboxes.  If splices are 
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necessary, the cables shall be brought aboveground and terminated in a 
NEMA 4X, stainless steel terminal or splice cabinet on a concrete pad. 

 
2. Two- and three-conductor shielded cables installed in conduit runs which 

exceed 2000 feet may be spliced in pullboxes.  These cable runs shall have 
only one splice per conductor. 

 
3. Control conductors shall be spliced or terminated only at the locations 

indicated and only on terminal strips or terminal lugs of vendor furnished 
equipment.  For the purposes of Division 16, "control conductors" are 
defined as conductors operating at 120 V or less in circuits that indicate 
equipment status or that control the electric energy delivered to a power 
consuming device. 

 
4. All 120/208-V and 480-V branch circuit conductors may be spliced in 

suitable fittings at locations determined by the Contractor.  All cables rated 
above 2000 V shall be spliced or terminated only at equipment terminals 
shown. 

 
5. Solid conductors shall be terminated at equipment terminal screws with 

proper care that conductor is tightly wound around screw and does not 
protrude beyond screw head.  Stranded conductors shall be terminated 
directly on equipment box lugs making sure that all conductor strands are 
confined within lug.  Use forked-tongue lugs where equipment box lugs 
have not been provided.   

 
6. Splices in 600-V wire which are not pre-insulated shall be insulated with 

three layers of tape each half lapped except that splices in below grade pull 
boxes or in any box subject to flooding shall be made watertight using an 
epoxy resin splicing kit. 

 
7. Splices to motor leads in motor terminal boxes shall be wrapped with 

mastic material to form a mold and then shall be taped with a minimum of 
two layers of varnished cambric tape overtaped with a minimum of two 
layers of high temperature tape. 

 
8. Shielded power cable shall be terminated with pre-assembled stress cones 

in a manner approved by the cable manufacturer.  Submit the proposed 
termination procedure as described for shop drawings.   

 
9. Control devices, such as solenoid operated valves, that are normally 

supplied with conductor pigtails, shall be terminated as described for 
control conductors. 

 
D. Cable Assembly and Testing:  Cable assembly and testing shall comply with 

applicable requirements ICEA Publication No. S-68-516 and other relevant ICEA 
publications.  Factory test results shall be submitted in accordance with Section 
01300 - Submittals, prior to shipment of cable.  The following tests shall be the 
minimum requirements: 
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1. High potential DC test shall be performed on all cables operating at more 
than 2000 V to ground. 

 
2. Insulation resistance shall be obtained and shall not be less than the value 

recommended by ICEA. 
 
3. All cables rated at 600 V shall be tested for insulation resistance between 

phases and from each Phase to a ground using a megohmeter. 
 
4. All field testing mentioned above shall be done after cables are installed in 

the raceways. 
 
5. Field tests shall be performed by certified test organization acceptable to 

the cable manufacturer.  Test results shall be submitted for review and 
acceptance. 

 
6. Cables failing in the said tests shall be replaced with a new cable or 

repaired.  Such kind of repair methods shall be as recommended by the 
cable manufacturer and shall be performed by persons certified by the 
industry. 

 
E. Continuity Test:  All control and instrumentation cables shall be tested for 

continuity, polarity, undesirable ground, and origination.  Such tests shall be 
performed prior to placing all cables in service. 

 
3.5 PULL AND JUNCTION BOXES 
 

A. Sizing:  Pull and junction boxes shall be sized in accordance with the requirements 
of the NEC. 

 
B. Outlet Boxes: Outlet boxes shall be used as junction boxes wherever possible.  

Where separate pullboxes are required, they shall have screw covers.   
 
C. Requirements:  Pullboxes shall be installed when conduit run contains more than 

three 90-degree bends and runs exceed 200 feet. 
 
3.6 LIGHTING AND POWER DISTRIBUTION PANEL BOARDS 
 

A. The circuit description as indicated on the Record Drawings or Panel Schedule 
shall be typed on the circuit directory. 

 
B. Panel boards shall be tested for proper operation and function. 
 

3.7 CABINETS AND ENCLOSURES 
 

A. Cabinets shall be set plumb at an elevation that will cause the maximum circuit 
breaker height to be less than 66 inches.  Top edge of trim of adjacent panels shall 
be at the same height.  Panels which are indicated as flush mounted shall be set 
so cabinet is flushed and serves as a "ground" for plaster application. 
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B. All factory wire connections shall be made at shipping splits, and all field wiring 
and grounding connections shall be made after the assemblies are anchored. 

 
3.8 CONCRETE HOUSEKEEPING 
 

A. Housekeeping Pads:  Concrete housekeeping pads shall be provided for all floor 
standing electrical equipment.  Housekeeping pads for all equipment, including 
future units, shall be 2 inches above surrounding finished floor or grade and 2 
inches larger in both dimensions than the supported equipment, unless otherwise 
indicated. 

 
B. Housekeeping Curbs:  Concrete housekeeping curb shall be provided for all 

conduit stub-up in indoor and outdoor locations, not concealed by equipment 
enclosures.  Such curb shall be 3 inches above finished floor or grade. 

 
3.9 EQUIPMENT ANCHORING 
 

A. Anchors:  Freestanding or wall-hung equipment shall be anchored in place by 
methods that will meet seismic requirement in the area where project is located.  
Wall-mounted panels that weigh more than 500 pounds or which are within 18 
inches of the floor shall be provided with fabricated steel support pedestal(s).  
Pedestals shall be of welded steel angle sections. If the supported equipment is a 
panel or cabinet and enclosed with removable side plates, it shall match supported 
equipment in physical appearance and dimensions.  Transformers hung from 4-
inch stud walls and weighing more than 300 pounds, shall have auxiliary floor 
supports. 

 
B. Leveling Channels:  Leveling channels anchored to the concrete pad shall be 

provided for all switchgear and pad-mounted transformer installations. 
 
C. Anchoring Methods:  Anchoring methods and leveling criteria specified in the 

printed recommendations of the equipment manufacturers are a part of the Work 
of this Contract.  Such recommendations shall be submitted as required for shop 
drawings in Section 01300 - Submittals. 

 
3.10 CABLE AND EQUIPMENT IDENTIFICATION 
 

A. General:  The completed electrical installation shall be provided with adequate 
identification to facilitate proper control of circuits and equipment and to reduce 
maintenance effort. 

 
B. Cable:  Assign each control and instrumentation wire and cable a unique 

identification number.  Said numbers shall be assigned to all conductors having 
common terminals and shall be shown on all shop drawings.  Identification 
numbers shall appear within 3 inches of conductor terminals.  "Control" shall be 
defined as any conductor used for alarm, annunciator, or signal purposes: 

 
1. Multiconductor cable shall be assigned a number which shall be attached 

to the cable at intermediate pull boxes and at stub-up locations beneath 
free-standing equipment.  It is expected that the cable number shall form a 
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part of the individual wire number.  All individual control conductors and 
instrumentation cable shall be identified at pull points as described above.  
The instrumentation cable numbers shall incorporate the loop numbers 
indicated on the Drawings. 

 
2. All 120/208-V system feeder cables and branch circuit conductors shall be 

color coded as follows:  Phase A-black, Phase B-red, Phase C-blue, and 
Neutral-white.  The 480/277-V system conductors shall be color coded as 
follows:  Phase A-brown, Phase B-orange, Phase C-yellow, and Neutral-
gray.  Color coding tape shall be used where colored insulation is not 
available.  Branch circuit switch shall be yellow.  Insulated ground wire shall 
be green, and neutral shall be gray.  Color coding and phasing shall be 
consistent throughout the site, but bars at panelboards, switchboards, and 
motor control centers shall be connected Phase A-B-C, top to bottom, or 
left to right, facing connecting lugs. 

 
3. General purpose ac control cables shall be pink.  General purpose dc 

control cables shall be blue. 
 
4. All spare cables shall be terminated on terminal screws and shall be 

identified with a unique number as well as with destination. 
 
5. Terminal strips shall be identified by imprinted, varnished, marker strips 

attached under the terminal strip. 
 

C. Equipment:  Equipment and devices shall be identified as follows: 
 

1. Nameplates shall be provided for all panelboards, panels, starters, 
switches, and pushbutton stations.  In addition to the name plates shown, 
control devices shall be equipped with standard collar-type legend plates. 

 
2. Control devices within enclosures shall be identified similar to the 

paragraph above. 
 
3. Three-phase receptacles shall be consistent with respect to phase 

connection of receptacle terminals.  Errors in phasing shall be corrected at 
the bus, not at the receptacle. 

 
4. Toggle switches which control loads out of sight of switch, and all 

multiswitch locations of more than two switches, shall have suitable 
inscribed finish plates. 

 
5. Empty conduits shall be tagged at both ends to indicate the destination at 

the far end.  Where it is not possible to tag the conduit, destination shall be 
identified by marking an adjacent surface. 

 
6. Provide typewritten circuit directories for panelboards; circuit directory shall 

accurately reflect the outlets connected to each circuit. 
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7. Install identification tape directly above buried unprotected raceway; install 
tape 8 inches below grade and parallel with raceway to be protected.  
Identification tape is required for all buried raceway not under buildings or 
equipment pads except identification tape is not required for protection of 
street lighting raceway. 

 
**END OF SECTION** 
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SECTION 16920 - MOTOR CONTROL CENTER 
 

PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. This section describes requirements for adding new motor starters to existing 
Eaton motor control centers. 

 
1.2 REFERENCE SPECIFICATIONS, CODE AND STANDARDS 

 
A. The MCC shall meet or exceed the requirements within the following standards 

for MCCs. 
 

1. NEMA ICS 18 - Industrial Control and Systems: Motor Control Centers 
 
2. UL 845 - UL Standard for Safety for Motor Control Centers.  
 
3. NOTE: UL 845 is a harmonized standard consisting of: 

 
a. Underwriters Laboratories Inc. (UL) UL 845  
b. Association of Standardization and Certification (ANCE) NMX-J-

353-ANCE-2006 
c. Canadian Standards Association (CSA) C22.2 No. 254-05 
 

4. NFPA 70 - National Electrical Code 
 

1.3 DESIGN REQUIREMENTS 
 
A. Provide MCC based upon applicable NEMA and UL standards and in 

accordance with the detailed contract specifications and drawings. 
 
B. The manufacturer of the MCC shall also be the manufacturer of the across-the-

line motor starters, across-the-line contactors, solid state reduced voltage 
starters, and variable frequency drives.  The use of third party supply and 
assembly for these components in the motor control center is not acceptable and 
will be rejected.   

 
C. The contractor shall confirm motor full load amperage ratings and provide those 

to the MCC manufacturer to ensure proper sizing of motor branch circuit and 
overload protection. 

 
1.4 PRE-MANUFACTURE SUBMITTALS 

 
A. Refer to Division 1 for submittal procedures 
 
B. Manufacturer Drawings 
 

1. Unit descriptions including starter sizes, circuit breaker frame sizes, circuit 
breaker continuous ampere ratings, pilot devices, etc. 
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2. Nameplate information 
 
3. Schematic wiring diagrams 
 
4. Manufacturer drawings shall be provided in PDF format. 
 

C. Product Data 
 

1. Data sheets and publications on all major components including but not 
limited to the following: 

 
a. Motor starters 
b. Overload relays 
c. Circuit breaker and fuse information including time current 

characteristics 
d. Control power transformers 
e. Pilot devices 
f. Relays 
 

D. Specification Response 
 

1. All clarifications and exceptions must be clearly identified. 
 

E. Installation Instructions 
 

1. Provide a copy of the manufacturer’s installation instructions which 
includes the following: 

 
a. Receiving, Handling, and Storage instructions 
b. General description for reading nameplate data, serial numbers, 

UL markings and short circuit ratings 
c. Installation procedures including splicing procedures 
d. Conduit and cable installation 
e. Installing and removing plug-in units 
f. Operation of operator handles and unit interlocks 
g. Checklist before energizing 
h. Procedure for energizing equipment 
i. Maintenance procedures 

 
1.5 FINAL SUBMITTALS 

 
A. Refer to Division 1 for procedure on submittal of final documentation. 
 
B. The contractor shall provide certification that the starters have been installed in 

accordance with the manufacturer’s instructions and with local codes and 
standards which govern MCC installations. 

 
C. The contractor shall provide certification that all circuit breaker settings have 

been adjusted per field requirements. 
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D. The contractor shall provide certification that all power fuses have been selected 

and installed per field requirements. 
 
E. The contractor shall provide certification that all solid state motor overload 

settings have adjusted per installed motor characteristics. 
 
F. The contractor shall provide certification that all settings for solid state devices 

such as reduced voltage solid state controllers and variable frequency drives 
have been adjusted per the specific application requirements. 

 
G. The contractor shall provide certification that any timing devices have been 

properly adjusted.   
 
H. Final Drawings 
 

1. The manufacturer shall provide final drawings reflecting the “As-Shipped” 
state of the documents previously submitted. 

 
2. Manufacturer drawings shall be provided in PDF format. 
 
3. Manufacturer drawings do not need to be stamped if a drawing schedule 

is provided which lists the drawing numbers, revision levels, and status of 
drawings (Preliminary, Approval, Final, etc) 

 
4. The contractor shall be responsible for making any changes to the “As-

Shipped” drawings from the manufacturer to reflect any field 
modifications. 

 
I. Test reports indicating manufacturer's standard testing was performed. 
 
J. Maintenance Data 
 

1. Bucket installation instructions. 
 
2. Installation / Operation instructions for major components such as 

automatic transfer switch, circuit breakers, etc. 
 
3. Spare parts listing and pricing. 
 
4. Name and phone number for a local distributor who can provide spare 

parts. 
 
1.6 DELIVERY, STORAGE AND HANDLING 

 
A. The contractor shall store the materials in a clean, dry and heated space. 
 
B. The contractor shall protect the units from dirt, water, construction debris and 

traffic.   
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C. During storage the contractor shall connect internal space heaters (if specified) 
with temporary power. 

 
1.7 WARRANTY 
 

A. The manufacturer shall provide their standard parts warranty for eighteen months 
from the date of shipment or twelve months from the date of being energized, 
whichever occurs first. 

 
B. The manufacturer shall confirm this warranty as part of the submittal. 

 
1.8 REGULATORY REQUIREMENTS 

 
A. Contractor shall ensure that the installation conforms to the requirements of the 

latest edition of the NFPA 70 "National Electrical Code" and/or other applicable 
installation standards. 

 
1.9 ENVIRONMENTAL REQUIREMENTS 

 
A. The MCC enclosure rating shall be appropriate for the environment where the 

MCC is to be located.  
 
1.10 SPARE MATERIALS 

 
A. Supplier shall review manufacturer's recommended spare parts list and discuss 

with Owner to determine requirements for spare parts 
 
B. Supplier to provide quotation for spare parts to Owner 

 
1.11 WORK PAYMENT 

 
A. Payment for the Work in this section shall be included as part of the lump-sum or 

unit-price bid amount for which such Work is appurtenant thereto, including all 
Work and materials specified herein and as may be required to complete this 
portion of the Work.   

 
PART 2 - MOTOR CONTROL CENTER SPECIFICATIONS 
 
2.1 MANUFACTURERS 

 
A. Eaton to match existing. 

 
2.2 RATINGS 

 
A. All MCC units shall have a full rated short circuit rating which meets or exceeds 

the available fault current as shown on the contract drawings.  
 
1. Use of series short circuit ratings shall only be permitted for panelboards; 

series short circuit ratings for other types of units is not acceptable. 
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B. All circuit breakers used in the motor control center shall have full-rated short 
circuit interrupting ratings based on the applied MCC voltage.  

 
1. Slash rated short circuit interrupting ratings for circuit breakers are not 

acceptable except for branch circuit breakers in panelboards, and then 
only if the power system specified in the contract drawings is a Wye with 
a solidly grounded neutral. 

 
2.3 UNIT INFORMATION 

 
A. The minimum compartment height shall be 6.0 inches and this shall be 

considered one-half space factor. 
 
B. NEMA Size 5 FVNR starters and below shall be provided as plug-in units. 
 
C. Plug-in units 
 

1. Plug-in units shall consist of unit assembly, unit support pan and unit door 
assembly. 

 
2. Units shall be supplied with removable doors.  The unit doors shall be 

fastened to the structure so that the doors can be closed when the unit is 
removed. 

 
3. A unit support pan shall be provided for support and guiding units.  Unit 

support pans shall remain in the structure when units are removed to 
provide isolation between units. 

 
4. A service position shall be provided for plug-in units which allows for the 

unit to be supported, but disengaged from the bus.  The unit shall be 
capable of being padlocked in the service position. This position is to be 
used to isolate a unit from the bus to allow service to be performed on the 
connected load equipment. 

 
D. Power Stabs 
 

1. Unit stabs for engaging the power bus shall be tin plated copper and 
provided with stainless back-up springs to provide and maintain a high 
pressure 4-point connection to the vertical bus.   

 
2. Wiring from the unit disconnecting means to the plug-in stabs shall not be 

exposed on the rear of the unit.  A separate isolated pathway shall be 
provided for each phase to minimize the possibility of unit fault conditions 
reaching the power bus system. 

 
3. The power cable termination at the plug-in stab shall be a maintenance-

free crimp type connection. 
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E. Disconnect Handle 
 

1. Plug-in units shall be provided with a heavy-duty, non-conductive, 
industrial duty, flange mounted handle mechanism for control of each 
disconnect switch or circuit breaker. 

 
2. Use of rotary operators is not acceptable 
 
3. The disconnect handle may pivot in the vertical or horizontal plane.   
 
4. The on-off condition shall be indicated by the handle position, red and 

green color indicators with the words ON and OFF, and the international 
symbols 1 and O along with a pictorial indication of the handle position. 

 
5. Handles shall be capable of being locked in the OFF position with up to 

three padlocks. 
 
6. Plug-in units shall be provided with interlocks per NEMA and UL 

requirements.  
Interlocks shall be provided for the following: 

 
a. Prevention of unit insertion or withdrawal with the disconnect in 

the ON position 
b. Prevention of the unit door from being opened when the 

disconnect is in the ON position 
 

1) A feature for intentionally defeating this interlock by 
qualified personnel shall be provided 

 
c. Prevention of the disconnect switch from being moved to the ON 

position if the unit door is open 
 

1) A feature for intentionally defeating this interlock by 
qualified personnel shall be provided 

 
F. Pilot Devices 
 

1. Where specified, units shall be furnished with pushbuttons, selector 
switches or pilot lights as shown on the contract drawings. Pilot lights 
shall be push-to-test LED type. 

 
G. Terminal Blocks 
 

1. Control terminal blocks shall be provided on all contactor and starter 
units. 

 
a. Control terminal blocks shall be a pull-apart design on all plug-in 

units for easy removal of the unit from the structure.   
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2. Control terminal blocks on non-plug-in contactor and starter units shall be 
fixed type. 

 
3. Power terminal blocks shall be provided on all contactor and starter units, 

rated NEMA size 3 (100 A) and below which utilize vertically operated 
disconnects 

 
a. Power terminal blocks shall be pull-apart for NEMA size 1 and 2 

(30 A and 60 A contactors).   
b. Power terminal blocks for NEMA size 3 starters (100 A contactors) 

shall be non-pull apart. 
 

4. Terminal blocks shall not be located adjacent to or inside the vertical 
wireway. 

 
H. Doors 
 

1. Each unit shall be provided with a removable door mounted on removable 
pin type hinges. 

 
2. The unit doors shall be capable of being opened at least 110 degrees.  
 
3. The unit doors shall be removable from any location in the MCC without 

disturbing any other unit doors.  
 
4. The unit door shall be fastened to the structure so it can be closed to 

cover the unit space when the unit is removed.  
 
5. The unit doors shall be held closed with quarter-turn latches.  
 
6. Unit door latches shall be provided with arc resistant latches to help keep 

the door latched in the event that an internal arcing fault occurs. 
 

I. Motor Starter Disconnect 
 

1. Electro-mechanical NEMA starters 
 

a. The disconnecting means for the across the line starters shall be 
motor circuit protectors. 

b. The unit short circuit rating shall be greater than or equal to the 
available fault current as shown on the contract drawings. 

c. Units shall be supplied based upon the rules / requirements set 
forth in the UL 845, NEMA ICS-18, and NFPA 70. 

d. Units shall be shipped at the motor circuit protector set at lowest 
setting per UL standards.  The contractor shall field adjust the 
units based upon the particular motor application. 

e. The minimum frame size shall be 150 amps. 
f. Provide one normally open and one normally closed circuit 

breaker auxiliary contact which follows the position of the circuit 
breaker main contacts for indication of “On” or “Off/Tripped.” 
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2.4 COMBINATION NEMA RATED ACROSS THE LINE STARTERS 

 
A. Starters shall meet applicable NEMA and UL requirements. 
 
B. Starters shall be minimum NEMA Size 1 
 

1. Fractional NEMA sizes are not acceptable.  
 

C. Starters shall be provided with a 3-pole solid state overload relay.  
 
D. In addition to the hold-in contact, starters shall be provided with auxiliary contacts 

shown on the contract drawing wiring diagrams. The starter shall be capable of 
accommodating up to six contact in addition to the hold-in contact. 

 
E. Provide a control power transformer with a rated secondary voltage of 120V AC. 

The control power transformer shall be provided with primary and secondary 
fusing. 

 
F. Overload relays shall have an reset button located on the outside of the unit 

door. 
 
G. Provide a door mounted selector switch for Local-Off-In Computer operation.  

The Local Mode shall provide local control at the MCC unit door.  In the In 
Computer Mode, control shall be provided through a remote contact.   

 
H. Provide door mounted 120V AC push-to-test pilot lights with  LED lamps for 

status indication. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 

 
A. Contractor shall select and install fuses in fusible switches based upon field 

requirements. 
 
B. Contractor shall adjust circuit breaker settings based upon field requirements. 
 
C. Contractor shall adjust solid state overloads to match the installed motor 

characteristics. 
 

**END OF SECTION** 
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SECTION 16950 - ELECTRICAL TESTS 
 
PART 1 - GENERAL 
 
1.1 SCOPE 
 

A. The Contractor shall test, commission and demonstrate that the electrical work 
satisfies the criteria of these Specifications and functions as required by the 
Contract Documents. 

 
1.2 GENERAL 
 

A. The Work of this Section includes furnishing the labor, equipment and power 
required to support the testing in other Divisions of these Specifications.  Electrical 
testing herein, and functional testing of all power and controls not tested under 
Section 17010 - Instrumentation and Controls shall be completed before 
commencement of the 7-day test required in Section 01650 - Startup 
Requirements.  This scope may require the Contractor to activate circuits, 
shutdown circuits, run equipment, make electrical measurements, replace blown 
fuses, and install temporary jumpers. 

 
1.3 RELATED SECTIONS 
 

A. The Work of the following Sections applies to the Work of this Section.  Other 
Sections, not referenced below, shall also apply to the extent required for proper 
performance of this Work. 

 
1. Section 01650 Startup Requirements 
 
2. Section 13010 Instrumentation and Controls General Requirements 
 
3. Section 16050 Basic Electrical Materials and Methods 

 
1.4 CODES 
 

A. The Work of this Section shall comply with the current editions of the National 
Electrical Code as adopted by the City of San Diego. 

 
1.5 STANDARDS 
 

A. Except as otherwise indicated, the current editions of the following apply to the 
Work of this Section: 

 
1. NETA - National Electrical Testing Association 
 
2. ICEA - Insulated Cable Engineers Association 
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1.6 TESTING 
 

A. The following test requirements are intended to supplement test and acceptance 
criteria that may be stated elsewhere. 

 
1. Demonstrate mechanical and/or electrical interlocking by attempting to 

subvert the intended sequence. 
 
2. Cable Testing:  480-V circuits shall be tested for insulation resistance with 

a 1000-V megohm meter.  Testing shall be done after the 480-V equipment 
is terminated.  Test results shall be submitted for review 30 days prior to 
plant operation and any system testing.  Equipment which may be 
damaged during this test shall be disconnected.  Perform tests with all other 
equipment connected to the circuit.  Test results shall be submitted and 
shall state equipment used and time of test.   

 
3. A functional test and check of all electrical components is required prior to 

performing subsystem testing and commissioning.  Compartments and 
equipment shall be cleaned as required by other provisions of these 
Specifications before commencement of functional testing.  Functional 
testing shall comprise: 

 
a. Visual and physical check of cables, busswork, circuit breakers, 

transformers, and connections associated with all new and modified 
equipment. 

b. Circuit breakers with adjustable time or pick-up settings for ground 
current, instantaneous overcurrent, short-time overcurrent, or long-
time overcurrent, shall be field adjusted by a representative of the 
circuit breaker Manufacturer. Time and pickup setting shall 
correspond to the recommendations of the Short Circuit Study.  
Setting shall be tabulated and proven for each circuit breaker in its 
installed position; test results shall be certified by the tester and 
transmitted to the CONSTRUCTION MANAGER. 

 
4. Complete ground testing of all grounding electrodes prior to operating the 

equipment.  (See Section 16050 - Basic Electrical Materials and Methods.  
Use a three-point ground test.) 

 
5. Harmonic Measuring:  Provide Harmonic measuring at locations listed 

below. The testing shall be done prior to construction and after 
construction.  After construction testing shall be with each respective chiller 
operating. Test reports and instruments shall be in accordance with IEC 
Standard 61000-4-7 and 61000-4-30.  Test instruments shall be Class A 
certified.  Test reports shall address distortion results and compare them 
to IEEE-519 2014 limits.  Testing shall be performed by a Third Party.  The 
Third Party will be paid by the City under separate Agreement and 
coordinated by the Contractor. 

 
a. USS 70 bus A MCB (with and without chiller running) 
b. USS 70 buss B MCB (with and without chiller running) 
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c. Each feeder breaker to Chiller skids (with chillers running) 
 

B. Subsystem testing shall occur after the proper operation of alarm and status 
contacts has been demonstrated or otherwise accepted by the CONSTRUCTION 
MANAGER and after process control devices have been adjusted as accurately 
as possible.  It is intended that the Contractor will adjust limit switches and level 
switches to their operating points prior to testing and will set pressure switches, 
flow switches, and timing relays as dictated by operating results. 

 
C. After initial settings have been completed, each subsystem shall be operated in 

the manual mode and it shall be demonstrated that operation is in compliance with 
the Contract Documents.  Once the manual mode of operation has been proven, 
automatic operation shall be demonstrated to verify such items as proper start and 
stop sequence of pumps, proper operation of valves, and proper speed control. 

 
D. Motor operated valves shall be tested after having been phased and tested for 

correct motor rotation and after travel and torque limit switches have been adjusted 
by a representative of the valve Manufacturer.  Tests shall verify status indication, 
proper valve travel, and correct command control from local and remote devices. 

 
E. Provide ground resistance tests in the presence of the construction manager and 

submit results.  Use a ground resistance meggar "Earth" tester with a maximum of 
0-50 scale.  Use the full of potential method or the three-terminal method as 
described by Biddle or Neta. 

 
F. Subsystems, in the context discussed here, shall mean individual and groups of 

pumps, conveyor systems, chemical feeders, air conditioning units, ventilation 
fans, and air compressors. 

 
G. General:  Carry out tests for individual items of materials and equipment indicated 

in other Sections. 
 

1.7 COMMISSIONING 
 

A. Commissioning during the 7-day test as specified in Section 01660 - Testing, 
Adjusting, and Balancing of Systems, shall not be attempted until all subsystems 
have been found to operate satisfactorily; commissioning shall only be attempted 
as a function of normal plant operation in which plant process flows and levels are 
routine and equipment operates automatically in response to flow and level 
parameters or computer command, as applicable.  Simulation of process 
parameters will be considered only upon receipt of a written request. 

 
PART 2 - PRODUCTS (NOT USED) 
 
PART 3 - EXECUTION (NOT USED) 

 
**END OF SECTION** 
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APPENDIX A 

NOTICE OF EXEMPTION 



MBC Cooling Water System Chiller Upgrade 
Appendix A – Notcie of Exemption 

359 | Page



MBC Cooling Water System Chiller Upgrade 
Appendix A – Notcie of Exemption 

360 | Page



 

MBC Cooling Water System Chiller Upgrade 361 | Page 
Appendix B – Not Used  

APPENDIX B 

NOT USED 

 



 

MBC Cooling Water System Chiller Upgrade 362 | Page 
Appendix C - Materials Typically Accepted by Certificate of Compliance 

APPENDIX C 

MATERIALS TYPICALLY ACCEPTED BY CERTIFICATE OF COMPLIANCE 
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MATERIALS TYPICALLY ACCEPTED BY CERTIFICATE OF COMPLIANCE 

1. Soil amendment 

2. Fiber mulch 

3. PVC or PE pipe up to 16 inch diameter 

4. Stabilizing emulsion 

5. Lime 

6. Preformed elastomeric joint seal 

7. Plain and fabric reinforced elastomeric bearing pads 

8. Steel reinforced elastomeric bearing pads 

9. Waterstops (Special Condition) 

10. Epoxy coated bar reinforcement 

11. Plain and reinforcing steel 

12. Structural steel 

13. Structural timber and lumber 

14. Treated timber and lumber 

15. Lumber and timber 

16. Aluminum pipe and aluminum pipe arch 

17. Corrugated steel pipe and corrugated steel pipe arch 

18. Structural metal plate pipe arches and pipe arches 

19. Perforated steel pipe 

20. Aluminum underdrain pipe 

21. Aluminum or steel entrance tapers, pipe downdrains, reducers, coupling bands and slip joints 

22. Metal target plates 

23. Paint (traffic striping) 

24. Conductors 

25. Painting of electrical equipment 

26. Electrical components 

27. Engineering fabric 

28. Portland Cement 

29. PCC admixtures 

30. Minor concrete, asphalt 

31. Asphalt (oil) 

32. Liquid asphalt emulsion 

33. Epoxy 
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SAMPLE CITY INVOICE WITH CASHFLOW FORECAST  



City of San Diego, CM&FS Div., 9753 Chesapeake  Drive, SD CA 92123 Contractor's Name:   
Project Name:  Contractor's Address: 
Work Order No or Job Order No.  
City Purchase Order No.      Contractor's Phone #: Invoice No.  

Resident Engineer (RE):  Contractor's fax #:  Invoice Date:  

RE Phone#:                Fax#:  Contact Name:  Billing Period: (     To      )

Item # Item Description Contract Authorization Previous Totals To Date This Estimate Totals to Date
Unit Price Qty Extension %/QTY Amount % / QTY Amount % / QTY Amount

1 -$ -$ -$ 0.00 -$
2 -$ -$ -$ 0.00% -$
3 -$ -$ -$ 0.00% -$
4 -$ -$ -$ 0.00% -$
5 -$ -$ -$ 0.00% -$
6 -$ -$ -$ 0.00% -$
7 -$ -$ -$ 0.00% -$
8 -$ -$ -$ 0.00% -$
5 -$ -$ -$ 0.00% -$
6 -$ -$ -$ 0.00% -$
7 -$ -$ -$ 0.00% -$
8 -$ -$ -$ 0.00% -$
9 -$ -$ -$ 0.00% -$
10 -$ -$ -$ 0.00% -$
11 -$ -$ -$ 0.00% -$
12 -$ -$ -$ 0.00% -$
13 -$ -$ -$ 0.00% -$
14 -$ -$ -$ 0.00% -$
15 -$ -$ -$ 0.00% -$
16 -$ -$ -$ 0.00% -$
17 Field Orders -$ -$ -$ 0.00% -$

-$ -$ -$ 0.00% -$
CHANGE ORDER No.  -$ -$ -$ 0.00% -$

-$ -$ -$ 0.00% -$
-$ -$ -$ Total Billed -$

            SUMMARY
A. Original Contract Amount -$            Retention and/or Escrow Payment Schedule
B. Approved Change Order #00 Thru #00 -$ Total Retention Required as of this billing (Item E) $0.00
C. Total Authorized Amount (A+B) -$    Previous Retention Withheld in PO or in Escrow $0.00
D. Total Billed to Date -$ Add'l Amt to Withhold in PO/Transfer in Escrow: $0.00
E. Less Total Retention (5% of D ) -$ Amt to Release to Contractor from PO/Escrow:
F. Less Total Previous Payments -$
G. Payment Due Less Retention $0.00
H. Remaining Authorized Amount $0.00 Contractor Signature and Date:  ____________________________

 Total Authorized Amount (including approved Change Order)

Construction Engineer

I certify that the materials
have been received by me in

the quality and quantity specified

Resident Engineer

SAMPLE
 R

EFERENCE
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WBS #: B18108

Date Submitted: 10/10/2018
NTP Date: 3/23/2018

Final Statement of WD Date: 5/23/2020
Contract #: K-XX-XXXX-XXX-X

Contract Amount: $5,617,000

Year January February March April May June July August September October November December
2018 15,000 25,000 52,000 52,000 100,000 10,000 100,000 100,000 100,000
2019 10,000 10,000 85,000 58,000 100,000 100,000 100,000 100,000 100,000 100,000 1,000,000 1,000,000
2020 100,000 100,000 100,000 1,000,000 1,000,000
2021
2022
2023
2024
2025

Construction Cash Flow Forecast

 "Sewer and Water Group Job 965 (W)"

SAMPLE
 R

EFERENCE
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LOCATION MAP 
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THIS MAP/DATA IS PROVIDED WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OR MERCHANTABILITY 
AND FITNESS FOR A PARTICULAR PURPOSE. Note: This product may contain information from the SANDAG Regional Information System which cannot be reproduced without the written
permission of SANDAG. This product may contain information reproduce with permission granted by RAND MCNALLY & COMPANY© to SanGIS. This map is copyrighted by RAND MCNALLY 
& COMPANY©. It is unlawful to copy or reproduce all or any part therof, whether for personal use or resale, without the prior, written permission of RAND MCNALLY & COMPANY

SENIOR ENGINEER
Alice Altes (OCA)
619-533-7405

PROJECT MANAGER
Idalmiro Manuel da Rosa
619-533-4629

FOR QUESTIONS ABOUT THIS PROJECT
Call: 619-533-4207

PROJECT ENGINEER
Jorge Larriva
619-533-7405

MBC Cooling Water System Chiller Upgrade

Email:engineering@sandiego.gov

COMMUNITY NAME: MCAS Miramar COUNCIL DISTRICT:  6
Date: March 15, 2017

SAP ID: B16165 (S)

Project Location
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HAZARDOUS WASTE LABEL AND FORMS 
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5-02-08 Page 1 of 2 

INCIDENT/RELEASE ASSESSMENT FORM 1 
 

If you have an emergency, Call 911 
 

Handlers of hazardous materials are required to report releases.  The following is a tool to be used for 
assessing if a release is reportable.  Additionally, a non-reportable release incident form is provided to 
document why a release is not reported (see back). 

 
Questions for Incident Assessment: YES NO 
1. Was anyone killed or injured, or did they require medical care or admitted to a 

hospital for observation? 

2. Did anyone, other than employees in the immediate area of the release, 
evacuate? 

3. Did the release cause off-site damage to public or private property? 

4. Is the release greater than or equal to a reportable quantity (RQ)? 

5. Was there an uncontrolled or unpermitted release to the air? 

6. Did an uncontrolled or unpermitted release escape secondary containment, or 
extend into any sewers, storm water conveyance systems, utility vaults and 
conduits, wetlands, waterways, public roads, or off site? 

7. Will control, containment, decontamination, and/or clean up require the 
assistance of federal, state, county, or municipal response elements? 

8. Was the release or threatened release involving an unknown material or 
contains an unknown hazardous constituent? 

9. Is the incident a threatened release (a condition creating a substantial 
probability of harm that requires immediate action to prevent, reduce, or 
mitigate damages to persons, property, or the environment)? 

10. Is there an increased potential for secondary effects including fire, explosion, 
line rupture, equipment failure, or other outcomes that may endanger or cause 
exposure to employees, the general public, or the environment? 

If the answer is YES to any of the above questions – report the release to the California Office of Emergency Services 
at 800-852-7550 and the local CUPA daytime: (619) 338-2284, after hours: (858) 565-5255.  Note: other state and 
federal agencies may require notification depending on the circumstances.  

*Call 911 in an emergency* 
 
If all answers are NO, complete a Non Reportable Release Incident Form (page 2 of 2) and keep readily available.  
Documenting why a “no” response was made to each question will serve useful in the event questions are asked in the 
future, and to justify not reporting to an outside regulatory agency. 
 
If in doubt, report the release. 

                                                 
1 This document is a guide for accessing when hazardous materials release reporting is required by Chapter 
6.95 of the California Health and Safety Code.  It does not replace good judgment, Chapter 6.95, or other 
state or federal release reporting requirements. 
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5-02-08 Page 2 of 2 

NON REPORTABLE RELEASE INCIDENT FORM 
 

1.  RELEASE AND RESPONSE DESCRIPTION                           Incident #__________ 

Date/Time Discovered Date/Time Discharge 
 
Discharge Stopped           Yes        No 

Incident Date / Time: 
Incident Business / Site Name: 
Incident Address: 
Other Locators (Bldg, Room, Oil Field, Lease, Well #, GIS) 
Please describe the incident and indicate specific causes and area affected.   Photos Attached?:           Yes              No 
 
 
 
 
 
 
Indicate actions to be taken to prevent similar releases from occurring in the future. 
 
 
 
 
 
 

 
2. ADMINISTRATIVE INFORMATION 
Supervisor in charge at time of incident: Phone: 
Contact Person: Phone: 

   
3. CHEMICAL INFORMATION 
Chemical  

Quantity                         GAL            LBS            FT³
Chemical  

Quantity                         GAL            LBS            FT³
Chemical  

Quantity                         GAL            LBS            FT³
Clean-Up Procedures & Timeline: 
 
 
 
 
 
 
 
 

Completed By: Phone: 

Print Name: Title: 
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EMERGENCY RELEASE FOLLOW - UP NOTICE REPORTING FORM

  CONTROL NO.

CHECK IF RELEASE REQUIRES NOTIFI -

SOLID LIQUIDGAS

TIME OF RELEASE

A

B

C

D

FACILITY EMERGENCY CONTACT & PHONE NUMBER

DAY YR
(use 24 hr time)

TIME
OES

NOTIFIED
CITY / COMMUNITY

CAS   Numb er

GAS

   (        )         -

OES

COUNTY             ZIP

CATION UNDER 42 U.S.C. Section 9603 (a)

LIQUIDSOLID
PHYSICAL STATE RELEASED QUANTITY RELEASED

AIR WATER GROUND OTHER
DURATION OF RELEASE

DAYS HOURS MINUTES

DATE
INCIDENT    MO

BUSINESS NAME

INCIDENT ADDRESS LOCATION

CHEMICAL OR TRADE NAME (print or type)

CHECK  IF  CHEMICAL  IS  LISTED  IN
40 CFR 355, APPENDIX A

PHYSICAL STATE CONTAINED

ENVIRONMENTAL CONTAMINATION

ACTIONS TAKEN

E

CHRONIC OR DELAYED (explain)F

G

ACUTE OR IMMEDIATE (explain)

NOT KNOWN (exp lain)

KNOWN OR ANTICIPATED HEALTH EFFECTS (Use the comments section for addition information)

ADVICE REGARDING MEDICAL ATTENTION NECESSARY FOR EXPOSED INDIVIDUALS

COMMENTS (INDICATE SECTION (A - G) AND ITEM WITH COMMENTS OR ADDITIONAL INFORMATION)

H

I

CERTIFICATION: I certify under penalty of law that I have personally examined and I am familiar with the information
sub mitted and b elieve the sub mitted information is true, accurate, and comp lete.
REPORTING FACILITY REPRESENTATIVE (print or type)
SIGNATURE OF REPORTING FACILITY REPRESENTATIVE DATE:
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EMERGENCY RELEASE FOLLOW-UP NOTICE 

REPORTING FORM INSTRUCTIONS 
GENERAL INFORMATION: 

Chapter 6.95 of Division 20 of the California Health and Safety Code requires that written emergency release follow-up 

notices prepared pursuant to 42 U.S.C. § 11004, be submitted using this reporting form. Non-permitted releases of 

reportable quantities of Extremely Hazardous Substances (listed in 40 CFR 355, appendix A) or of chemicals that require 

release reporting under section 103(a) of the Comprehensive Environmental Response, Compensation, and Liability Act 

of 1980 [42 U.S.C. § 9603(a)] must be reported on the form, as soon as practicable, but no later than 30 days, following a 

release.  The written follow-up report is required in addition to the verbal notification. 

  

BASIC INSTRUCTIONS: 

 The form, when filled out, reports follow-up information required by 42 U.S.C § 11004. Ensure that all information 

requested by the form is provided as completely as possible. 

 If the incident involves reportable releases of more than one chemical, prepare one report form for each chemical 

released. 

 If the incident involves a series of separate releases of chemical(s) at different times, the releases should be reported 

on separate reporting forms. 

 

SPECIFIC INSTRUCTIONS: 

Block A: Enter the name of the business and the name and phone number of a contact person who can provide detailed 

facility information concerning the release. 

 

Block B: Enter the date of the incident and the time that verbal notification was made to OES. The OES control number is 

provided to the caller by OES at the time verbal notification is made. Enter this control number in the space provided. 

 

Block C: Provide information pertaining to the location where the release occurred. Include the street address, the city or 

community, the county and the zip code.  

 

Block D: Provide information concerning the specific chemical that was released. Include the chemical or trade name and 

the Chemical Abstract Service (CAS) number. Check all categories that apply. Provide best available information on 

quantity, time and duration of the release. 

 

Block E: Indicate all actions taken to respond to and contain the release as specified in 42 U.S.C. § 11004(c). 

 

Block F: Check the categories that apply to the health effects that occurred or could result from the release. Provide an 

explanation or description of the effects in the space provided. Use Block H for additional comments/information if 

necessary to meet requirements specified in 42 U.S.C. § 11004(c). 

 

Block G: Include information on the type of medical attention required for exposure to the chemical released. Indicate 

when and how this information was made available to individuals exposed and to medical personnel, if appropriate for the 

incident, as specified in 42 U.S.C. § 11004(c). 

 

Block H: List any additional pertinent information. 

 

Block I: Print or type the name of the facility representative submitting the report. Include the official signature and the 

date that the form was prepared. 

 

MAIL THE COMPLETED REPORT TO:  

State Emergency Response Commission (SERC)  

Attn: Section 304 Reports  

Hazardous Materials Unit 

3650 Schriever Avenue 

Mather, CA 95655 
 

NOTE:  Authority cited: Sections 25503, 25503.1 and 25507.1, Health and Safety Code. Reference: Sections 25503(b)(4), 

25503.1, 25507.1, 25518 and 25520, Health and Safety Code. 
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ATTACHMENT F 

RESERVED
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ATTACHMENT G 

CONTRACT AGREEMENT
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CONTRACT AGREEMENT 

CONSTRUCTION CONTRACT 
This contract is made and entered into between THE CITY OF SAN DIEGO, a municipal corporation, 
herein called "City", and TechCom International, Corp. , herein called "Contractor" for construction of 
MBC Cooling Water System Chiller Upgrade; Bid No. K-19-1802-DBB-3; in the amount of two 
million nine hundred fifteen thousand seven hundred twenty-six dollars and eighty-three cents 
($2,915,726.83), which is comprised of the Base Bid. 

IN CONSIDERATION of the payments to be made hereunder and the mutual undertakings of the 
parties hereto, City and Contractor agree as follows: 

1. The following are incorporated into this contract as though fully set forth herein:

(a) The attached Faithful Performance and Payment Bonds. 

(b) The attached Proposal included in the Bid documents by the Contractor. 

(c) Reference Standards listed in the Instruction to Bidders and the Supplementary 
Special Provisions (SSP). 

(d) Phased Funding Schedule Agreement. 

(e) That certain documents entitled MBC Cooling Water System Chiller Upgrade, on file 
in the office of the Public Works Department as Document No. B-16165, as well as all 
matters referenced therein. 

2. The Contractor shall perform and be bound by all the terms and conditions of this contract
and in strict conformity therewith shall perform and complete in a good and workmanlike
manner MBC Cooling Water System Chiller Upgrade, Bid Number K-19-1802-DBB-3, San
Diego, California.

3. For such performances, the City shall pay to Contractor the amounts set forth at the times and
in the manner and with such additions or deductions as are provided for in this contract, and
the Contractor shall accept such payment in full satisfaction of all claims incident to such
performances.

4. No claim or suit whatsoever shall be made or brought by Contractor against any officer, agent, or
employee of the City for or on account of anything done or omitted to be done in connection with
this contract, nor shall any such officer, agent, or employee be liable hereunder.

5. This contract is effective as of the date that the Mayor or designee signs the agreement.
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Certifications and Forms (Rev. Dec. 2018) 

CERTIFICATIONS AND FORMS 

The Bidder, by submitting its electronic bid or proposal, agrees to and certifies under penalty 
of perjury under the laws of the State of California, that the certifications, forms and affidavits 
submitted as part of this submission are true and correct. 
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Bidder’s General Information (Rev. Dec. 2018) 

BIDDER’S GENERAL INFORMATION 

To the City of San Diego: 

Pursuant to "Notice Inviting Bids", specifications, and requirements on file with the City Clerk, and 
subject to all provisions of the Charter and Ordinances of the City of San Diego and applicable laws 
and regulations of the United States and the State of California, the undersigned hereby proposes to 
furnish to the City of San Diego, complete at the prices stated herein, the items or services hereinafter 
mentioned.  The undersigned further warrants that this bid is not made in the interest of, or on behalf 
of, any undisclosed person, partnership, company, association, organization, or corporation; that the 
bid is genuine and not collusive or sham; that the bidder has not directly or indirectly induced or 
solicited any other bidder to put in a false or sham bid, and has not directly or indirectly colluded, 
conspired, connived, or agreed with any bidder or anyone else to put in a sham bid, or that anyone 
shall refrain from bidding; that the bidder has not in any manner, directly or indirectly, sought by 
agreement, communication, or conference with anyone to fix the bid price of the bidder or any other 
bidder, or to fix any overhead, profit, or cost element of the bid price, or of that of any other bidder, 
or to secure any advantage against the public body awarding the contract of anyone interested in the 
proposed contract; that all statements contained in the bid are true; and, further, that the bidder has 
not, directly or indirectly, submitted his or her bid price or any breakdown thereof, or the contents 
thereof, or divulged information or data relative thereto, or paid, and will not pay, any fee to any 
corporation, partnership, company, association, organization, bid depository, or to any member or 
agent thereof to effectuate a collusive or sham bid. 

The undersigned bidder(s) further warrants that bidder(s) has thoroughly examined and understands 
the entire Contract Documents (plans and specifications) and the Bidding Documents therefore, and 
that by submitting said Bidding Documents as its bid proposal, bidder(s) acknowledges and is bound 
by the entire Contract Documents, including any addenda issued thereto, as such Contract 
Documents incorporated by reference in the Bidding Documents. 
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NON-COLLUSION AFFIDAVIT TO BE EXECUTED BY BIDDER AND SUBMITTED WITH BID 
UNDER 23 UNITED STATES CODE 112 AND PUBLIC CONTRACT CODE 7106 

State of California 

County of San Diego 

The bidder, being first duly sworn, deposes and says that he or she is authorized by the party making 

the foregoing bid that the bid is not made in the interest of, or on behalf of, any undisclosed person, 

partnership, company, association, organization, or corporation; that the bid is genuine and not 

collusive or sham; that the bidder has not directly or indirectly induced or solicited any other bidder 

to put in a false or sham bid, and has not directly or indirectly colluded, conspired, connived, or agreed 

with any bidder or anyone else to put in a sham bid, or that anyone shall refrain from bidding; that 

the bidder has not in any manner, directly or indirectly, sought by agreement, communication, or 

conference with anyone to fix the bid price of the bidder or any other bidder, or to fix any overhead, 

profit, or cost element of the bid price, or of that of any other bidder, or to secure any advantage 

against the public body awarding the contract of anyone interested in the proposed contract; that all 

statements contained in the bid are true; and further, that the bidder has not, directly or indirectly, 

submitted his or her bid price or any breakdown thereof, or the contents thereof, or divulged 

information or data relative thereto, or paid, and will not pay, any fee to any corporation, partnership, 

company association, organization, bid depository, or to any member or agent thereof to effectuate 

a collusive or sham bid. 
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CONTRACTOR CERTIFICATION 

DRUG-FREE WORKPLACE 

I hereby certify that I am familiar with the requirements of San Diego City Council Policy No. 100-17 
regarding Drug-Free Workplace as outlined in the WHITEBOOK, Section 5-1.3, "Drug-Free Workplace", 
of the project specifications, and that;  

This company has in place a drug-free workplace program that complies with said policy.  I further 
certify that each subcontract agreement for this project contains language which indicates the 
subcontractor’s agreement to abide by the provisions of subdivisions a) through c) of the policy as 
outlined. 
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CONTRACTOR CERTIFICATION 

  

AMERICANS WITH DISABILITIES ACT (ADA) COMPLIANCE CERTIFICATION 

I hereby certify that I am familiar with the requirements of San Diego City Council Policy No. 100-4 
regarding the Americans With Disabilities Act (ADA) outlined in the WHITEBOOK, Section 5-1.2, 
“California Building Code, California Code of Regulations Title 24 and Americans with Disabilities Act”, 
of the project specifications, and that: 

This company has in place workplace program that complies with said policy.  I further certify that 
each subcontract agreement for this project contains language which indicates the subcontractor’s 
agreement to abide by the provisions of the policy as outlined. 
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CONTRACTOR CERTIFICATION 

CONTRACTOR STANDARDS – PLEDGE OF COMPLIANCE 

I declare under penalty of perjury that I am authorized to make this certification on behalf of the 
company submitting this bid/proposal, that as Contractor, I am familiar with the requirements of City 
of San Diego Municipal Code § 22.3004 regarding Contractor Standards as outlined in the 
WHITEBOOK, Section 5-1.4, “Contractor Standards and Pledge of Compliance”, of the project 
specifications, and that Contractor has complied with those requirements.  

I further certify that each of the Contractor’s subcontractors has completed a Pledge of Compliance 
attesting under penalty of perjury of having complied with City of San Diego Municipal Code § 22.3004.



MBC Cooling Water System Chiller Upgrade 385 | Page 
Equal Benefits Ordinance Certification (Rev. Dec. 2018) 

CONTRACTOR CERTIFICATION 

EQUAL BENEFITS ORDINANCE CERTIFICATION 

I declare under penalty of perjury that I am familiar with the requirements of and in compliance with 
the City of San Diego Municipal Code § 22.4300 regarding Equal Benefits Ordinance. 
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CONTRACTOR CERTIFICATION 

  

EQUAL PAY ORDINANCE CERTIFICATION 

Contractor shall comply with the Equal Pay Ordinance (EPO) codified in the San Diego Municipal Code 
(SDMC) at section 22.4801 through 22.4809, unless compliance is not required based on an exception 
listed in SDMC section 22.4804. 

Contractor shall require all of its subcontractors to certify compliance with the EPO in their written 
subcontracts.  

Contractor must post a notice informing its employees of their rights under the EPO in the workplace 
or job site.  

By signing this Contract with the City of San Diego, Contractor acknowledges the EPO requirements 
and pledges ongoing compliance with the requirements of SDMC Division 48, section 22.4801 et seq., 
throughout the duration of this Contract.  
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AFFIDAVIT OF DISPOSAL 

(To be submitted upon completion of Construction pursuant to the contracts Certificate of Completion) 

WHEREAS, on the   DAY OF  , 2   the undersigned 
entered into and executed a contract with the City of San Diego, a municipal corporation, for: 

MBC Cooling Water System Chiller Upgrade 
(Project Title) 

as particularly described in said contract and identified as Bid No. K-19-1802-DBB-3; SAP No. (WBS/IO/CC) 
B-16165; and WHEREAS, the specification of said contract requires the Contractor to affirm that "all brush, trash, 
debris, and surplus materials resulting from this project have been disposed of in a legal manner"; and WHEREAS, 
said contract has been completed and all surplus materials disposed of: 

NOW, THEREFORE, in consideration of the final payment by the City of San Diego to said Contractor under the 
terms of said contract, the undersigned Contractor, does hereby affirm that all surplus materials as described in 
said contract have been disposed of at the following location(s)  

and that they have been disposed of according to all applicable laws and regulations. 

Dated this                  DAY OF          ,          . 

By:___________________________________________ 
Contractor 

ATTEST: 

State of  County of 

On this   DAY OF , 2 , before the undersigned, a Notary Public in and for said 
County and State, duly commissioned and sworn, personally appeared 
known to me to be the  Contractor named in the foregoing Release, and 
whose name is subscribed thereto, and acknowledged to me that said Contractor executed the said Release. 

Notary Public in and for said County and State 
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LIST OF SUBCONTRACTORS 

*** PROVIDED FOR ILLUSTRATIVE PURPOSES ONLY *** TO BE SUBMITTED IN ELECTRONIC FORMAT ONLY *** SEE INSTRUCTIONS TO BIDDERS FOR FURTHER INFORMATION 

In accordance with the requirements of the "Subletting and Subcontracting Fair Practices Act", Section 4100, of the California Public Contract Code (PCC), the Bidder is to list below the name, address 
and license number of each Subcontractor who will perform work, labor, render services or specially fabricate and install a portion [type] of the work or improvement, in an amount of or in excess 
of 0.5% of the Contractor's total Bid.  Failure to comply with this requirement may result in the Bid being rejected as non-responsive. The Contractor is to list only one Subcontractor for each portion 
of the Work.  The Bidder's attention is directed to the Special Provisions; Section 3-2, “SELF-PERFORMANCE”, which stipulates the percentage of the Work to be performed with the Bidder’s own 
forces.  The Bidder is to also list all SLBE, ELBE, DBE, DVBE, MBE, WBE, OBE, SDB, WoSB, HUBZone, and SDVOSB Subcontractors for which the Bidders are seeking recognition towards achieving any 
mandatory, voluntary, or both subcontracting participation percentages. 

NAME, ADDRESS AND TELEPHONE NUMBER OF 
SUBCONTRACTOR 

CONSTRUCTOR 
OR DESIGNER 

DIR 
Registration 

Number 

SUBCONTRACTOR 
LICENSE NUMBER 

TYPE OF 
WORK 

DOLLAR 
VALUE OF 

SUBCONTRACT 

MBE, WBE, DBE, DVBE, 
OBE, ELBE, SLBE, SDB, 
WoSB, HUBZone, OR 

SDVOSB 

WHERE 
CERTIFIED

 

CHECK IF 
JOINT 

VENTURE 
PARTNERSHIP 

Name: 

Address:  

City:   State: 

Zip:   Phone: 

Email: 

Name: 

Address:  

City:   State: 

Zip:   Phone: 

Email: 

 As appropriate, Bidder shall identify Subcontractor as one of the following and shall include a valid proof of certification (except for OBE, SLBE and ELBE):
Certified Minority Business Enterprise  MBE Certified Woman Business Enterprise  WBE 
Certified Disadvantaged Business Enterprise  DBE Certified Disabled Veteran Business Enterprise  DVBE 
Other Business Enterprise OBE Certified Emerging Local Business Enterprise ELBE 
Certified Small Local Business Enterprise SLBE Small Disadvantaged Business  SDB 
Woman-Owned Small Business WoSB HUBZone Business HUBZone 
Service-Disabled Veteran Owned Small Business SDVOSB 

 As appropriate, Bidder shall indicate if Subcontractor is certified by: 
City of San Diego CITY State of California Department of Transportation CALTRANS 
California Public Utilities Commission  CPUC 
State of California’s Department of General Services CADoGS City of Los Angeles LA 
State of California CA U.S. Small Business Administration  SBA 

The Bidder will not receive any subcontracting participation percentages if the Bidder fails to submit the required proof of certification. 
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NAMED EQUIPMENT/MATERIAL SUPPLIER LIST 

*** PROVIDED FOR ILLUSTRATIVE PURPOSES ONLY *** TO BE SUBMITTED IN ELECTRONIC FORMAT ONLY *** SEE INSTRUCTIONS TO BIDDERS FOR FURTHER INFORMATION 

NAME, ADDRESS AND TELEPHONE NUMBER OF 
VENDOR/SUPPLIER 

MATERIALS OR 
SUPPLIES 

DIR Registration 
Number 

DOLLAR VALUE 
OF MATERIAL 
OR SUPPLIES 

 

SUPPLIER 
(Yes/No) 

MANUFACTURER 

(Yes/No) 

MBE, WBE, DBE, 
DVBE, OBE, ELBE, 
SLBE, SDB, WoSB, 

HUBZone, OR 
SDVOSB 

WHERE 
CERTIFIED 

Name:  

Address:   

City:   State:  

Zip:   Phone:  

Email:  

       

Name:  

Address:   

City:   State:  

Zip:   Phone:  

Email:  

       

 As appropriate, Bidder shall identify Vendor/Supplier as one of the following and shall include a valid proof of certification (except for OBE,SLBE and ELBE): 
Certified Minority Business Enterprise  MBE Certified Woman Business Enterprise  WBE 
Certified Disadvantaged Business Enterprise  DBE Certified Disabled Veteran Business Enterprise  DVBE 
Other Business Enterprise OBE Certified Emerging Local Business Enterprise ELBE 
Certified Small Local Business Enterprise SLBE Small Disadvantaged Business  SDB 
Woman-Owned Small Business WoSB HUBZone Business HUBZone 
Service-Disabled Veteran Owned Small Business SDVOSB 

 As appropriate, Bidder shall indicate if Vendor/Supplier is certified by: 
City of San Diego CITY State of California Department of Transportation CALTRANS 
California Public Utilities Commission  CPUC  
State of California’s Department of General Services CADoGS City of Los Angeles LA 
State of California CA U.S. Small Business Administration  SBA 

The Bidder will not receive any subcontracting participation percentages if the Bidder fails to submit the required proof of certification. 
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Electronically Submitted Forms (Rev. Dec. 2018) 

ELECTRONICALLY SUBMITTED FORMS 

THE FOLLOWING FORMS MUST BE SUBMITTED IN PDF FORMAT WITH BID SUBMISSION 

The following forms are to be completed by the bidder and submitted (uploaded) electronically with 
the bid in PlanetBids. 

A. BID BOND – See Instructions to Bidders, Bidders Guarantee of Good Faith (Bid 
Security) for further instructions 

B. CONTRACTOR’S CERTIFICATION OF PENDING ACTIONS 

C. MANDATORY DISCLOSURE OF BUSINESS INTERESTS FORM 

D. SUBCONTRACTOR LISTING (OTHER THAN FIRST TIER) 

Bids will not be accepted until ALL the above-named forms are submitted as part of the bid submittal 
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CONTRACTOR’S CERTIFICATION OF PENDING ACTIONS 

As part of its bid or proposal (Non-Price Proposal in the case of Design-Build contracts), the Bidder shall provide 
to the City a list of all instances within the past 10 years where a complaint was filed or pending against the Bidder 
in a legal or administrative proceeding alleging that Bidder discriminated against its employees, subcontractors, 
vendors or suppliers, and a description of the status or resolution of that complaint, including any remedial action 
taken.   

CHECK ONE BOX ONLY. 

The undersigned certifies that within the past 10 years the Bidder has NOT been the subject of 
a complaint or pending action in a legal administrative proceeding alleging that Bidder 
discriminated against its employees, subcontractors, vendors or suppliers. 

The undersigned certifies that within the past 10 years the Bidder has been the subject of a 
complaint or pending action in a legal administrative proceeding alleging that Bidder 
discriminated against its employees, subcontractors, vendors or suppliers.  A description of the 
status or resolution of that complaint, including any remedial action taken and the applicable 
dates is as follows: 

DATE OF

CLAIM LOCATION DESCRIPTION OF CLAIM LITIGATION 

(Y/N) STATUS RESOLUTION/REMEDIAL

ACTION TAKEN 

Contractor Name: 

Certified By Title  
Name 

Date 
Signature 

USE ADDITIONAL FORMS AS NECESSARY

bodems
Typewriter
x

bodems
Clare katebian

bodems
Typewriter
Clare Katebian                                                             C.E.O.

bodems
Typewriter
3/18/2019

bodems
Typewriter
TechCom International, Corp
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Mandatory Disclosure of Business Interests Form 

BIDDER/PROPOSER INFORMATION 

Legal Name  DBA 

 Street Address City  State Zip 

 Contact Person, Title Phone Fax 

 
Provide the name, identity, and precise nature of the interest* of all persons who are directly or indirectly involved** in 
this proposed transaction (SDMC § 21.0103).  

* The precise nature of the interest includes: 
• the percentage ownership interest in a party to the transaction, 
• the percentage ownership interest in any firm, corporation, or partnership that will receive funds from 

the transaction, 
• the value of any financial interest in the transaction, 
• any contingent interest in the transaction and the value of such interest should the contingency be 

satisfied, and 
• any philanthropic, scientific, artistic, or property interest in the transaction. 

** Directly or indirectly involved means pursuing the transaction by: 

• communicating or negotiating with City officers or employees, 
• submitting or preparing applications, bids, proposals or other documents for purposes of contracting 

with the City, or 
• directing or supervising the actions of persons engaged in the above activity. 

Name  Title/Position  

City and State of Residence Employer (if different than Bidder/Proposer) 

 Interest in the transaction  
 
Name  Title/Position  

City and State of Residence Employer (if different than Bidder/Proposer) 

 Interest in the transaction  

* Use Additional Pages if Necessary * 

Under penalty of perjury under the laws of the State of California, I certify that I am responsible for the completeness 
and accuracy of the responses contained herein, and that all information provided is true, full and complete to the best of my 
knowledge and belief. I agree to provide written notice to the Mayor or Designee within five (5) business days if, at any time, I 
learn that any portion of this Mandatory Disclosure of Business Interests Form requires an updated response. Failure to timely 
provide the Mayor or Designee with written notice is grounds for Contract termination. 

                                                                                                                                                                                                                   
   Print Name, Title Signature Date 

Failure to sign and submit this form with the bid/proposal shall make the bid/proposal non-responsive. In 
the case of an informal solicitation, the contract will not be awarded unless a signed and completed Mandatory 
Disclosure of Business Interests Form is submitted. 

bodems
Typewriter
TechCom International, Corp.                                                              Solar2Power440 Goddard, Irvine, CA 92618                                          

bodems
Typewriter

bodems
Typewriter
Clare Katebian, C.E.O.                           (949) 453-1900 x222   (949) 453-1902

bodems
Typewriter
Clare Katebian, C.E.O.  TechCom International, Corp.    

bodems
Typewriter
Laguna Niguel, CA

bodems
Typewriter
55% Owner of TechCom International,  

bodems
Typewriter
Bob Katebian, President,  TechCom International, Corp.    

bodems
Typewriter
Laguna Niguel, CA

bodems
Typewriter
45% Owner of TechCom International,  

bodems
Typewriter
Clare Katebian, C.E.O.    

bodems
Typewriter
3-18-2019

bodems
Clare katebian
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SUBCONTRACTOR LISTING 
(OTHER THAN FIRST TIER) 

Pursuant to California Senate Bill 96 and in accordance with the requirements of Labor Code sections 1771.1 and 1725.5, by submitting a bid or proposal to the City, Contractor is 
certifying that he or she has verified that all subcontractors used on this public work project are registered with the California Department of Industrial Relations (DIR).  The Bidder is to 
list below the name, address, license number, DIR registration number of any Subcontractor – regardless of tier - who will perform work, labor, render services or specially 
fabricate and install a portion [type] of the work or improvement pursuant to the contract. If none are known at this time, mark the table below with non-applicable (N/A).  

NAME, ADDRESS AND TELEPHONE NUMBER 
OF SUBCONTRACTOR 

CONSTRUCTOR OR 
DESIGNER 

DIR REGISTRATION 
NUMBER 

SUBCONTRACTOR LICENSE 
NUMBER 

TYPE OF 

WORK 

Name:_________________________________ 
Address: ______________________________ 
City: 
State: 
Zip: 
Phone: 
Email:  
Name:_________________________________ 
Address: ______________________________ 
City: 
State: 
Zip: 
Phone: 
Email:  

Name:_________________________________ 
Address: ______________________________ 
City: 
State: 
Zip: 
Phone: 
Email:  
Name:_________________________________ 
Address: ______________________________ 
City: 
State: 
Zip: 
Phone: 
Email: 

** USE ADDITIONAL FORMS AS NECESSARY ** 

N/A
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A. CHANGES TO CONTRACT DOCUMENTS 

The following changes to the Contract Documents are hereby made effective 
as though originally issued with the bid package.  Bidders are reminded that 
all previous requirements to this solicitation remain in full force and effect. 

THE SUBMITTAL DATE FOR THIS PROJECT HAS BEEN EXTENDED AS STATED 
ON THE COVER PAGE. 

B. INSTRUCTIONS TO BIDDERS 

1. To the Notice Inviting Bids ADD the following:

8. PRE-BID SITE VISIT:  All those wishing to submit a bid are
encouraged to visit the Work Site with the Engineer.  The purpose
of the Site visit is to acquaint Bidders with the Site conditions.  To
request a sign language or oral interpreter for this visit, call the
Public Works Contracts at (619) 533-3450 at least 5 Working Days
prior to the meeting to ensure availability.  The Pre-Bid Site Visit
is scheduled as follows:

Time:  11:00 A.M.
Date:  February 14, 2019
Location:  5240 Convoy Street (Main Lobby)

San Diego, CA 92111 

James Nagelvoort, Director 
Public Works Department 

Dated: February 5, 2019 
San Diego, California 

JN/RWB/cc 
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A. CHANGES TO CONTRACT DOCUMENTS 

The following changes to the Contract Documents are hereby made effective 
as though originally issued with the bid package.  Bidders are reminded that 
all previous requirements to this solicitation remain in full force and effect. 

THE SUBMITTAL DATE FOR THIS PROJECT HAS BEEN EXTENDED AS STATED 
ON THE COVER PAGE. 

B. ADDENDUM 

1. To Addendum A, Section B, Notice Inviting Bids, DELETE in its entirety
and SUBSTITUTE with the following:

11. PRE-BID SITE VISIT:  All those wishing to submit a bid are
encouraged to visit the Work Site with the Engineer.  The purpose
of the Site visit is to acquaint Bidders with the Site conditions.  To
request a sign language or oral interpreter for this visit, call the
Public Works Contracts at (619) 533-3450 at least 5 Working Days
prior to the meeting to ensure availability.  The Pre-Bid Site Visit
is scheduled as follows:

Time:  11:00 A.M.
Date:  February 21, 2019
Location:  Metro Biosolids Center (Main Lobby)

5240 Convoy Street 
San Diego, CA 92111 

James Nagelvoort, Director 
Public Works Department 

Dated: February 12, 2019 
San Diego, California 

JN/RWB/cc 
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ENGINEER OF WORK 

The engineering Specifications and Special Provisions contained herein have been prepared by or 
under the direction of the following Registered Engineer: 

Seal: 

1) Registered Engineer Date 

Seal: 

2) For Oty Engineer

ADDENDUMC March 7, 2019
MBC Cooling Water System Chi/fer Upgrade 

Page 2 of 189
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A. CHANGES TO CONTRACT DOCUMENTS 

The following changes to the Contract Documents are hereby made effective 
as though originally issued with the bid package.  Bidders are reminded that 
all previous requirements to this solicitation remain in full force and effect. 

THE SUBMITTAL DATE FOR THIS PROJECT HAS BEEN EXTENDED AS STATED 
ON THE COVER PAGE. 

B. BIDDER’s QUESTIONS 

Q1. Sheet R-32A, General Structural Notes, B. Foundation Design is based 
on the Geotechnical report prepared by Geotechnical Consultants Inc. 
California. Project No.3678”. Please provide this geotechnical report and 
all other geotechnical reports pertaining to this project. 

A1. Attached is the geotechnical report. 

Q2. Please provide existing and design grading plans for the new concrete 
slab. 

A2. Grading is uniform around the new slab and should remain. Specific 
grade elevations of surrounding soils should not be necessary. The new 
slab replaces the existing with small addition on north side.  Elevations 
of the new slab are shown on bid drawing 70-S-101A. A note on the bid 
drawing 70-S-101A will be added to signify that the surface of the new 
slab is to match existing sidewalks at locations of slab/sidewalk 
interfaces. 

Q3. Which bid item will excavation and grading be paid? 

A3. Excavation be considered part of Chiller Demolition, and that the 
grading be considered part of Structural Improvements. 

Q4. Please provide existing structural sections for all concrete areas to be 
removed. 

A4. See attached sections shown within a red box on the original as-build 
drawings. 

Q5. A portion of the existing fence is to be removed. Is the fence required 
to be replaced and if so should the contractor use the existing fence 
material or will the city provide the required manufacturer? 

A5. The removed fence will not be replaced, but rather the chiller area will 
be left open. A note will be added to bid drawing 70-D-3 indicating that 
removed portions of the fence are to be salvaged and stored on the 
plant site per direction from the City. 
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Q6. Is the existing fence chain link or HSS, please provide As-builts or more 
specific details. Including a specification? 

A6. Refer to the response to the preceding bulleted item and the Sections 
9, 10, &11 on70-A-424, and 4/70-S-303 within the attachment. 

Q7. Please provide details and As-builts of Steel Canopy to be repaired and 
painted. 

A7. The details available are shown in Sections 70-A-301, and 8/70-A-424 
within the attachment. 

Q8. Please provide the paint manufacturer and color required when 
repairing the steel canopy. 

A8. The paint type is unknown.  The color is match existing per Note 11 on 
bid drawing 70-D-1. 

Q9. Please reference drawing 70-D-1 very top of the sheet note says “Demo 
existing fence and gate on North Side, Coordinate with engineer as 
where to store on-site”. We cannot find anywhere in the drawings where 
it directs us to reinstall this fence & gate. Please confirm intent. 

A9. The fence will not be reinstalled, but rather stored on-site for potential 
future use by the City. 

Q10. Temp chillers and controls interface to process system.  The existing 
system is primary secondary pumping with variable flow secondary. Is 
the temporary system to be variable flow or constant? 

A10. Refer to SECTION 01080 - WORK SEQUENCE AND TEMPORARY CHILLER 
SYSTEM,1.4.C.2. Note the requirement: 

Integral to the temporary chiller shall be controls to monitor and 
maintain a set differential pressure between the suction and discharge 
of the secondary chilled water pump(s).   Secondary chilled water pump 
speed shall be adjusted by means of VFD to maintain the differential 
pressure setpoint. The Contractor shall coordinate with plant 
operations staff, as they monitor the chilled water system differential 
pressure sensor through the existing STAFA system, to establish an 
acceptable temporary system differential pressure setpoint.”  

Secondary flows vary and so does primary flows depending on the 
number of chillers in operation.   
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Q11. There are to be two temporary chillers, are these to be lead lag, where 
one is always in standby? 

A11. Refer to SECTION 01080 - WORK SEQUENCE AND TEMPORARY CHILLER 
SYSTEM1.4.C.2. Note the requirement:  

The Contractor’s temporary chiller system shall operate under 
automatically control, including lag/lead of chillers and pumps and 
differential pressure setpoint, over the duration of the need for the 
temporary system.  A pair of dry contacts with cabling shall provide a 
common trouble alarm to the City’s DCS to alert City operations staff of 
the need for chiller system attention.  Any programming of the City’s 
DCS will be performed by the City. 

Q12. If one of the temporary chillers is in standby what calls for the second 
unit to come on? 

A12. Refer to SECTION 01080 - WORK SEQUENCE AND TEMPORARY CHILLER 
SYSTEM. This ultimately depends on the Contractor’s control system for 
the temporary chillers. But if the priority chiller cannot provide for the 
cooling load the additional second chiller will have to be brought online 
to meet the cooling requirement. 

Q13. Given the severe amount of liquidated damages associated with 
“inadvertent outages” that could potentially occur at any hour of the 
day/night, please provide the following:  

a. Does the City have staff at the facility 24/7 that will be able to 
contact and admit the Contractor into the facility to handle any 
such inadvertent outage? 

b. Does the City have an alarm system that can access remote 
devices such as smart phones if an inadvertent outage occurred?  

c. Would any such alarm system be available to the contractor in 
the case of an inadvertent outage?  

d. What personnel or systems are currently in place at the facility to 
timely handle inadvertent outages?   

e. Is it the intent of the City to cooperate with the Contractor to 
establish a protocol to timely respond to inadvertent outages 
without bidders having to include in its bids the cost of fulltime 
24/7 personnel? 
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A13. Answers for series questions in Q13: 

a. Yes. 

b. No. 

c. N/A. 

d. The Instrumentation and Controls staff handles inadvertent 
outgages. 

e. Yes. 

Q14. Will the temporary chiller system get a start or stop signal from the 
existing DCS to operate or are we to integrate the DCS to the temporary 
system? 

A14. Refer to SECTION 01080 - WORK SEQUENCE AND TEMPORARY CHILLER 
SYSTEM, 1.4.C.2:  

A pair of dry contacts with cabling shall provide a common trouble 
alarm to the City’s DCS to alert City operations staff of the need for 
chiller system attention.  Any programming of the City’s DCS will be 
performed by the City.  

The Contractor operates the temporary chillers. The above is the only 
signal the City receives from the temporary chillers. 

Q15. Please identify which areas are hazardous and their specific 
classifications.  . 

A15. There are no hazardous areas for this project. 

Q16. Please identify which areas are corrosive environments. 

A16. There are no corrosive environments for this project. 

Q17. General Note #10 on Drawing No. R-73A indicates there is a hazardous 
drawing available. Please issue this drawing. 

A17. This note does not apply and it will be removed by addendum on 
drawing number 40054-14-D. 

Q18. What is the manufacturer and AIC rating for existing board: 70MCC7002 
CKT 5D? 

A18. A18. MCC is Eaton. Refer to Drawing 70-E-12A which indicates 65kaic. 

Q19. What is the manufacturer and AIC rating for existing panelboards: 70RPI 
and 70IPI? 

A19. Panels are Eaton – 10kaic. 
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Q20. Note #3 Drawing No. 70-E-120D notes to re-use existing shower circuit 
for new shower flow switch. Please provide location of where we are to 
intercept, amperage size and location of existing panel. 

A20. Provide splice at the safety shower J-Box if necessary and new flexible 
conduit to connect to the new safety shower that is furnished with a 
new flow switch. Utilize the existing flow switch loop. The above text will 
be added to Drawing No. 70-E-102D as note as an addendum. 

Q21. On SECTION 01080 - 5 of 6 - Item 2 temporary chiller last paragraph. 
Contractor to be responsible for water treatment. Who is the existing 
water treatment company and contact person? 

A21. City of San Diego – Facility Maintenance Division staff 

Q22. The new chiller control system has to interface with existing process 
controls, who is the contact person to coordinate with? 

A22. All chiller water process controls, valves, and field instruments are new. 
The only existing process to interface with is the primary chiller water 
pump controls in the MCC. 

Contact person is Instrumentation and Controls City Staff. 

Q23. We don’t see a sequence of operation, can one be provided? 

A23. Sequence of operation for the Chillers is best define by the chiller 
manufacturer and control narratives are required in Section 11070, 
VARIABLE SPEED SCREW WATER CHILLERS, 1.4 SUBMITTALS. 

Q24. Are there any restrictions for the use of cranes due to proximity to 
Miramar Flight path? 

A24. Yes, height limit is as tall as the Area 86 building; need to contact the 
MCAS Miramar Control Tower. 

Q25. Are there any security badging requirements? 

A25. Yes, contractor staff must wear company badge at all time. 

Q26. The working hours of 7:00 AM to 3:00 PM have been stated, what are 
the holidays work is not allowed? 

A26. All City Holidays (New Year’s Day, Martin Luther King, Jr. Day, Presidents’ 
Day, Ceasar Chavez Day, Memorial Day, Independence Day, Labor Day, 
Veterans’ Day, Thanksgiving Day, Christmas Day) 
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Q27. Since the old chillers are to be removed, is there an asset 
documentation form to be filled out? 

A27. Yes 

Q28. Will there be an independent commissioning agent that we have to 
work with for scheduling? 

A28. No 

Q29. Is there a buy America only requirement? 

A29. No 

Q30. Spec section 11033 page 3 of 10 Pre approved VFD’s:  

VFD’s shall be the same as manufacture as the motor control center. 

MCC is Eaton, specs list Square-D, Allen Bradley Power Flex 753, 
Mitsubishi, and Toshiba as pre-approved along with Eaton. 

Since MCC is Eaton does this mean only Eaton can be used and other 
preapproved cannot?   

A30. This is general language which refers to new VFD’s to be installed in the 
existing MCC only and does not apply to this scope since all the new 
VFD’s are standalone outside of MCC.  Manufacturers listed above are 
pre-approved. 

Q31. Secondary pumps: 

Schedule shows horizontal split case, specifications call for vertical split 
case,  primary pumps are frame mount end suction, can secondary be 
of the same style.  

A31. Secondary pumps shall be vertical split case. 

Q32. The schedule calls for 1040 gpm, however the specifications have a 
secondary operating point of 1700 gpm, is there one point or two? 

A32. The duty point is 1040 gpm @ 175 feet of TDH. The second operating 
point should fall on the selected pump’s curve.  

The PUMP SCHEDULE on Sheet 70-H-501A will be revised by addendum 
as follows: 

Unit No. 70-P-04 and 70-P-05 – Replace the word HORIZONTAL with 
VERTICAL under the column heading TYPE and replace the FT.HD. from 
180 to 175. 
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Q33. Primary pumps: 

Schedule shows two operating points, what controls this?  

A33. Similar situation to A32 above 

Q34. Are the pumps to be two speed dual winding or single? 

A34. Single speed. 

Q35. Starters need to be matched to pump winding. 

A35. Yes. 

Q36. Do you have any information regarding which areas are corrosive, as 
well as hazardous and their classifications? (Drawing No. R73A, General 
note #10 indicates there is a hazardous area drawing available.) This 
has a very significant impact on our installation. 

A36. This does not apply and will be removed by addendum. 

Q37. Who currently services the fire alarm system in place at the existing 
Chiller location? 

A37. The existing fire alarm is to be protected in-place. 

Q38. Sheet 70-D-1, referencing note 10, Is the existing alarm system to be 
removed a proprietary system? 

A38. The existing alarm, sound powered phone and PA speaker on the north 
fence will be relocated per 70-E-122A.  Associated panels are located on 
the adjacent electrical room wall. 

Q39. Who will be responsible for Special Inspection and Materials Testing? 

A39. The City of San Diego shall employ and pay for the services of qualified 
inspection entities to perform specialty inspection services.  

Q40. There are no details as to the dimensions, heights, material types, etc. 
of a canopy that appears to cover portions of the Chiller Yard. Please 
provide these details. 

A40. The canopy protrudes from the building by about 5 feet. Materials 
include steel supports and sheet. Specific details are not available. 

Q41. What is the thickness of the Housekeeping Pad and its structural 
components – rebar, concrete strength, etc. 

A41. Refer to Drawings 70-S-101A, 70-S-401A, and Specification, SECTION 
03300, CAST-IN-PLACE CONCRETE. 
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Q42. Please provide a detail of how the existing fence posts are anchored to 
the existing footings such that the bidders can accurately estimate the 
cost to remove and reinstall the fence posts. 

A42. Details beyond what are shown on Drawings 70-D-4 and 70-S-401A, are 
not available. 

Q43. What are the load requirements on both Temporary Chillers for proper 
sizing of the temp cables? 

A43. This is a question for the general contractor to answer. 

Q44. Please provide name plate data on existing 70MCC7002. (to include 
manufacturer and mode) 

A44. The MCC is Eaton and rated for 65 kaic.  Other nameplate data may be 
collected in the field by the contractor 

Q45. Please provide name plate data on existing panels 70IPI and 70RPI. (to 
include manufacturer and model) 

A45. The panels are Eaton and rated for 10 kaic.  Other nameplate data may 
be collected in the field by the contractor 

Q46. Please confirm the third cable shown on drawing sheet 70-E-150A (note 
8) is a temporary network cable.

A46. Yes, this is a temporary cable to the PCM (DCS) for temporary chillers 
alarm, etc.  The quantity of conductors to be determined during chiller 
submittal stage. 

Q47. Please clarify what is meant by HOC (hand off computer) and LOS (Lock-
out stop push button) as called out on drawing sheet #70-E-102C. 

A47. The function is as stated above.  The function is shown in the chill water 
pump schematics. 

Q48. Are the devices mentioned in #5 above furnished with equipment of 
supplied by electrical contractor? 

A48. Typically, by electrical subcontractor. 

Q49. Please clarify which party is responsible for the specification and 
procurement of all the instruments. 

A49. Procurement of all Instruments is as identified in the Contract 
Documents. 
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Q50. Please reference drawing sheet # 70-E-122A. Please specify whether the 
conduit/s feeding these two devices are currently underground or 
overhead/exposed. If underground there is not a callout to intercept 
and reroute to new location. Please specify what location these devices 
need to be ran back to along with the conduit size, conductor quantity 
and type, and whether this is to be re-feed underground or 
overhead/exposed. 

A50. The conduit homeruns are underground to the paging panel in the 
electrical room.  The relocated phone and speaker will be relocated with 
surface conduit to the paging panel.  Assume communication cables. 
Conduit may be 1”C. 

Q51. Per drawings sheet # 70-E-140A, please specify to what on the chiller is 
the existing ground grid to be bonded to. Will this connection be 
exothermic or mechanical? 

A51. This depends on the chiller submittal.  Assume a skid or local control 
panel POC. Assume exothermic. 

Q52. Are exterior junction boxes and disconnect required to be 4X or 3R? 

A52. 4X per specifications. 

Q53. Please confirm that all fencing, gates and posts will be removed on the 
north side. 

A53. See Drawing 70-D-1. 

Q54. In specification section 16040 Motors section 2.2 –G it indicates that all 
outdoor motors 25 HP and larger shall have a 120V space heater. No 
space heaters are indicated on plan drawings for P-4 and P-5. 

A54. Conduit plans and control diagrams 70-E-311A and 70-E-313A show 
motor space heaters. 

Q55. Within the specification section 16050 Basic Materials and Methods, 
section 1.1 –D it talks about concrete encasement. Which of the 
underground conduits being installed are to be concrete encased if any, 
or all, as suggested by 16050 section 2.3-A. 

A55. All underground conduits in the yard are integral to or under the new 
slab and do not require additional encasement. 
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Q56. Within the specification section 16050 Basic Materials and Methods, 
section 1.7 B thru F, it talks about the different classifications of areas, 
however nowhere on the drawings dose it classify the area outdoors 
where the new chillers are to be installed. Please clarify if the work area 
is anything other than “outdoor/Damp. I.E. “Not Corrosive” Class-1 etc. 

A56. There are no classified or corrosive locations.  All outdoor locations are 
‘damp’. 

Q57. Please confirm if a shutdown of USS70 will be required to remove or 
install new wiring for the chillers. No access to USS70 above or below 
was available at the job walk. 

A57. USS70 is open to the below grade vault.  Shutdown will not be required.  
However, arc flash PPE is required. 

Q58. Q60. Please confirm that temporary flexible power cables (Similar to 
those used with temporary generators) can be used to power the 
temporary chillers from USS70.  

A58. Yes. 

Q59. Can these cables lay on the ground, with the use of cable ramps “only 
in the areas of travel.”  With all other areas just caution taped off. 

A59. Traffic and foot traffic areas at access doors must have cable ramps.  
Other methods may be proposed for review in other areas where the 
cables can be near outside walls.  Methods must prevent trip hazards in 
the locations installed. 

Q60. After verification of the temp system operation.  The specs state that 
the city will do shut down of existing equipment, isolation, and de-
commissioning.  Will the City also be recovering refrigerants and oil 
from the existing chillers? 

A60. No.  

Q61. Please describe the division of work with regard to Ethernet 
communication to the DCS 70-PCM-01). 

A61. The contractor shall run conduit between 70-PCM-03 and the CAC-3 
controller and the two VFD’s as indicated.  The CAT 6 cables shall be 
labeled and coiled by the contractor within 70-PCM-03 (DCS).  The 
contractor shall procure and assign additional DCS hardware to the City 
for City installation in 70-PCM-03.  Addendum 1 drawings lists the 
hardware to be procured by the contractor.  The Ovation Ethernet Link 
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Card (ELC) is hard specified with no equal.  The ELC card may be 
procured from Emerson. 

Emerson Process Management 
Power and Water Solutions783 Palmyrita Ave, Suite D 
Riverside, CA 92507 
951-686-9880 
Jeff Johnson 951-826-3229 
Jeffrey.johnson@emerson.com 

Q62. Our chiller supplier has informed us that the chiller sizing shown on 
page 50 of the solicitation document, based on the flow rates and 
temperatures is more than a 250 ton chiller unit can supply.  If it is 
intended for each of the two temporary chiller to supply the required 
temperature and flow rates then the size of the unit will need to be 
larger (more expensive maybe 400 tons) or possibly three smaller units 
(250 ton) could supply the required flow/temperatures with a single unit 
loss. Can you verify the size (250 tons) and number (2) of temporary 
chillers specified is adequate for your needs including the redundancy 
the required to ensure that plant operations are not interrupted by the 
loss of a single chiller? 

A62. There are two 250 ton temporary chillers.  These are adequate for 
redundancy in a temporary configuration. The flowrate associated with 
a temporary chiller, on page 50 of the solicitation document, will be 
modified by an addendum. 

The Landis & Staefa drawings L&S15 and L&S16 that were in the 70-
Chiller CAC cabinet that is to be demolished are provided in the 
attached Drawings for reference information only. 

C. SUPPLEMENTARY SPECIAL PROVISIONS 

1. To Technicals, Section 01080 Work Sequence and Temporary Chiller
System, Sub-section 1.4 Work Sequence and Constraints, Item C, Work
Sequence, Sub-Item 2, page 50, DELETE in its entirety and SUBSTITUTE
with the following:

2. Provide a temporary chilled water closed system substituting for,
and similar to, the existing consisting of one duty and one
standby chiller, associated primary and secondary pumps and
ancillary equipment, extended insulated and supported chilled
water pipelines, and meeting the requirements below:
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Capacity: 250 tons each 
Design Supply Temperature:  42 °F 
Design Return Temperature:  57 °F 
Design Temperature Differential: 15 °F 
Design Flow Rate:  450 - 650 gpm 
Reclaimed or Potable Water:  City provides (See below 
System Control: See below 
Electrical Service:  See below 
Term of Temporary Chiller Water:  15-days beyond acceptance 
Maximum CW Outage:  Zero hrs (See below.) 
Area of Installation:  As noted on the drawings 
Operational Responsibility:  Contractor (See below.) 
CW Corrosion Control:  Contractor (See below.) 
Primary Pump Suction Pressure: 40 psig 

2. To Appendices, ADD Appendix G, MBC Geotechnical Investigation with 
pages 15 through 178 of this addendum. 

3. To Appendices, ADD Appendix H, Drawings L&S15, L&S16 with pages 
179 through 181 of this addendum. 

D. PLANS 

1. To Drawing Numbers 40054-01-D, 40054-14-D, 40054-21-D,  
40054-43-D, 40054-44-D, 40054-53-D, 40054-55-D, 40054-63-D, DELETE 
in their entirety and REPLACE with pages 182 through 189 of this 
Addendum. 

James Nagelvoort, Director  
Public Works Department 

Dated: March 7, 2019  
San Diego, California 

JN/RWB/cc 
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AND STORED ON THE PLANT SITE PER DIRECTION FROM 

REMOVED PORTIONS OF THE FENCE ARE TO BE SALVAGED 4.

AND CONDITIONS PRIOR TO STARTING WORK.

CONTRACTOR SHALL VERIFY ALL EXISTING DIMENSIONS 3.

SEE DRAWING R-32A FOR STRUCTURAL GENERAL NOTES.2.

SEE DRAWING R-31A FOR STRUCTURAL ABBREVIATIONS.1.
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CAC-3 NEMA 12 ENCLOSURE

ETHERNET SWITCH

OIT

(DOOR MOUNTED)

CONTROLLER

(QTY AS REQUIRED)

I/O CARDS

}PER P&ID'S

FIELD I/O

BACNET

ETHERNET

LCP

CHILLER 1

LCP

CHILLER 2

LCP

CHILLER 3

NTS

ANF

LED LIGHT

XFR

ISOLATION

PS

24VAC

CONTROLLER AND I/O CARDS

SWITCH

ETHERNET

OIT

PS

24VDC

INSTRUMENTS

ANALOG

PS

24VDC

NTS

20A/1P

20A/1P

120 VAC 70IP1-12

120 VAC 70IP1-14 N

CAC-3 COMMUNICATION DIAGRAMS

CAC-3 POWER DIAGRAM

120 VAC

FLOW SWITCHES (QTY 6)

(DROP 27)

COMMUNICATION BLOCK DIAGRAM

CUSTOM APPLICATION CONTROLLER)

CAC-3 (CHILLED WATER SYSTEM

70VFD3

70VFD4

EXISTING 70PCM-01

(MODBUS TCP)

6

4 5

NOTES:

2

2

5 7

3 5

1
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3

4

5

6

7

CONNECTOR ON ONE END ONLY.

PROVIDE CAT6 CABLE WITH 90 DEGREE (RIGHT ANGLE)

CAC-3 IP ADDRESS WILL BE DEFINED BY COMNET (CITY).

CAC-3 ETHERNET SWITCH IN IT'S OWN SUBNET.

CONTRACTOR AND INSTALLED BY CITY.

HARDWARE AND SOFTWARE LICENSES TO BE PROVIDED BY

LICENSE FOR ELC.

SOFTWARE FOR ELC, AND CONFIGURATOR SOFTWARE 

LICENSES FOR ELC, PROTOCOL ANALYZER

EMOD 5X00419G02, NO EQUAL.  MODBUS MASTER

OVATION ETHERNET LINK CONTROLLER (ELC) MODULE; 

8 PORT MODULE, OR APPROVED EQUAL.

FIELD LAN ROUTER. PROVIDE CISCO 2901 WITH EHWIC

MONITOR ONLY (NO CONTROL).

VFD TO 70PCM-01 COMMUNICATIONS LINKIS FOR POWER

ALL ETHERNET COMMUNICATIONS SHALL BE MODBUS TCP.
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MECHANICAL
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12-13-2018

C73039

12/13/2018

REMARKS

(LBS.)

WT.

OPER.

& MODEL NO.

MANUFACTURER

NO.

UNIT LOCATION SERVICE
CAPACITY

(G.P.M.)

SIZE

DIA. x HT.

(IN.)

SPEC.

SECTION

AIR SEPARATORS

C

ADDENDUM CC

C REVISE PUMP TABLE ADDENDUM C

IEC

C

70-H-501A

MIN.

& MODEL NO.

MANUFACTURER

NO.

UNIT
OPER.

WT.

(LBS.)

TYPE G.P.M. FT. HD.

H.P.R.P.M.

REMARKS

MOTOR DATA

V./PH./HZ.

LOCATIONSERVICE
EFF. %

N.P.S.H.

ACCEPTANCETANK

CAPACITY (GALS.)
REMARKS

(LBS.)

WT.

OPER.

& MODEL NO.

MANUFACTURER

NO.

UNIT LOCATION SERVICE

SIZE

(IN.)

75

BLDG. 70

CHILLER YARD

BLDG. 70

CHILLER YARD

PRIMARY

PRIMARY

PRIMARY

SECONDARY

SECONDARY

BLDG. 70

CHILLER YARD

BLDG. 70

CHILLER YARD

BLDG. 70

CHILLER YARD

BLDG. 70

CHILLER YARD

BLDG. 70

CHILLER YARD

END SUCTION

FRAME MOUNT

END SUCTION

FRAME MOUNT

END SUCTION

FRAME MOUNT

1040

1750

1750

1750

460/3/60

460/3/60

460/3/60

460/3/60

460/3/60

400

400

400

1100

1100

70-AS-01

70-ET-01

70-P-01

70-P-02

70-P-03

70-P-04

70-P-05
CW

CW

CW

CW

CW
8

8

8

12

12

(FT.)

BELL & GOSSETT
CW 24x54

CW

DIAMETER x HT.

SPEC.

SECTION

SPEC.

SECTION

VARIABLE FREQUENCY DRIVE CONTROL

VARIABLE FREQUENCY DRIVE CONTROL

1040 75

EXPANSION TANKS

PUMPS

HVAC SCHEDULE - 1

PRIMARY BLDG. 70

CHILLER YARD END SUCTION

FRAME MOUNT
460/3/60 400

CW
870-P-20

START

TYPE OFM.C.A.

REFR.)

(TONS OF 

(LBS.)

WT.
OPER.

VOLTAGE REMARKS

V. / PH. / HZ

MANUFACTURER

& MODEL NO.

UNIT

NO.

CAPACITY

G.P.M.
P.D.E.W.T.L.W.T.

CHILLED WATER

(FT.HD.)

LOCATION

AMBIENT

AIR TEMP.

AIR COOLED CHILLERS

70-WC-01

70-WC-02

95.0 57.0 42.0 7.2 455 460/3/60 18,000

SPEC.

SECTION

11070

ELECTRICAL

POWER

UNIT
TOTAL

(KW)

261.4

M.O.P.

455

1 2 1 2

600 600
VOLTAGE

FULL

(  F.) (  F.)(  F.)

70-WC-03

TYPE

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

BELL & GOSSETT

e-15104BD

BELL & GOSSETT

BELL & GOSSETT

BELL & GOSSETT

BELL & GOSSETT

BELL & GOSSETT

e-15104BD

e-15104BD

e-15104BD

VSC 4X6X17-1/2A

VSC 4X6X17-1/2A

450

650

450

650

450

650

450

650

175

175 74

74

81

81

81

81

45

37

45

37

45

37

45

37

10

10

10

101750

1780

1780

11071

11071

11071

11071

11072

11072

250

450

650

RATED

10.99

COOLING

EFFICIENCY

(AHRI)(EER)

BLDG. 70

CHILLER YARD

BLDG. 70

CHILLER YARD

BLDG. 70

CHILLER YARD

250 95.0

450

650
57.0 42.0 7.2 455 455 600 600

VOLTAGE

FULL
460/3/60 10.99 261.4 18,000 11070

250 95.0

450

650
57.0 42.0 7.2 455 455 600 600

VOLTAGE

FULL
460/3/60 10.99 261.4 18,000 11070

BELL & GOSSETT

B-300
8080 24x51 1000 11075

110754201900
ROLAIRTROL RL-8F

NOTE 1

NOTE 1

NOTE 1

44

44

NOTE 1: THIS COLUMN TO BE COMPLETED AS PART OF AS-BUILTS BY THE CONTRACTOR

SPLIT CASE

VERTICAL

SPLIT CASE

VERTICAL
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SCALE: 1/4" = 1'-0"
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BOILER
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J-BOX DETAIL (TYP)

ELECTRICAL PLAN - PART 1
HVAC GROUND FLOOR

5

6
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7

7

7

C

C

C

C

C

C

BOND TO NEW PAD REBAR.

LOCATE AND EXTEND EXISTING 4/0 BARE COPPER TO CHILLER SKIDS.

SEE 70-E-150A FOR HOMERUN PANEL LOCATIONS.

FOR CONDUIT AND WIRE SCHEDULES SEE DRAWINGS 70-E-501A THROUGH 70-E-503A.

FOR LEGEND AND GENERAL NOTES SEE DRAWINGS R-71A, R-72A, AND R-73A.

CHILLED WATER SYSTEM CUSTOM APPLICATION CONTROLLER.

COORDINATE STUB UP LOCATIONS WITH APPROVED EQUIPMENT SUBMITTALS.

STUB AND CAP 6 FEET EAST OF PAD BELOW GRADE.

INTERCEPT AND EXTEND EXISTING CONDUITS (TYP). SEE 70-E-102A.

NOTES:

8

9

G

G

G

GG

8

C

C

9

PLAN 70-E-140A

SEE EXISTING GROUNDING

C

C

BARE COPPER GROUND CABLE
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70-WC-02 LCP370-WC-01  LCP1 70-WC-03 LCP9

J
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70USS-5A

70USS-7B

70USS-7A

70USS-8B

70USS-8A

TYP

1"C-(2)#10 & (1)#10G (TYP)

FOR THIS AREA

SEE 70-E-102C

CAC-3

70RP1-1,3,9

1"C-(6)#10 & (1)#10G

(SEE 70-E-150A)

70S-06

70IP1-39,41

1"C-(4)#10 & (1)#10G

70RP1-35,37,39,41

1"C-(8)#10 & (1)#10G

SEE J-BOX DETAIL (TYP)

JJ

NO SCALE

MV

XX

TIT FIT

XX

XX - 120VAC CKT NO.

120VAC

1"C-(4)#10 & (1)#10GND
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NEW

1•"C-4#16 STP & (2)#14

24VDC

MS

MS

70MV2300 70FIT2300
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70MV2500

ISOLATION VALVE

70FIT2401
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TRANSMITTER

TEMPERATURE
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FLOWMETER

     70WC03)

70RPI (70WC01 &
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70-E-102D

SCALE: 1/2" = 1'-0"

1SECTION

YARD       

CHILLER    

SW (TYP)

SAFETY

NF

C

70-P-05

&

70-P-04

FOR

(TYP)

LOS

J

70S-02

J

}TO CAC-3

70C-01

J

FS

3

70-E-102C

JJJ

SW (TYP)

SAFETY

NF

C

70-P-20

THROUGH

70-P-01

FOR

(TYP)

HOA

C

(TYP)

FLOW SWITCH

C

NEW LOCATION

ENCLOSURE

STROBE NOTIFICATION

C

(TYP OF 2)

BEACON
C

EXISTING LOCATION

ENCLOSURE

STROBE NOTIFICATION

C

ELECTRICAL SECTION

1

1

2

C

60A

70S-01

EXISTING

NEW

NOTES:

RELOCATE ENCLOSURE & INTERCEPT, RE=ALIGN CONDUITS.

FROM FENCE MOUNT PAGING JUNCTION BOX.

RELOCATE

J

70S-07

70IP1-11
70-DPT-2201

70-FIT-2201

70-TT-2201

70-TIT-2202

1

2

3

ADDENDUM CC MPA

C ADDENDUM CREPLACE NOTE 3

PROVIDE SPLICE AT THE SAFETY SHOWER J-BOX IF NECESSARY

AND 5' OF NEW FLEX CONDUIT TO NEW SAFETY SHOWER THAT

IS FURNISHED WITH NEW FLOW SWITCH.

c

c c

ccc

P P P P

P

P PP P

PPP

C
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SHEET 2
CONDUIT & WIRE SCHEDULE
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EXISTING
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EXISTING
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EXISTING
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EXISTING
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Line Totals (Unit Price * Quantity)

Item 
Num Section

Item 
Code Description Reference

Unit of 
Measure Quantity

TechCom 
International - Unit 
Price

TechCom International - 
Line Total

1 Main Bid 524126 Bonds (Payment and Performance) 1-7.2.1 LS 1 $41,170.05 $41,170.05
2 Main Bid 541330 WPCP Development 1001-4.2 LS 1 $3,397.50 $3,397.50
3 Main Bid 238910 WPCP Implementation 1001-4.2 LS 1 $46,576.50 $46,576.50
4 Main Bid 237110 Mobilization 7-3.4.1 LS 1 $77,597.50 $77,597.50
5 Main Bid 236220 Building Permits (EOC Type I) 2-2.3 AL 1 $30,000.00 $30,000.00
6 Main Bid Field Orders (EOC Type II) 7-3.9 AL 1 $185,000.00 $185,000.00
7 Main Bid 238220 Temporary Chiller Construction 7-3.1 LS 1 $302,511.58 $302,511.58
8 Main Bid 238910 Chiller Demolition 7-3.1 LS 1 $114,222.00 $114,222.00
9 Main Bid 238110 Structural Improvements - Concrete Pad 7-3.1 LS 1 $271,972.07 $271,972.07

10 Main Bid 238220 Mechanical Improvements 7-3.1 LS 1 $1,264,344.47 $1,264,344.47
11 Main Bid 238220 Plumbling 7-3.1 LS 1 $199,387.50 $199,387.50
12 Main Bid 238210 Electrical Improvements 7-3.1 LS 1 $222,085.83 $222,085.83
13 Main Bid 238210 Instrumentation and Controls Improvements 7-3.1 LS 1 $157,461.83 $157,461.83

Subtotal $2,915,726.83
Total $2,915,726.83
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	01080 - SEQUENCE AND TEMPORARY CHILLER SYSTEM.pdf
	SECTION 01080 - WORK SEQUENCE AND TEMPORARY CHILLER SYSTEM
	PART 2 - PRODUCTS (NOT USED)
	PART 3 - EXECUTION (NOT USED)

	01611 - SEISMIC DESIGN CRITERIA.pdf
	PART 1 – GENERAL

	01730 - OPERATION AND MAINTENANCE DATA.pdf
	PART 1 - GENERAL

	02050 - DEMOLITION.pdf
	SECTION 02050 - DEMOLITION AND SALVAGE
	PART 2 - PRODUCTS (NOT USED)
	PART 3 – EXECUTION
	**END OF SECTION**

	03300 - CAST-IN-PLACE CONCRETE.pdf
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	**END OF SECTION**

	05120 - STRUCTURAL STEEL.pdf
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	**END OF SECTION**

	05500 - MISCELLANOUS METALWORK.pdf
	3. Welding procedures and welder qualifications.
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	6. Anchor/rebar shall be left undisturbed and unloaded for full adhesive curing period.
	**END OF SECTION**

	09900 - PAINTING AND COATING.pdf
	SECTION 09900 – PAINTING AND COATING
	part 1 - general
	1.1 SCOPE
	A. The Contractor shall provide painting and coatings, complete and in place, in accordance with the Contract Documents.
	B. Definitions:
	C. The Contractor and Painting Subcontractor shall attend a Pre-Painting Conference prior to commencing work on the job.
	A. Submit coating manufacturer's technical and material safety data sheets for the products to be applied. Data sheets shall show the following information at a minimum, but shall show all data necessary to indicate conformance to specifications:
	1. Percent solids by volume.
	2. Minimum and maximum recommended dry-film thickness per coat for prime, intermediate, and finish coats.
	3. Recommended surface preparation.
	4. Recommended thinners.
	5. Statement verifying that the specified prime coat is recommended by the manufacturer for use with the specified intermediate and finish coats.
	6. Application instructions including recommended equipment and temperature limitations.
	7. Curing requirements and instructions.
	8. Colors (where applicable).
	B. Submit the name of the company and abrasive to be used, the generic type of abrasive, the CARB certification, and product data sheets.


	1.5 quality ASSURANCE
	A. All materials of a specified painting system, including primer, intermediate, and finish coats, shall be produced by the same manufacturer. Thinners, cleaners, driers, and other additives shall be as recommended by the paint manufacturer for the pa...
	1.6 DELIVERY, STORAGE AND HANDLING (NOT USED)
	1.7 WARRANTY
	A. Warranty Inspection:  A warranty inspection may be conducted during the eleventh month following completion of all coating and painting work.  The Contractor and a representative of the coating applicator and the coating material manufacturer shall...
	B. All defective work shall be repaired in accordance with these Specifications and to the satisfaction of the Engineer. The Engineer may, by written notice to the Contractor, reschedule the warranty inspection to another date within the 2-year correc...

	1.8 EXTRA MATERIALS
	A. Furnish extra materials described below that are from same production run (batch mix) as materials applied and that are packaged for storage and identified with labels describing contents.
	1. Quantity:  Furnish an additional 5 percent, but not less than 1 gal of each material and color applied.


	2.1 GENERAL
	A. Coating products shall conform to State of California air quality regulations, which limits volatile organic compounds per gallon of coating product.  The following index lists the various painting and coating systems by service and generic type.
	B. These systems are specified in detail in the following paragraphs. For each coating, the required surface preparation, prime coat, intermediate coat (if required), topcoat, and coating thicknesses are described. Mil thicknesses shown are minimum dr...
	2.2 System No. 15 – Exposed Metal, Atmospheric Weathering Environment

	2.4 PVC, CPVC AND FRP COATING SYSTEM
	A. System No. 41 - Exposed, Exterior:

	2.5 ABRASIVES FOR SURFACE PREPARATION
	A. Abrasives used for dry unconfined blast cleaning shall conform to the requirements of the State of California Air Resources Board (CARB) Executive Order G-425. Use abrasives that are currently certified by CARB and appear on the Approved Abrasives ...
	B. Abrasives used for preparation of iron and steel surfaces shall be one of the following:
	1. 16 to 30 or 16 to 40 mesh silica sand or mineral grit
	2. 20 to 40 mesh garnet
	3. Crushed iron slag, 100% retained on No. 80 mesh
	4. SAE Grade G-40 or G-50 iron grit

	C. Abrasives used for preparation of copper and aluminum surfaces shall be one of the following:
	1. Crushed slag, 80 to 100 mesh
	2. Very fine silica sand, 80 to 100 mesh

	D. In the above gradations, 100% of the material shall pass through the first stated

	part 3 – execution
	A. Conduct a pre-painting conference at the job site to review specified requirements. Meeting attendees shall include General Contractor, Subcontractor Painting Applicator and its supervisor, the Engineer and the Engineer.

	3.2 WEATHER CONDITIONS
	A. Do not paint in the rain, wind, snow, mist, and fog or when steel or metal surface temperatures are less than 5  F above the dew point.
	B. Do not apply paint when the relative humidity is above 85% or the temperature is above 90  F.
	C. Do not paint when temperature of metal to be painted is above 120  F.
	D. Do not apply paints if air or surface temperature is below 40  F or expected to be below 40  F within 24 hours.
	E. Do not apply epoxy, acrylic latex, and polyurethane paints on an exterior or interior surface if air or surface temperature is below 60  F or expected to drop below 60 F in 24 hours.

	3.3 SURFACE PREPARATION
	A. Do not sandblast or prepare more surface area than can be coated in one day. Remove all sharp edges, burrs, and weld spatter. Do not sandblast PVC, CPVC, or FRP piping or equipment. Do not sandblast epoxy, enamel coated, or fusion-bonded epoxy pipe...
	B. Surface preparation shall conform to the SSPC specifications as follows:
	C. Wherever the words "solvent cleaning," "hand tool cleaning," "wire brushing," or "blast cleaning" or similar words are used in these specifications or in paint manufacturer's specifications, they shall be understood to refer to the applicable SSPC ...
	D. Dust blasting is defined as cleaning the surface through the use of very fine abrasives, such as siliceous or mineral abrasives, 80 to 100 mesh. Apply a fine etch to the metal surface to clean the surface of any contamination or oxide.
	E. Remove oil and grease from metal surfaces in accordance with SSPC-SP 1. Use clean cloths and cleaning solvents and wipe dry with clean cloths. Do not leave a film or greasy residue on the cleaned surfaces before sandblasting.
	F. Remove weld spatter and weld slag from metal surfaces and grind smoothly rough welds, beads, peaked corners, and sharp edges in accordance with SSPC-SP 2 and SSPC-SP 3.
	G. Neutralize welds with a chemical solvent that is compatible with the specified coating materials. Use clean cloths and chemical solvent. Wipe dry with clean cloths. Do not leave a residue on the cleaned surfaces.

	3.4 ABRASIVE BLAST CLEANING
	A. Use dry abrasive blast cleaning for metal surfaces. Do not use abrasives in automatic equipment that have become contaminated. When shop or field blast cleaning with handheld nozzles, do not recycle or reuse blast particles.
	B. After blast cleaning and prior to application of coating, dry clean surfaces to be coated by dusting, sweeping, and vacuuming to remove residue from blasting. Apply the specified primer or touch-up coating within the period of an eight-hour working...
	C. Keep the area of the work in a clean condition and do not permit blasting particles to accumulate and constitute a nuisance or hazard.
	D. During blast cleaning, prevent damage to adjacent coatings. Schedule blast cleaning and coating such that dust, dirt, blast particles, old coatings, rust, mill scale, etc., will not damage or fall upon wet or newly coated surfaces.

	3.5 PROCEDURES FOR ITEMS HAVING SHOP-APPLIED PRIME COATS
	3.6 FIELD TOUCH-UP OF SHOP-APPLIED PRIME COATS
	A. Remove oil and grease surface contaminants on metal surfaces in accordance with SSPC-SP 1. Use clean rags wetted with a degreasing solution, rinse with clean water, and wipe dry.
	B. Remove dust, dirt, salts, moisture, chalking primers, or other surface contaminants that will affect the adhesion or durability of the coating system. Use a high-pressure water blaster or scrub surfaces with a broom or brush wetted with a solution ...
	C. Remove loose or peeling primer and other surface contaminants not easily removed by the previous cleaning methods in accordance with SSPC-SP 7. Take care that remaining primers are not damaged by the blast cleaning operation. Remaining primers shal...
	D. Remove rust, scaling, or primer damaged by welding or during shipment, storage, and erection in accordance with SSPC-SP 10. Take care that remaining primers are not damaged by the blast cleaning operation. Remaining primers shall be firmly bonded t...
	E. Use repair procedures on damaged primer which protects adjacent primer. Blast cleaning may require the use of lower air pressure, smaller nozzles, and abrasive particle sizes, short blast nozzle distance from surface, shielding, and/or masking.
	F. After abrasive blast cleaning of damaged and deflective areas, remove dust, blast particles, and other debris by dusting, sweeping, and vacuuming; then apply the specified touch-up coating.
	G. Surfaces that are shop primed with inorganic zinc primers shall receive a field touch-up of organic zinc primer to cover all scratches or abraded areas.
	H. Other surfaces that are shop primed shall receive a field touch-up of the same primer used in the original prime coat.

	3.7 PAINT MIXING
	3.8 PROCEDURES FOR THE APPLICATION OF COATINGS
	A. Conform to the requirements of SSPC-PA 1. Follow the recommendations of the coating manufacturer including the selection of spray equipment, brushes, rollers, cleaners, thinners, mixing, drying time, temperature and humidity of application, and saf...
	B. Stir, strain, and keep coating materials at a uniform consistency during application. Apply each coating evenly, free of brush marks, sags, runs, holidays, and other evidence of poor workmanship. Use a different shade or tint on succeeding coating ...
	C. Do not use thinners unless recommended by the coating manufacturer. If thinning is allowed, do not exceed the maximum allowable amount of thinner per gallon of coating material. Stir coating materials at all times when adding thinner. Do not flood ...
	D. Remove dust, blast particles, and other debris from blast cleaned surfaces by dusting, sweeping, and vacuuming. Allow ventilator fans to clean airborne dust to provide good visibility of working area prior to coating applications. Remove dust from ...
	E. Apply coating systems to the specified minimum dry-film thicknesses as measured from above the peaks of the surface profile.
	F. Apply primer immediately after blast cleaning and before any surface rusting occurs, or any dust, dirt, or any foreign matter has accumulated. Reclean surfaces by blast cleaning that have surface colored or become moist prior to coating application.
	G. Apply a brush coat of primer on welds, sharp edges, nuts, bolts, and irregular surfaces prior to the application of the primer and finish coat. The brush coat shall be done prior to and in conjunction with the spray coat application. Apply the spra...

	3.9 SURFACES NOT TO BE COATED
	1. Steel to be encased in concrete or masonry
	2. Cement mortar coated pipe and fittings
	3. Stainless steel
	4. Metal plates/nameplates or letters
	5. Electrical fixtures except for factory coatings
	6. Grease fittings
	7. Buried pipe unless specifically required in the piping specifications
	8. Plastic and fiberglass surfaces
	9. Aluminum handrails, stairs and grating, unless in contact with concrete
	13. Platform gratings, stair treads, door thresholds, and other walking surfaces
	14. Roofing
	15. Galvanized steel

	3.10 PROTECTION OF SURFACES NOT TO BE PAINTED
	3.11 SURFACES TO BE COATED
	A. Coat mechanical equipment excluding chillers as described in the various mechanical equipment specifications. Color shall match the color of the connecting piping.
	B. Coat aboveground and exposed piping as described in the various piping specifications. Color shall be as indicated or as selected by the Engineer.
	C. Coat valves as described in the various valve specifications. Above ground valves shall match the color of the connecting piping.
	D. Coat exposed surfaces of enclosures, guard posts, marker posts, fire hydrants, valve boxes, and test boxes as described in the particular specifications for the above items.
	E. Coat the following list of existing items associated with the Chiller Area:
	1. Fire-Sprinkler Piping and system except sprinkler nozzles
	2. Plant air system piping
	3. Recycled water system piping
	4. Potable water system piping
	5. Remaining steel fence on west east and south side of the Chiller Area
	6. Trap primer piping
	7. Colors area as indicated in the specification or as selected by the Engineer.



	13010 - INSTRUMENTATION AND CONTROLS-GENERAL REQUIREMENTS.pdf
	SECTION 13010 - INSTRUMENTATION AND CONTROLS - GENERAL REQUIREMENTS
	PART 1 - GENERAL
	1.1 SCOPE
	A. Work Included:
	1. Provide all tools, equipment, materials, and supplies and be responsible for all labor required to complete the installation, startup and operational testing of the Area 70 chill water control system as indicated on the Drawings and as specified he...
	2. Provide all the necessary equipment components and interconnections along with the services of manufacturers' engineering representatives necessary to ensure the City receives a completely integrated and operational Instrumentation and Control (I&C...
	3. Provide all terminations for wiring at field mounted instruments, equipment enclosures, alarm, and status contacts.
	4. Provide all Instrumentation and Control wire required for a fully functioning I&C system as shown on the Drawings except for wire specifically specified in Division 16.
	5. Provide all terminations for power and control wiring, control cables, and Ethernet cables to terminate in the Chill Water System Custom Application Controller (CAC) at terminal blocks, switches, Ethernet connections, etc.  Check and confirm contin...
	6. System integration, to be performed by the City or contractors and consultants working directly for the City.

	B. Work Specified in Other Divisions:
	1. Process piping and other mechanical work and equipment as specified in Divisions 11 or 15.
	2. Instruments and controls which are not directly used for process control, i.e., those provided as part of a package system, such as a chiller skid, etc. as specified in Divisions 11, 15, or 16.
	3. Division 16 Work, including all instrumentation and controls conduit, and only that wire specified in Division 16. Refer to Division 16 Specifications for specific requirements for wire, conduit, grounding, and other electrical equipment.


	1.2 RESPONSIBILITIES
	A. Provide all engineering, documentation, labor, and materials required to resolve signal, power, or functional incompatibilities between the wiring and cable points of termination in the CAC and interfacing devices. This includes all interface to ex...
	B. As a minimum, the Contractor shall perform the following work:
	1. Prepare analog and digital hardware submittals
	2. Procure hardware
	3. Fabricate panels
	4. Perform factory tests on panels
	5. Perform bench calibration and verify calibration after installation
	6. Oversee and certify installation
	7. Oversee, document, and certify loop testing
	8. Oversee, document, and certify system commissioning
	9. Conduct the performance test
	10. Prepare Owner's Manuals
	11. Conduct training classes
	12. Prepare record drawings

	C. Integration of the chill water control system with instrumentation and control devices being provided under other sections:
	1. Resolve signal, power, or functional incompatibilities between the points of termination at the RTU and interfacing devices.


	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. American National Standard Institute (ANSI) Publications:
	B. Instrumentation Society of America (ISA) Publications:

	1.4 SUBMITTALS
	A. General: It is incumbent upon the Contractor to coordinate the work specified in these Sections so that a complete instrumentation, communication networks and control system for the Area 70 chill water system will be provided and will be supported ...
	1. In these Contract Documents all systems, meters, instruments, and other elements are represented schematically, and are designated by numbers, as derived from criteria in Instrument Society of America Standard ANSI/ISA S5.1. The Contractor shall as...
	2. Should an error be found in a shop drawing during installation or startup of equipment, the correction, including any field changes found necessary, shall be noted on the drawing and submitted finally "as-built" prior to acceptance of the project.
	3. The Contractor shall respond to all comments on shop drawing resubmittals made by the City either by making the noted correction or stating why it was not revised. Any resubmittal received by the City, which do not contain responses to the City's p...

	B. Submittals:
	1. Control System Hardware: This submittal to include instrumentation and control panels shall be included in a singular, all-inclusive submittal which shall include but not be limited to:
	a. A complete index appearing in the front of each bound submittal volume. Labeled tags shall separate system groups.
	b. Panel, and cabinet layout drawings shall be prepared, and they shall include the following information:
	1) Front, side, and plan views to scale.
	2) Dimensions.
	3) Arrangement (interior and exterior).
	4) Mounting information, including conduit entrance locations.
	5) Finish data.
	6) Tag number and functional name of items mounted in and on panel, console and cabinet.
	7) Nameplate legend which includes text, letter size, and colors to be used

	c. Installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	d. Panel wiring diagrams shall be prepared and integrate the field wiring. They shall include the following information:
	1) Name of panel.
	2) Wiring sizes and types.
	3) Terminal strip numbers.
	4) Functional name and manufacturer's designation for items to which wiring is connected.
	5) Electrical control schematics in accordance with ANSI standards.

	e. Field wiring diagrams shall be prepared and be integrated with the panel-wiring diagram.  They shall include the following information:
	1) Wire and piping sizes and types to existing and new field devices.
	2) Conduits in which wiring is to be located.
	3) Panel termination strip numbers.
	4) Location, functional name, and manufacturer's designation of items to which wiring, and piping are connected.

	f. Drawings showing schematic diagrams for control circuits. Complete details on the circuit interrelationship of all devices within and outside each Control Panel shall be submitted using schematic control diagrams. The diagrams shall show numbered t...
	g. Interface with existing control and monitoring system. This shall include any and all modifications made to existing measurement and control circuits, equipment and wiring, that are at the site but not indicated on the plan drawings, as applicable ...
	h. Complete and detailed bills of materials: A bill of material list, including quantity, description, manufacturer, and part number, shall be submitted for each field mounted device or assembly, cabinet assemblies and subassemblies. Bills of material...
	i. Data sheets for each component, together with a technical product brochure or bulletin: The data sheets shall show:
	1) Component functional description used herein and on the Drawings;
	2) Manufacturer's model number or other product designation;
	3) Project system or loop of which the component is a part;
	4) Project location or assembly at which the component is to be installed;
	5) Requirements for electric supply (if any);
	6) Special requirements or features, such as specifications for ambient operating conditions.
	7) Features and options which are furnished.

	j. A list of recommended spare parts covering items which are furnished under this Contract with the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.

	1. Report Submittal: Six (6) sets of sample reports shall be supplied to the Engineer for review. The submittal shall include a short description of the methods and procedures to be performed by operators to print the reports including the automatic r...
	2. Test Reports:  The Contractor shall provide reports detailing the results of tests performed on the system including the Field Functional Test Report. Three (3) sets shall be provided of each report.
	3. Start-up Test Procedure Submittal:  The Start-up Test Procedure Submittal shall be included in a singular all-inclusive package which shall include but not be limited to:
	a. The proposed procedures to be followed during start-up of the Control System and its components.
	b. The forms and checklists needed to document the completion of a successful start-up.

	4. Technical Manuals: Four (4) final sets of technical manuals shall be supplied for the City in accordance with Division 1 and two (2) additional final sets shall be supplied for the City, as a condition of acceptance of the project.  Two sets shall ...
	5. Record Drawings: The Contractor shall keep current a set of complete schematic diagrams that shall include all field and panel wiring. These drawings shall include all of the hardwired signals shown on the P&ID drawings. One set of drawings electro...


	1.5 QUALITY ASSURANCE
	A. Standard of Quality:  The Contractor shall provide equipment of the types and sizes specified which has been demonstrated to operate successfully. Provide equipment which is new and of recent proven design.

	1.6 DELIVERY, STORAGE AND HANDLING
	A. Box, crate, or otherwise enclose and protect instruments and equipment during shipment, handling, and storage. Keep all equipment dry and covered from exposure to weather, moisture, corrosive liquids and gases or any element that could degrade the ...

	1.7 warranty
	A. Correction of Defects: The Contractor shall correct all defects in the contractor-supplied Control System upon notification from the City for a period of one year from the date of Acceptance Test Completion. Mechanical corrections shall be complete...

	1.8 DRAWINGS
	A. Drawings: The Instrumentation Drawings are diagrammatic; exact locations of instrumentation products shall be determined in the field. Except where special details are used to illustrate the method of installation of a particular piece or type of e...
	B. Locations of equipment, inserts, anchors, motors, panels, pull boxes, manholes, conduits, stub-ups, fittings, power and convenience outlets, and ground wells are approximate unless dimensioned; verify locations with the CONSTRUCTION MANAGER prior t...
	C. Review the Drawings and Specification Divisions of other trades and perform the instrumentation work that will be required for the installations.
	D. Should there be a need to deviate from the Instrumentation Drawings and Specifications, submit written details and reasons for all changes to the City for favorable review.
	E. Resolution of varying interpretations of the Contract Documents shall conform to Division 1, General and Supplementary Conditions.
	F. The Drawings provide details of installation and supersede the manufacturer's recommendation where a conflict exists.



	PART 2 – PRODUCTS
	2.1 MATERIALS AND STANDARD SPECIFICATIONS
	A. Provide instruments, equipment and materials suitable for service conditions and meeting standard specifications such as ANSI, ASTM, ISA, and SAMA.  The intent of this Specification is to insure instruments and equipment are of a uniform quality an...

	2.2 NAMEPLATES
	A. For each piece of equipment, provide a manufacturer's nameplate showing their name, location, the pertinent ratings and the model designation.
	B. Identify each piece of equipment and related controls with a rigid laminated engraved phenolic nameplate.  Engrave nameplates with the inscriptions indicated on the Drawings and, if not so indicated, with the equipment name.  Securely fasten namepl...
	C. Each control device, including pushbuttons, control switches, and indicating lights, shall have an integral legend plate or nameplate indicating the device function. These shall be inscribed as indicated on the Drawings or as favorably reviewed by ...
	D. Provide CAUTION or SAFETY nameplates to alert operators of special conditions that may result in faulty equipment operations.  Devices containing batteries that must be replaced periodically must be clearly identified. Nameplates are not required i...

	2.3 NAME TAGS
	A. All instrumentation and equipment items or systems shall be identified by name tags. Field equipment shall be tagged with the assigned instrumentation tag number listed in the Instrument Schedule.
	B. Name tags shall be stainless steel with engraved or stamped black characters of 3/16-inch minimum height.  Tags shall be attached to equipment with a tag holder and stainless-steel band with a worm screw clamping device. Use 20-gauge stainless stee...

	2.4 FIELD-MOUNTED EQUIPMENT
	A. All instrument and control equipment mounted outside of protective structures shall be equipped with suitable surge arresting devices to protect the equipment from damage due to electrical transients induced in the interconnecting lines from lightn...

	2.5 EQUIPMENT OPERATING CONDITIONS
	A. All equipment shall be rated for normal operating performance with varying operating conditions over the following minimum ranges:
	1. Electrical Power: 120 Vac ±10%, 60 Hz, unregulated, except where specifically stated otherwise on the Drawings or in the Specifications, or when two-wire, loop-powered devices are specified.
	2. Field Instruments:
	a. Outdoor Areas:
	b. Indoor Unheated Areas:
	c. Indoor Environmentally Controlled Areas:



	2.6 EQUIPMENT LOCATIONS
	A. Provide equipment and materials suitable for the types of locations in which they are located as defined under Division 16.  All equipment specified for field mounting shall be weatherproof and splash proof as a minimum.  If electrical or electroni...

	2.7 current technology
	A. All meters, instruments, and other components shall be the most recent field-proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise required to match existing equipment.

	2.8 loop accuracy
	A. The accuracy of each instrumentation system or loop shall be determined as a probable maximum error; this shall be the square-root of the sum of the squares of certified "accuracies" of the designated components in each system, expressed as a perce...

	2.9 signal isolators, convertors, and conditioners
	A. Ensure that input-out signals of all instruments and control devices are compatible. Provide signal isolators and converters as necessary to obtain the required system performance.  Mount the devices in the field at point of application.  Provide i...

	2.10 ANALOG SIGNAL INDICATED UNITS
	A. For all instruments with local or remote indicators, provide indicators scaled in actual engineering units, i.e., gallons per minute, feet, psi, etc., rather than 0 to 100%, unless noted otherwise on the Drawings or Instrument Schedule.

	2.11 SIGNAL TRANSMISSION
	A. Analog:
	1. Signal transmission between electric or electronic instruments shall be 4-20 mA and shall operate at 24 Vdc.  Signal output from all transmitters and controllers shall be current regulated and shall not be affected by changes in load resistance wit...
	2. Nonstandard transmission systems such as impulse duration, pulse rate, and voltage regulated will not be permitted except where specifically noted in the Instrument Schedule or shown on the Drawings.  When transmitters with nonstandard outputs do o...

	B. Discrete:  All alarm and status signals shall be 120 Vac unless specified otherwise. Ethernet and serial transmissions shall be allowed to the extent shown on the Drawings.

	2.12 PAINTING
	A. Factory paint all instruments and equipment except where installed in pipelines. Where instrument panels are installed adjacent to electrical control panels provided under Division 16, provide instrument panels of identical color to that of electri...

	2.13 FASTENERS
	A. Fasteners for securing equipment to walls, floors and the like shall be 316 stainless steel. When fastening to existing walls, floors, and the like, provide capsule anchors, not expansion shields. Size capsule anchors to meet load requirements. Min...

	2.14 INSTRUMENT CALIBRATION
	A. Each field instrument shall be calibrated at 0%, 25%, 50%, 75% and 100% of span using test instruments to simulate inputs and read outputs that are rated to an accuracy of at least 5 times greater than the specified accuracy of the instrument being...
	B. Submit a written report to the City on each instrument.  This report shall include a laboratory calibration sheet or the manufacturer's standards calibration sheet on each instrument and calibration reading as finally adjusted within tolerances.
	C. The Contractor may, at his option, choose to perform calibration on an instrument by acquiring the services of an independent test lab, or by obtaining the required test instruments and performing the calibration.

	2.15 BINDERS
	A. Submittals shall be furnished separately bound in a "D" standard size, 3-ring with gap free D-ring, loose-leaf, vinyl plastic, heavy duty, hard cover binder suitable for bookshelf storage.  Binder ring size shall not exceed 3 inches.

	2.16 ELECTRONIC MEDIA
	A. Manuals and Drawings shall be provided in hardcopy and electronic format. As-built Documents shall be provided in Adobe Acrobat (pdf) format on CD – ROMs. The Contractor shall provide vendor manuals electronically and include these manuals on the C...


	PART 3 – EXECUTION
	3.1 PROCESS CONTROL System
	A. Control Philosophy and Loop Functional Descriptions are described in Section 11070 Variable Speed Screw Water Chillers, Part 4, which is hereby incorporated by reference.

	3.2 MOUNTINGS
	A. Mount and install equipment as indicated.  Mount field instruments on pipe mounts or other similar means in accordance with suppliers' recommendation. Where mounted in control panels, mount according to requirements of that section.
	B. Equipment specified for field mounting shall be suitable for direct pipe mounting or surface mounting, surface-mounted indicators and equipment with calibration adjustments or requiring periodic inspection shall be mounted not lower than 3 feet-6 i...
	C. Note that applicable specifications require detail drawings showing seismic sway bracing design and anchorage requirements for their equipment. Seismic zone requirements are specified in Division 1.
	D. All devices shall be accessible to operators for servicing, operating, reading, etc. Provide permanent platforms to assure devices are continuously accessible.

	3.3 FIELD WIRING
	A. Ring out signal wiring prior to termination and perform surge withstand tests where required. Verify wire number and terminations are satisfactory as designated on the Loop Diagrams. Verify all terminations are tight and shields are uniformly groun...

	3.4 ELECTROMAGNETIC INTERFERENCE (EMI)
	A. Construction shall proceed in a manner which minimizes the introduction of noise (RFI/EMI) into the I&C System.
	B. Cross signal wires and wires carrying ac power or control signals at right angles.
	C. Separate signal wires from wires carrying ac power or switched ac/dc control signals within control panels, terminal cabinets, telemetry equipment, multiplexer cabinets, and data loggers as much as possible.  Provide the following minimum separatio...

	3.5 SIGNAL GROUNDING
	A. Proper grounding of equipment and systems in this Division is critical, since computer and associated networks and peripherals are involved. The Drawings and Division 16 specify safety grounding for all equipment in this Division.
	B. A single-point grounding system for instrument signals is required for all instrument panels.  This instrument single point grounding system does not use building steel or conduit systems for its ground path.
	C. Ground all signal shields, signal grounds, and power supplies at an isolated signal bus within each instrument panel, rack, or enclosure.  The shields at the far ends of these signal cables must be disconnected (floated) from any ground to prevent ...
	Do not connect the rack or enclosure frames to the signal grounding buses.


	3.6 PREPARATION
	A. Ensure that installation areas are clean, and that concrete or masonry operations are completed prior to installing instruments and equipment.  Maintain the areas in a broom-clean condition during installation operations.
	B. Panels shall be protected during construction to prevent damage to front panel devices and prevent dust accumulation in the intervals.  Other protective measures (lamp, strip heaters, etc.) shall be included as weather conditions dictate.

	3.7 calibration
	A. General:  All devices provided under Division 17 shall be calibrated according to the manufacturer's recommended procedures to verify operational readiness and ability to meet the indicated functional and tolerance requirements.
	B. Calibration Points:  Each instrument shall be calibrated at 0, 25, 50, 75, and 100% of span using test instruments to simulate inputs.  The test instruments shall have accuracies traceable to National Institute of Testing Standards.
	C. Bench Calibration: Instruments which have been bench-calibrated shall be examined in the field to determine whether any of the calibrations are in need of adjustment. Such adjustments, if required, shall be made only after consultation with the City.
	D. Field Calibration:  Instruments which were not bench-calibrated shall be calibrated in the field to insure proper operation in accordance with the instrument loop diagrams or specification data sheets.
	E. Calibration Sheets:  Each instrument calibration sheet shall provide the following information and a space for sign-off on individual items and on the completed unit:
	1. Project name
	2. Loop number
	3. Tag number
	4. Manufacturer
	5. Model number
	6. Serial number
	7. Calibration range
	8. Calibration Data:  Input, output, and error at 10 percent, 50 percent, and 90 percent of span
	9. Switch setting, contact action, and deadband for discrete elements
	10. Space for comments
	11. Space for sign-off by System Integrator and date
	12. Test equipment used and associated serial numbers
	13. Space for sign-off by City I&C technician with date

	F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of equipment or system at a location determined by the City. The Contractor shall have the System Integrator sign the tag when calibration is complete.  The City will ...

	3.8 loop testing
	A. General:  Individual instrument loop diagrams per ISA Standard S5.4 – Instrument Loop Diagrams, expanded format, shall be submitted to the City for review prior to the loop tests. The Contractor shall notify the City of scheduled tests a minimum of...
	B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall be stroked from the operator interface units as well as local control devices and adjusted to verify proper control action, hand switch action, limit switch s...
	C. Interlocks:  All hardware and software interlocks between the instrumentation and the motor control circuits control circuits of variable-speed controllers and packaged equipment controls shall be checked to the maximum extent possible.
	D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, inspected, and adjusted to its indicated performance requirement in accordance to its Manufacturer's specifications and instructions.  Any instrument which fail...
	E. Loop Validation:  Controllers and electronic function modules shall be field tested and exercised to demonstrate correct operation.  All control loops shall be checked under simulated operating conditions by impressing input signals at the primary ...
	F. Loop Validation Sheets:  The Contractor shall prepare loop confirmation sheets for each loop covering each active instrumentation and control device except simple hand switches and lights. Loop confirmation sheets shall form the basis for operation...
	1. Project name
	2. Loop number
	3. Tag number, description, manufacturer and model number for each element
	4. Installation bulletin number
	5. Specification sheet number
	6. Loop description number
	7. Adjustment check
	8. Space for comments
	9. Space for loop sign-off by System Integrator and data
	10. Space for sign-off by System Integrator and date

	G. Loop Certification:  When installation tests have been successfully completed for all individual instruments and all separate analog control networks, a certified copy of all test forms shall be retained by the Contractor.

	3.9 field functional TESTING
	A. General:  Field functional testing shall commence after acceptance of all wire test, calibration tests and loop tests, and all inspections have demonstrated that the instrumentation and control system complies with all Contract requirements.  Field...
	B. Field functional Test Procedures and Documentation:  All field functional testing activities shall follow detailed test procedures and check lists accepted by the City. All test data shall be acquired using equipment as required and shall be record...
	C. Operational Validation:  Where feasible, system field functional testing activities shall include the use of water to establish service conditions that simulate, to the greatest extent possible, normal final control element operation conditions in ...
	D. Loop Tuning:  All electronic control stations incorporating proportional, integral or differential control circuits shall be optimally tuned, by a qualified control systems engineer, by applying control signal disturbances and adjusting the gain, r...
	E. Field Functional Test Validation Sheets: Field functional testing shall be documented on a test form as follows:
	1. For functions which can be demonstrated on a loop-by-loop basis, the form shall include:
	a. Project name
	b. Loop number
	c. Loop description
	d. Tag number, description, manufacturer and data sheet number for each component.
	e. Specification page and paragraph of function demonstrated
	f. Description of function
	g. Space for sign-off and date by both the System Integrator and City.


	F. Field Functional Test Certification:  The Contractor shall submit an instrumentation and control system field functional test completion report which shall state that all Contract requirements have been met and shall include a listing of all instru...

	3.10 on-site supervision
	A. The Contractor shall furnish the services of an on-site resident engineer to supervise and coordinate installation, adjustment, testing, and start-up of the chill water control system.  The resident engineer shall be present during the total period...

	3.11 ACCEPTANCE test
	A. General:  Subsequent to Field Functional Test and instrument calibration, verifying substantial completion of field installation and start-up, the system will be given a final 30-day acceptance test. The 30-day test must be successfully completed, ...
	B. Testing:  The systems to be tested on-line will include general operations as well as remote interface with the City Ovation system. Each system function, e.g., status report-backs, logs, and displays shall be exercised several times at a minimum, ...
	C. Failures:  Failures shall be classified as either major or minor.  A minor failure would be a small and non-critical component failure, which can be corrected by the City operators.  This occurrence shall be logged but shall not be reason enough fo...
	D. Technician Report:  Each time a technician is required to respond to a system malfunction, he or she must complete a report which shall include details concerning the nature of the complaint or malfunction and the resulting repair action required a...

	3.12 Training and Instruction
	A. General:  The Contractor shall provide maintenance and operator training courses by a qualified instructor as described herein. The training courses shall be given on-site during the final stages of the system checkout.  All instruction, tools and ...
	B. Instructors: The training shall be performed by qualified representatives of the equipment manufacturers and shall be specific to each piece of equipment.
	C. Schedule:  Training shall be performed during the field functional testing phase of the project. The training sessions shall be scheduled a minimum of 2 weeks in advance of when the courses are to be initiated.  The City will review the course outl...
	D. Agenda: The training shall include operation and maintenance procedures, troubleshooting with necessary test equipment, and changing set points, and calibration for that specific piece of equipment.
	E. Operator Training:  An operator's training course shall be given for up to eight (8) designated personnel of the City. This course shall be designed to teach operations, maintenance, and supervisory personnel how to operate the instrumentation and ...
	F. Hands-On Instruction:  In addition to the maintenance and the operator training courses, the operating and maintenance personnel shall be given hands-on instruction in the functions and operation of the system and instruments 7 days (minimum) prior...
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	section 13080 - CONTROL PANELS
	PART 1 - GENERAL
	1.1 scope
	A. Provisions:  Requirements of Division 1 and Section 17010 form a part of this Section.
	B. Work Included: This Section covers requirements for the non-bussed control section of the motor control center.

	1.2 RELATED SECTIONS
	A. Section 17010 - Instrumentation and Controls General Requirements

	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. National Electrical Manufacturers Association (NEMA) Publications:
	1. ICS 1 General Standards for Industrial Controls and Systems
	2. ICS 2 Standards for Industrial Control Devices, Controllers and Assemblies
	3. ICS 4 Terminal Blocks for Industrial Control Equipment and Systems
	4. ICS 6 Enclosures for Industrial Controls and Systems

	B. Underwriters Laboratories (UL) Publication:
	1. 508 Industrial Control Equipment


	1.4 SUBMITTALS
	A. The Control System Hardware Submittal shall be furnished in accordance with Section 17010 – Instrumentation and Controls General Requirements.
	B. Technical Manuals:  Provide technical manuals as specified in Section 17010.

	1.5 certification
	A. UL Label:
	1. Each control panel and terminal cabinet shall bear the UL label except as noted in the following paragraph.  The UL label shall apply to the enclosure, the specific equipment supplied with the enclosure, and the installation and wiring of the equip...
	2. Control panel enclosures containing instruments mounted through the enclosure walls or door shall meet all requirements for UL labeling as above, but no UL label is required. This exception applies only if UL Recognized instruments for the intended...


	1.6 DELIVERY, STORAGE AND HANDLING
	A. Ship assembled control panels in sections that facilitate handling and field installation.

	1.8 WORK PAYMENT
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...


	PART 2 - PRODUCTS
	2.1 general
	A. Environmental Suitability:
	1. Forced air ventilation shall be provided in indoor control enclosures to prevent internal panel temperatures from exceeding 105 F. Provide heat calculations for each control panel to determine cooling requirements.
	2. Louvers shall be provided, when required for forced air ventilation, near the bottoms and tops on the side of panels.
	3. Provide a thermostatically controlled fan in each enclosure when required for forced air ventilation.  Ventilation fans shall be low acoustic type suitable for control rooms.  Provide removable cleanable or disposable dust filter for each remote si...

	B. The control panel controls shall be 120 VAC.  Control conductors shall be provided in accordance with the indicated requirements.
	C. Control panels shall be housed in NEMA 12 enclosures with gasketed doors with 3-point latch unless otherwise indicated. Control panels shall be floor or wall-mounted, as indicated. Internal control components shall be mounted on an internal back-pa...
	1. Chilled Water System Custom Application Controller (CAC).

	D. Safety Requirements:  The electrical supply to each control panel shall be arranged to be disconnected by a local 15-amp thermal magnetic circuit breaker, except for necessary foreign circuits.  Each source of foreign voltage shall be isolated by p...
	E. Discrete outputs from the control panel shall be provided by electrically isolated contacts rated for 5 amps at 120 VAC.  Analog inputs and outputs shall be isolated 4-20 mA signals with power supply.
	F. All control panel mounted devices shall be mounted a minimum of 36 inches above finished grade.

	2.2 control panel materials
	A. Panel section faces shall be No. 10 gauge minimum thickness steel for free standing panels and No. 14 gauge minimum thickness steel for wall mounted or pedestal mounted panels. All materials shall be selected for levelness and smoothness.
	B. The following requirements apply to the front and rear face of the panel, both sides and the edges of all flanges, and the periphery of all holes or cut-outs.
	1. All high spots, butts, and rough spots shall be ground smooth.
	2. The surfaces shall be sanded or sandblasted to a smooth, clean bright finish.
	3. All traces of oil shall be removed with a solvent.
	4. The first coat of primer shall be applied immediately.

	C. Structural shapes and strap steel shall comply with ASTM A 283 – Low and Intermediate Tensile Strength Carbon Steel Plates, Grade C.
	1. Bolting Material:  Commercial quality carbon steel bolts, nuts, and washers shall be 1/2-inch diameter with UNC threads.  Carriage bolts shall be used for attaching end plates.  All other bolts shall be hex end machine bolts.  All nuts shall be hot...

	D. Panels shall be of sufficient size to adequately enclose all instruments designated as “panel-mounted” plus ample interior clearance to allow for installation, general servicing, and maintenance of the instruments.  Elevations and horizontal spacin...

	2.3 control panel electrical requirements
	A. Wiring Duct: Wiring duct shall be manufactured of Noryl and shall be of the restricted slot design, white in color. Panduit or approved equal. Size shall be based on actual wiring requirements.  All duct shall be precisely cut for a precision fit. ...
	B. Cable Ties:  Cable ties shall be self-locking with stainless steel locking tables as manufactured by Thomas & Betts.  Adhesive backed type mounting bases shall not be used.
	C. Terminal Blocks:  Terminal blocks shall be din rail mounted.  All terminals shall be complete with marking tags.
	D. Wiring Methods: Wiring methods and materials for all panels shall be in accordance with the N.E.C. requirements for General Purpose (no open wiring) unless otherwise indicated.
	E. Signal and Control Circuit Wiring:
	1. Wire type and sizes:  Conductor shall be flexible stranded copper machine tool wire, UL listed Type MTW, and shall be rated 600-volts. Wires for instrument control circuits and alarm input circuits shall be No. 14 AWG.  All other wires, including s...
	2. Wire Insulation Colors:
	3. Signal Cable – Non-Computer Use:
	a. Signal wire shall be twisted pair or triads in conduit or troughs. Cable shall be constructed of No. 16 AWG copper signal wires with THWN or THHN insulation.
	b. Color code for instrument signal wiring shall be as follows:  Positive (+) – White; Negative (-) - Black.
	c. A copper drain wire shall be provided for the bundle with a wrap of aluminum polyester shield.  The overall bundle jacket shall be PVC.

	4. Industrial Ethernet Cable:
	a. Shielded (STP) Ethernet Cable shall be used to connect the CAC, OIT, and DCS (PCM) to the Industrial Ethernet Switches.

	5. Wire Marking:  Wire numbers shall be marked using white numbered wire markers make from plastic-coated cloth, Brady Type B-500 or approved equal, or shall be heat-shrink plastic.
	6. Flexible conduit is not acceptable except when specifically approved by the Engineer in writing.
	7. Conduit fittings shall be Crouse-Hinds cast fittings or approved equal.
	8. Panels shall be provided with two separate ground bars, one for power ground and one for signal ground. Provide the ground bars with tapped holes to accommodate ground connections from various devices in the panel.  Provide insulator kit for signal...
	9. For case grounding, panel shall be provided with a 1/4-inch by 1-inch copper ground bus complete with solderless connector for one No. 4 AWG bare stranded copper cable. The copper cable shall be provided by the Contractor and be connected to a syst...

	F. Panel Lights and Receptacles:  Panels shall be internally lighted by LED lamps, provided with guards and a toggle switch located convenient to each access door. Provide one duplex GFI type receptacles in each panel section. The lights and receptacl...
	G. Power Supply Wiring:
	1. Unless otherwise indicated, all instruments and motor controls shall operate on 115-volt, 60 Hz circuits.
	2. When instruments do not come equipped with integral fuses, provide fuses as required for the protection of individual instruments against fault currents.  Fuses shall be mounted on the back of the panel in a fuse holder, and each fuse shall be iden...

	H. 24 VDC Power Supply: Panels shall be equipped with a linear 24-volt D.C. power supply for driving current loops and other D.C. powered equipment. It shall be solidly mounted, labeled and located in plain view oriented for ease of maintenance. Unit ...
	I. DIN Rail Mount Circuit Breakers:  Circuit breakers shall be 115 VAC, single pole as manufactured by Allen Bradley Series 1492-CB1; no equals.
	J. Relays shall be of the 120VAC, 10-amp, plug-in type.  Contacts shall be silver cadmium oxide unless otherwise noted on the contract drawings.  Drop out speed shall be 12 milliseconds typical.  Coil windings shall be polyurethane insulated. Contact ...


	PART 3 - EXECUTION
	3.1 installation
	A. Installation, testing, calibration, validation, startup and instruction shall be in accordance with Section 17010.
	B. Exercise care at all times after installation of control panels to keep out foreign matter, dust, dirt, debris, or moisture.  Use protective sheet metal covers, canvas, heat lamps, etc., as needed to ensure equipment protection.
	C. For all metal panels mounted on concrete walls or floors, install 1/8-inch shims, and paint the back sides and bottom of the panels with Mobil Hi-Build Bituminous Coating 35-J-10; Koppers Bitumastic Super Tank Solution; or approved equal.  Film thi...
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	part 1 - GENERAL
	1.1 DESCRIPTION
	This Section describes general requirements for hot taps, pipe stops, and temporary piping systems, and their appurtenances.  This Section is to be used as a guideline in conjunction with the Contractor’s design of temporary piping systems and for the...

	1.2 RELATED SECTIONS
	A. Section 01080 – Construction Sequencing
	B. Section 15100 – Valves
	C. Section 15490 – Testing of Plumbing and Pressure Testing Pipe Systems

	1.3 Pipe Tapping (HOT Tap and pipe stops)
	A. Pipe tap connections (hot taps) to existing chiller piping shall be performed at locations indicated on the drawings.
	B. The sequence of work and materials for hot taps and pipe stops shall be approved by the City.  Tapping operations shall be continuously witnessed by the City.
	C. The Contractor shall provide all materials, labor, and equipment to access the piping as necessary to accomplish the tapping and stops, at the locations shown, and in accordance with the Contract Documents.

	1.4 Temporary Pipelines
	A. Temporary chilled water piping, to facilitate the temporary chillers, shall be sized and routed to support the temporary chillers as necessary to meet the cooling requirements of the plant, and allow for construction activities within the chiller a...
	B. All temporary piping, fittings, and service connections shall be furnished, installed, and maintained by the Contractor, and approved by the City.
	C. Upon completion of the work, the Contractor shall remove the temporary piping and appurtenances and shall restore all surfaces to the satisfaction of the Owner


	PART 2 - PRODUCTS
	2.1 General
	A. Manufacturer's Product Data:  The Contractor shall submit manufacturer's product data for all materials and products to be used in the work in accordance with Section 01300 including, but not limited to, tapping connections, tapping valves, flanges...
	B. The Contractor shall submit the proposed temporary piping layout.
	C. All components of temporary piping systems pipe furnished by the Contractor shall be of good quality, thermally insulated, clean, and suitable for conveying chilled water in the opinion of the City.

	2.2 TAPPING EQUIPMENT
	A. The tapping machine shall have the ability to positively flush all shavings and other residue created when installing tapped outlets of 4 inches or larger.
	B. The shell cutter bell on the tapping machine shall be tapped with a 2-inch minimum outlet.
	C. A ball valve shall be installed on the outlet to regulate flow.
	D. A hose and filter shall be connected to the ball valve to retrieve shavings and residue generated during the tapping process.
	E. The shell cutter pilot tool shall be designed to capture the coupon generated by performing the tap.
	F. The tapping machine shall be filled with water prior to commencing the tapping procedure.
	G. Tapping valve shall be specified in Section 15100 Valves.
	H. Contractor shall pipe stop configurations including simple short type pipe stops and pipe stops with bypass options.
	I. Tapping equipment and service provided by Koppl Pipeline Services, Inc., or equal.


	PART 3 - EXECUTION
	3.1 General
	A. The Contractor shall furnish tapping connections, valves, and all other materials as required to accomplish the desired a complete and functional installation.
	B. The Contractor shall provide emergency standby equipment or materials.
	C. The Contractor shall submit the proposed construction schedule, sequence of work, and materials for all work to be performed by the Contractor. The work shall not be scheduled until Contractor has obtained the City’s written approval.

	3.2 Taps, stops and temporary piping Installations
	A. Prior to construction, Contractor shall provide a written detailed plan with sketches for making the tapping arrangements at each of the location of the proposed connections. Contractor shall record the following information on the construction dra...
	1. Pipe size, outside diameter
	2. Pipe type, steel in the case of chilled water pipe
	3. Pipe schedule and flange pressure rating
	4. Elevation
	5. Location of fittings or couplings within 3 feet of the proposed connection point
	6. Potential conflicts

	B. After the City has given approval to proceed with the connection, the Contractor shall schedule the wet tap or pipe stop installation with the City.
	1. Shutdowns will be scheduled at the convenience of the City. No shutdowns will be scheduled on a Friday. Shutdowns may be scheduled for nights or weekends if required by operational criteria of the City.
	2. The Contractor shall give the City a minimum of five (5) working days’ notice prior to any proposed shutdown of existing mains or services. Scheduling shall be subject to City approval.
	3. The City may postpone or reschedule any shutdown operation if, for any reason, the City believes that the Contractor is inadequately prepared with competent personnel, equipment, or materials to proceed with the connection.
	4. If progress in completing the connection within the time specified is inadequate, the City may order necessary corrective measures. Corrective measures may consist of directing City personnel or another contractor to complete the work. All costs fo...

	C. The Contractor may proceed only when the materials and sequence of work have been approved, materials have been delivered, hot tap or pipe stop installation has been scheduled and the written detailed tapping plan has been furnished and approved by...
	1. The Contractor shall provide lights, scaffolding temporary supports as deemed necessary for the City.
	2. The Contractor shall provide all scaffolding, temporary supports and lights when necessary, one day prior to the hot tap or pipe stop installation.
	3. The Contractor shall perform all operations in the presence of the Owner. Only Owner personnel are authorized to operate existing valves. The Contractor shall be responsible for any and all damage resulting from unauthorized operation of existing C...
	4. Tapping:
	a. Install the tapping flange connection and tapping valve.  Clean the tapping machine prior to attachment to the tapping valve.
	b. Constantly monitor feed settings and motor speed of the tapping machine to ensure a successful tapping operation.

	5. Pipe Stops:
	a. Cut and remove portions of existing piping and install caps, flanges, tees, valves, install or remove temporary piping and other appurtenances required to complete the stop or bypass flow configuration. The Contractor shall discard pipe and appurte...

	6. After the tapping or pipe stop operations are completed, and the City has given approval to proceed, the Contractor shall complete the installation as shown on the Contract Documents including, but not limited to:
	a. Installing the pipe section(s) necessary to make the closure to the new system.
	b. Installing valves,
	c. Repairing, painting, and reinsulating as necessary to obtain City approval.



	3.3 TEMPORARY PIPE systems
	A. The temporary piping shall be installed in such a manner that it will not present a hazard to City operations staff and Contractor’s personnel and will not interfere with access to work areas.
	B. Isolation valves shall be installed as shown and/or as required by the City.
	C. If repairs to temporary piping are necessary, the Contractor shall make such repairs in a timely manner and as approved by the City. If progress in making repairs is inadequate in the sole opinion of the City, or in the event of an emergency, the C...



	15053 - DUCTILE IRON PIPE.pdf
	PART 3 – EXECUTION
	3.1 See Section 15410 - Installation of Plumbing Piping.


	15054 - CAST IRON PIPE.pdf
	PART 3 – EXECUTION
	3.1 See Section 15410, Installation of Plumbing Piping


	15085 - PIPING INSULATION SYSTEM.pdf
	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. Comply with applicable provisions and recommendations of the following, except as otherwise shown or specified:
	3. ASTM C 273, Standard Test Method for Shear Properties of Sandwich Core Materials
	4. ASTM C 450, Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging
	6. ASTM C 552, Standard Specification for Cellular Glass Thermal Insulation
	4. Detailed Shop Drawings showing layout of all insulation including all fittings.  Identify any exposed fittings and piping.

	A. The Contractor shall provide a qualified installer of the piping insulation.
	1. The insulation installer shall have at least five (5) installations of similar type and size. The Contractor shall provide a list of these installations with description of the work and client reference.
	2. The Contractor shall ensure that the installer has been trained by the manufacturer of the pipe insulation on proper installation methods for cryogenic service.
	1. Building Codes:  Comply with applicable requirements of all governing authorities and the following codes:

	C. Field Measurement:  Take field measurements where required prior to installation to ensure proper fitting of work.
	A. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	B. Calcium silicate, mineral-fiber, phenolic, polyisocyanurate, polystyrene, and mineral fiber pipe insulation wicking system insulation shall not be used.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam Insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process
	F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, hermetically sealed cells.  Where pipe/insulation diameter permits, the jacketing shall be factory applied to insulation.  Nominal density is 7.5 lb/cu. ft....
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cell-U-Foam Corporation; Ultra-CUF.
	b. Pittsburgh Corning Corporation; Foamglas.
	c. Or equal.

	2. Block Insulation:  ASTM C 552, Type I, Grade 1.
	3. Special-Shaped Insulation:  ASTM C 552, Type III.
	4. Board Insulation:  ASTM C 552, Type IV.
	5. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, Type II.
	6. Preformed Pipe Insulation with Factory-Applied ASJ or ASJ-SSL:  Comply with ASTM C 552, Type II.
	7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585.
	8. Minimum insulation thickness: 3-inch

	2.2 THERMAL BLANKETS
	A. Thermal blankets: custom fit pre-engineered insulation system, flexible and removable after installation to allow reinstallation and access to valves, pumps, flanges, equipment, and other hard to insulate items.
	1. Insulation Material:  ASTM C 1086, encapsulated 11 lb/cu. ft. fiberglass needled mat, Type E fiber
	2. Inner and Outer Jacket:  Minimum 16.5 oz./sq. yd. PTFE Teflon impregnated fiberglass.
	3. Blanket Construction:   Double sewn lock stitch with a minimum of 7 stitches per inch.  Raw jacket edges shall have a PTFE Teflon fiberglass cloth binding with Teflon coated fiberglass thread stitching.
	4. Quilting:  Stainless steel tufts or pins placed at random locations no greater than 16” inches apart, with stainless steel speed washers for securing the insulation in place.
	5. Fasteners: Stainless Steel "D" ring strap with Velcro tab both matching straps are spaced along the closing seam edge no greater than 8" apart.
	6. I.D. Tags:  Stainless steel with embossed lettering.
	7. Insulation thickness: 2-inch minimum thickness, or thicker to comply with insulation schedule in Part 3.
	a. Advance Thermal Corporation.
	c. Or equal.

	9. Thermal blankets installed outdoors shall be installed in a manner that rain and dew will not collect on blankets or seep inside of blanket.  Provide removable aluminum jackets water shields or rain guards.


	2.3 FIRE-RATED INSULATION SYSTEMS
	A. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket that is tested and certified to provide a 1 or 2-hour fire rating as required by the installation.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. CertainTeed Corp.; FlameChek.
	b. Johns Manville; Firetemp Wrap.
	c. Nelson Firestop Products; Nelson FSB Flameshield Blanket.
	d. Thermal Ceramics; FireMaster Duct Wrap.
	e. 3M; Fire Barrier Wrap Products.
	f. Unifrax Corporation; FyreWrap.
	g. Or equal.



	2.4 INSULATING CEMENTS
	A. Insulating cements shall be suitable for temperature range equivalent to that of the insulation.
	B. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Insulco, Division of MFS, Inc.; Triple I.
	b. P. K. Insulation Mfg. Co., Inc.; Super-Stik.
	c. Or equal.


	C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Insulco, Division of MFS, Inc.; SmoothKote.
	b. P. K. Insulation Mfg. Co., Inc.; PK No. 127, and Quik-Cote.
	c. Rock Wool Manufacturing Company; Delta One Shot.
	d. Or equal.



	2.5 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated. Adhesives shall contain no flammable solvents if that option is available.
	B. Cellular-Glass Adhesive:  Solvent-based resin adhesive, with a service temperature range equal to the insulation.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Design Polymerics
	b. Foster Products Corporation
	c. Or equal.


	C. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Design Polymerics DD2590-CA.
	b. ITW TACC, Division of Illinois Tool Works; SP80, T1080
	c. Marathon Industries, Inc.
	d. Or equal.



	2.6 MASTICS
	A. Materials shall be water based and be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic:  Water based; suitable for outdoor use on below ambient services.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-35.
	b. Foster Products Corporation, H. B. Fuller Company; 30-90.
	c. ITW TACC, Division of Illinois Tool Works; CB-50.
	d. Marathon Industries, Inc.; 590.
	e. Mon-Eco Industries, Inc.; 55-40.
	f. Vimasco Corporation; 749.
	g. Or equal.

	2. Water-Vapor Permeance:  ASTM E 96, Procedure B, 0.013 perm at 43-mil dry film thickness.
	3. Service Temperature Range:  Minus 20 to plus 180 deg F.
	4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color:  White.


	2.7 SEALANTS
	A. Joint Sealants:
	1. Joint Sealants for Cellular-Glass Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76.
	b. Foster Products Corporation, H. B. Fuller Company; 30-45.
	c. Marathon Industries, Inc.; 405.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Pittsburgh Corning Corporation; Pittseal 444.
	f. Vimasco Corporation; 750.
	g. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Permanently flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 100 to plus 300 deg F.
	5. Color:  White or gray.

	B. FSK and Metal Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76-8.
	b. Foster Products Corporation, H. B. Fuller Company; 95-44.
	c. Marathon Industries, Inc.; 405.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Vimasco Corporation; 750.
	f. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  equal to the insulation.
	5. Color:  Aluminum.

	C. ASJ Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76.
	b. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 40 to plus 250 deg F.
	5. Color:  White.


	2.8 FACTORY-APPLIED JACKETS
	A. The factory-applied jackets shall comply with the following:
	1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.
	2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C 1136, Type I.
	3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.


	2.9 FIELD-APPLIED FABRIC-REINFORCING MESH
	A. Woven Glass-Fiber Fabric for Pipe Insulation:  Approximately 2 oz./sq. yd. with a thread count of 10 strands by 10 strands/sq. inch for covering pipe and pipe fittings.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Vimasco Corporation; Elastafab 894.
	b. Or equal.


	B. Woven Glass-Fiber Fabric for Duct and Equipment Insulation:  Approximately 6 oz./sq. yd. with a thread count of 5 strands by 5 strands/sq. inch for covering equipment.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; Chil-Glas No. 5.
	b. Or equal.



	2.10 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
	C. Metal Jacket:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; Metal Jacketing Systems.
	b. PABCO Metals Corporation; Surefit.
	c. RPR Products, Inc.; Insul-Mate.
	d. Or equal.

	2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105 or 5005, Temper H-14.
	a. Sheet and roll stock ready for shop or field sizing.
	b. Finish and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded polyethylene and 40-pound kraft paper.
	d. Factory-Fabricated Fitting Covers:
	1) Aluminum, 0.024-inch-thick, smooth or stucco embossed finish.
	2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows.
	3) Tee covers.
	4) Flange and union covers.
	5) End caps.
	6) Beveled collars.
	7) Valve covers.
	8) Field fabricate fitting covers only if factory-fabricated fitting covers are not available.




	2.11 TAPES
	A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.  Product performance is based on products manufactured by Venture Tape; there are slight variations among manufacturers listed.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0835.
	b. Compac Corp.; 104 and 105.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 428 AWF ASJ.
	d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.
	e. Or equal.

	3. Width:  3 inches.
	4. Thickness:  11.5 mils.
	5. Adhesion:  90 ounces force/inch in width.
	6. Elongation:  2 percent.
	7. Tensile Strength:  40 lbf/inch in width.
	8. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

	B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
	b. Compac Corp.; 110 and 111.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 491 AWF FSK.
	d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ.
	e. Or equal.

	2. Width:  3 inches.
	3. Thickness:  6.5 mils.
	4. Adhesion:  90 ounces force/inch in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  40 lbf/inch in width.
	7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

	C. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
	b. Compac Corp.; 120.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 488 AWF.
	d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ.
	e. Or equal.

	2. Width:  2 inches.
	3. Thickness:  3.7 mils.
	4. Adhesion:  100 ounces force/inch in width.
	5. Elongation:  5 percent.
	6. Tensile Strength:  34 lbf/inch in width.


	2.12 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products; Bands.
	b. PABCO Metals Corporation; Bands.
	c. RPR Products, Inc.; Bands.
	d. Or equal.

	2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015-inch thick1/2-inch-wide with wing seal.
	3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020-inch-thick, 3/4-inch-wide with wing or closed seal.

	B. Insulation Pins and Hangers:
	1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel...
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; CWP-1.
	2) GEMCO; Cupped Head Weld Pin.
	3) Midwest Fasteners, Inc.; Cupped Head.
	4) Nelson Stud Welding; CHP.
	5) Or equal.


	2. Self-Sticking-Base Insulation Hangers for Equipment:  Baseplate welded to projecting spindle that is capable of holding insulation securely in position when self-locking washer is in place. Comply with the following requirements:
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series TSA.
	2) GEMCO; Press and Peel.
	3) Midwest Fasteners, Inc.; Self Stick.
	4) Or equal.

	b. Baseplate:  Galvanized carbon-steel sheet, 0.015-inch-thick by 2 inches square.
	c. Spindle:  Low carbon steel, fully annealed, 0.105-inch-diameter (12 gage) shank, length to suit depth of insulation indicated.
	d. Adhesive-backed base with a peel-off protective cover.

	3. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick, galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches in diameter.
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; RC-150.
	2) GEMCO; R-150.
	3) Midwest Fasteners, Inc.; WA-150.
	4) Nelson Stud Welding; Speed Clips.
	5) Or equal.

	b. Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.


	C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
	D. Wire:  0.062-inch soft-annealed stainless steel.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. C & F Wire.
	b. Childers Products.
	c. PABCO Metals Corporation.
	d. RPR Products, Inc.
	e. Or equal.



	2.13 CORNER ANGLES
	A. Aluminum Corner Angles:  0.040-inch-thick, minimum 1 by 1 inch, aluminum according to ASTM B 209, Alloy 3003, 3005, 3105 or 5005; Temper H-14.



	15100 - VALVES.pdf
	A. Gate Valves (Hot Tapping and Pipe Stops):
	1. Provide valves complete with operating handwheels, linings, and coatings.
	2. Cast or mold onto the valve body or bonnet the name of the manufacturer and the valve size. Do not attach identification plates to the valve body or bonnet.
	3. Provide valves with 125/150 flanged ends.
	4. Unless otherwise indicated, valves shall be the same size as the pipe in which they are installed.
	5. Unless otherwise indicated, valves shall have a working pressure rating not less than the pipe in which they are installed.
	a. Gate Valve
	 4” through 12”, Full Port, Non-Rising Type 304 Stainless Steel Stem, ASTM Ductile-Iron Grade A536 65/45/12 Body and Bonnet, Wax Encapsulated Cap Screws, Bronze Wedge Nut, Designed to AWWA C515 with Fusion Bonded Epoxy Lined Interior. Manufactured to...
	 Gate valves shall be Smith Cooper, or other approved equal.

	1. Type of Valve:  Air release.
	2. Type of Service:  Water, drainage.
	3. Type of end connection:  Threaded or flanged.
	4. Size (inches):  1/2” – 6”.
	5. Rating and Description:
	6. Manufacturer and Product: Provide the following:



	15140 - PIPE SUPPORTS.pdf
	SECTION 15140 – PIPE SUPPORTS
	**END OF SECTION**

	15410 - INSTALLATION OF PLUMBING PIPING.pdf
	1.1 SCOPE

	15430 - WASTE AND VENT PIPING SYSTEMS.pdf
	1.1 SCOPE

	16920 - MOTOR CONTROL CENTER.pdf
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...

	13010 - INSTRUMENTATION AND CONTROLS-GENERAL REQUIREMENTS.pdf
	SECTION 13010 - INSTRUMENTATION AND CONTROLS - GENERAL REQUIREMENTS
	PART 1 - GENERAL
	1.1 SCOPE
	A. Work Included:
	1. Provide all tools, equipment, materials, and supplies and be responsible for all labor required to complete the installation, startup and operational testing of the Area 70 chill water control system as indicated on the Drawings and as specified he...
	2. Provide all the necessary equipment components and interconnections along with the services of manufacturers' engineering representatives necessary to ensure the City receives a completely integrated and operational Instrumentation and Control (I&C...
	3. Provide all terminations for wiring at field mounted instruments, equipment enclosures, alarm, and status contacts.
	4. Provide all Instrumentation and Control wire required for a fully functioning I&C system as shown on the Drawings except for wire specifically specified in Division 16.
	5. Provide all terminations for power and control wiring, control cables, and Ethernet cables to terminate in the Chill Water System Custom Application Controller (CAC) at terminal blocks, switches, Ethernet connections, etc.  Check and confirm contin...
	6. System integration, to be performed by the City or contractors and consultants working directly for the City.

	B. Work Specified in Other Divisions:
	1. Process piping and other mechanical work and equipment as specified in Divisions 11 or 15.
	2. Instruments and controls which are not directly used for process control, i.e., those provided as part of a package system, such as a chiller skid, etc. as specified in Divisions 11, 15, or 16.
	3. Division 16 Work, including all instrumentation and controls conduit, and only that wire specified in Division 16. Refer to Division 16 Specifications for specific requirements for wire, conduit, grounding, and other electrical equipment.


	1.2 RESPONSIBILITIES
	A. Provide all engineering, documentation, labor, and materials required to resolve signal, power, or functional incompatibilities between the wiring and cable points of termination in the CAC and interfacing devices. This includes all interface to ex...
	B. As a minimum, the Contractor shall perform the following work:
	1. Prepare analog and digital hardware submittals
	2. Procure hardware
	3. Fabricate panels
	4. Perform factory tests on panels
	5. Perform bench calibration and verify calibration after installation
	6. Oversee and certify installation
	7. Oversee, document, and certify loop testing
	8. Oversee, document, and certify system commissioning
	9. Conduct the performance test
	10. Prepare Owner's Manuals
	11. Conduct training classes
	12. Prepare record drawings

	C. Integration of the chill water control system with instrumentation and control devices being provided under other sections:
	1. Resolve signal, power, or functional incompatibilities between the points of termination at the RTU and interfacing devices.


	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. American National Standard Institute (ANSI) Publications:
	B. Instrumentation Society of America (ISA) Publications:

	1.4 SUBMITTALS
	A. General: It is incumbent upon the Contractor to coordinate the work specified in these Sections so that a complete instrumentation, communication networks and control system for the Area 70 chill water system will be provided and will be supported ...
	1. In these Contract Documents all systems, meters, instruments, and other elements are represented schematically, and are designated by numbers, as derived from criteria in Instrument Society of America Standard ANSI/ISA S5.1. The Contractor shall as...
	2. Should an error be found in a shop drawing during installation or startup of equipment, the correction, including any field changes found necessary, shall be noted on the drawing and submitted finally "as-built" prior to acceptance of the project.
	3. The Contractor shall respond to all comments on shop drawing resubmittals made by the City either by making the noted correction or stating why it was not revised. Any resubmittal received by the City, which do not contain responses to the City's p...

	B. Submittals:
	1. Control System Hardware: This submittal to include instrumentation and control panels shall be included in a singular, all-inclusive submittal which shall include but not be limited to:
	a. A complete index appearing in the front of each bound submittal volume. Labeled tags shall separate system groups.
	b. Panel, and cabinet layout drawings shall be prepared, and they shall include the following information:
	1) Front, side, and plan views to scale.
	2) Dimensions.
	3) Arrangement (interior and exterior).
	4) Mounting information, including conduit entrance locations.
	5) Finish data.
	6) Tag number and functional name of items mounted in and on panel, console and cabinet.
	7) Nameplate legend which includes text, letter size, and colors to be used

	c. Installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	d. Panel wiring diagrams shall be prepared and integrate the field wiring. They shall include the following information:
	1) Name of panel.
	2) Wiring sizes and types.
	3) Terminal strip numbers.
	4) Functional name and manufacturer's designation for items to which wiring is connected.
	5) Electrical control schematics in accordance with ANSI standards.

	e. Field wiring diagrams shall be prepared and be integrated with the panel-wiring diagram.  They shall include the following information:
	1) Wire and piping sizes and types to existing and new field devices.
	2) Conduits in which wiring is to be located.
	3) Panel termination strip numbers.
	4) Location, functional name, and manufacturer's designation of items to which wiring, and piping are connected.

	f. Drawings showing schematic diagrams for control circuits. Complete details on the circuit interrelationship of all devices within and outside each Control Panel shall be submitted using schematic control diagrams. The diagrams shall show numbered t...
	g. Interface with existing control and monitoring system. This shall include any and all modifications made to existing measurement and control circuits, equipment and wiring, that are at the site but not indicated on the plan drawings, as applicable ...
	h. Complete and detailed bills of materials: A bill of material list, including quantity, description, manufacturer, and part number, shall be submitted for each field mounted device or assembly, cabinet assemblies and subassemblies. Bills of material...
	i. Data sheets for each component, together with a technical product brochure or bulletin: The data sheets shall show:
	1) Component functional description used herein and on the Drawings;
	2) Manufacturer's model number or other product designation;
	3) Project system or loop of which the component is a part;
	4) Project location or assembly at which the component is to be installed;
	5) Requirements for electric supply (if any);
	6) Special requirements or features, such as specifications for ambient operating conditions.
	7) Features and options which are furnished.

	j. A list of recommended spare parts covering items which are furnished under this Contract with the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.

	1. Report Submittal: Six (6) sets of sample reports shall be supplied to the Engineer for review. The submittal shall include a short description of the methods and procedures to be performed by operators to print the reports including the automatic r...
	2. Test Reports:  The Contractor shall provide reports detailing the results of tests performed on the system including the Field Functional Test Report. Three (3) sets shall be provided of each report.
	3. Start-up Test Procedure Submittal:  The Start-up Test Procedure Submittal shall be included in a singular all-inclusive package which shall include but not be limited to:
	a. The proposed procedures to be followed during start-up of the Control System and its components.
	b. The forms and checklists needed to document the completion of a successful start-up.

	4. Technical Manuals: Four (4) final sets of technical manuals shall be supplied for the City in accordance with Division 1 and two (2) additional final sets shall be supplied for the City, as a condition of acceptance of the project.  Two sets shall ...
	5. Record Drawings: The Contractor shall keep current a set of complete schematic diagrams that shall include all field and panel wiring. These drawings shall include all of the hardwired signals shown on the P&ID drawings. One set of drawings electro...


	1.5 QUALITY ASSURANCE
	A. Standard of Quality:  The Contractor shall provide equipment of the types and sizes specified which has been demonstrated to operate successfully. Provide equipment which is new and of recent proven design.

	1.6 DELIVERY, STORAGE AND HANDLING
	A. Box, crate, or otherwise enclose and protect instruments and equipment during shipment, handling, and storage. Keep all equipment dry and covered from exposure to weather, moisture, corrosive liquids and gases or any element that could degrade the ...

	1.7 warranty
	A. Correction of Defects: The Contractor shall correct all defects in the contractor-supplied Control System upon notification from the City for a period of one year from the date of Acceptance Test Completion. Mechanical corrections shall be complete...

	1.8 DRAWINGS
	A. Drawings: The Instrumentation Drawings are diagrammatic; exact locations of instrumentation products shall be determined in the field. Except where special details are used to illustrate the method of installation of a particular piece or type of e...
	B. Locations of equipment, inserts, anchors, motors, panels, pull boxes, manholes, conduits, stub-ups, fittings, power and convenience outlets, and ground wells are approximate unless dimensioned; verify locations with the CONSTRUCTION MANAGER prior t...
	C. Review the Drawings and Specification Divisions of other trades and perform the instrumentation work that will be required for the installations.
	D. Should there be a need to deviate from the Instrumentation Drawings and Specifications, submit written details and reasons for all changes to the City for favorable review.
	E. Resolution of varying interpretations of the Contract Documents shall conform to Division 1, General and Supplementary Conditions.
	F. The Drawings provide details of installation and supersede the manufacturer's recommendation where a conflict exists.



	PART 2 – PRODUCTS
	2.1 MATERIALS AND STANDARD SPECIFICATIONS
	A. Provide instruments, equipment and materials suitable for service conditions and meeting standard specifications such as ANSI, ASTM, ISA, and SAMA.  The intent of this Specification is to insure instruments and equipment are of a uniform quality an...

	2.2 NAMEPLATES
	A. For each piece of equipment, provide a manufacturer's nameplate showing their name, location, the pertinent ratings and the model designation.
	B. Identify each piece of equipment and related controls with a rigid laminated engraved phenolic nameplate.  Engrave nameplates with the inscriptions indicated on the Drawings and, if not so indicated, with the equipment name.  Securely fasten namepl...
	C. Each control device, including pushbuttons, control switches, and indicating lights, shall have an integral legend plate or nameplate indicating the device function. These shall be inscribed as indicated on the Drawings or as favorably reviewed by ...
	D. Provide CAUTION or SAFETY nameplates to alert operators of special conditions that may result in faulty equipment operations.  Devices containing batteries that must be replaced periodically must be clearly identified. Nameplates are not required i...

	2.3 NAME TAGS
	A. All instrumentation and equipment items or systems shall be identified by name tags. Field equipment shall be tagged with the assigned instrumentation tag number listed in the Instrument Schedule.
	B. Name tags shall be stainless steel with engraved or stamped black characters of 3/16-inch minimum height.  Tags shall be attached to equipment with a tag holder and stainless-steel band with a worm screw clamping device. Use 20-gauge stainless stee...

	2.4 FIELD-MOUNTED EQUIPMENT
	A. All instrument and control equipment mounted outside of protective structures shall be equipped with suitable surge arresting devices to protect the equipment from damage due to electrical transients induced in the interconnecting lines from lightn...

	2.5 EQUIPMENT OPERATING CONDITIONS
	A. All equipment shall be rated for normal operating performance with varying operating conditions over the following minimum ranges:
	1. Electrical Power: 120 Vac ±10%, 60 Hz, unregulated, except where specifically stated otherwise on the Drawings or in the Specifications, or when two-wire, loop-powered devices are specified.
	2. Field Instruments:
	a. Outdoor Areas:
	b. Indoor Unheated Areas:
	c. Indoor Environmentally Controlled Areas:



	2.6 EQUIPMENT LOCATIONS
	A. Provide equipment and materials suitable for the types of locations in which they are located as defined under Division 16.  All equipment specified for field mounting shall be weatherproof and splash proof as a minimum.  If electrical or electroni...

	2.7 current technology
	A. All meters, instruments, and other components shall be the most recent field-proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise required to match existing equipment.

	2.8 loop accuracy
	A. The accuracy of each instrumentation system or loop shall be determined as a probable maximum error; this shall be the square-root of the sum of the squares of certified "accuracies" of the designated components in each system, expressed as a perce...

	2.9 signal isolators, convertors, and conditioners
	A. Ensure that input-out signals of all instruments and control devices are compatible. Provide signal isolators and converters as necessary to obtain the required system performance.  Mount the devices in the field at point of application.  Provide i...

	2.10 ANALOG SIGNAL INDICATED UNITS
	A. For all instruments with local or remote indicators, provide indicators scaled in actual engineering units, i.e., gallons per minute, feet, psi, etc., rather than 0 to 100%, unless noted otherwise on the Drawings or Instrument Schedule.

	2.11 SIGNAL TRANSMISSION
	A. Analog:
	1. Signal transmission between electric or electronic instruments shall be 4-20 mA and shall operate at 24 Vdc.  Signal output from all transmitters and controllers shall be current regulated and shall not be affected by changes in load resistance wit...
	2. Nonstandard transmission systems such as impulse duration, pulse rate, and voltage regulated will not be permitted except where specifically noted in the Instrument Schedule or shown on the Drawings.  When transmitters with nonstandard outputs do o...

	B. Discrete:  All alarm and status signals shall be 120 Vac unless specified otherwise. Ethernet and serial transmissions shall be allowed to the extent shown on the Drawings.

	2.12 PAINTING
	A. Factory paint all instruments and equipment except where installed in pipelines. Where instrument panels are installed adjacent to electrical control panels provided under Division 16, provide instrument panels of identical color to that of electri...

	2.13 FASTENERS
	A. Fasteners for securing equipment to walls, floors and the like shall be 316 stainless steel. When fastening to existing walls, floors, and the like, provide capsule anchors, not expansion shields. Size capsule anchors to meet load requirements. Min...

	2.14 INSTRUMENT CALIBRATION
	A. Each field instrument shall be calibrated at 0%, 25%, 50%, 75% and 100% of span using test instruments to simulate inputs and read outputs that are rated to an accuracy of at least 5 times greater than the specified accuracy of the instrument being...
	B. Submit a written report to the City on each instrument.  This report shall include a laboratory calibration sheet or the manufacturer's standards calibration sheet on each instrument and calibration reading as finally adjusted within tolerances.
	C. The Contractor may, at his option, choose to perform calibration on an instrument by acquiring the services of an independent test lab, or by obtaining the required test instruments and performing the calibration.

	2.15 BINDERS
	A. Submittals shall be furnished separately bound in a "D" standard size, 3-ring with gap free D-ring, loose-leaf, vinyl plastic, heavy duty, hard cover binder suitable for bookshelf storage.  Binder ring size shall not exceed 3 inches.

	2.16 ELECTRONIC MEDIA
	A. Manuals and Drawings shall be provided in hardcopy and electronic format. As-built Documents shall be provided in Adobe Acrobat (pdf) format on CD – ROMs. The Contractor shall provide vendor manuals electronically and include these manuals on the C...


	PART 3 – EXECUTION
	3.1 PROCESS CONTROL System
	A. Control Philosophy and Loop Functional Descriptions are described in Section 11070 Variable Speed Screw Water Chillers, Part 4, which is hereby incorporated by reference.

	3.2 MOUNTINGS
	A. Mount and install equipment as indicated.  Mount field instruments on pipe mounts or other similar means in accordance with suppliers' recommendation. Where mounted in control panels, mount according to requirements of that section.
	B. Equipment specified for field mounting shall be suitable for direct pipe mounting or surface mounting, surface-mounted indicators and equipment with calibration adjustments or requiring periodic inspection shall be mounted not lower than 3 feet-6 i...
	C. Note that applicable specifications require detail drawings showing seismic sway bracing design and anchorage requirements for their equipment. Seismic zone requirements are specified in Division 1.
	D. All devices shall be accessible to operators for servicing, operating, reading, etc. Provide permanent platforms to assure devices are continuously accessible.

	3.3 FIELD WIRING
	A. Ring out signal wiring prior to termination and perform surge withstand tests where required. Verify wire number and terminations are satisfactory as designated on the Loop Diagrams. Verify all terminations are tight and shields are uniformly groun...

	3.4 ELECTROMAGNETIC INTERFERENCE (EMI)
	A. Construction shall proceed in a manner which minimizes the introduction of noise (RFI/EMI) into the I&C System.
	B. Cross signal wires and wires carrying ac power or control signals at right angles.
	C. Separate signal wires from wires carrying ac power or switched ac/dc control signals within control panels, terminal cabinets, telemetry equipment, multiplexer cabinets, and data loggers as much as possible.  Provide the following minimum separatio...

	3.5 SIGNAL GROUNDING
	A. Proper grounding of equipment and systems in this Division is critical, since computer and associated networks and peripherals are involved. The Drawings and Division 16 specify safety grounding for all equipment in this Division.
	B. A single-point grounding system for instrument signals is required for all instrument panels.  This instrument single point grounding system does not use building steel or conduit systems for its ground path.
	C. Ground all signal shields, signal grounds, and power supplies at an isolated signal bus within each instrument panel, rack, or enclosure.  The shields at the far ends of these signal cables must be disconnected (floated) from any ground to prevent ...
	Do not connect the rack or enclosure frames to the signal grounding buses.


	3.6 PREPARATION
	A. Ensure that installation areas are clean, and that concrete or masonry operations are completed prior to installing instruments and equipment.  Maintain the areas in a broom-clean condition during installation operations.
	B. Panels shall be protected during construction to prevent damage to front panel devices and prevent dust accumulation in the intervals.  Other protective measures (lamp, strip heaters, etc.) shall be included as weather conditions dictate.

	3.7 calibration
	A. General:  All devices provided under Division 17 shall be calibrated according to the manufacturer's recommended procedures to verify operational readiness and ability to meet the indicated functional and tolerance requirements.
	B. Calibration Points:  Each instrument shall be calibrated at 0, 25, 50, 75, and 100% of span using test instruments to simulate inputs.  The test instruments shall have accuracies traceable to National Institute of Testing Standards.
	C. Bench Calibration: Instruments which have been bench-calibrated shall be examined in the field to determine whether any of the calibrations are in need of adjustment. Such adjustments, if required, shall be made only after consultation with the City.
	D. Field Calibration:  Instruments which were not bench-calibrated shall be calibrated in the field to insure proper operation in accordance with the instrument loop diagrams or specification data sheets.
	E. Calibration Sheets:  Each instrument calibration sheet shall provide the following information and a space for sign-off on individual items and on the completed unit:
	1. Project name
	2. Loop number
	3. Tag number
	4. Manufacturer
	5. Model number
	6. Serial number
	7. Calibration range
	8. Calibration Data:  Input, output, and error at 10 percent, 50 percent, and 90 percent of span
	9. Switch setting, contact action, and deadband for discrete elements
	10. Space for comments
	11. Space for sign-off by System Integrator and date
	12. Test equipment used and associated serial numbers
	13. Space for sign-off by City I&C technician with date

	F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of equipment or system at a location determined by the City. The Contractor shall have the System Integrator sign the tag when calibration is complete.  The City will ...

	3.8 loop testing
	A. General:  Individual instrument loop diagrams per ISA Standard S5.4 – Instrument Loop Diagrams, expanded format, shall be submitted to the City for review prior to the loop tests. The Contractor shall notify the City of scheduled tests a minimum of...
	B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall be stroked from the operator interface units as well as local control devices and adjusted to verify proper control action, hand switch action, limit switch s...
	C. Interlocks:  All hardware and software interlocks between the instrumentation and the motor control circuits control circuits of variable-speed controllers and packaged equipment controls shall be checked to the maximum extent possible.
	D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, inspected, and adjusted to its indicated performance requirement in accordance to its Manufacturer's specifications and instructions.  Any instrument which fail...
	E. Loop Validation:  Controllers and electronic function modules shall be field tested and exercised to demonstrate correct operation.  All control loops shall be checked under simulated operating conditions by impressing input signals at the primary ...
	F. Loop Validation Sheets:  The Contractor shall prepare loop confirmation sheets for each loop covering each active instrumentation and control device except simple hand switches and lights. Loop confirmation sheets shall form the basis for operation...
	1. Project name
	2. Loop number
	3. Tag number, description, manufacturer and model number for each element
	4. Installation bulletin number
	5. Specification sheet number
	6. Loop description number
	7. Adjustment check
	8. Space for comments
	9. Space for loop sign-off by System Integrator and data
	10. Space for sign-off by System Integrator and date

	G. Loop Certification:  When installation tests have been successfully completed for all individual instruments and all separate analog control networks, a certified copy of all test forms shall be retained by the Contractor.

	3.9 field functional TESTING
	A. General:  Field functional testing shall commence after acceptance of all wire test, calibration tests and loop tests, and all inspections have demonstrated that the instrumentation and control system complies with all Contract requirements.  Field...
	B. Field functional Test Procedures and Documentation:  All field functional testing activities shall follow detailed test procedures and check lists accepted by the City. All test data shall be acquired using equipment as required and shall be record...
	C. Operational Validation:  Where feasible, system field functional testing activities shall include the use of water to establish service conditions that simulate, to the greatest extent possible, normal final control element operation conditions in ...
	D. Loop Tuning:  All electronic control stations incorporating proportional, integral or differential control circuits shall be optimally tuned, by a qualified control systems engineer, by applying control signal disturbances and adjusting the gain, r...
	E. Field Functional Test Validation Sheets: Field functional testing shall be documented on a test form as follows:
	1. For functions which can be demonstrated on a loop-by-loop basis, the form shall include:
	a. Project name
	b. Loop number
	c. Loop description
	d. Tag number, description, manufacturer and data sheet number for each component.
	e. Specification page and paragraph of function demonstrated
	f. Description of function
	g. Space for sign-off and date by both the System Integrator and City.


	F. Field Functional Test Certification:  The Contractor shall submit an instrumentation and control system field functional test completion report which shall state that all Contract requirements have been met and shall include a listing of all instru...

	3.10 on-site supervision
	A. The Contractor shall furnish the services of an on-site resident engineer to supervise and coordinate installation, adjustment, testing, and start-up of the chill water control system.  The resident engineer shall be present during the total period...

	3.11 ACCEPTANCE test
	A. General:  Subsequent to Field Functional Test and instrument calibration, verifying substantial completion of field installation and start-up, the system will be given a final 30-day acceptance test. The 30-day test must be successfully completed, ...
	B. Testing:  The systems to be tested on-line will include general operations as well as remote interface with the City Ovation system. Each system function, e.g., status report-backs, logs, and displays shall be exercised several times at a minimum, ...
	C. Failures:  Failures shall be classified as either major or minor.  A minor failure would be a small and non-critical component failure, which can be corrected by the City operators.  This occurrence shall be logged but shall not be reason enough fo...
	D. Technician Report:  Each time a technician is required to respond to a system malfunction, he or she must complete a report which shall include details concerning the nature of the complaint or malfunction and the resulting repair action required a...

	3.12 Training and Instruction
	A. General:  The Contractor shall provide maintenance and operator training courses by a qualified instructor as described herein. The training courses shall be given on-site during the final stages of the system checkout.  All instruction, tools and ...
	B. Instructors: The training shall be performed by qualified representatives of the equipment manufacturers and shall be specific to each piece of equipment.
	C. Schedule:  Training shall be performed during the field functional testing phase of the project. The training sessions shall be scheduled a minimum of 2 weeks in advance of when the courses are to be initiated.  The City will review the course outl...
	D. Agenda: The training shall include operation and maintenance procedures, troubleshooting with necessary test equipment, and changing set points, and calibration for that specific piece of equipment.
	E. Operator Training:  An operator's training course shall be given for up to eight (8) designated personnel of the City. This course shall be designed to teach operations, maintenance, and supervisory personnel how to operate the instrumentation and ...
	F. Hands-On Instruction:  In addition to the maintenance and the operator training courses, the operating and maintenance personnel shall be given hands-on instruction in the functions and operation of the system and instruments 7 days (minimum) prior...



	13080 - CONTROL PANELS.pdf
	section 13080 - CONTROL PANELS
	PART 1 - GENERAL
	1.1 scope
	A. Provisions:  Requirements of Division 1 and Section 13010 form a part of this Section.
	B. Work Included: This Section covers requirements for the non-bussed control section of the motor control center.

	1.2 RELATED SECTIONS
	A. Section 13010 - Instrumentation and Controls General Requirements

	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. National Electrical Manufacturers Association (NEMA) Publications:
	1. ICS 1 General Standards for Industrial Controls and Systems
	2. ICS 2 Standards for Industrial Control Devices, Controllers and Assemblies
	3. ICS 4 Terminal Blocks for Industrial Control Equipment and Systems
	4. ICS 6 Enclosures for Industrial Controls and Systems

	B. Underwriters Laboratories (UL) Publication:
	1. 508 Industrial Control Equipment


	1.4 SUBMITTALS
	A. The Control System Hardware Submittal shall be furnished in accordance with Section 13010 – Instrumentation and Controls General Requirements.
	B. Technical Manuals:  Provide technical manuals as specified in Section 13010.

	1.5 certification
	A. UL Label:
	1. Each control panel and terminal cabinet shall bear the UL label except as noted in the following paragraph.  The UL label shall apply to the enclosure, the specific equipment supplied with the enclosure, and the installation and wiring of the equip...
	2. Control panel enclosures containing instruments mounted through the enclosure walls or door shall meet all requirements for UL labeling as above, but no UL label is required. This exception applies only if UL Recognized instruments for the intended...


	1.6 DELIVERY, STORAGE AND HANDLING
	A. Ship assembled control panels in sections that facilitate handling and field installation.

	1.8 WORK PAYMENT
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...


	PART 2 - PRODUCTS
	2.1 general
	A. Environmental Suitability:
	1. Forced air ventilation shall be provided in indoor control enclosures to prevent internal panel temperatures from exceeding 105 F. Provide heat calculations for each control panel to determine cooling requirements.
	2. Louvers shall be provided, when required for forced air ventilation, near the bottoms and tops on the side of panels.
	3. Provide a thermostatically controlled fan in each enclosure when required for forced air ventilation.  Ventilation fans shall be low acoustic type suitable for control rooms.  Provide removable cleanable or disposable dust filter for each remote si...

	B. The control panel controls shall be 120 VAC.  Control conductors shall be provided in accordance with the indicated requirements.
	C. Control panels shall be housed in NEMA 12 enclosures with gasketed doors with 3-point latch unless otherwise indicated. Control panels shall be floor or wall-mounted, as indicated. Internal control components shall be mounted on an internal back-pa...
	1. Chilled Water System Custom Application Controller (CAC).

	D. Safety Requirements:  The electrical supply to each control panel shall be arranged to be disconnected by a local 15-amp thermal magnetic circuit breaker, except for necessary foreign circuits.  Each source of foreign voltage shall be isolated by p...
	E. Discrete outputs from the control panel shall be provided by electrically isolated contacts rated for 5 amps at 120 VAC.  Analog inputs and outputs shall be isolated 4-20 mA signals with power supply.
	F. All control panel mounted devices shall be mounted a minimum of 36 inches above finished grade.

	2.2 control panel materials
	A. Panel section faces shall be No. 10 gauge minimum thickness steel for free standing panels and No. 14 gauge minimum thickness steel for wall mounted or pedestal mounted panels. All materials shall be selected for levelness and smoothness.
	B. The following requirements apply to the front and rear face of the panel, both sides and the edges of all flanges, and the periphery of all holes or cut-outs.
	1. All high spots, butts, and rough spots shall be ground smooth.
	2. The surfaces shall be sanded or sandblasted to a smooth, clean bright finish.
	3. All traces of oil shall be removed with a solvent.
	4. The first coat of primer shall be applied immediately.

	C. Structural shapes and strap steel shall comply with ASTM A 283 – Low and Intermediate Tensile Strength Carbon Steel Plates, Grade C.
	1. Bolting Material:  Commercial quality carbon steel bolts, nuts, and washers shall be 1/2-inch diameter with UNC threads.  Carriage bolts shall be used for attaching end plates.  All other bolts shall be hex end machine bolts.  All nuts shall be hot...

	D. Panels shall be of sufficient size to adequately enclose all instruments designated as “panel-mounted” plus ample interior clearance to allow for installation, general servicing, and maintenance of the instruments.  Elevations and horizontal spacin...

	2.3 control panel electrical requirements
	A. Wiring Duct: Wiring duct shall be manufactured of Noryl and shall be of the restricted slot design, white in color. Panduit or approved equal. Size shall be based on actual wiring requirements.  All duct shall be precisely cut for a precision fit. ...
	B. Cable Ties:  Cable ties shall be self-locking with stainless steel locking tables as manufactured by Thomas & Betts.  Adhesive backed type mounting bases shall not be used.
	C. Terminal Blocks:  Terminal blocks shall be din rail mounted.  All terminals shall be complete with marking tags.
	D. Wiring Methods: Wiring methods and materials for all panels shall be in accordance with the N.E.C. requirements for General Purpose (no open wiring) unless otherwise indicated.
	E. Signal and Control Circuit Wiring:
	1. Wire type and sizes:  Conductor shall be flexible stranded copper machine tool wire, UL listed Type MTW, and shall be rated 600-volts. Wires for instrument control circuits and alarm input circuits shall be No. 14 AWG.  All other wires, including s...
	2. Wire Insulation Colors:
	3. Signal Cable – Non-Computer Use:
	a. Signal wire shall be twisted pair or triads in conduit or troughs. Cable shall be constructed of No. 16 AWG copper signal wires with THWN or THHN insulation.
	b. Color code for instrument signal wiring shall be as follows:  Positive (+) – White; Negative (-) - Black.
	c. A copper drain wire shall be provided for the bundle with a wrap of aluminum polyester shield.  The overall bundle jacket shall be PVC.

	4. Industrial Ethernet Cable:
	a. Shielded (STP) Ethernet Cable shall be used to connect the CAC, OIT, and DCS (PCM) to the Industrial Ethernet Switches.

	5. Wire Marking:  Wire numbers shall be marked using white numbered wire markers make from plastic-coated cloth, Brady Type B-500 or approved equal, or shall be heat-shrink plastic.
	6. Flexible conduit is not acceptable except when specifically approved by the Engineer in writing.
	7. Conduit fittings shall be Crouse-Hinds cast fittings or approved equal.
	8. Panels shall be provided with two separate ground bars, one for power ground and one for signal ground. Provide the ground bars with tapped holes to accommodate ground connections from various devices in the panel.  Provide insulator kit for signal...
	9. For case grounding, panel shall be provided with a 1/4-inch by 1-inch copper ground bus complete with solderless connector for one No. 4 AWG bare stranded copper cable. The copper cable shall be provided by the Contractor and be connected to a syst...

	F. Panel Lights and Receptacles:  Panels shall be internally lighted by LED lamps, provided with guards and a toggle switch located convenient to each access door. Provide one duplex GFI type receptacles in each panel section. The lights and receptacl...
	G. Power Supply Wiring:
	1. Unless otherwise indicated, all instruments and motor controls shall operate on 115-volt, 60 Hz circuits.
	2. When instruments do not come equipped with integral fuses, provide fuses as required for the protection of individual instruments against fault currents.  Fuses shall be mounted on the back of the panel in a fuse holder, and each fuse shall be iden...

	H. 24 VDC Power Supply: Panels shall be equipped with a linear 24-volt D.C. power supply for driving current loops and other D.C. powered equipment. It shall be solidly mounted, labeled and located in plain view oriented for ease of maintenance. Unit ...
	I. DIN Rail Mount Circuit Breakers:  Circuit breakers shall be 115 VAC, single pole as manufactured by Allen Bradley Series 1492-CB1; no equals.
	J. Relays shall be of the 120VAC, 10-amp, plug-in type.  Contacts shall be silver cadmium oxide unless otherwise noted on the contract drawings.  Drop out speed shall be 12 milliseconds typical.  Coil windings shall be polyurethane insulated. Contact ...


	PART 3 - EXECUTION
	3.1 installation
	A. Installation, testing, calibration, validation, startup and instruction shall be in accordance with Section 17010.
	B. Exercise care at all times after installation of control panels to keep out foreign matter, dust, dirt, debris, or moisture.  Use protective sheet metal covers, canvas, heat lamps, etc., as needed to ensure equipment protection.
	C. For all metal panels mounted on concrete walls or floors, install 1/8-inch shims, and paint the back sides and bottom of the panels with Mobil Hi-Build Bituminous Coating 35-J-10; Koppers Bitumastic Super Tank Solution; or approved equal.  Film thi...
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	SECTION 09900 – PAINTING AND COATING
	part 1 - general
	1.1 SCOPE
	A. The Contractor shall provide painting and coatings, complete and in place, in accordance with the Contract Documents.
	B. Definitions:
	C. The Contractor and Painting Subcontractor shall attend a Pre-Painting Conference prior to commencing work on the job.
	A. Submit coating manufacturer's technical and material safety data sheets for the products to be applied. Data sheets shall show the following information at a minimum, but shall show all data necessary to indicate conformance to specifications:
	1. Percent solids by volume.
	2. Minimum and maximum recommended dry-film thickness per coat for prime, intermediate, and finish coats.
	3. Recommended surface preparation.
	4. Recommended thinners.
	5. Statement verifying that the specified prime coat is recommended by the manufacturer for use with the specified intermediate and finish coats.
	6. Application instructions including recommended equipment and temperature limitations.
	7. Curing requirements and instructions.
	8. Colors (where applicable).
	B. Submit the name of the company and abrasive to be used, the generic type of abrasive, the CARB certification, and product data sheets.


	1.5 quality ASSURANCE
	A. All materials of a specified painting system, including primer, intermediate, and finish coats, shall be produced by the same manufacturer. Thinners, cleaners, driers, and other additives shall be as recommended by the paint manufacturer for the pa...
	1.6 DELIVERY, STORAGE AND HANDLING (NOT USED)
	1.7 WARRANTY
	A. Warranty Inspection:  A warranty inspection may be conducted during the eleventh month following completion of all coating and painting work.  The Contractor and a representative of the coating applicator and the coating material manufacturer shall...
	B. All defective work shall be repaired in accordance with these Specifications and to the satisfaction of the Engineer. The Engineer may, by written notice to the Contractor, reschedule the warranty inspection to another date within the 2-year correc...

	1.8 EXTRA MATERIALS
	A. Furnish extra materials described below that are from same production run (batch mix) as materials applied and that are packaged for storage and identified with labels describing contents.
	1. Quantity:  Furnish an additional 5 percent, but not less than 1 gal of each material and color applied.


	2.1 GENERAL
	A. Coating products shall conform to State of California air quality regulations, which limits volatile organic compounds per gallon of coating product.  The following index lists the various painting and coating systems by service and generic type.
	B. These systems are specified in detail in the following paragraphs. For each coating, the required surface preparation, prime coat, intermediate coat (if required), topcoat, and coating thicknesses are described. Mil thicknesses shown are minimum dr...
	2.2 System No. 15 – Exposed Metal, Atmospheric Weathering Environment

	2.4 PVC, CPVC AND FRP COATING SYSTEM
	A. System No. 41 - Exposed, Exterior:

	2.5 ABRASIVES FOR SURFACE PREPARATION
	A. Abrasives used for dry unconfined blast cleaning shall conform to the requirements of the State of California Air Resources Board (CARB) Executive Order G-425. Use abrasives that are currently certified by CARB and appear on the Approved Abrasives ...
	B. Abrasives used for preparation of iron and steel surfaces shall be one of the following:
	1. 16 to 30 or 16 to 40 mesh silica sand or mineral grit
	2. 20 to 40 mesh garnet
	3. Crushed iron slag, 100% retained on No. 80 mesh
	4. SAE Grade G-40 or G-50 iron grit

	C. Abrasives used for preparation of copper and aluminum surfaces shall be one of the following:
	1. Crushed slag, 80 to 100 mesh
	2. Very fine silica sand, 80 to 100 mesh

	D. In the above gradations, 100% of the material shall pass through the first stated

	part 3 – execution
	A. Conduct a pre-painting conference at the job site to review specified requirements. Meeting attendees shall include General Contractor, Subcontractor Painting Applicator and its supervisor, the Engineer and the Engineer.

	3.2 WEATHER CONDITIONS
	A. Do not paint in the rain, wind, snow, mist, and fog or when steel or metal surface temperatures are less than 5  F above the dew point.
	B. Do not apply paint when the relative humidity is above 85% or the temperature is above 90  F.
	C. Do not paint when temperature of metal to be painted is above 120  F.
	D. Do not apply paints if air or surface temperature is below 40  F or expected to be below 40  F within 24 hours.
	E. Do not apply epoxy, acrylic latex, and polyurethane paints on an exterior or interior surface if air or surface temperature is below 60  F or expected to drop below 60 F in 24 hours.

	3.3 SURFACE PREPARATION
	A. Do not sandblast or prepare more surface area than can be coated in one day. Remove all sharp edges, burrs, and weld spatter. Do not sandblast PVC, CPVC, or FRP piping or equipment. Do not sandblast epoxy, enamel coated, or fusion-bonded epoxy pipe...
	B. Surface preparation shall conform to the SSPC specifications as follows:
	C. Wherever the words "solvent cleaning," "hand tool cleaning," "wire brushing," or "blast cleaning" or similar words are used in these specifications or in paint manufacturer's specifications, they shall be understood to refer to the applicable SSPC ...
	D. Dust blasting is defined as cleaning the surface through the use of very fine abrasives, such as siliceous or mineral abrasives, 80 to 100 mesh. Apply a fine etch to the metal surface to clean the surface of any contamination or oxide.
	E. Remove oil and grease from metal surfaces in accordance with SSPC-SP 1. Use clean cloths and cleaning solvents and wipe dry with clean cloths. Do not leave a film or greasy residue on the cleaned surfaces before sandblasting.
	F. Remove weld spatter and weld slag from metal surfaces and grind smoothly rough welds, beads, peaked corners, and sharp edges in accordance with SSPC-SP 2 and SSPC-SP 3.
	G. Neutralize welds with a chemical solvent that is compatible with the specified coating materials. Use clean cloths and chemical solvent. Wipe dry with clean cloths. Do not leave a residue on the cleaned surfaces.

	3.4 ABRASIVE BLAST CLEANING
	A. Use dry abrasive blast cleaning for metal surfaces. Do not use abrasives in automatic equipment that have become contaminated. When shop or field blast cleaning with handheld nozzles, do not recycle or reuse blast particles.
	B. After blast cleaning and prior to application of coating, dry clean surfaces to be coated by dusting, sweeping, and vacuuming to remove residue from blasting. Apply the specified primer or touch-up coating within the period of an eight-hour working...
	C. Keep the area of the work in a clean condition and do not permit blasting particles to accumulate and constitute a nuisance or hazard.
	D. During blast cleaning, prevent damage to adjacent coatings. Schedule blast cleaning and coating such that dust, dirt, blast particles, old coatings, rust, mill scale, etc., will not damage or fall upon wet or newly coated surfaces.

	3.5 PROCEDURES FOR ITEMS HAVING SHOP-APPLIED PRIME COATS
	3.6 FIELD TOUCH-UP OF SHOP-APPLIED PRIME COATS
	A. Remove oil and grease surface contaminants on metal surfaces in accordance with SSPC-SP 1. Use clean rags wetted with a degreasing solution, rinse with clean water, and wipe dry.
	B. Remove dust, dirt, salts, moisture, chalking primers, or other surface contaminants that will affect the adhesion or durability of the coating system. Use a high-pressure water blaster or scrub surfaces with a broom or brush wetted with a solution ...
	C. Remove loose or peeling primer and other surface contaminants not easily removed by the previous cleaning methods in accordance with SSPC-SP 7. Take care that remaining primers are not damaged by the blast cleaning operation. Remaining primers shal...
	D. Remove rust, scaling, or primer damaged by welding or during shipment, storage, and erection in accordance with SSPC-SP 10. Take care that remaining primers are not damaged by the blast cleaning operation. Remaining primers shall be firmly bonded t...
	E. Use repair procedures on damaged primer which protects adjacent primer. Blast cleaning may require the use of lower air pressure, smaller nozzles, and abrasive particle sizes, short blast nozzle distance from surface, shielding, and/or masking.
	F. After abrasive blast cleaning of damaged and deflective areas, remove dust, blast particles, and other debris by dusting, sweeping, and vacuuming; then apply the specified touch-up coating.
	G. Surfaces that are shop primed with inorganic zinc primers shall receive a field touch-up of organic zinc primer to cover all scratches or abraded areas.
	H. Other surfaces that are shop primed shall receive a field touch-up of the same primer used in the original prime coat.

	3.7 PAINT MIXING
	3.8 PROCEDURES FOR THE APPLICATION OF COATINGS
	A. Conform to the requirements of SSPC-PA 1. Follow the recommendations of the coating manufacturer including the selection of spray equipment, brushes, rollers, cleaners, thinners, mixing, drying time, temperature and humidity of application, and saf...
	B. Stir, strain, and keep coating materials at a uniform consistency during application. Apply each coating evenly, free of brush marks, sags, runs, holidays, and other evidence of poor workmanship. Use a different shade or tint on succeeding coating ...
	C. Do not use thinners unless recommended by the coating manufacturer. If thinning is allowed, do not exceed the maximum allowable amount of thinner per gallon of coating material. Stir coating materials at all times when adding thinner. Do not flood ...
	D. Remove dust, blast particles, and other debris from blast cleaned surfaces by dusting, sweeping, and vacuuming. Allow ventilator fans to clean airborne dust to provide good visibility of working area prior to coating applications. Remove dust from ...
	E. Apply coating systems to the specified minimum dry-film thicknesses as measured from above the peaks of the surface profile.
	F. Apply primer immediately after blast cleaning and before any surface rusting occurs, or any dust, dirt, or any foreign matter has accumulated. Reclean surfaces by blast cleaning that have surface colored or become moist prior to coating application.
	G. Apply a brush coat of primer on welds, sharp edges, nuts, bolts, and irregular surfaces prior to the application of the primer and finish coat. The brush coat shall be done prior to and in conjunction with the spray coat application. Apply the spra...

	3.9 SURFACES NOT TO BE COATED
	1. Steel to be encased in concrete or masonry
	2. Cement mortar coated pipe and fittings
	3. Stainless steel
	4. Metal plates/nameplates or letters
	5. Electrical fixtures except for factory coatings
	6. Grease fittings
	7. Buried pipe unless specifically required in the piping specifications
	8. Plastic and fiberglass surfaces
	9. Aluminum handrails, stairs and grating, unless in contact with concrete
	13. Platform gratings, stair treads, door thresholds, and other walking surfaces
	14. Roofing
	15. Galvanized steel

	3.10 PROTECTION OF SURFACES NOT TO BE PAINTED
	3.11 SURFACES TO BE COATED
	A. Coat mechanical equipment excluding chillers as described in the various mechanical equipment specifications. Color shall match the color of the connecting piping.
	B. Coat aboveground and exposed piping as described in the various piping specifications. Color shall be as indicated or as selected by the Engineer.
	C. Coat valves as described in the various valve specifications. Above ground valves shall match the color of the connecting piping.
	D. Coat exposed surfaces of enclosures, guard posts, marker posts, fire hydrants, valve boxes, and test boxes as described in the particular specifications for the above items.
	E. Coat the following list of existing items associated with the Chiller Area:
	1. Fire-Sprinkler Piping and system except sprinkler nozzles
	2. Plant air system piping
	3. Recycled water system piping
	4. Potable water system piping
	5. Remaining steel fence on west east and south side of the Chiller Area
	6. Trap primer piping
	7. Colors area as indicated in the specification or as selected by the Engineer.
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	SECTION 13010 - INSTRUMENTATION AND CONTROLS - GENERAL REQUIREMENTS
	PART 1 - GENERAL
	1.1 SCOPE
	A. Work Included:
	1. Provide all tools, equipment, materials, and supplies and be responsible for all labor required to complete the installation, startup and operational testing of the Area 70 chill water control system as indicated on the Drawings and as specified he...
	2. Provide all the necessary equipment components and interconnections along with the services of manufacturers' engineering representatives necessary to ensure the City receives a completely integrated and operational Instrumentation and Control (I&C...
	3. Provide all terminations for wiring at field mounted instruments, equipment enclosures, alarm, and status contacts.
	4. Provide all Instrumentation and Control wire required for a fully functioning I&C system as shown on the Drawings except for wire specifically specified in Division 16.
	5. Provide all terminations for power and control wiring, control cables, and Ethernet cables to terminate in the Chill Water System Custom Application Controller (CAC) at terminal blocks, switches, Ethernet connections, etc.  Check and confirm contin...
	6. System integration, to be performed by the City or contractors and consultants working directly for the City.

	B. Work Specified in Other Divisions:
	1. Process piping and other mechanical work and equipment as specified in Divisions 11 or 15.
	2. Instruments and controls which are not directly used for process control, i.e., those provided as part of a package system, such as a chiller skid, etc. as specified in Divisions 11, 15, or 16.
	3. Division 16 Work, including all instrumentation and controls conduit, and only that wire specified in Division 16. Refer to Division 16 Specifications for specific requirements for wire, conduit, grounding, and other electrical equipment.


	1.2 RESPONSIBILITIES
	A. Provide all engineering, documentation, labor, and materials required to resolve signal, power, or functional incompatibilities between the wiring and cable points of termination in the CAC and interfacing devices. This includes all interface to ex...
	B. As a minimum, the Contractor shall perform the following work:
	1. Prepare analog and digital hardware submittals
	2. Procure hardware
	3. Fabricate panels
	4. Perform factory tests on panels
	5. Perform bench calibration and verify calibration after installation
	6. Oversee and certify installation
	7. Oversee, document, and certify loop testing
	8. Oversee, document, and certify system commissioning
	9. Conduct the performance test
	10. Prepare Owner's Manuals
	11. Conduct training classes
	12. Prepare record drawings

	C. Integration of the chill water control system with instrumentation and control devices being provided under other sections:
	1. Resolve signal, power, or functional incompatibilities between the points of termination at the RTU and interfacing devices.


	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. American National Standard Institute (ANSI) Publications:
	B. Instrumentation Society of America (ISA) Publications:

	1.4 SUBMITTALS
	A. General: It is incumbent upon the Contractor to coordinate the work specified in these Sections so that a complete instrumentation, communication networks and control system for the Area 70 chill water system will be provided and will be supported ...
	1. In these Contract Documents all systems, meters, instruments, and other elements are represented schematically, and are designated by numbers, as derived from criteria in Instrument Society of America Standard ANSI/ISA S5.1. The Contractor shall as...
	2. Should an error be found in a shop drawing during installation or startup of equipment, the correction, including any field changes found necessary, shall be noted on the drawing and submitted finally "as-built" prior to acceptance of the project.
	3. The Contractor shall respond to all comments on shop drawing resubmittals made by the City either by making the noted correction or stating why it was not revised. Any resubmittal received by the City, which do not contain responses to the City's p...

	B. Submittals:
	1. Control System Hardware: This submittal to include instrumentation and control panels shall be included in a singular, all-inclusive submittal which shall include but not be limited to:
	a. A complete index appearing in the front of each bound submittal volume. Labeled tags shall separate system groups.
	b. Panel, and cabinet layout drawings shall be prepared, and they shall include the following information:
	1) Front, side, and plan views to scale.
	2) Dimensions.
	3) Arrangement (interior and exterior).
	4) Mounting information, including conduit entrance locations.
	5) Finish data.
	6) Tag number and functional name of items mounted in and on panel, console and cabinet.
	7) Nameplate legend which includes text, letter size, and colors to be used

	c. Installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	d. Panel wiring diagrams shall be prepared and integrate the field wiring. They shall include the following information:
	1) Name of panel.
	2) Wiring sizes and types.
	3) Terminal strip numbers.
	4) Functional name and manufacturer's designation for items to which wiring is connected.
	5) Electrical control schematics in accordance with ANSI standards.

	e. Field wiring diagrams shall be prepared and be integrated with the panel-wiring diagram.  They shall include the following information:
	1) Wire and piping sizes and types to existing and new field devices.
	2) Conduits in which wiring is to be located.
	3) Panel termination strip numbers.
	4) Location, functional name, and manufacturer's designation of items to which wiring, and piping are connected.

	f. Drawings showing schematic diagrams for control circuits. Complete details on the circuit interrelationship of all devices within and outside each Control Panel shall be submitted using schematic control diagrams. The diagrams shall show numbered t...
	g. Interface with existing control and monitoring system. This shall include any and all modifications made to existing measurement and control circuits, equipment and wiring, that are at the site but not indicated on the plan drawings, as applicable ...
	h. Complete and detailed bills of materials: A bill of material list, including quantity, description, manufacturer, and part number, shall be submitted for each field mounted device or assembly, cabinet assemblies and subassemblies. Bills of material...
	i. Data sheets for each component, together with a technical product brochure or bulletin: The data sheets shall show:
	1) Component functional description used herein and on the Drawings;
	2) Manufacturer's model number or other product designation;
	3) Project system or loop of which the component is a part;
	4) Project location or assembly at which the component is to be installed;
	5) Requirements for electric supply (if any);
	6) Special requirements or features, such as specifications for ambient operating conditions.
	7) Features and options which are furnished.

	j. A list of recommended spare parts covering items which are furnished under this Contract with the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.

	1. Report Submittal: Six (6) sets of sample reports shall be supplied to the Engineer for review. The submittal shall include a short description of the methods and procedures to be performed by operators to print the reports including the automatic r...
	2. Test Reports:  The Contractor shall provide reports detailing the results of tests performed on the system including the Field Functional Test Report. Three (3) sets shall be provided of each report.
	3. Start-up Test Procedure Submittal:  The Start-up Test Procedure Submittal shall be included in a singular all-inclusive package which shall include but not be limited to:
	a. The proposed procedures to be followed during start-up of the Control System and its components.
	b. The forms and checklists needed to document the completion of a successful start-up.

	4. Technical Manuals: Four (4) final sets of technical manuals shall be supplied for the City in accordance with Division 1 and two (2) additional final sets shall be supplied for the City, as a condition of acceptance of the project.  Two sets shall ...
	5. Record Drawings: The Contractor shall keep current a set of complete schematic diagrams that shall include all field and panel wiring. These drawings shall include all of the hardwired signals shown on the P&ID drawings. One set of drawings electro...


	1.5 QUALITY ASSURANCE
	A. Standard of Quality:  The Contractor shall provide equipment of the types and sizes specified which has been demonstrated to operate successfully. Provide equipment which is new and of recent proven design.

	1.6 DELIVERY, STORAGE AND HANDLING
	A. Box, crate, or otherwise enclose and protect instruments and equipment during shipment, handling, and storage. Keep all equipment dry and covered from exposure to weather, moisture, corrosive liquids and gases or any element that could degrade the ...

	1.7 warranty
	A. Correction of Defects: The Contractor shall correct all defects in the contractor-supplied Control System upon notification from the City for a period of one year from the date of Acceptance Test Completion. Mechanical corrections shall be complete...

	1.8 DRAWINGS
	A. Drawings: The Instrumentation Drawings are diagrammatic; exact locations of instrumentation products shall be determined in the field. Except where special details are used to illustrate the method of installation of a particular piece or type of e...
	B. Locations of equipment, inserts, anchors, motors, panels, pull boxes, manholes, conduits, stub-ups, fittings, power and convenience outlets, and ground wells are approximate unless dimensioned; verify locations with the CONSTRUCTION MANAGER prior t...
	C. Review the Drawings and Specification Divisions of other trades and perform the instrumentation work that will be required for the installations.
	D. Should there be a need to deviate from the Instrumentation Drawings and Specifications, submit written details and reasons for all changes to the City for favorable review.
	E. Resolution of varying interpretations of the Contract Documents shall conform to Division 1, General and Supplementary Conditions.
	F. The Drawings provide details of installation and supersede the manufacturer's recommendation where a conflict exists.



	PART 2 – PRODUCTS
	2.1 MATERIALS AND STANDARD SPECIFICATIONS
	A. Provide instruments, equipment and materials suitable for service conditions and meeting standard specifications such as ANSI, ASTM, ISA, and SAMA.  The intent of this Specification is to insure instruments and equipment are of a uniform quality an...

	2.2 NAMEPLATES
	A. For each piece of equipment, provide a manufacturer's nameplate showing their name, location, the pertinent ratings and the model designation.
	B. Identify each piece of equipment and related controls with a rigid laminated engraved phenolic nameplate.  Engrave nameplates with the inscriptions indicated on the Drawings and, if not so indicated, with the equipment name.  Securely fasten namepl...
	C. Each control device, including pushbuttons, control switches, and indicating lights, shall have an integral legend plate or nameplate indicating the device function. These shall be inscribed as indicated on the Drawings or as favorably reviewed by ...
	D. Provide CAUTION or SAFETY nameplates to alert operators of special conditions that may result in faulty equipment operations.  Devices containing batteries that must be replaced periodically must be clearly identified. Nameplates are not required i...

	2.3 NAME TAGS
	A. All instrumentation and equipment items or systems shall be identified by name tags. Field equipment shall be tagged with the assigned instrumentation tag number listed in the Instrument Schedule.
	B. Name tags shall be stainless steel with engraved or stamped black characters of 3/16-inch minimum height.  Tags shall be attached to equipment with a tag holder and stainless-steel band with a worm screw clamping device. Use 20-gauge stainless stee...

	2.4 FIELD-MOUNTED EQUIPMENT
	A. All instrument and control equipment mounted outside of protective structures shall be equipped with suitable surge arresting devices to protect the equipment from damage due to electrical transients induced in the interconnecting lines from lightn...

	2.5 EQUIPMENT OPERATING CONDITIONS
	A. All equipment shall be rated for normal operating performance with varying operating conditions over the following minimum ranges:
	1. Electrical Power: 120 Vac ±10%, 60 Hz, unregulated, except where specifically stated otherwise on the Drawings or in the Specifications, or when two-wire, loop-powered devices are specified.
	2. Field Instruments:
	a. Outdoor Areas:
	b. Indoor Unheated Areas:
	c. Indoor Environmentally Controlled Areas:



	2.6 EQUIPMENT LOCATIONS
	A. Provide equipment and materials suitable for the types of locations in which they are located as defined under Division 16.  All equipment specified for field mounting shall be weatherproof and splash proof as a minimum.  If electrical or electroni...

	2.7 current technology
	A. All meters, instruments, and other components shall be the most recent field-proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise required to match existing equipment.

	2.8 loop accuracy
	A. The accuracy of each instrumentation system or loop shall be determined as a probable maximum error; this shall be the square-root of the sum of the squares of certified "accuracies" of the designated components in each system, expressed as a perce...

	2.9 signal isolators, convertors, and conditioners
	A. Ensure that input-out signals of all instruments and control devices are compatible. Provide signal isolators and converters as necessary to obtain the required system performance.  Mount the devices in the field at point of application.  Provide i...

	2.10 ANALOG SIGNAL INDICATED UNITS
	A. For all instruments with local or remote indicators, provide indicators scaled in actual engineering units, i.e., gallons per minute, feet, psi, etc., rather than 0 to 100%, unless noted otherwise on the Drawings or Instrument Schedule.

	2.11 SIGNAL TRANSMISSION
	A. Analog:
	1. Signal transmission between electric or electronic instruments shall be 4-20 mA and shall operate at 24 Vdc.  Signal output from all transmitters and controllers shall be current regulated and shall not be affected by changes in load resistance wit...
	2. Nonstandard transmission systems such as impulse duration, pulse rate, and voltage regulated will not be permitted except where specifically noted in the Instrument Schedule or shown on the Drawings.  When transmitters with nonstandard outputs do o...

	B. Discrete:  All alarm and status signals shall be 120 Vac unless specified otherwise. Ethernet and serial transmissions shall be allowed to the extent shown on the Drawings.

	2.12 PAINTING
	A. Factory paint all instruments and equipment except where installed in pipelines. Where instrument panels are installed adjacent to electrical control panels provided under Division 16, provide instrument panels of identical color to that of electri...

	2.13 FASTENERS
	A. Fasteners for securing equipment to walls, floors and the like shall be 316 stainless steel. When fastening to existing walls, floors, and the like, provide capsule anchors, not expansion shields. Size capsule anchors to meet load requirements. Min...

	2.14 INSTRUMENT CALIBRATION
	A. Each field instrument shall be calibrated at 0%, 25%, 50%, 75% and 100% of span using test instruments to simulate inputs and read outputs that are rated to an accuracy of at least 5 times greater than the specified accuracy of the instrument being...
	B. Submit a written report to the City on each instrument.  This report shall include a laboratory calibration sheet or the manufacturer's standards calibration sheet on each instrument and calibration reading as finally adjusted within tolerances.
	C. The Contractor may, at his option, choose to perform calibration on an instrument by acquiring the services of an independent test lab, or by obtaining the required test instruments and performing the calibration.

	2.15 BINDERS
	A. Submittals shall be furnished separately bound in a "D" standard size, 3-ring with gap free D-ring, loose-leaf, vinyl plastic, heavy duty, hard cover binder suitable for bookshelf storage.  Binder ring size shall not exceed 3 inches.

	2.16 ELECTRONIC MEDIA
	A. Manuals and Drawings shall be provided in hardcopy and electronic format. As-built Documents shall be provided in Adobe Acrobat (pdf) format on CD – ROMs. The Contractor shall provide vendor manuals electronically and include these manuals on the C...


	PART 3 – EXECUTION
	3.1 PROCESS CONTROL System
	A. Control Philosophy and Loop Functional Descriptions are described in Section 11070 Variable Speed Screw Water Chillers, Part 4, which is hereby incorporated by reference.

	3.2 MOUNTINGS
	A. Mount and install equipment as indicated.  Mount field instruments on pipe mounts or other similar means in accordance with suppliers' recommendation. Where mounted in control panels, mount according to requirements of that section.
	B. Equipment specified for field mounting shall be suitable for direct pipe mounting or surface mounting, surface-mounted indicators and equipment with calibration adjustments or requiring periodic inspection shall be mounted not lower than 3 feet-6 i...
	C. Note that applicable specifications require detail drawings showing seismic sway bracing design and anchorage requirements for their equipment. Seismic zone requirements are specified in Division 1.
	D. All devices shall be accessible to operators for servicing, operating, reading, etc. Provide permanent platforms to assure devices are continuously accessible.

	3.3 FIELD WIRING
	A. Ring out signal wiring prior to termination and perform surge withstand tests where required. Verify wire number and terminations are satisfactory as designated on the Loop Diagrams. Verify all terminations are tight and shields are uniformly groun...

	3.4 ELECTROMAGNETIC INTERFERENCE (EMI)
	A. Construction shall proceed in a manner which minimizes the introduction of noise (RFI/EMI) into the I&C System.
	B. Cross signal wires and wires carrying ac power or control signals at right angles.
	C. Separate signal wires from wires carrying ac power or switched ac/dc control signals within control panels, terminal cabinets, telemetry equipment, multiplexer cabinets, and data loggers as much as possible.  Provide the following minimum separatio...

	3.5 SIGNAL GROUNDING
	A. Proper grounding of equipment and systems in this Division is critical, since computer and associated networks and peripherals are involved. The Drawings and Division 16 specify safety grounding for all equipment in this Division.
	B. A single-point grounding system for instrument signals is required for all instrument panels.  This instrument single point grounding system does not use building steel or conduit systems for its ground path.
	C. Ground all signal shields, signal grounds, and power supplies at an isolated signal bus within each instrument panel, rack, or enclosure.  The shields at the far ends of these signal cables must be disconnected (floated) from any ground to prevent ...
	Do not connect the rack or enclosure frames to the signal grounding buses.


	3.6 PREPARATION
	A. Ensure that installation areas are clean, and that concrete or masonry operations are completed prior to installing instruments and equipment.  Maintain the areas in a broom-clean condition during installation operations.
	B. Panels shall be protected during construction to prevent damage to front panel devices and prevent dust accumulation in the intervals.  Other protective measures (lamp, strip heaters, etc.) shall be included as weather conditions dictate.

	3.7 calibration
	A. General:  All devices provided under Division 17 shall be calibrated according to the manufacturer's recommended procedures to verify operational readiness and ability to meet the indicated functional and tolerance requirements.
	B. Calibration Points:  Each instrument shall be calibrated at 0, 25, 50, 75, and 100% of span using test instruments to simulate inputs.  The test instruments shall have accuracies traceable to National Institute of Testing Standards.
	C. Bench Calibration: Instruments which have been bench-calibrated shall be examined in the field to determine whether any of the calibrations are in need of adjustment. Such adjustments, if required, shall be made only after consultation with the City.
	D. Field Calibration:  Instruments which were not bench-calibrated shall be calibrated in the field to insure proper operation in accordance with the instrument loop diagrams or specification data sheets.
	E. Calibration Sheets:  Each instrument calibration sheet shall provide the following information and a space for sign-off on individual items and on the completed unit:
	1. Project name
	2. Loop number
	3. Tag number
	4. Manufacturer
	5. Model number
	6. Serial number
	7. Calibration range
	8. Calibration Data:  Input, output, and error at 10 percent, 50 percent, and 90 percent of span
	9. Switch setting, contact action, and deadband for discrete elements
	10. Space for comments
	11. Space for sign-off by System Integrator and date
	12. Test equipment used and associated serial numbers
	13. Space for sign-off by City I&C technician with date

	F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of equipment or system at a location determined by the City. The Contractor shall have the System Integrator sign the tag when calibration is complete.  The City will ...

	3.8 loop testing
	A. General:  Individual instrument loop diagrams per ISA Standard S5.4 – Instrument Loop Diagrams, expanded format, shall be submitted to the City for review prior to the loop tests. The Contractor shall notify the City of scheduled tests a minimum of...
	B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall be stroked from the operator interface units as well as local control devices and adjusted to verify proper control action, hand switch action, limit switch s...
	C. Interlocks:  All hardware and software interlocks between the instrumentation and the motor control circuits control circuits of variable-speed controllers and packaged equipment controls shall be checked to the maximum extent possible.
	D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, inspected, and adjusted to its indicated performance requirement in accordance to its Manufacturer's specifications and instructions.  Any instrument which fail...
	E. Loop Validation:  Controllers and electronic function modules shall be field tested and exercised to demonstrate correct operation.  All control loops shall be checked under simulated operating conditions by impressing input signals at the primary ...
	F. Loop Validation Sheets:  The Contractor shall prepare loop confirmation sheets for each loop covering each active instrumentation and control device except simple hand switches and lights. Loop confirmation sheets shall form the basis for operation...
	1. Project name
	2. Loop number
	3. Tag number, description, manufacturer and model number for each element
	4. Installation bulletin number
	5. Specification sheet number
	6. Loop description number
	7. Adjustment check
	8. Space for comments
	9. Space for loop sign-off by System Integrator and data
	10. Space for sign-off by System Integrator and date

	G. Loop Certification:  When installation tests have been successfully completed for all individual instruments and all separate analog control networks, a certified copy of all test forms shall be retained by the Contractor.

	3.9 field functional TESTING
	A. General:  Field functional testing shall commence after acceptance of all wire test, calibration tests and loop tests, and all inspections have demonstrated that the instrumentation and control system complies with all Contract requirements.  Field...
	B. Field functional Test Procedures and Documentation:  All field functional testing activities shall follow detailed test procedures and check lists accepted by the City. All test data shall be acquired using equipment as required and shall be record...
	C. Operational Validation:  Where feasible, system field functional testing activities shall include the use of water to establish service conditions that simulate, to the greatest extent possible, normal final control element operation conditions in ...
	D. Loop Tuning:  All electronic control stations incorporating proportional, integral or differential control circuits shall be optimally tuned, by a qualified control systems engineer, by applying control signal disturbances and adjusting the gain, r...
	E. Field Functional Test Validation Sheets: Field functional testing shall be documented on a test form as follows:
	1. For functions which can be demonstrated on a loop-by-loop basis, the form shall include:
	a. Project name
	b. Loop number
	c. Loop description
	d. Tag number, description, manufacturer and data sheet number for each component.
	e. Specification page and paragraph of function demonstrated
	f. Description of function
	g. Space for sign-off and date by both the System Integrator and City.


	F. Field Functional Test Certification:  The Contractor shall submit an instrumentation and control system field functional test completion report which shall state that all Contract requirements have been met and shall include a listing of all instru...

	3.10 on-site supervision
	A. The Contractor shall furnish the services of an on-site resident engineer to supervise and coordinate installation, adjustment, testing, and start-up of the chill water control system.  The resident engineer shall be present during the total period...

	3.11 ACCEPTANCE test
	A. General:  Subsequent to Field Functional Test and instrument calibration, verifying substantial completion of field installation and start-up, the system will be given a final 30-day acceptance test. The 30-day test must be successfully completed, ...
	B. Testing:  The systems to be tested on-line will include general operations as well as remote interface with the City Ovation system. Each system function, e.g., status report-backs, logs, and displays shall be exercised several times at a minimum, ...
	C. Failures:  Failures shall be classified as either major or minor.  A minor failure would be a small and non-critical component failure, which can be corrected by the City operators.  This occurrence shall be logged but shall not be reason enough fo...
	D. Technician Report:  Each time a technician is required to respond to a system malfunction, he or she must complete a report which shall include details concerning the nature of the complaint or malfunction and the resulting repair action required a...

	3.12 Training and Instruction
	A. General:  The Contractor shall provide maintenance and operator training courses by a qualified instructor as described herein. The training courses shall be given on-site during the final stages of the system checkout.  All instruction, tools and ...
	B. Instructors: The training shall be performed by qualified representatives of the equipment manufacturers and shall be specific to each piece of equipment.
	C. Schedule:  Training shall be performed during the field functional testing phase of the project. The training sessions shall be scheduled a minimum of 2 weeks in advance of when the courses are to be initiated.  The City will review the course outl...
	D. Agenda: The training shall include operation and maintenance procedures, troubleshooting with necessary test equipment, and changing set points, and calibration for that specific piece of equipment.
	E. Operator Training:  An operator's training course shall be given for up to eight (8) designated personnel of the City. This course shall be designed to teach operations, maintenance, and supervisory personnel how to operate the instrumentation and ...
	F. Hands-On Instruction:  In addition to the maintenance and the operator training courses, the operating and maintenance personnel shall be given hands-on instruction in the functions and operation of the system and instruments 7 days (minimum) prior...
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	section 13080 - CONTROL PANELS
	PART 1 - GENERAL
	1.1 scope
	A. Provisions:  Requirements of Division 1 and Section 17010 form a part of this Section.
	B. Work Included: This Section covers requirements for the non-bussed control section of the motor control center.

	1.2 RELATED SECTIONS
	A. Section 17010 - Instrumentation and Controls General Requirements

	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. National Electrical Manufacturers Association (NEMA) Publications:
	1. ICS 1 General Standards for Industrial Controls and Systems
	2. ICS 2 Standards for Industrial Control Devices, Controllers and Assemblies
	3. ICS 4 Terminal Blocks for Industrial Control Equipment and Systems
	4. ICS 6 Enclosures for Industrial Controls and Systems

	B. Underwriters Laboratories (UL) Publication:
	1. 508 Industrial Control Equipment


	1.4 SUBMITTALS
	A. The Control System Hardware Submittal shall be furnished in accordance with Section 17010 – Instrumentation and Controls General Requirements.
	B. Technical Manuals:  Provide technical manuals as specified in Section 17010.

	1.5 certification
	A. UL Label:
	1. Each control panel and terminal cabinet shall bear the UL label except as noted in the following paragraph.  The UL label shall apply to the enclosure, the specific equipment supplied with the enclosure, and the installation and wiring of the equip...
	2. Control panel enclosures containing instruments mounted through the enclosure walls or door shall meet all requirements for UL labeling as above, but no UL label is required. This exception applies only if UL Recognized instruments for the intended...


	1.6 DELIVERY, STORAGE AND HANDLING
	A. Ship assembled control panels in sections that facilitate handling and field installation.

	1.8 WORK PAYMENT
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...


	PART 2 - PRODUCTS
	2.1 general
	A. Environmental Suitability:
	1. Forced air ventilation shall be provided in indoor control enclosures to prevent internal panel temperatures from exceeding 105 F. Provide heat calculations for each control panel to determine cooling requirements.
	2. Louvers shall be provided, when required for forced air ventilation, near the bottoms and tops on the side of panels.
	3. Provide a thermostatically controlled fan in each enclosure when required for forced air ventilation.  Ventilation fans shall be low acoustic type suitable for control rooms.  Provide removable cleanable or disposable dust filter for each remote si...

	B. The control panel controls shall be 120 VAC.  Control conductors shall be provided in accordance with the indicated requirements.
	C. Control panels shall be housed in NEMA 12 enclosures with gasketed doors with 3-point latch unless otherwise indicated. Control panels shall be floor or wall-mounted, as indicated. Internal control components shall be mounted on an internal back-pa...
	1. Chilled Water System Custom Application Controller (CAC).

	D. Safety Requirements:  The electrical supply to each control panel shall be arranged to be disconnected by a local 15-amp thermal magnetic circuit breaker, except for necessary foreign circuits.  Each source of foreign voltage shall be isolated by p...
	E. Discrete outputs from the control panel shall be provided by electrically isolated contacts rated for 5 amps at 120 VAC.  Analog inputs and outputs shall be isolated 4-20 mA signals with power supply.
	F. All control panel mounted devices shall be mounted a minimum of 36 inches above finished grade.

	2.2 control panel materials
	A. Panel section faces shall be No. 10 gauge minimum thickness steel for free standing panels and No. 14 gauge minimum thickness steel for wall mounted or pedestal mounted panels. All materials shall be selected for levelness and smoothness.
	B. The following requirements apply to the front and rear face of the panel, both sides and the edges of all flanges, and the periphery of all holes or cut-outs.
	1. All high spots, butts, and rough spots shall be ground smooth.
	2. The surfaces shall be sanded or sandblasted to a smooth, clean bright finish.
	3. All traces of oil shall be removed with a solvent.
	4. The first coat of primer shall be applied immediately.

	C. Structural shapes and strap steel shall comply with ASTM A 283 – Low and Intermediate Tensile Strength Carbon Steel Plates, Grade C.
	1. Bolting Material:  Commercial quality carbon steel bolts, nuts, and washers shall be 1/2-inch diameter with UNC threads.  Carriage bolts shall be used for attaching end plates.  All other bolts shall be hex end machine bolts.  All nuts shall be hot...

	D. Panels shall be of sufficient size to adequately enclose all instruments designated as “panel-mounted” plus ample interior clearance to allow for installation, general servicing, and maintenance of the instruments.  Elevations and horizontal spacin...

	2.3 control panel electrical requirements
	A. Wiring Duct: Wiring duct shall be manufactured of Noryl and shall be of the restricted slot design, white in color. Panduit or approved equal. Size shall be based on actual wiring requirements.  All duct shall be precisely cut for a precision fit. ...
	B. Cable Ties:  Cable ties shall be self-locking with stainless steel locking tables as manufactured by Thomas & Betts.  Adhesive backed type mounting bases shall not be used.
	C. Terminal Blocks:  Terminal blocks shall be din rail mounted.  All terminals shall be complete with marking tags.
	D. Wiring Methods: Wiring methods and materials for all panels shall be in accordance with the N.E.C. requirements for General Purpose (no open wiring) unless otherwise indicated.
	E. Signal and Control Circuit Wiring:
	1. Wire type and sizes:  Conductor shall be flexible stranded copper machine tool wire, UL listed Type MTW, and shall be rated 600-volts. Wires for instrument control circuits and alarm input circuits shall be No. 14 AWG.  All other wires, including s...
	2. Wire Insulation Colors:
	3. Signal Cable – Non-Computer Use:
	a. Signal wire shall be twisted pair or triads in conduit or troughs. Cable shall be constructed of No. 16 AWG copper signal wires with THWN or THHN insulation.
	b. Color code for instrument signal wiring shall be as follows:  Positive (+) – White; Negative (-) - Black.
	c. A copper drain wire shall be provided for the bundle with a wrap of aluminum polyester shield.  The overall bundle jacket shall be PVC.

	4. Industrial Ethernet Cable:
	a. Shielded (STP) Ethernet Cable shall be used to connect the CAC, OIT, and DCS (PCM) to the Industrial Ethernet Switches.

	5. Wire Marking:  Wire numbers shall be marked using white numbered wire markers make from plastic-coated cloth, Brady Type B-500 or approved equal, or shall be heat-shrink plastic.
	6. Flexible conduit is not acceptable except when specifically approved by the Engineer in writing.
	7. Conduit fittings shall be Crouse-Hinds cast fittings or approved equal.
	8. Panels shall be provided with two separate ground bars, one for power ground and one for signal ground. Provide the ground bars with tapped holes to accommodate ground connections from various devices in the panel.  Provide insulator kit for signal...
	9. For case grounding, panel shall be provided with a 1/4-inch by 1-inch copper ground bus complete with solderless connector for one No. 4 AWG bare stranded copper cable. The copper cable shall be provided by the Contractor and be connected to a syst...

	F. Panel Lights and Receptacles:  Panels shall be internally lighted by LED lamps, provided with guards and a toggle switch located convenient to each access door. Provide one duplex GFI type receptacles in each panel section. The lights and receptacl...
	G. Power Supply Wiring:
	1. Unless otherwise indicated, all instruments and motor controls shall operate on 115-volt, 60 Hz circuits.
	2. When instruments do not come equipped with integral fuses, provide fuses as required for the protection of individual instruments against fault currents.  Fuses shall be mounted on the back of the panel in a fuse holder, and each fuse shall be iden...

	H. 24 VDC Power Supply: Panels shall be equipped with a linear 24-volt D.C. power supply for driving current loops and other D.C. powered equipment. It shall be solidly mounted, labeled and located in plain view oriented for ease of maintenance. Unit ...
	I. DIN Rail Mount Circuit Breakers:  Circuit breakers shall be 115 VAC, single pole as manufactured by Allen Bradley Series 1492-CB1; no equals.
	J. Relays shall be of the 120VAC, 10-amp, plug-in type.  Contacts shall be silver cadmium oxide unless otherwise noted on the contract drawings.  Drop out speed shall be 12 milliseconds typical.  Coil windings shall be polyurethane insulated. Contact ...


	PART 3 - EXECUTION
	3.1 installation
	A. Installation, testing, calibration, validation, startup and instruction shall be in accordance with Section 17010.
	B. Exercise care at all times after installation of control panels to keep out foreign matter, dust, dirt, debris, or moisture.  Use protective sheet metal covers, canvas, heat lamps, etc., as needed to ensure equipment protection.
	C. For all metal panels mounted on concrete walls or floors, install 1/8-inch shims, and paint the back sides and bottom of the panels with Mobil Hi-Build Bituminous Coating 35-J-10; Koppers Bitumastic Super Tank Solution; or approved equal.  Film thi...
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	part 1 - GENERAL
	1.1 DESCRIPTION
	This Section describes general requirements for hot taps, pipe stops, and temporary piping systems, and their appurtenances.  This Section is to be used as a guideline in conjunction with the Contractor’s design of temporary piping systems and for the...

	1.2 RELATED SECTIONS
	A. Section 01080 – Construction Sequencing
	B. Section 15100 – Valves
	C. Section 15490 – Testing of Plumbing and Pressure Testing Pipe Systems

	1.3 Pipe Tapping (HOT Tap and pipe stops)
	A. Pipe tap connections (hot taps) to existing chiller piping shall be performed at locations indicated on the drawings.
	B. The sequence of work and materials for hot taps and pipe stops shall be approved by the City.  Tapping operations shall be continuously witnessed by the City.
	C. The Contractor shall provide all materials, labor, and equipment to access the piping as necessary to accomplish the tapping and stops, at the locations shown, and in accordance with the Contract Documents.

	1.4 Temporary Pipelines
	A. Temporary chilled water piping, to facilitate the temporary chillers, shall be sized and routed to support the temporary chillers as necessary to meet the cooling requirements of the plant, and allow for construction activities within the chiller a...
	B. All temporary piping, fittings, and service connections shall be furnished, installed, and maintained by the Contractor, and approved by the City.
	C. Upon completion of the work, the Contractor shall remove the temporary piping and appurtenances and shall restore all surfaces to the satisfaction of the Owner


	PART 2 - PRODUCTS
	2.1 General
	A. Manufacturer's Product Data:  The Contractor shall submit manufacturer's product data for all materials and products to be used in the work in accordance with Section 01300 including, but not limited to, tapping connections, tapping valves, flanges...
	B. The Contractor shall submit the proposed temporary piping layout.
	C. All components of temporary piping systems pipe furnished by the Contractor shall be of good quality, thermally insulated, clean, and suitable for conveying chilled water in the opinion of the City.

	2.2 TAPPING EQUIPMENT
	A. The tapping machine shall have the ability to positively flush all shavings and other residue created when installing tapped outlets of 4 inches or larger.
	B. The shell cutter bell on the tapping machine shall be tapped with a 2-inch minimum outlet.
	C. A ball valve shall be installed on the outlet to regulate flow.
	D. A hose and filter shall be connected to the ball valve to retrieve shavings and residue generated during the tapping process.
	E. The shell cutter pilot tool shall be designed to capture the coupon generated by performing the tap.
	F. The tapping machine shall be filled with water prior to commencing the tapping procedure.
	G. Tapping valve shall be specified in Section 15100 Valves.
	H. Contractor shall pipe stop configurations including simple short type pipe stops and pipe stops with bypass options.
	I. Tapping equipment and service provided by Koppl Pipeline Services, Inc., or equal.


	PART 3 - EXECUTION
	3.1 General
	A. The Contractor shall furnish tapping connections, valves, and all other materials as required to accomplish the desired a complete and functional installation.
	B. The Contractor shall provide emergency standby equipment or materials.
	C. The Contractor shall submit the proposed construction schedule, sequence of work, and materials for all work to be performed by the Contractor. The work shall not be scheduled until Contractor has obtained the City’s written approval.

	3.2 Taps, stops and temporary piping Installations
	A. Prior to construction, Contractor shall provide a written detailed plan with sketches for making the tapping arrangements at each of the location of the proposed connections. Contractor shall record the following information on the construction dra...
	1. Pipe size, outside diameter
	2. Pipe type, steel in the case of chilled water pipe
	3. Pipe schedule and flange pressure rating
	4. Elevation
	5. Location of fittings or couplings within 3 feet of the proposed connection point
	6. Potential conflicts

	B. After the City has given approval to proceed with the connection, the Contractor shall schedule the wet tap or pipe stop installation with the City.
	1. Shutdowns will be scheduled at the convenience of the City. No shutdowns will be scheduled on a Friday. Shutdowns may be scheduled for nights or weekends if required by operational criteria of the City.
	2. The Contractor shall give the City a minimum of five (5) working days’ notice prior to any proposed shutdown of existing mains or services. Scheduling shall be subject to City approval.
	3. The City may postpone or reschedule any shutdown operation if, for any reason, the City believes that the Contractor is inadequately prepared with competent personnel, equipment, or materials to proceed with the connection.
	4. If progress in completing the connection within the time specified is inadequate, the City may order necessary corrective measures. Corrective measures may consist of directing City personnel or another contractor to complete the work. All costs fo...

	C. The Contractor may proceed only when the materials and sequence of work have been approved, materials have been delivered, hot tap or pipe stop installation has been scheduled and the written detailed tapping plan has been furnished and approved by...
	1. The Contractor shall provide lights, scaffolding temporary supports as deemed necessary for the City.
	2. The Contractor shall provide all scaffolding, temporary supports and lights when necessary, one day prior to the hot tap or pipe stop installation.
	3. The Contractor shall perform all operations in the presence of the Owner. Only Owner personnel are authorized to operate existing valves. The Contractor shall be responsible for any and all damage resulting from unauthorized operation of existing C...
	4. Tapping:
	a. Install the tapping flange connection and tapping valve.  Clean the tapping machine prior to attachment to the tapping valve.
	b. Constantly monitor feed settings and motor speed of the tapping machine to ensure a successful tapping operation.

	5. Pipe Stops:
	a. Cut and remove portions of existing piping and install caps, flanges, tees, valves, install or remove temporary piping and other appurtenances required to complete the stop or bypass flow configuration. The Contractor shall discard pipe and appurte...

	6. After the tapping or pipe stop operations are completed, and the City has given approval to proceed, the Contractor shall complete the installation as shown on the Contract Documents including, but not limited to:
	a. Installing the pipe section(s) necessary to make the closure to the new system.
	b. Installing valves,
	c. Repairing, painting, and reinsulating as necessary to obtain City approval.



	3.3 TEMPORARY PIPE systems
	A. The temporary piping shall be installed in such a manner that it will not present a hazard to City operations staff and Contractor’s personnel and will not interfere with access to work areas.
	B. Isolation valves shall be installed as shown and/or as required by the City.
	C. If repairs to temporary piping are necessary, the Contractor shall make such repairs in a timely manner and as approved by the City. If progress in making repairs is inadequate in the sole opinion of the City, or in the event of an emergency, the C...
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	PART 3 – EXECUTION
	3.1 See Section 15410 - Installation of Plumbing Piping.
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	PART 3 – EXECUTION
	3.1 See Section 15410, Installation of Plumbing Piping
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	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. Comply with applicable provisions and recommendations of the following, except as otherwise shown or specified:
	3. ASTM C 273, Standard Test Method for Shear Properties of Sandwich Core Materials
	4. ASTM C 450, Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging
	6. ASTM C 552, Standard Specification for Cellular Glass Thermal Insulation
	4. Detailed Shop Drawings showing layout of all insulation including all fittings.  Identify any exposed fittings and piping.

	A. The Contractor shall provide a qualified installer of the piping insulation.
	1. The insulation installer shall have at least five (5) installations of similar type and size. The Contractor shall provide a list of these installations with description of the work and client reference.
	2. The Contractor shall ensure that the installer has been trained by the manufacturer of the pipe insulation on proper installation methods for cryogenic service.
	1. Building Codes:  Comply with applicable requirements of all governing authorities and the following codes:

	C. Field Measurement:  Take field measurements where required prior to installation to ensure proper fitting of work.
	A. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	B. Calcium silicate, mineral-fiber, phenolic, polyisocyanurate, polystyrene, and mineral fiber pipe insulation wicking system insulation shall not be used.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam Insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process
	F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, hermetically sealed cells.  Where pipe/insulation diameter permits, the jacketing shall be factory applied to insulation.  Nominal density is 7.5 lb/cu. ft....
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cell-U-Foam Corporation; Ultra-CUF.
	b. Pittsburgh Corning Corporation; Foamglas.
	c. Or equal.

	2. Block Insulation:  ASTM C 552, Type I, Grade 1.
	3. Special-Shaped Insulation:  ASTM C 552, Type III.
	4. Board Insulation:  ASTM C 552, Type IV.
	5. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, Type II.
	6. Preformed Pipe Insulation with Factory-Applied ASJ or ASJ-SSL:  Comply with ASTM C 552, Type II.
	7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585.
	8. Minimum insulation thickness: 3-inch

	2.2 THERMAL BLANKETS
	A. Thermal blankets: custom fit pre-engineered insulation system, flexible and removable after installation to allow reinstallation and access to valves, pumps, flanges, equipment, and other hard to insulate items.
	1. Insulation Material:  ASTM C 1086, encapsulated 11 lb/cu. ft. fiberglass needled mat, Type E fiber
	2. Inner and Outer Jacket:  Minimum 16.5 oz./sq. yd. PTFE Teflon impregnated fiberglass.
	3. Blanket Construction:   Double sewn lock stitch with a minimum of 7 stitches per inch.  Raw jacket edges shall have a PTFE Teflon fiberglass cloth binding with Teflon coated fiberglass thread stitching.
	4. Quilting:  Stainless steel tufts or pins placed at random locations no greater than 16” inches apart, with stainless steel speed washers for securing the insulation in place.
	5. Fasteners: Stainless Steel "D" ring strap with Velcro tab both matching straps are spaced along the closing seam edge no greater than 8" apart.
	6. I.D. Tags:  Stainless steel with embossed lettering.
	7. Insulation thickness: 2-inch minimum thickness, or thicker to comply with insulation schedule in Part 3.
	a. Advance Thermal Corporation.
	c. Or equal.

	9. Thermal blankets installed outdoors shall be installed in a manner that rain and dew will not collect on blankets or seep inside of blanket.  Provide removable aluminum jackets water shields or rain guards.


	2.3 FIRE-RATED INSULATION SYSTEMS
	A. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket that is tested and certified to provide a 1 or 2-hour fire rating as required by the installation.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. CertainTeed Corp.; FlameChek.
	b. Johns Manville; Firetemp Wrap.
	c. Nelson Firestop Products; Nelson FSB Flameshield Blanket.
	d. Thermal Ceramics; FireMaster Duct Wrap.
	e. 3M; Fire Barrier Wrap Products.
	f. Unifrax Corporation; FyreWrap.
	g. Or equal.



	2.4 INSULATING CEMENTS
	A. Insulating cements shall be suitable for temperature range equivalent to that of the insulation.
	B. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Insulco, Division of MFS, Inc.; Triple I.
	b. P. K. Insulation Mfg. Co., Inc.; Super-Stik.
	c. Or equal.


	C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Insulco, Division of MFS, Inc.; SmoothKote.
	b. P. K. Insulation Mfg. Co., Inc.; PK No. 127, and Quik-Cote.
	c. Rock Wool Manufacturing Company; Delta One Shot.
	d. Or equal.



	2.5 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated. Adhesives shall contain no flammable solvents if that option is available.
	B. Cellular-Glass Adhesive:  Solvent-based resin adhesive, with a service temperature range equal to the insulation.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Design Polymerics
	b. Foster Products Corporation
	c. Or equal.


	C. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Design Polymerics DD2590-CA.
	b. ITW TACC, Division of Illinois Tool Works; SP80, T1080
	c. Marathon Industries, Inc.
	d. Or equal.



	2.6 MASTICS
	A. Materials shall be water based and be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic:  Water based; suitable for outdoor use on below ambient services.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-35.
	b. Foster Products Corporation, H. B. Fuller Company; 30-90.
	c. ITW TACC, Division of Illinois Tool Works; CB-50.
	d. Marathon Industries, Inc.; 590.
	e. Mon-Eco Industries, Inc.; 55-40.
	f. Vimasco Corporation; 749.
	g. Or equal.

	2. Water-Vapor Permeance:  ASTM E 96, Procedure B, 0.013 perm at 43-mil dry film thickness.
	3. Service Temperature Range:  Minus 20 to plus 180 deg F.
	4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color:  White.


	2.7 SEALANTS
	A. Joint Sealants:
	1. Joint Sealants for Cellular-Glass Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76.
	b. Foster Products Corporation, H. B. Fuller Company; 30-45.
	c. Marathon Industries, Inc.; 405.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Pittsburgh Corning Corporation; Pittseal 444.
	f. Vimasco Corporation; 750.
	g. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Permanently flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 100 to plus 300 deg F.
	5. Color:  White or gray.

	B. FSK and Metal Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76-8.
	b. Foster Products Corporation, H. B. Fuller Company; 95-44.
	c. Marathon Industries, Inc.; 405.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Vimasco Corporation; 750.
	f. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  equal to the insulation.
	5. Color:  Aluminum.

	C. ASJ Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76.
	b. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 40 to plus 250 deg F.
	5. Color:  White.


	2.8 FACTORY-APPLIED JACKETS
	A. The factory-applied jackets shall comply with the following:
	1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.
	2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C 1136, Type I.
	3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.


	2.9 FIELD-APPLIED FABRIC-REINFORCING MESH
	A. Woven Glass-Fiber Fabric for Pipe Insulation:  Approximately 2 oz./sq. yd. with a thread count of 10 strands by 10 strands/sq. inch for covering pipe and pipe fittings.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Vimasco Corporation; Elastafab 894.
	b. Or equal.


	B. Woven Glass-Fiber Fabric for Duct and Equipment Insulation:  Approximately 6 oz./sq. yd. with a thread count of 5 strands by 5 strands/sq. inch for covering equipment.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; Chil-Glas No. 5.
	b. Or equal.



	2.10 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
	C. Metal Jacket:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; Metal Jacketing Systems.
	b. PABCO Metals Corporation; Surefit.
	c. RPR Products, Inc.; Insul-Mate.
	d. Or equal.

	2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105 or 5005, Temper H-14.
	a. Sheet and roll stock ready for shop or field sizing.
	b. Finish and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded polyethylene and 40-pound kraft paper.
	d. Factory-Fabricated Fitting Covers:
	1) Aluminum, 0.024-inch-thick, smooth or stucco embossed finish.
	2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows.
	3) Tee covers.
	4) Flange and union covers.
	5) End caps.
	6) Beveled collars.
	7) Valve covers.
	8) Field fabricate fitting covers only if factory-fabricated fitting covers are not available.




	2.11 TAPES
	A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.  Product performance is based on products manufactured by Venture Tape; there are slight variations among manufacturers listed.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0835.
	b. Compac Corp.; 104 and 105.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 428 AWF ASJ.
	d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.
	e. Or equal.

	3. Width:  3 inches.
	4. Thickness:  11.5 mils.
	5. Adhesion:  90 ounces force/inch in width.
	6. Elongation:  2 percent.
	7. Tensile Strength:  40 lbf/inch in width.
	8. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

	B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
	b. Compac Corp.; 110 and 111.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 491 AWF FSK.
	d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ.
	e. Or equal.

	2. Width:  3 inches.
	3. Thickness:  6.5 mils.
	4. Adhesion:  90 ounces force/inch in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  40 lbf/inch in width.
	7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

	C. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
	b. Compac Corp.; 120.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 488 AWF.
	d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ.
	e. Or equal.

	2. Width:  2 inches.
	3. Thickness:  3.7 mils.
	4. Adhesion:  100 ounces force/inch in width.
	5. Elongation:  5 percent.
	6. Tensile Strength:  34 lbf/inch in width.


	2.12 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products; Bands.
	b. PABCO Metals Corporation; Bands.
	c. RPR Products, Inc.; Bands.
	d. Or equal.

	2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015-inch thick1/2-inch-wide with wing seal.
	3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020-inch-thick, 3/4-inch-wide with wing or closed seal.

	B. Insulation Pins and Hangers:
	1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel...
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; CWP-1.
	2) GEMCO; Cupped Head Weld Pin.
	3) Midwest Fasteners, Inc.; Cupped Head.
	4) Nelson Stud Welding; CHP.
	5) Or equal.


	2. Self-Sticking-Base Insulation Hangers for Equipment:  Baseplate welded to projecting spindle that is capable of holding insulation securely in position when self-locking washer is in place. Comply with the following requirements:
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series TSA.
	2) GEMCO; Press and Peel.
	3) Midwest Fasteners, Inc.; Self Stick.
	4) Or equal.

	b. Baseplate:  Galvanized carbon-steel sheet, 0.015-inch-thick by 2 inches square.
	c. Spindle:  Low carbon steel, fully annealed, 0.105-inch-diameter (12 gage) shank, length to suit depth of insulation indicated.
	d. Adhesive-backed base with a peel-off protective cover.

	3. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick, galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches in diameter.
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; RC-150.
	2) GEMCO; R-150.
	3) Midwest Fasteners, Inc.; WA-150.
	4) Nelson Stud Welding; Speed Clips.
	5) Or equal.

	b. Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.


	C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
	D. Wire:  0.062-inch soft-annealed stainless steel.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. C & F Wire.
	b. Childers Products.
	c. PABCO Metals Corporation.
	d. RPR Products, Inc.
	e. Or equal.



	2.13 CORNER ANGLES
	A. Aluminum Corner Angles:  0.040-inch-thick, minimum 1 by 1 inch, aluminum according to ASTM B 209, Alloy 3003, 3005, 3105 or 5005; Temper H-14.



	15100 - VALVES.pdf
	A. Gate Valves (Hot Tapping and Pipe Stops):
	1. Provide valves complete with operating handwheels, linings, and coatings.
	2. Cast or mold onto the valve body or bonnet the name of the manufacturer and the valve size. Do not attach identification plates to the valve body or bonnet.
	3. Provide valves with 125/150 flanged ends.
	4. Unless otherwise indicated, valves shall be the same size as the pipe in which they are installed.
	5. Unless otherwise indicated, valves shall have a working pressure rating not less than the pipe in which they are installed.
	a. Gate Valve
	 4” through 12”, Full Port, Non-Rising Type 304 Stainless Steel Stem, ASTM Ductile-Iron Grade A536 65/45/12 Body and Bonnet, Wax Encapsulated Cap Screws, Bronze Wedge Nut, Designed to AWWA C515 with Fusion Bonded Epoxy Lined Interior. Manufactured to...
	 Gate valves shall be Smith Cooper, or other approved equal.

	1. Type of Valve:  Air release.
	2. Type of Service:  Water, drainage.
	3. Type of end connection:  Threaded or flanged.
	4. Size (inches):  1/2” – 6”.
	5. Rating and Description:
	6. Manufacturer and Product: Provide the following:



	15140 - PIPE SUPPORTS.pdf
	SECTION 15140 – PIPE SUPPORTS
	**END OF SECTION**

	15410 - INSTALLATION OF PLUMBING PIPING.pdf
	1.1 SCOPE

	15430 - WASTE AND VENT PIPING SYSTEMS.pdf
	1.1 SCOPE

	16920 - MOTOR CONTROL CENTER.pdf
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...

	13010 - INSTRUMENTATION AND CONTROLS-GENERAL REQUIREMENTS.pdf
	SECTION 13010 - INSTRUMENTATION AND CONTROLS - GENERAL REQUIREMENTS
	PART 1 - GENERAL
	1.1 SCOPE
	A. Work Included:
	1. Provide all tools, equipment, materials, and supplies and be responsible for all labor required to complete the installation, startup and operational testing of the Area 70 chill water control system as indicated on the Drawings and as specified he...
	2. Provide all the necessary equipment components and interconnections along with the services of manufacturers' engineering representatives necessary to ensure the City receives a completely integrated and operational Instrumentation and Control (I&C...
	3. Provide all terminations for wiring at field mounted instruments, equipment enclosures, alarm, and status contacts.
	4. Provide all Instrumentation and Control wire required for a fully functioning I&C system as shown on the Drawings except for wire specifically specified in Division 16.
	5. Provide all terminations for power and control wiring, control cables, and Ethernet cables to terminate in the Chill Water System Custom Application Controller (CAC) at terminal blocks, switches, Ethernet connections, etc.  Check and confirm contin...
	6. System integration, to be performed by the City or contractors and consultants working directly for the City.

	B. Work Specified in Other Divisions:
	1. Process piping and other mechanical work and equipment as specified in Divisions 11 or 15.
	2. Instruments and controls which are not directly used for process control, i.e., those provided as part of a package system, such as a chiller skid, etc. as specified in Divisions 11, 15, or 16.
	3. Division 16 Work, including all instrumentation and controls conduit, and only that wire specified in Division 16. Refer to Division 16 Specifications for specific requirements for wire, conduit, grounding, and other electrical equipment.


	1.2 RESPONSIBILITIES
	A. Provide all engineering, documentation, labor, and materials required to resolve signal, power, or functional incompatibilities between the wiring and cable points of termination in the CAC and interfacing devices. This includes all interface to ex...
	B. As a minimum, the Contractor shall perform the following work:
	1. Prepare analog and digital hardware submittals
	2. Procure hardware
	3. Fabricate panels
	4. Perform factory tests on panels
	5. Perform bench calibration and verify calibration after installation
	6. Oversee and certify installation
	7. Oversee, document, and certify loop testing
	8. Oversee, document, and certify system commissioning
	9. Conduct the performance test
	10. Prepare Owner's Manuals
	11. Conduct training classes
	12. Prepare record drawings

	C. Integration of the chill water control system with instrumentation and control devices being provided under other sections:
	1. Resolve signal, power, or functional incompatibilities between the points of termination at the RTU and interfacing devices.


	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. American National Standard Institute (ANSI) Publications:
	B. Instrumentation Society of America (ISA) Publications:

	1.4 SUBMITTALS
	A. General: It is incumbent upon the Contractor to coordinate the work specified in these Sections so that a complete instrumentation, communication networks and control system for the Area 70 chill water system will be provided and will be supported ...
	1. In these Contract Documents all systems, meters, instruments, and other elements are represented schematically, and are designated by numbers, as derived from criteria in Instrument Society of America Standard ANSI/ISA S5.1. The Contractor shall as...
	2. Should an error be found in a shop drawing during installation or startup of equipment, the correction, including any field changes found necessary, shall be noted on the drawing and submitted finally "as-built" prior to acceptance of the project.
	3. The Contractor shall respond to all comments on shop drawing resubmittals made by the City either by making the noted correction or stating why it was not revised. Any resubmittal received by the City, which do not contain responses to the City's p...

	B. Submittals:
	1. Control System Hardware: This submittal to include instrumentation and control panels shall be included in a singular, all-inclusive submittal which shall include but not be limited to:
	a. A complete index appearing in the front of each bound submittal volume. Labeled tags shall separate system groups.
	b. Panel, and cabinet layout drawings shall be prepared, and they shall include the following information:
	1) Front, side, and plan views to scale.
	2) Dimensions.
	3) Arrangement (interior and exterior).
	4) Mounting information, including conduit entrance locations.
	5) Finish data.
	6) Tag number and functional name of items mounted in and on panel, console and cabinet.
	7) Nameplate legend which includes text, letter size, and colors to be used

	c. Installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	d. Panel wiring diagrams shall be prepared and integrate the field wiring. They shall include the following information:
	1) Name of panel.
	2) Wiring sizes and types.
	3) Terminal strip numbers.
	4) Functional name and manufacturer's designation for items to which wiring is connected.
	5) Electrical control schematics in accordance with ANSI standards.

	e. Field wiring diagrams shall be prepared and be integrated with the panel-wiring diagram.  They shall include the following information:
	1) Wire and piping sizes and types to existing and new field devices.
	2) Conduits in which wiring is to be located.
	3) Panel termination strip numbers.
	4) Location, functional name, and manufacturer's designation of items to which wiring, and piping are connected.

	f. Drawings showing schematic diagrams for control circuits. Complete details on the circuit interrelationship of all devices within and outside each Control Panel shall be submitted using schematic control diagrams. The diagrams shall show numbered t...
	g. Interface with existing control and monitoring system. This shall include any and all modifications made to existing measurement and control circuits, equipment and wiring, that are at the site but not indicated on the plan drawings, as applicable ...
	h. Complete and detailed bills of materials: A bill of material list, including quantity, description, manufacturer, and part number, shall be submitted for each field mounted device or assembly, cabinet assemblies and subassemblies. Bills of material...
	i. Data sheets for each component, together with a technical product brochure or bulletin: The data sheets shall show:
	1) Component functional description used herein and on the Drawings;
	2) Manufacturer's model number or other product designation;
	3) Project system or loop of which the component is a part;
	4) Project location or assembly at which the component is to be installed;
	5) Requirements for electric supply (if any);
	6) Special requirements or features, such as specifications for ambient operating conditions.
	7) Features and options which are furnished.

	j. A list of recommended spare parts covering items which are furnished under this Contract with the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.

	1. Report Submittal: Six (6) sets of sample reports shall be supplied to the Engineer for review. The submittal shall include a short description of the methods and procedures to be performed by operators to print the reports including the automatic r...
	2. Test Reports:  The Contractor shall provide reports detailing the results of tests performed on the system including the Field Functional Test Report. Three (3) sets shall be provided of each report.
	3. Start-up Test Procedure Submittal:  The Start-up Test Procedure Submittal shall be included in a singular all-inclusive package which shall include but not be limited to:
	a. The proposed procedures to be followed during start-up of the Control System and its components.
	b. The forms and checklists needed to document the completion of a successful start-up.

	4. Technical Manuals: Four (4) final sets of technical manuals shall be supplied for the City in accordance with Division 1 and two (2) additional final sets shall be supplied for the City, as a condition of acceptance of the project.  Two sets shall ...
	5. Record Drawings: The Contractor shall keep current a set of complete schematic diagrams that shall include all field and panel wiring. These drawings shall include all of the hardwired signals shown on the P&ID drawings. One set of drawings electro...


	1.5 QUALITY ASSURANCE
	A. Standard of Quality:  The Contractor shall provide equipment of the types and sizes specified which has been demonstrated to operate successfully. Provide equipment which is new and of recent proven design.

	1.6 DELIVERY, STORAGE AND HANDLING
	A. Box, crate, or otherwise enclose and protect instruments and equipment during shipment, handling, and storage. Keep all equipment dry and covered from exposure to weather, moisture, corrosive liquids and gases or any element that could degrade the ...

	1.7 warranty
	A. Correction of Defects: The Contractor shall correct all defects in the contractor-supplied Control System upon notification from the City for a period of one year from the date of Acceptance Test Completion. Mechanical corrections shall be complete...

	1.8 DRAWINGS
	A. Drawings: The Instrumentation Drawings are diagrammatic; exact locations of instrumentation products shall be determined in the field. Except where special details are used to illustrate the method of installation of a particular piece or type of e...
	B. Locations of equipment, inserts, anchors, motors, panels, pull boxes, manholes, conduits, stub-ups, fittings, power and convenience outlets, and ground wells are approximate unless dimensioned; verify locations with the CONSTRUCTION MANAGER prior t...
	C. Review the Drawings and Specification Divisions of other trades and perform the instrumentation work that will be required for the installations.
	D. Should there be a need to deviate from the Instrumentation Drawings and Specifications, submit written details and reasons for all changes to the City for favorable review.
	E. Resolution of varying interpretations of the Contract Documents shall conform to Division 1, General and Supplementary Conditions.
	F. The Drawings provide details of installation and supersede the manufacturer's recommendation where a conflict exists.



	PART 2 – PRODUCTS
	2.1 MATERIALS AND STANDARD SPECIFICATIONS
	A. Provide instruments, equipment and materials suitable for service conditions and meeting standard specifications such as ANSI, ASTM, ISA, and SAMA.  The intent of this Specification is to insure instruments and equipment are of a uniform quality an...

	2.2 NAMEPLATES
	A. For each piece of equipment, provide a manufacturer's nameplate showing their name, location, the pertinent ratings and the model designation.
	B. Identify each piece of equipment and related controls with a rigid laminated engraved phenolic nameplate.  Engrave nameplates with the inscriptions indicated on the Drawings and, if not so indicated, with the equipment name.  Securely fasten namepl...
	C. Each control device, including pushbuttons, control switches, and indicating lights, shall have an integral legend plate or nameplate indicating the device function. These shall be inscribed as indicated on the Drawings or as favorably reviewed by ...
	D. Provide CAUTION or SAFETY nameplates to alert operators of special conditions that may result in faulty equipment operations.  Devices containing batteries that must be replaced periodically must be clearly identified. Nameplates are not required i...

	2.3 NAME TAGS
	A. All instrumentation and equipment items or systems shall be identified by name tags. Field equipment shall be tagged with the assigned instrumentation tag number listed in the Instrument Schedule.
	B. Name tags shall be stainless steel with engraved or stamped black characters of 3/16-inch minimum height.  Tags shall be attached to equipment with a tag holder and stainless-steel band with a worm screw clamping device. Use 20-gauge stainless stee...

	2.4 FIELD-MOUNTED EQUIPMENT
	A. All instrument and control equipment mounted outside of protective structures shall be equipped with suitable surge arresting devices to protect the equipment from damage due to electrical transients induced in the interconnecting lines from lightn...

	2.5 EQUIPMENT OPERATING CONDITIONS
	A. All equipment shall be rated for normal operating performance with varying operating conditions over the following minimum ranges:
	1. Electrical Power: 120 Vac ±10%, 60 Hz, unregulated, except where specifically stated otherwise on the Drawings or in the Specifications, or when two-wire, loop-powered devices are specified.
	2. Field Instruments:
	a. Outdoor Areas:
	b. Indoor Unheated Areas:
	c. Indoor Environmentally Controlled Areas:



	2.6 EQUIPMENT LOCATIONS
	A. Provide equipment and materials suitable for the types of locations in which they are located as defined under Division 16.  All equipment specified for field mounting shall be weatherproof and splash proof as a minimum.  If electrical or electroni...

	2.7 current technology
	A. All meters, instruments, and other components shall be the most recent field-proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise required to match existing equipment.

	2.8 loop accuracy
	A. The accuracy of each instrumentation system or loop shall be determined as a probable maximum error; this shall be the square-root of the sum of the squares of certified "accuracies" of the designated components in each system, expressed as a perce...

	2.9 signal isolators, convertors, and conditioners
	A. Ensure that input-out signals of all instruments and control devices are compatible. Provide signal isolators and converters as necessary to obtain the required system performance.  Mount the devices in the field at point of application.  Provide i...

	2.10 ANALOG SIGNAL INDICATED UNITS
	A. For all instruments with local or remote indicators, provide indicators scaled in actual engineering units, i.e., gallons per minute, feet, psi, etc., rather than 0 to 100%, unless noted otherwise on the Drawings or Instrument Schedule.

	2.11 SIGNAL TRANSMISSION
	A. Analog:
	1. Signal transmission between electric or electronic instruments shall be 4-20 mA and shall operate at 24 Vdc.  Signal output from all transmitters and controllers shall be current regulated and shall not be affected by changes in load resistance wit...
	2. Nonstandard transmission systems such as impulse duration, pulse rate, and voltage regulated will not be permitted except where specifically noted in the Instrument Schedule or shown on the Drawings.  When transmitters with nonstandard outputs do o...

	B. Discrete:  All alarm and status signals shall be 120 Vac unless specified otherwise. Ethernet and serial transmissions shall be allowed to the extent shown on the Drawings.

	2.12 PAINTING
	A. Factory paint all instruments and equipment except where installed in pipelines. Where instrument panels are installed adjacent to electrical control panels provided under Division 16, provide instrument panels of identical color to that of electri...

	2.13 FASTENERS
	A. Fasteners for securing equipment to walls, floors and the like shall be 316 stainless steel. When fastening to existing walls, floors, and the like, provide capsule anchors, not expansion shields. Size capsule anchors to meet load requirements. Min...

	2.14 INSTRUMENT CALIBRATION
	A. Each field instrument shall be calibrated at 0%, 25%, 50%, 75% and 100% of span using test instruments to simulate inputs and read outputs that are rated to an accuracy of at least 5 times greater than the specified accuracy of the instrument being...
	B. Submit a written report to the City on each instrument.  This report shall include a laboratory calibration sheet or the manufacturer's standards calibration sheet on each instrument and calibration reading as finally adjusted within tolerances.
	C. The Contractor may, at his option, choose to perform calibration on an instrument by acquiring the services of an independent test lab, or by obtaining the required test instruments and performing the calibration.

	2.15 BINDERS
	A. Submittals shall be furnished separately bound in a "D" standard size, 3-ring with gap free D-ring, loose-leaf, vinyl plastic, heavy duty, hard cover binder suitable for bookshelf storage.  Binder ring size shall not exceed 3 inches.

	2.16 ELECTRONIC MEDIA
	A. Manuals and Drawings shall be provided in hardcopy and electronic format. As-built Documents shall be provided in Adobe Acrobat (pdf) format on CD – ROMs. The Contractor shall provide vendor manuals electronically and include these manuals on the C...


	PART 3 – EXECUTION
	3.1 PROCESS CONTROL System
	A. Control Philosophy and Loop Functional Descriptions are described in Section 11070 Variable Speed Screw Water Chillers, Part 4, which is hereby incorporated by reference.

	3.2 MOUNTINGS
	A. Mount and install equipment as indicated.  Mount field instruments on pipe mounts or other similar means in accordance with suppliers' recommendation. Where mounted in control panels, mount according to requirements of that section.
	B. Equipment specified for field mounting shall be suitable for direct pipe mounting or surface mounting, surface-mounted indicators and equipment with calibration adjustments or requiring periodic inspection shall be mounted not lower than 3 feet-6 i...
	C. Note that applicable specifications require detail drawings showing seismic sway bracing design and anchorage requirements for their equipment. Seismic zone requirements are specified in Division 1.
	D. All devices shall be accessible to operators for servicing, operating, reading, etc. Provide permanent platforms to assure devices are continuously accessible.

	3.3 FIELD WIRING
	A. Ring out signal wiring prior to termination and perform surge withstand tests where required. Verify wire number and terminations are satisfactory as designated on the Loop Diagrams. Verify all terminations are tight and shields are uniformly groun...

	3.4 ELECTROMAGNETIC INTERFERENCE (EMI)
	A. Construction shall proceed in a manner which minimizes the introduction of noise (RFI/EMI) into the I&C System.
	B. Cross signal wires and wires carrying ac power or control signals at right angles.
	C. Separate signal wires from wires carrying ac power or switched ac/dc control signals within control panels, terminal cabinets, telemetry equipment, multiplexer cabinets, and data loggers as much as possible.  Provide the following minimum separatio...

	3.5 SIGNAL GROUNDING
	A. Proper grounding of equipment and systems in this Division is critical, since computer and associated networks and peripherals are involved. The Drawings and Division 16 specify safety grounding for all equipment in this Division.
	B. A single-point grounding system for instrument signals is required for all instrument panels.  This instrument single point grounding system does not use building steel or conduit systems for its ground path.
	C. Ground all signal shields, signal grounds, and power supplies at an isolated signal bus within each instrument panel, rack, or enclosure.  The shields at the far ends of these signal cables must be disconnected (floated) from any ground to prevent ...
	Do not connect the rack or enclosure frames to the signal grounding buses.


	3.6 PREPARATION
	A. Ensure that installation areas are clean, and that concrete or masonry operations are completed prior to installing instruments and equipment.  Maintain the areas in a broom-clean condition during installation operations.
	B. Panels shall be protected during construction to prevent damage to front panel devices and prevent dust accumulation in the intervals.  Other protective measures (lamp, strip heaters, etc.) shall be included as weather conditions dictate.

	3.7 calibration
	A. General:  All devices provided under Division 17 shall be calibrated according to the manufacturer's recommended procedures to verify operational readiness and ability to meet the indicated functional and tolerance requirements.
	B. Calibration Points:  Each instrument shall be calibrated at 0, 25, 50, 75, and 100% of span using test instruments to simulate inputs.  The test instruments shall have accuracies traceable to National Institute of Testing Standards.
	C. Bench Calibration: Instruments which have been bench-calibrated shall be examined in the field to determine whether any of the calibrations are in need of adjustment. Such adjustments, if required, shall be made only after consultation with the City.
	D. Field Calibration:  Instruments which were not bench-calibrated shall be calibrated in the field to insure proper operation in accordance with the instrument loop diagrams or specification data sheets.
	E. Calibration Sheets:  Each instrument calibration sheet shall provide the following information and a space for sign-off on individual items and on the completed unit:
	1. Project name
	2. Loop number
	3. Tag number
	4. Manufacturer
	5. Model number
	6. Serial number
	7. Calibration range
	8. Calibration Data:  Input, output, and error at 10 percent, 50 percent, and 90 percent of span
	9. Switch setting, contact action, and deadband for discrete elements
	10. Space for comments
	11. Space for sign-off by System Integrator and date
	12. Test equipment used and associated serial numbers
	13. Space for sign-off by City I&C technician with date

	F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of equipment or system at a location determined by the City. The Contractor shall have the System Integrator sign the tag when calibration is complete.  The City will ...

	3.8 loop testing
	A. General:  Individual instrument loop diagrams per ISA Standard S5.4 – Instrument Loop Diagrams, expanded format, shall be submitted to the City for review prior to the loop tests. The Contractor shall notify the City of scheduled tests a minimum of...
	B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall be stroked from the operator interface units as well as local control devices and adjusted to verify proper control action, hand switch action, limit switch s...
	C. Interlocks:  All hardware and software interlocks between the instrumentation and the motor control circuits control circuits of variable-speed controllers and packaged equipment controls shall be checked to the maximum extent possible.
	D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, inspected, and adjusted to its indicated performance requirement in accordance to its Manufacturer's specifications and instructions.  Any instrument which fail...
	E. Loop Validation:  Controllers and electronic function modules shall be field tested and exercised to demonstrate correct operation.  All control loops shall be checked under simulated operating conditions by impressing input signals at the primary ...
	F. Loop Validation Sheets:  The Contractor shall prepare loop confirmation sheets for each loop covering each active instrumentation and control device except simple hand switches and lights. Loop confirmation sheets shall form the basis for operation...
	1. Project name
	2. Loop number
	3. Tag number, description, manufacturer and model number for each element
	4. Installation bulletin number
	5. Specification sheet number
	6. Loop description number
	7. Adjustment check
	8. Space for comments
	9. Space for loop sign-off by System Integrator and data
	10. Space for sign-off by System Integrator and date

	G. Loop Certification:  When installation tests have been successfully completed for all individual instruments and all separate analog control networks, a certified copy of all test forms shall be retained by the Contractor.

	3.9 field functional TESTING
	A. General:  Field functional testing shall commence after acceptance of all wire test, calibration tests and loop tests, and all inspections have demonstrated that the instrumentation and control system complies with all Contract requirements.  Field...
	B. Field functional Test Procedures and Documentation:  All field functional testing activities shall follow detailed test procedures and check lists accepted by the City. All test data shall be acquired using equipment as required and shall be record...
	C. Operational Validation:  Where feasible, system field functional testing activities shall include the use of water to establish service conditions that simulate, to the greatest extent possible, normal final control element operation conditions in ...
	D. Loop Tuning:  All electronic control stations incorporating proportional, integral or differential control circuits shall be optimally tuned, by a qualified control systems engineer, by applying control signal disturbances and adjusting the gain, r...
	E. Field Functional Test Validation Sheets: Field functional testing shall be documented on a test form as follows:
	1. For functions which can be demonstrated on a loop-by-loop basis, the form shall include:
	a. Project name
	b. Loop number
	c. Loop description
	d. Tag number, description, manufacturer and data sheet number for each component.
	e. Specification page and paragraph of function demonstrated
	f. Description of function
	g. Space for sign-off and date by both the System Integrator and City.


	F. Field Functional Test Certification:  The Contractor shall submit an instrumentation and control system field functional test completion report which shall state that all Contract requirements have been met and shall include a listing of all instru...

	3.10 on-site supervision
	A. The Contractor shall furnish the services of an on-site resident engineer to supervise and coordinate installation, adjustment, testing, and start-up of the chill water control system.  The resident engineer shall be present during the total period...

	3.11 ACCEPTANCE test
	A. General:  Subsequent to Field Functional Test and instrument calibration, verifying substantial completion of field installation and start-up, the system will be given a final 30-day acceptance test. The 30-day test must be successfully completed, ...
	B. Testing:  The systems to be tested on-line will include general operations as well as remote interface with the City Ovation system. Each system function, e.g., status report-backs, logs, and displays shall be exercised several times at a minimum, ...
	C. Failures:  Failures shall be classified as either major or minor.  A minor failure would be a small and non-critical component failure, which can be corrected by the City operators.  This occurrence shall be logged but shall not be reason enough fo...
	D. Technician Report:  Each time a technician is required to respond to a system malfunction, he or she must complete a report which shall include details concerning the nature of the complaint or malfunction and the resulting repair action required a...

	3.12 Training and Instruction
	A. General:  The Contractor shall provide maintenance and operator training courses by a qualified instructor as described herein. The training courses shall be given on-site during the final stages of the system checkout.  All instruction, tools and ...
	B. Instructors: The training shall be performed by qualified representatives of the equipment manufacturers and shall be specific to each piece of equipment.
	C. Schedule:  Training shall be performed during the field functional testing phase of the project. The training sessions shall be scheduled a minimum of 2 weeks in advance of when the courses are to be initiated.  The City will review the course outl...
	D. Agenda: The training shall include operation and maintenance procedures, troubleshooting with necessary test equipment, and changing set points, and calibration for that specific piece of equipment.
	E. Operator Training:  An operator's training course shall be given for up to eight (8) designated personnel of the City. This course shall be designed to teach operations, maintenance, and supervisory personnel how to operate the instrumentation and ...
	F. Hands-On Instruction:  In addition to the maintenance and the operator training courses, the operating and maintenance personnel shall be given hands-on instruction in the functions and operation of the system and instruments 7 days (minimum) prior...
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	section 13080 - CONTROL PANELS
	PART 1 - GENERAL
	1.1 scope
	A. Provisions:  Requirements of Division 1 and Section 13010 form a part of this Section.
	B. Work Included: This Section covers requirements for the non-bussed control section of the motor control center.

	1.2 RELATED SECTIONS
	A. Section 13010 - Instrumentation and Controls General Requirements

	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. National Electrical Manufacturers Association (NEMA) Publications:
	1. ICS 1 General Standards for Industrial Controls and Systems
	2. ICS 2 Standards for Industrial Control Devices, Controllers and Assemblies
	3. ICS 4 Terminal Blocks for Industrial Control Equipment and Systems
	4. ICS 6 Enclosures for Industrial Controls and Systems

	B. Underwriters Laboratories (UL) Publication:
	1. 508 Industrial Control Equipment


	1.4 SUBMITTALS
	A. The Control System Hardware Submittal shall be furnished in accordance with Section 13010 – Instrumentation and Controls General Requirements.
	B. Technical Manuals:  Provide technical manuals as specified in Section 13010.

	1.5 certification
	A. UL Label:
	1. Each control panel and terminal cabinet shall bear the UL label except as noted in the following paragraph.  The UL label shall apply to the enclosure, the specific equipment supplied with the enclosure, and the installation and wiring of the equip...
	2. Control panel enclosures containing instruments mounted through the enclosure walls or door shall meet all requirements for UL labeling as above, but no UL label is required. This exception applies only if UL Recognized instruments for the intended...


	1.6 DELIVERY, STORAGE AND HANDLING
	A. Ship assembled control panels in sections that facilitate handling and field installation.

	1.8 WORK PAYMENT
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...


	PART 2 - PRODUCTS
	2.1 general
	A. Environmental Suitability:
	1. Forced air ventilation shall be provided in indoor control enclosures to prevent internal panel temperatures from exceeding 105 F. Provide heat calculations for each control panel to determine cooling requirements.
	2. Louvers shall be provided, when required for forced air ventilation, near the bottoms and tops on the side of panels.
	3. Provide a thermostatically controlled fan in each enclosure when required for forced air ventilation.  Ventilation fans shall be low acoustic type suitable for control rooms.  Provide removable cleanable or disposable dust filter for each remote si...

	B. The control panel controls shall be 120 VAC.  Control conductors shall be provided in accordance with the indicated requirements.
	C. Control panels shall be housed in NEMA 12 enclosures with gasketed doors with 3-point latch unless otherwise indicated. Control panels shall be floor or wall-mounted, as indicated. Internal control components shall be mounted on an internal back-pa...
	1. Chilled Water System Custom Application Controller (CAC).

	D. Safety Requirements:  The electrical supply to each control panel shall be arranged to be disconnected by a local 15-amp thermal magnetic circuit breaker, except for necessary foreign circuits.  Each source of foreign voltage shall be isolated by p...
	E. Discrete outputs from the control panel shall be provided by electrically isolated contacts rated for 5 amps at 120 VAC.  Analog inputs and outputs shall be isolated 4-20 mA signals with power supply.
	F. All control panel mounted devices shall be mounted a minimum of 36 inches above finished grade.

	2.2 control panel materials
	A. Panel section faces shall be No. 10 gauge minimum thickness steel for free standing panels and No. 14 gauge minimum thickness steel for wall mounted or pedestal mounted panels. All materials shall be selected for levelness and smoothness.
	B. The following requirements apply to the front and rear face of the panel, both sides and the edges of all flanges, and the periphery of all holes or cut-outs.
	1. All high spots, butts, and rough spots shall be ground smooth.
	2. The surfaces shall be sanded or sandblasted to a smooth, clean bright finish.
	3. All traces of oil shall be removed with a solvent.
	4. The first coat of primer shall be applied immediately.

	C. Structural shapes and strap steel shall comply with ASTM A 283 – Low and Intermediate Tensile Strength Carbon Steel Plates, Grade C.
	1. Bolting Material:  Commercial quality carbon steel bolts, nuts, and washers shall be 1/2-inch diameter with UNC threads.  Carriage bolts shall be used for attaching end plates.  All other bolts shall be hex end machine bolts.  All nuts shall be hot...

	D. Panels shall be of sufficient size to adequately enclose all instruments designated as “panel-mounted” plus ample interior clearance to allow for installation, general servicing, and maintenance of the instruments.  Elevations and horizontal spacin...

	2.3 control panel electrical requirements
	A. Wiring Duct: Wiring duct shall be manufactured of Noryl and shall be of the restricted slot design, white in color. Panduit or approved equal. Size shall be based on actual wiring requirements.  All duct shall be precisely cut for a precision fit. ...
	B. Cable Ties:  Cable ties shall be self-locking with stainless steel locking tables as manufactured by Thomas & Betts.  Adhesive backed type mounting bases shall not be used.
	C. Terminal Blocks:  Terminal blocks shall be din rail mounted.  All terminals shall be complete with marking tags.
	D. Wiring Methods: Wiring methods and materials for all panels shall be in accordance with the N.E.C. requirements for General Purpose (no open wiring) unless otherwise indicated.
	E. Signal and Control Circuit Wiring:
	1. Wire type and sizes:  Conductor shall be flexible stranded copper machine tool wire, UL listed Type MTW, and shall be rated 600-volts. Wires for instrument control circuits and alarm input circuits shall be No. 14 AWG.  All other wires, including s...
	2. Wire Insulation Colors:
	3. Signal Cable – Non-Computer Use:
	a. Signal wire shall be twisted pair or triads in conduit or troughs. Cable shall be constructed of No. 16 AWG copper signal wires with THWN or THHN insulation.
	b. Color code for instrument signal wiring shall be as follows:  Positive (+) – White; Negative (-) - Black.
	c. A copper drain wire shall be provided for the bundle with a wrap of aluminum polyester shield.  The overall bundle jacket shall be PVC.

	4. Industrial Ethernet Cable:
	a. Shielded (STP) Ethernet Cable shall be used to connect the CAC, OIT, and DCS (PCM) to the Industrial Ethernet Switches.

	5. Wire Marking:  Wire numbers shall be marked using white numbered wire markers make from plastic-coated cloth, Brady Type B-500 or approved equal, or shall be heat-shrink plastic.
	6. Flexible conduit is not acceptable except when specifically approved by the Engineer in writing.
	7. Conduit fittings shall be Crouse-Hinds cast fittings or approved equal.
	8. Panels shall be provided with two separate ground bars, one for power ground and one for signal ground. Provide the ground bars with tapped holes to accommodate ground connections from various devices in the panel.  Provide insulator kit for signal...
	9. For case grounding, panel shall be provided with a 1/4-inch by 1-inch copper ground bus complete with solderless connector for one No. 4 AWG bare stranded copper cable. The copper cable shall be provided by the Contractor and be connected to a syst...

	F. Panel Lights and Receptacles:  Panels shall be internally lighted by LED lamps, provided with guards and a toggle switch located convenient to each access door. Provide one duplex GFI type receptacles in each panel section. The lights and receptacl...
	G. Power Supply Wiring:
	1. Unless otherwise indicated, all instruments and motor controls shall operate on 115-volt, 60 Hz circuits.
	2. When instruments do not come equipped with integral fuses, provide fuses as required for the protection of individual instruments against fault currents.  Fuses shall be mounted on the back of the panel in a fuse holder, and each fuse shall be iden...

	H. 24 VDC Power Supply: Panels shall be equipped with a linear 24-volt D.C. power supply for driving current loops and other D.C. powered equipment. It shall be solidly mounted, labeled and located in plain view oriented for ease of maintenance. Unit ...
	I. DIN Rail Mount Circuit Breakers:  Circuit breakers shall be 115 VAC, single pole as manufactured by Allen Bradley Series 1492-CB1; no equals.
	J. Relays shall be of the 120VAC, 10-amp, plug-in type.  Contacts shall be silver cadmium oxide unless otherwise noted on the contract drawings.  Drop out speed shall be 12 milliseconds typical.  Coil windings shall be polyurethane insulated. Contact ...


	PART 3 - EXECUTION
	3.1 installation
	A. Installation, testing, calibration, validation, startup and instruction shall be in accordance with Section 17010.
	B. Exercise care at all times after installation of control panels to keep out foreign matter, dust, dirt, debris, or moisture.  Use protective sheet metal covers, canvas, heat lamps, etc., as needed to ensure equipment protection.
	C. For all metal panels mounted on concrete walls or floors, install 1/8-inch shims, and paint the back sides and bottom of the panels with Mobil Hi-Build Bituminous Coating 35-J-10; Koppers Bitumastic Super Tank Solution; or approved equal.  Film thi...
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	SECTION 09900 – PAINTING AND COATING
	part 1 - general
	1.1 SCOPE
	A. The Contractor shall provide painting and coatings, complete and in place, in accordance with the Contract Documents.
	B. Definitions:
	C. The Contractor and Painting Subcontractor shall attend a Pre-Painting Conference prior to commencing work on the job.
	A. Submit coating manufacturer's technical and material safety data sheets for the products to be applied. Data sheets shall show the following information at a minimum, but shall show all data necessary to indicate conformance to specifications:
	1. Percent solids by volume.
	2. Minimum and maximum recommended dry-film thickness per coat for prime, intermediate, and finish coats.
	3. Recommended surface preparation.
	4. Recommended thinners.
	5. Statement verifying that the specified prime coat is recommended by the manufacturer for use with the specified intermediate and finish coats.
	6. Application instructions including recommended equipment and temperature limitations.
	7. Curing requirements and instructions.
	8. Colors (where applicable).
	B. Submit the name of the company and abrasive to be used, the generic type of abrasive, the CARB certification, and product data sheets.


	1.5 quality ASSURANCE
	A. All materials of a specified painting system, including primer, intermediate, and finish coats, shall be produced by the same manufacturer. Thinners, cleaners, driers, and other additives shall be as recommended by the paint manufacturer for the pa...
	1.6 DELIVERY, STORAGE AND HANDLING (NOT USED)
	1.7 WARRANTY
	A. Warranty Inspection:  A warranty inspection may be conducted during the eleventh month following completion of all coating and painting work.  The Contractor and a representative of the coating applicator and the coating material manufacturer shall...
	B. All defective work shall be repaired in accordance with these Specifications and to the satisfaction of the Engineer. The Engineer may, by written notice to the Contractor, reschedule the warranty inspection to another date within the 2-year correc...

	1.8 EXTRA MATERIALS
	A. Furnish extra materials described below that are from same production run (batch mix) as materials applied and that are packaged for storage and identified with labels describing contents.
	1. Quantity:  Furnish an additional 5 percent, but not less than 1 gal of each material and color applied.


	2.1 GENERAL
	A. Coating products shall conform to State of California air quality regulations, which limits volatile organic compounds per gallon of coating product.  The following index lists the various painting and coating systems by service and generic type.
	B. These systems are specified in detail in the following paragraphs. For each coating, the required surface preparation, prime coat, intermediate coat (if required), topcoat, and coating thicknesses are described. Mil thicknesses shown are minimum dr...
	2.2 System No. 15 – Exposed Metal, Atmospheric Weathering Environment

	2.4 PVC, CPVC AND FRP COATING SYSTEM
	A. System No. 41 - Exposed, Exterior:

	2.5 ABRASIVES FOR SURFACE PREPARATION
	A. Abrasives used for dry unconfined blast cleaning shall conform to the requirements of the State of California Air Resources Board (CARB) Executive Order G-425. Use abrasives that are currently certified by CARB and appear on the Approved Abrasives ...
	B. Abrasives used for preparation of iron and steel surfaces shall be one of the following:
	1. 16 to 30 or 16 to 40 mesh silica sand or mineral grit
	2. 20 to 40 mesh garnet
	3. Crushed iron slag, 100% retained on No. 80 mesh
	4. SAE Grade G-40 or G-50 iron grit

	C. Abrasives used for preparation of copper and aluminum surfaces shall be one of the following:
	1. Crushed slag, 80 to 100 mesh
	2. Very fine silica sand, 80 to 100 mesh

	D. In the above gradations, 100% of the material shall pass through the first stated

	part 3 – execution
	A. Conduct a pre-painting conference at the job site to review specified requirements. Meeting attendees shall include General Contractor, Subcontractor Painting Applicator and its supervisor, the Engineer and the Engineer.

	3.2 WEATHER CONDITIONS
	A. Do not paint in the rain, wind, snow, mist, and fog or when steel or metal surface temperatures are less than 5  F above the dew point.
	B. Do not apply paint when the relative humidity is above 85% or the temperature is above 90  F.
	C. Do not paint when temperature of metal to be painted is above 120  F.
	D. Do not apply paints if air or surface temperature is below 40  F or expected to be below 40  F within 24 hours.
	E. Do not apply epoxy, acrylic latex, and polyurethane paints on an exterior or interior surface if air or surface temperature is below 60  F or expected to drop below 60 F in 24 hours.

	3.3 SURFACE PREPARATION
	A. Do not sandblast or prepare more surface area than can be coated in one day. Remove all sharp edges, burrs, and weld spatter. Do not sandblast PVC, CPVC, or FRP piping or equipment. Do not sandblast epoxy, enamel coated, or fusion-bonded epoxy pipe...
	B. Surface preparation shall conform to the SSPC specifications as follows:
	C. Wherever the words "solvent cleaning," "hand tool cleaning," "wire brushing," or "blast cleaning" or similar words are used in these specifications or in paint manufacturer's specifications, they shall be understood to refer to the applicable SSPC ...
	D. Dust blasting is defined as cleaning the surface through the use of very fine abrasives, such as siliceous or mineral abrasives, 80 to 100 mesh. Apply a fine etch to the metal surface to clean the surface of any contamination or oxide.
	E. Remove oil and grease from metal surfaces in accordance with SSPC-SP 1. Use clean cloths and cleaning solvents and wipe dry with clean cloths. Do not leave a film or greasy residue on the cleaned surfaces before sandblasting.
	F. Remove weld spatter and weld slag from metal surfaces and grind smoothly rough welds, beads, peaked corners, and sharp edges in accordance with SSPC-SP 2 and SSPC-SP 3.
	G. Neutralize welds with a chemical solvent that is compatible with the specified coating materials. Use clean cloths and chemical solvent. Wipe dry with clean cloths. Do not leave a residue on the cleaned surfaces.

	3.4 ABRASIVE BLAST CLEANING
	A. Use dry abrasive blast cleaning for metal surfaces. Do not use abrasives in automatic equipment that have become contaminated. When shop or field blast cleaning with handheld nozzles, do not recycle or reuse blast particles.
	B. After blast cleaning and prior to application of coating, dry clean surfaces to be coated by dusting, sweeping, and vacuuming to remove residue from blasting. Apply the specified primer or touch-up coating within the period of an eight-hour working...
	C. Keep the area of the work in a clean condition and do not permit blasting particles to accumulate and constitute a nuisance or hazard.
	D. During blast cleaning, prevent damage to adjacent coatings. Schedule blast cleaning and coating such that dust, dirt, blast particles, old coatings, rust, mill scale, etc., will not damage or fall upon wet or newly coated surfaces.

	3.5 PROCEDURES FOR ITEMS HAVING SHOP-APPLIED PRIME COATS
	3.6 FIELD TOUCH-UP OF SHOP-APPLIED PRIME COATS
	A. Remove oil and grease surface contaminants on metal surfaces in accordance with SSPC-SP 1. Use clean rags wetted with a degreasing solution, rinse with clean water, and wipe dry.
	B. Remove dust, dirt, salts, moisture, chalking primers, or other surface contaminants that will affect the adhesion or durability of the coating system. Use a high-pressure water blaster or scrub surfaces with a broom or brush wetted with a solution ...
	C. Remove loose or peeling primer and other surface contaminants not easily removed by the previous cleaning methods in accordance with SSPC-SP 7. Take care that remaining primers are not damaged by the blast cleaning operation. Remaining primers shal...
	D. Remove rust, scaling, or primer damaged by welding or during shipment, storage, and erection in accordance with SSPC-SP 10. Take care that remaining primers are not damaged by the blast cleaning operation. Remaining primers shall be firmly bonded t...
	E. Use repair procedures on damaged primer which protects adjacent primer. Blast cleaning may require the use of lower air pressure, smaller nozzles, and abrasive particle sizes, short blast nozzle distance from surface, shielding, and/or masking.
	F. After abrasive blast cleaning of damaged and deflective areas, remove dust, blast particles, and other debris by dusting, sweeping, and vacuuming; then apply the specified touch-up coating.
	G. Surfaces that are shop primed with inorganic zinc primers shall receive a field touch-up of organic zinc primer to cover all scratches or abraded areas.
	H. Other surfaces that are shop primed shall receive a field touch-up of the same primer used in the original prime coat.

	3.7 PAINT MIXING
	3.8 PROCEDURES FOR THE APPLICATION OF COATINGS
	A. Conform to the requirements of SSPC-PA 1. Follow the recommendations of the coating manufacturer including the selection of spray equipment, brushes, rollers, cleaners, thinners, mixing, drying time, temperature and humidity of application, and saf...
	B. Stir, strain, and keep coating materials at a uniform consistency during application. Apply each coating evenly, free of brush marks, sags, runs, holidays, and other evidence of poor workmanship. Use a different shade or tint on succeeding coating ...
	C. Do not use thinners unless recommended by the coating manufacturer. If thinning is allowed, do not exceed the maximum allowable amount of thinner per gallon of coating material. Stir coating materials at all times when adding thinner. Do not flood ...
	D. Remove dust, blast particles, and other debris from blast cleaned surfaces by dusting, sweeping, and vacuuming. Allow ventilator fans to clean airborne dust to provide good visibility of working area prior to coating applications. Remove dust from ...
	E. Apply coating systems to the specified minimum dry-film thicknesses as measured from above the peaks of the surface profile.
	F. Apply primer immediately after blast cleaning and before any surface rusting occurs, or any dust, dirt, or any foreign matter has accumulated. Reclean surfaces by blast cleaning that have surface colored or become moist prior to coating application.
	G. Apply a brush coat of primer on welds, sharp edges, nuts, bolts, and irregular surfaces prior to the application of the primer and finish coat. The brush coat shall be done prior to and in conjunction with the spray coat application. Apply the spra...

	3.9 SURFACES NOT TO BE COATED
	1. Steel to be encased in concrete or masonry
	2. Cement mortar coated pipe and fittings
	3. Stainless steel
	4. Metal plates/nameplates or letters
	5. Electrical fixtures except for factory coatings
	6. Grease fittings
	7. Buried pipe unless specifically required in the piping specifications
	8. Plastic and fiberglass surfaces
	9. Aluminum handrails, stairs and grating, unless in contact with concrete
	13. Platform gratings, stair treads, door thresholds, and other walking surfaces
	14. Roofing
	15. Galvanized steel

	3.10 PROTECTION OF SURFACES NOT TO BE PAINTED
	3.11 SURFACES TO BE COATED
	A. Coat mechanical equipment excluding chillers as described in the various mechanical equipment specifications. Color shall match the color of the connecting piping.
	B. Coat aboveground and exposed piping as described in the various piping specifications. Color shall be as indicated or as selected by the Engineer.
	C. Coat valves as described in the various valve specifications. Above ground valves shall match the color of the connecting piping.
	D. Coat exposed surfaces of enclosures, guard posts, marker posts, fire hydrants, valve boxes, and test boxes as described in the particular specifications for the above items.
	E. Coat the following list of existing items associated with the Chiller Area:
	1. Fire-Sprinkler Piping and system except sprinkler nozzles
	2. Plant air system piping
	3. Recycled water system piping
	4. Potable water system piping
	5. Remaining steel fence on west east and south side of the Chiller Area
	6. Trap primer piping
	7. Colors area as indicated in the specification or as selected by the Engineer.
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	SECTION 13010 - INSTRUMENTATION AND CONTROLS - GENERAL REQUIREMENTS
	PART 1 - GENERAL
	1.1 SCOPE
	A. Work Included:
	1. Provide all tools, equipment, materials, and supplies and be responsible for all labor required to complete the installation, startup and operational testing of the Area 70 chill water control system as indicated on the Drawings and as specified he...
	2. Provide all the necessary equipment components and interconnections along with the services of manufacturers' engineering representatives necessary to ensure the City receives a completely integrated and operational Instrumentation and Control (I&C...
	3. Provide all terminations for wiring at field mounted instruments, equipment enclosures, alarm, and status contacts.
	4. Provide all Instrumentation and Control wire required for a fully functioning I&C system as shown on the Drawings except for wire specifically specified in Division 16.
	5. Provide all terminations for power and control wiring, control cables, and Ethernet cables to terminate in the Chill Water System Custom Application Controller (CAC) at terminal blocks, switches, Ethernet connections, etc.  Check and confirm contin...
	6. System integration, to be performed by the City or contractors and consultants working directly for the City.

	B. Work Specified in Other Divisions:
	1. Process piping and other mechanical work and equipment as specified in Divisions 11 or 15.
	2. Instruments and controls which are not directly used for process control, i.e., those provided as part of a package system, such as a chiller skid, etc. as specified in Divisions 11, 15, or 16.
	3. Division 16 Work, including all instrumentation and controls conduit, and only that wire specified in Division 16. Refer to Division 16 Specifications for specific requirements for wire, conduit, grounding, and other electrical equipment.


	1.2 RESPONSIBILITIES
	A. Provide all engineering, documentation, labor, and materials required to resolve signal, power, or functional incompatibilities between the wiring and cable points of termination in the CAC and interfacing devices. This includes all interface to ex...
	B. As a minimum, the Contractor shall perform the following work:
	1. Prepare analog and digital hardware submittals
	2. Procure hardware
	3. Fabricate panels
	4. Perform factory tests on panels
	5. Perform bench calibration and verify calibration after installation
	6. Oversee and certify installation
	7. Oversee, document, and certify loop testing
	8. Oversee, document, and certify system commissioning
	9. Conduct the performance test
	10. Prepare Owner's Manuals
	11. Conduct training classes
	12. Prepare record drawings

	C. Integration of the chill water control system with instrumentation and control devices being provided under other sections:
	1. Resolve signal, power, or functional incompatibilities between the points of termination at the RTU and interfacing devices.


	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. American National Standard Institute (ANSI) Publications:
	B. Instrumentation Society of America (ISA) Publications:

	1.4 SUBMITTALS
	A. General: It is incumbent upon the Contractor to coordinate the work specified in these Sections so that a complete instrumentation, communication networks and control system for the Area 70 chill water system will be provided and will be supported ...
	1. In these Contract Documents all systems, meters, instruments, and other elements are represented schematically, and are designated by numbers, as derived from criteria in Instrument Society of America Standard ANSI/ISA S5.1. The Contractor shall as...
	2. Should an error be found in a shop drawing during installation or startup of equipment, the correction, including any field changes found necessary, shall be noted on the drawing and submitted finally "as-built" prior to acceptance of the project.
	3. The Contractor shall respond to all comments on shop drawing resubmittals made by the City either by making the noted correction or stating why it was not revised. Any resubmittal received by the City, which do not contain responses to the City's p...

	B. Submittals:
	1. Control System Hardware: This submittal to include instrumentation and control panels shall be included in a singular, all-inclusive submittal which shall include but not be limited to:
	a. A complete index appearing in the front of each bound submittal volume. Labeled tags shall separate system groups.
	b. Panel, and cabinet layout drawings shall be prepared, and they shall include the following information:
	1) Front, side, and plan views to scale.
	2) Dimensions.
	3) Arrangement (interior and exterior).
	4) Mounting information, including conduit entrance locations.
	5) Finish data.
	6) Tag number and functional name of items mounted in and on panel, console and cabinet.
	7) Nameplate legend which includes text, letter size, and colors to be used

	c. Installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	d. Panel wiring diagrams shall be prepared and integrate the field wiring. They shall include the following information:
	1) Name of panel.
	2) Wiring sizes and types.
	3) Terminal strip numbers.
	4) Functional name and manufacturer's designation for items to which wiring is connected.
	5) Electrical control schematics in accordance with ANSI standards.

	e. Field wiring diagrams shall be prepared and be integrated with the panel-wiring diagram.  They shall include the following information:
	1) Wire and piping sizes and types to existing and new field devices.
	2) Conduits in which wiring is to be located.
	3) Panel termination strip numbers.
	4) Location, functional name, and manufacturer's designation of items to which wiring, and piping are connected.

	f. Drawings showing schematic diagrams for control circuits. Complete details on the circuit interrelationship of all devices within and outside each Control Panel shall be submitted using schematic control diagrams. The diagrams shall show numbered t...
	g. Interface with existing control and monitoring system. This shall include any and all modifications made to existing measurement and control circuits, equipment and wiring, that are at the site but not indicated on the plan drawings, as applicable ...
	h. Complete and detailed bills of materials: A bill of material list, including quantity, description, manufacturer, and part number, shall be submitted for each field mounted device or assembly, cabinet assemblies and subassemblies. Bills of material...
	i. Data sheets for each component, together with a technical product brochure or bulletin: The data sheets shall show:
	1) Component functional description used herein and on the Drawings;
	2) Manufacturer's model number or other product designation;
	3) Project system or loop of which the component is a part;
	4) Project location or assembly at which the component is to be installed;
	5) Requirements for electric supply (if any);
	6) Special requirements or features, such as specifications for ambient operating conditions.
	7) Features and options which are furnished.

	j. A list of recommended spare parts covering items which are furnished under this Contract with the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.

	1. Report Submittal: Six (6) sets of sample reports shall be supplied to the Engineer for review. The submittal shall include a short description of the methods and procedures to be performed by operators to print the reports including the automatic r...
	2. Test Reports:  The Contractor shall provide reports detailing the results of tests performed on the system including the Field Functional Test Report. Three (3) sets shall be provided of each report.
	3. Start-up Test Procedure Submittal:  The Start-up Test Procedure Submittal shall be included in a singular all-inclusive package which shall include but not be limited to:
	a. The proposed procedures to be followed during start-up of the Control System and its components.
	b. The forms and checklists needed to document the completion of a successful start-up.

	4. Technical Manuals: Four (4) final sets of technical manuals shall be supplied for the City in accordance with Division 1 and two (2) additional final sets shall be supplied for the City, as a condition of acceptance of the project.  Two sets shall ...
	5. Record Drawings: The Contractor shall keep current a set of complete schematic diagrams that shall include all field and panel wiring. These drawings shall include all of the hardwired signals shown on the P&ID drawings. One set of drawings electro...


	1.5 QUALITY ASSURANCE
	A. Standard of Quality:  The Contractor shall provide equipment of the types and sizes specified which has been demonstrated to operate successfully. Provide equipment which is new and of recent proven design.

	1.6 DELIVERY, STORAGE AND HANDLING
	A. Box, crate, or otherwise enclose and protect instruments and equipment during shipment, handling, and storage. Keep all equipment dry and covered from exposure to weather, moisture, corrosive liquids and gases or any element that could degrade the ...

	1.7 warranty
	A. Correction of Defects: The Contractor shall correct all defects in the contractor-supplied Control System upon notification from the City for a period of one year from the date of Acceptance Test Completion. Mechanical corrections shall be complete...

	1.8 DRAWINGS
	A. Drawings: The Instrumentation Drawings are diagrammatic; exact locations of instrumentation products shall be determined in the field. Except where special details are used to illustrate the method of installation of a particular piece or type of e...
	B. Locations of equipment, inserts, anchors, motors, panels, pull boxes, manholes, conduits, stub-ups, fittings, power and convenience outlets, and ground wells are approximate unless dimensioned; verify locations with the CONSTRUCTION MANAGER prior t...
	C. Review the Drawings and Specification Divisions of other trades and perform the instrumentation work that will be required for the installations.
	D. Should there be a need to deviate from the Instrumentation Drawings and Specifications, submit written details and reasons for all changes to the City for favorable review.
	E. Resolution of varying interpretations of the Contract Documents shall conform to Division 1, General and Supplementary Conditions.
	F. The Drawings provide details of installation and supersede the manufacturer's recommendation where a conflict exists.



	PART 2 – PRODUCTS
	2.1 MATERIALS AND STANDARD SPECIFICATIONS
	A. Provide instruments, equipment and materials suitable for service conditions and meeting standard specifications such as ANSI, ASTM, ISA, and SAMA.  The intent of this Specification is to insure instruments and equipment are of a uniform quality an...

	2.2 NAMEPLATES
	A. For each piece of equipment, provide a manufacturer's nameplate showing their name, location, the pertinent ratings and the model designation.
	B. Identify each piece of equipment and related controls with a rigid laminated engraved phenolic nameplate.  Engrave nameplates with the inscriptions indicated on the Drawings and, if not so indicated, with the equipment name.  Securely fasten namepl...
	C. Each control device, including pushbuttons, control switches, and indicating lights, shall have an integral legend plate or nameplate indicating the device function. These shall be inscribed as indicated on the Drawings or as favorably reviewed by ...
	D. Provide CAUTION or SAFETY nameplates to alert operators of special conditions that may result in faulty equipment operations.  Devices containing batteries that must be replaced periodically must be clearly identified. Nameplates are not required i...

	2.3 NAME TAGS
	A. All instrumentation and equipment items or systems shall be identified by name tags. Field equipment shall be tagged with the assigned instrumentation tag number listed in the Instrument Schedule.
	B. Name tags shall be stainless steel with engraved or stamped black characters of 3/16-inch minimum height.  Tags shall be attached to equipment with a tag holder and stainless-steel band with a worm screw clamping device. Use 20-gauge stainless stee...

	2.4 FIELD-MOUNTED EQUIPMENT
	A. All instrument and control equipment mounted outside of protective structures shall be equipped with suitable surge arresting devices to protect the equipment from damage due to electrical transients induced in the interconnecting lines from lightn...

	2.5 EQUIPMENT OPERATING CONDITIONS
	A. All equipment shall be rated for normal operating performance with varying operating conditions over the following minimum ranges:
	1. Electrical Power: 120 Vac ±10%, 60 Hz, unregulated, except where specifically stated otherwise on the Drawings or in the Specifications, or when two-wire, loop-powered devices are specified.
	2. Field Instruments:
	a. Outdoor Areas:
	b. Indoor Unheated Areas:
	c. Indoor Environmentally Controlled Areas:



	2.6 EQUIPMENT LOCATIONS
	A. Provide equipment and materials suitable for the types of locations in which they are located as defined under Division 16.  All equipment specified for field mounting shall be weatherproof and splash proof as a minimum.  If electrical or electroni...

	2.7 current technology
	A. All meters, instruments, and other components shall be the most recent field-proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise required to match existing equipment.

	2.8 loop accuracy
	A. The accuracy of each instrumentation system or loop shall be determined as a probable maximum error; this shall be the square-root of the sum of the squares of certified "accuracies" of the designated components in each system, expressed as a perce...

	2.9 signal isolators, convertors, and conditioners
	A. Ensure that input-out signals of all instruments and control devices are compatible. Provide signal isolators and converters as necessary to obtain the required system performance.  Mount the devices in the field at point of application.  Provide i...

	2.10 ANALOG SIGNAL INDICATED UNITS
	A. For all instruments with local or remote indicators, provide indicators scaled in actual engineering units, i.e., gallons per minute, feet, psi, etc., rather than 0 to 100%, unless noted otherwise on the Drawings or Instrument Schedule.

	2.11 SIGNAL TRANSMISSION
	A. Analog:
	1. Signal transmission between electric or electronic instruments shall be 4-20 mA and shall operate at 24 Vdc.  Signal output from all transmitters and controllers shall be current regulated and shall not be affected by changes in load resistance wit...
	2. Nonstandard transmission systems such as impulse duration, pulse rate, and voltage regulated will not be permitted except where specifically noted in the Instrument Schedule or shown on the Drawings.  When transmitters with nonstandard outputs do o...

	B. Discrete:  All alarm and status signals shall be 120 Vac unless specified otherwise. Ethernet and serial transmissions shall be allowed to the extent shown on the Drawings.

	2.12 PAINTING
	A. Factory paint all instruments and equipment except where installed in pipelines. Where instrument panels are installed adjacent to electrical control panels provided under Division 16, provide instrument panels of identical color to that of electri...

	2.13 FASTENERS
	A. Fasteners for securing equipment to walls, floors and the like shall be 316 stainless steel. When fastening to existing walls, floors, and the like, provide capsule anchors, not expansion shields. Size capsule anchors to meet load requirements. Min...

	2.14 INSTRUMENT CALIBRATION
	A. Each field instrument shall be calibrated at 0%, 25%, 50%, 75% and 100% of span using test instruments to simulate inputs and read outputs that are rated to an accuracy of at least 5 times greater than the specified accuracy of the instrument being...
	B. Submit a written report to the City on each instrument.  This report shall include a laboratory calibration sheet or the manufacturer's standards calibration sheet on each instrument and calibration reading as finally adjusted within tolerances.
	C. The Contractor may, at his option, choose to perform calibration on an instrument by acquiring the services of an independent test lab, or by obtaining the required test instruments and performing the calibration.

	2.15 BINDERS
	A. Submittals shall be furnished separately bound in a "D" standard size, 3-ring with gap free D-ring, loose-leaf, vinyl plastic, heavy duty, hard cover binder suitable for bookshelf storage.  Binder ring size shall not exceed 3 inches.

	2.16 ELECTRONIC MEDIA
	A. Manuals and Drawings shall be provided in hardcopy and electronic format. As-built Documents shall be provided in Adobe Acrobat (pdf) format on CD – ROMs. The Contractor shall provide vendor manuals electronically and include these manuals on the C...


	PART 3 – EXECUTION
	3.1 PROCESS CONTROL System
	A. Control Philosophy and Loop Functional Descriptions are described in Section 11070 Variable Speed Screw Water Chillers, Part 4, which is hereby incorporated by reference.

	3.2 MOUNTINGS
	A. Mount and install equipment as indicated.  Mount field instruments on pipe mounts or other similar means in accordance with suppliers' recommendation. Where mounted in control panels, mount according to requirements of that section.
	B. Equipment specified for field mounting shall be suitable for direct pipe mounting or surface mounting, surface-mounted indicators and equipment with calibration adjustments or requiring periodic inspection shall be mounted not lower than 3 feet-6 i...
	C. Note that applicable specifications require detail drawings showing seismic sway bracing design and anchorage requirements for their equipment. Seismic zone requirements are specified in Division 1.
	D. All devices shall be accessible to operators for servicing, operating, reading, etc. Provide permanent platforms to assure devices are continuously accessible.

	3.3 FIELD WIRING
	A. Ring out signal wiring prior to termination and perform surge withstand tests where required. Verify wire number and terminations are satisfactory as designated on the Loop Diagrams. Verify all terminations are tight and shields are uniformly groun...

	3.4 ELECTROMAGNETIC INTERFERENCE (EMI)
	A. Construction shall proceed in a manner which minimizes the introduction of noise (RFI/EMI) into the I&C System.
	B. Cross signal wires and wires carrying ac power or control signals at right angles.
	C. Separate signal wires from wires carrying ac power or switched ac/dc control signals within control panels, terminal cabinets, telemetry equipment, multiplexer cabinets, and data loggers as much as possible.  Provide the following minimum separatio...

	3.5 SIGNAL GROUNDING
	A. Proper grounding of equipment and systems in this Division is critical, since computer and associated networks and peripherals are involved. The Drawings and Division 16 specify safety grounding for all equipment in this Division.
	B. A single-point grounding system for instrument signals is required for all instrument panels.  This instrument single point grounding system does not use building steel or conduit systems for its ground path.
	C. Ground all signal shields, signal grounds, and power supplies at an isolated signal bus within each instrument panel, rack, or enclosure.  The shields at the far ends of these signal cables must be disconnected (floated) from any ground to prevent ...
	Do not connect the rack or enclosure frames to the signal grounding buses.


	3.6 PREPARATION
	A. Ensure that installation areas are clean, and that concrete or masonry operations are completed prior to installing instruments and equipment.  Maintain the areas in a broom-clean condition during installation operations.
	B. Panels shall be protected during construction to prevent damage to front panel devices and prevent dust accumulation in the intervals.  Other protective measures (lamp, strip heaters, etc.) shall be included as weather conditions dictate.

	3.7 calibration
	A. General:  All devices provided under Division 17 shall be calibrated according to the manufacturer's recommended procedures to verify operational readiness and ability to meet the indicated functional and tolerance requirements.
	B. Calibration Points:  Each instrument shall be calibrated at 0, 25, 50, 75, and 100% of span using test instruments to simulate inputs.  The test instruments shall have accuracies traceable to National Institute of Testing Standards.
	C. Bench Calibration: Instruments which have been bench-calibrated shall be examined in the field to determine whether any of the calibrations are in need of adjustment. Such adjustments, if required, shall be made only after consultation with the City.
	D. Field Calibration:  Instruments which were not bench-calibrated shall be calibrated in the field to insure proper operation in accordance with the instrument loop diagrams or specification data sheets.
	E. Calibration Sheets:  Each instrument calibration sheet shall provide the following information and a space for sign-off on individual items and on the completed unit:
	1. Project name
	2. Loop number
	3. Tag number
	4. Manufacturer
	5. Model number
	6. Serial number
	7. Calibration range
	8. Calibration Data:  Input, output, and error at 10 percent, 50 percent, and 90 percent of span
	9. Switch setting, contact action, and deadband for discrete elements
	10. Space for comments
	11. Space for sign-off by System Integrator and date
	12. Test equipment used and associated serial numbers
	13. Space for sign-off by City I&C technician with date

	F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of equipment or system at a location determined by the City. The Contractor shall have the System Integrator sign the tag when calibration is complete.  The City will ...

	3.8 loop testing
	A. General:  Individual instrument loop diagrams per ISA Standard S5.4 – Instrument Loop Diagrams, expanded format, shall be submitted to the City for review prior to the loop tests. The Contractor shall notify the City of scheduled tests a minimum of...
	B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall be stroked from the operator interface units as well as local control devices and adjusted to verify proper control action, hand switch action, limit switch s...
	C. Interlocks:  All hardware and software interlocks between the instrumentation and the motor control circuits control circuits of variable-speed controllers and packaged equipment controls shall be checked to the maximum extent possible.
	D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, inspected, and adjusted to its indicated performance requirement in accordance to its Manufacturer's specifications and instructions.  Any instrument which fail...
	E. Loop Validation:  Controllers and electronic function modules shall be field tested and exercised to demonstrate correct operation.  All control loops shall be checked under simulated operating conditions by impressing input signals at the primary ...
	F. Loop Validation Sheets:  The Contractor shall prepare loop confirmation sheets for each loop covering each active instrumentation and control device except simple hand switches and lights. Loop confirmation sheets shall form the basis for operation...
	1. Project name
	2. Loop number
	3. Tag number, description, manufacturer and model number for each element
	4. Installation bulletin number
	5. Specification sheet number
	6. Loop description number
	7. Adjustment check
	8. Space for comments
	9. Space for loop sign-off by System Integrator and data
	10. Space for sign-off by System Integrator and date

	G. Loop Certification:  When installation tests have been successfully completed for all individual instruments and all separate analog control networks, a certified copy of all test forms shall be retained by the Contractor.

	3.9 field functional TESTING
	A. General:  Field functional testing shall commence after acceptance of all wire test, calibration tests and loop tests, and all inspections have demonstrated that the instrumentation and control system complies with all Contract requirements.  Field...
	B. Field functional Test Procedures and Documentation:  All field functional testing activities shall follow detailed test procedures and check lists accepted by the City. All test data shall be acquired using equipment as required and shall be record...
	C. Operational Validation:  Where feasible, system field functional testing activities shall include the use of water to establish service conditions that simulate, to the greatest extent possible, normal final control element operation conditions in ...
	D. Loop Tuning:  All electronic control stations incorporating proportional, integral or differential control circuits shall be optimally tuned, by a qualified control systems engineer, by applying control signal disturbances and adjusting the gain, r...
	E. Field Functional Test Validation Sheets: Field functional testing shall be documented on a test form as follows:
	1. For functions which can be demonstrated on a loop-by-loop basis, the form shall include:
	a. Project name
	b. Loop number
	c. Loop description
	d. Tag number, description, manufacturer and data sheet number for each component.
	e. Specification page and paragraph of function demonstrated
	f. Description of function
	g. Space for sign-off and date by both the System Integrator and City.


	F. Field Functional Test Certification:  The Contractor shall submit an instrumentation and control system field functional test completion report which shall state that all Contract requirements have been met and shall include a listing of all instru...

	3.10 on-site supervision
	A. The Contractor shall furnish the services of an on-site resident engineer to supervise and coordinate installation, adjustment, testing, and start-up of the chill water control system.  The resident engineer shall be present during the total period...

	3.11 ACCEPTANCE test
	A. General:  Subsequent to Field Functional Test and instrument calibration, verifying substantial completion of field installation and start-up, the system will be given a final 30-day acceptance test. The 30-day test must be successfully completed, ...
	B. Testing:  The systems to be tested on-line will include general operations as well as remote interface with the City Ovation system. Each system function, e.g., status report-backs, logs, and displays shall be exercised several times at a minimum, ...
	C. Failures:  Failures shall be classified as either major or minor.  A minor failure would be a small and non-critical component failure, which can be corrected by the City operators.  This occurrence shall be logged but shall not be reason enough fo...
	D. Technician Report:  Each time a technician is required to respond to a system malfunction, he or she must complete a report which shall include details concerning the nature of the complaint or malfunction and the resulting repair action required a...

	3.12 Training and Instruction
	A. General:  The Contractor shall provide maintenance and operator training courses by a qualified instructor as described herein. The training courses shall be given on-site during the final stages of the system checkout.  All instruction, tools and ...
	B. Instructors: The training shall be performed by qualified representatives of the equipment manufacturers and shall be specific to each piece of equipment.
	C. Schedule:  Training shall be performed during the field functional testing phase of the project. The training sessions shall be scheduled a minimum of 2 weeks in advance of when the courses are to be initiated.  The City will review the course outl...
	D. Agenda: The training shall include operation and maintenance procedures, troubleshooting with necessary test equipment, and changing set points, and calibration for that specific piece of equipment.
	E. Operator Training:  An operator's training course shall be given for up to eight (8) designated personnel of the City. This course shall be designed to teach operations, maintenance, and supervisory personnel how to operate the instrumentation and ...
	F. Hands-On Instruction:  In addition to the maintenance and the operator training courses, the operating and maintenance personnel shall be given hands-on instruction in the functions and operation of the system and instruments 7 days (minimum) prior...
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	section 13080 - CONTROL PANELS
	PART 1 - GENERAL
	1.1 scope
	A. Provisions:  Requirements of Division 1 and Section 17010 form a part of this Section.
	B. Work Included: This Section covers requirements for the non-bussed control section of the motor control center.

	1.2 RELATED SECTIONS
	A. Section 17010 - Instrumentation and Controls General Requirements

	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. National Electrical Manufacturers Association (NEMA) Publications:
	1. ICS 1 General Standards for Industrial Controls and Systems
	2. ICS 2 Standards for Industrial Control Devices, Controllers and Assemblies
	3. ICS 4 Terminal Blocks for Industrial Control Equipment and Systems
	4. ICS 6 Enclosures for Industrial Controls and Systems

	B. Underwriters Laboratories (UL) Publication:
	1. 508 Industrial Control Equipment


	1.4 SUBMITTALS
	A. The Control System Hardware Submittal shall be furnished in accordance with Section 17010 – Instrumentation and Controls General Requirements.
	B. Technical Manuals:  Provide technical manuals as specified in Section 17010.

	1.5 certification
	A. UL Label:
	1. Each control panel and terminal cabinet shall bear the UL label except as noted in the following paragraph.  The UL label shall apply to the enclosure, the specific equipment supplied with the enclosure, and the installation and wiring of the equip...
	2. Control panel enclosures containing instruments mounted through the enclosure walls or door shall meet all requirements for UL labeling as above, but no UL label is required. This exception applies only if UL Recognized instruments for the intended...


	1.6 DELIVERY, STORAGE AND HANDLING
	A. Ship assembled control panels in sections that facilitate handling and field installation.

	1.8 WORK PAYMENT
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...


	PART 2 - PRODUCTS
	2.1 general
	A. Environmental Suitability:
	1. Forced air ventilation shall be provided in indoor control enclosures to prevent internal panel temperatures from exceeding 105 F. Provide heat calculations for each control panel to determine cooling requirements.
	2. Louvers shall be provided, when required for forced air ventilation, near the bottoms and tops on the side of panels.
	3. Provide a thermostatically controlled fan in each enclosure when required for forced air ventilation.  Ventilation fans shall be low acoustic type suitable for control rooms.  Provide removable cleanable or disposable dust filter for each remote si...

	B. The control panel controls shall be 120 VAC.  Control conductors shall be provided in accordance with the indicated requirements.
	C. Control panels shall be housed in NEMA 12 enclosures with gasketed doors with 3-point latch unless otherwise indicated. Control panels shall be floor or wall-mounted, as indicated. Internal control components shall be mounted on an internal back-pa...
	1. Chilled Water System Custom Application Controller (CAC).

	D. Safety Requirements:  The electrical supply to each control panel shall be arranged to be disconnected by a local 15-amp thermal magnetic circuit breaker, except for necessary foreign circuits.  Each source of foreign voltage shall be isolated by p...
	E. Discrete outputs from the control panel shall be provided by electrically isolated contacts rated for 5 amps at 120 VAC.  Analog inputs and outputs shall be isolated 4-20 mA signals with power supply.
	F. All control panel mounted devices shall be mounted a minimum of 36 inches above finished grade.

	2.2 control panel materials
	A. Panel section faces shall be No. 10 gauge minimum thickness steel for free standing panels and No. 14 gauge minimum thickness steel for wall mounted or pedestal mounted panels. All materials shall be selected for levelness and smoothness.
	B. The following requirements apply to the front and rear face of the panel, both sides and the edges of all flanges, and the periphery of all holes or cut-outs.
	1. All high spots, butts, and rough spots shall be ground smooth.
	2. The surfaces shall be sanded or sandblasted to a smooth, clean bright finish.
	3. All traces of oil shall be removed with a solvent.
	4. The first coat of primer shall be applied immediately.

	C. Structural shapes and strap steel shall comply with ASTM A 283 – Low and Intermediate Tensile Strength Carbon Steel Plates, Grade C.
	1. Bolting Material:  Commercial quality carbon steel bolts, nuts, and washers shall be 1/2-inch diameter with UNC threads.  Carriage bolts shall be used for attaching end plates.  All other bolts shall be hex end machine bolts.  All nuts shall be hot...

	D. Panels shall be of sufficient size to adequately enclose all instruments designated as “panel-mounted” plus ample interior clearance to allow for installation, general servicing, and maintenance of the instruments.  Elevations and horizontal spacin...

	2.3 control panel electrical requirements
	A. Wiring Duct: Wiring duct shall be manufactured of Noryl and shall be of the restricted slot design, white in color. Panduit or approved equal. Size shall be based on actual wiring requirements.  All duct shall be precisely cut for a precision fit. ...
	B. Cable Ties:  Cable ties shall be self-locking with stainless steel locking tables as manufactured by Thomas & Betts.  Adhesive backed type mounting bases shall not be used.
	C. Terminal Blocks:  Terminal blocks shall be din rail mounted.  All terminals shall be complete with marking tags.
	D. Wiring Methods: Wiring methods and materials for all panels shall be in accordance with the N.E.C. requirements for General Purpose (no open wiring) unless otherwise indicated.
	E. Signal and Control Circuit Wiring:
	1. Wire type and sizes:  Conductor shall be flexible stranded copper machine tool wire, UL listed Type MTW, and shall be rated 600-volts. Wires for instrument control circuits and alarm input circuits shall be No. 14 AWG.  All other wires, including s...
	2. Wire Insulation Colors:
	3. Signal Cable – Non-Computer Use:
	a. Signal wire shall be twisted pair or triads in conduit or troughs. Cable shall be constructed of No. 16 AWG copper signal wires with THWN or THHN insulation.
	b. Color code for instrument signal wiring shall be as follows:  Positive (+) – White; Negative (-) - Black.
	c. A copper drain wire shall be provided for the bundle with a wrap of aluminum polyester shield.  The overall bundle jacket shall be PVC.

	4. Industrial Ethernet Cable:
	a. Shielded (STP) Ethernet Cable shall be used to connect the CAC, OIT, and DCS (PCM) to the Industrial Ethernet Switches.

	5. Wire Marking:  Wire numbers shall be marked using white numbered wire markers make from plastic-coated cloth, Brady Type B-500 or approved equal, or shall be heat-shrink plastic.
	6. Flexible conduit is not acceptable except when specifically approved by the Engineer in writing.
	7. Conduit fittings shall be Crouse-Hinds cast fittings or approved equal.
	8. Panels shall be provided with two separate ground bars, one for power ground and one for signal ground. Provide the ground bars with tapped holes to accommodate ground connections from various devices in the panel.  Provide insulator kit for signal...
	9. For case grounding, panel shall be provided with a 1/4-inch by 1-inch copper ground bus complete with solderless connector for one No. 4 AWG bare stranded copper cable. The copper cable shall be provided by the Contractor and be connected to a syst...

	F. Panel Lights and Receptacles:  Panels shall be internally lighted by LED lamps, provided with guards and a toggle switch located convenient to each access door. Provide one duplex GFI type receptacles in each panel section. The lights and receptacl...
	G. Power Supply Wiring:
	1. Unless otherwise indicated, all instruments and motor controls shall operate on 115-volt, 60 Hz circuits.
	2. When instruments do not come equipped with integral fuses, provide fuses as required for the protection of individual instruments against fault currents.  Fuses shall be mounted on the back of the panel in a fuse holder, and each fuse shall be iden...

	H. 24 VDC Power Supply: Panels shall be equipped with a linear 24-volt D.C. power supply for driving current loops and other D.C. powered equipment. It shall be solidly mounted, labeled and located in plain view oriented for ease of maintenance. Unit ...
	I. DIN Rail Mount Circuit Breakers:  Circuit breakers shall be 115 VAC, single pole as manufactured by Allen Bradley Series 1492-CB1; no equals.
	J. Relays shall be of the 120VAC, 10-amp, plug-in type.  Contacts shall be silver cadmium oxide unless otherwise noted on the contract drawings.  Drop out speed shall be 12 milliseconds typical.  Coil windings shall be polyurethane insulated. Contact ...


	PART 3 - EXECUTION
	3.1 installation
	A. Installation, testing, calibration, validation, startup and instruction shall be in accordance with Section 17010.
	B. Exercise care at all times after installation of control panels to keep out foreign matter, dust, dirt, debris, or moisture.  Use protective sheet metal covers, canvas, heat lamps, etc., as needed to ensure equipment protection.
	C. For all metal panels mounted on concrete walls or floors, install 1/8-inch shims, and paint the back sides and bottom of the panels with Mobil Hi-Build Bituminous Coating 35-J-10; Koppers Bitumastic Super Tank Solution; or approved equal.  Film thi...
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	part 1 - GENERAL
	1.1 DESCRIPTION
	This Section describes general requirements for hot taps, pipe stops, and temporary piping systems, and their appurtenances.  This Section is to be used as a guideline in conjunction with the Contractor’s design of temporary piping systems and for the...

	1.2 RELATED SECTIONS
	A. Section 01080 – Construction Sequencing
	B. Section 15100 – Valves
	C. Section 15490 – Testing of Plumbing and Pressure Testing Pipe Systems

	1.3 Pipe Tapping (HOT Tap and pipe stops)
	A. Pipe tap connections (hot taps) to existing chiller piping shall be performed at locations indicated on the drawings.
	B. The sequence of work and materials for hot taps and pipe stops shall be approved by the City.  Tapping operations shall be continuously witnessed by the City.
	C. The Contractor shall provide all materials, labor, and equipment to access the piping as necessary to accomplish the tapping and stops, at the locations shown, and in accordance with the Contract Documents.

	1.4 Temporary Pipelines
	A. Temporary chilled water piping, to facilitate the temporary chillers, shall be sized and routed to support the temporary chillers as necessary to meet the cooling requirements of the plant, and allow for construction activities within the chiller a...
	B. All temporary piping, fittings, and service connections shall be furnished, installed, and maintained by the Contractor, and approved by the City.
	C. Upon completion of the work, the Contractor shall remove the temporary piping and appurtenances and shall restore all surfaces to the satisfaction of the Owner


	PART 2 - PRODUCTS
	2.1 General
	A. Manufacturer's Product Data:  The Contractor shall submit manufacturer's product data for all materials and products to be used in the work in accordance with Section 01300 including, but not limited to, tapping connections, tapping valves, flanges...
	B. The Contractor shall submit the proposed temporary piping layout.
	C. All components of temporary piping systems pipe furnished by the Contractor shall be of good quality, thermally insulated, clean, and suitable for conveying chilled water in the opinion of the City.

	2.2 TAPPING EQUIPMENT
	A. The tapping machine shall have the ability to positively flush all shavings and other residue created when installing tapped outlets of 4 inches or larger.
	B. The shell cutter bell on the tapping machine shall be tapped with a 2-inch minimum outlet.
	C. A ball valve shall be installed on the outlet to regulate flow.
	D. A hose and filter shall be connected to the ball valve to retrieve shavings and residue generated during the tapping process.
	E. The shell cutter pilot tool shall be designed to capture the coupon generated by performing the tap.
	F. The tapping machine shall be filled with water prior to commencing the tapping procedure.
	G. Tapping valve shall be specified in Section 15100 Valves.
	H. Contractor shall pipe stop configurations including simple short type pipe stops and pipe stops with bypass options.
	I. Tapping equipment and service provided by Koppl Pipeline Services, Inc., or equal.


	PART 3 - EXECUTION
	3.1 General
	A. The Contractor shall furnish tapping connections, valves, and all other materials as required to accomplish the desired a complete and functional installation.
	B. The Contractor shall provide emergency standby equipment or materials.
	C. The Contractor shall submit the proposed construction schedule, sequence of work, and materials for all work to be performed by the Contractor. The work shall not be scheduled until Contractor has obtained the City’s written approval.

	3.2 Taps, stops and temporary piping Installations
	A. Prior to construction, Contractor shall provide a written detailed plan with sketches for making the tapping arrangements at each of the location of the proposed connections. Contractor shall record the following information on the construction dra...
	1. Pipe size, outside diameter
	2. Pipe type, steel in the case of chilled water pipe
	3. Pipe schedule and flange pressure rating
	4. Elevation
	5. Location of fittings or couplings within 3 feet of the proposed connection point
	6. Potential conflicts

	B. After the City has given approval to proceed with the connection, the Contractor shall schedule the wet tap or pipe stop installation with the City.
	1. Shutdowns will be scheduled at the convenience of the City. No shutdowns will be scheduled on a Friday. Shutdowns may be scheduled for nights or weekends if required by operational criteria of the City.
	2. The Contractor shall give the City a minimum of five (5) working days’ notice prior to any proposed shutdown of existing mains or services. Scheduling shall be subject to City approval.
	3. The City may postpone or reschedule any shutdown operation if, for any reason, the City believes that the Contractor is inadequately prepared with competent personnel, equipment, or materials to proceed with the connection.
	4. If progress in completing the connection within the time specified is inadequate, the City may order necessary corrective measures. Corrective measures may consist of directing City personnel or another contractor to complete the work. All costs fo...

	C. The Contractor may proceed only when the materials and sequence of work have been approved, materials have been delivered, hot tap or pipe stop installation has been scheduled and the written detailed tapping plan has been furnished and approved by...
	1. The Contractor shall provide lights, scaffolding temporary supports as deemed necessary for the City.
	2. The Contractor shall provide all scaffolding, temporary supports and lights when necessary, one day prior to the hot tap or pipe stop installation.
	3. The Contractor shall perform all operations in the presence of the Owner. Only Owner personnel are authorized to operate existing valves. The Contractor shall be responsible for any and all damage resulting from unauthorized operation of existing C...
	4. Tapping:
	a. Install the tapping flange connection and tapping valve.  Clean the tapping machine prior to attachment to the tapping valve.
	b. Constantly monitor feed settings and motor speed of the tapping machine to ensure a successful tapping operation.

	5. Pipe Stops:
	a. Cut and remove portions of existing piping and install caps, flanges, tees, valves, install or remove temporary piping and other appurtenances required to complete the stop or bypass flow configuration. The Contractor shall discard pipe and appurte...

	6. After the tapping or pipe stop operations are completed, and the City has given approval to proceed, the Contractor shall complete the installation as shown on the Contract Documents including, but not limited to:
	a. Installing the pipe section(s) necessary to make the closure to the new system.
	b. Installing valves,
	c. Repairing, painting, and reinsulating as necessary to obtain City approval.



	3.3 TEMPORARY PIPE systems
	A. The temporary piping shall be installed in such a manner that it will not present a hazard to City operations staff and Contractor’s personnel and will not interfere with access to work areas.
	B. Isolation valves shall be installed as shown and/or as required by the City.
	C. If repairs to temporary piping are necessary, the Contractor shall make such repairs in a timely manner and as approved by the City. If progress in making repairs is inadequate in the sole opinion of the City, or in the event of an emergency, the C...



	15053 - DUCTILE IRON PIPE.pdf
	PART 3 – EXECUTION
	3.1 See Section 15410 - Installation of Plumbing Piping.


	15054 - CAST IRON PIPE.pdf
	PART 3 – EXECUTION
	3.1 See Section 15410, Installation of Plumbing Piping


	15085 - PIPING INSULATION SYSTEM.pdf
	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. Comply with applicable provisions and recommendations of the following, except as otherwise shown or specified:
	3. ASTM C 273, Standard Test Method for Shear Properties of Sandwich Core Materials
	4. ASTM C 450, Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging
	6. ASTM C 552, Standard Specification for Cellular Glass Thermal Insulation
	4. Detailed Shop Drawings showing layout of all insulation including all fittings.  Identify any exposed fittings and piping.

	A. The Contractor shall provide a qualified installer of the piping insulation.
	1. The insulation installer shall have at least five (5) installations of similar type and size. The Contractor shall provide a list of these installations with description of the work and client reference.
	2. The Contractor shall ensure that the installer has been trained by the manufacturer of the pipe insulation on proper installation methods for cryogenic service.
	1. Building Codes:  Comply with applicable requirements of all governing authorities and the following codes:

	C. Field Measurement:  Take field measurements where required prior to installation to ensure proper fitting of work.
	A. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	B. Calcium silicate, mineral-fiber, phenolic, polyisocyanurate, polystyrene, and mineral fiber pipe insulation wicking system insulation shall not be used.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam Insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process
	F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, hermetically sealed cells.  Where pipe/insulation diameter permits, the jacketing shall be factory applied to insulation.  Nominal density is 7.5 lb/cu. ft....
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cell-U-Foam Corporation; Ultra-CUF.
	b. Pittsburgh Corning Corporation; Foamglas.
	c. Or equal.

	2. Block Insulation:  ASTM C 552, Type I, Grade 1.
	3. Special-Shaped Insulation:  ASTM C 552, Type III.
	4. Board Insulation:  ASTM C 552, Type IV.
	5. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, Type II.
	6. Preformed Pipe Insulation with Factory-Applied ASJ or ASJ-SSL:  Comply with ASTM C 552, Type II.
	7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585.
	8. Minimum insulation thickness: 3-inch

	2.2 THERMAL BLANKETS
	A. Thermal blankets: custom fit pre-engineered insulation system, flexible and removable after installation to allow reinstallation and access to valves, pumps, flanges, equipment, and other hard to insulate items.
	1. Insulation Material:  ASTM C 1086, encapsulated 11 lb/cu. ft. fiberglass needled mat, Type E fiber
	2. Inner and Outer Jacket:  Minimum 16.5 oz./sq. yd. PTFE Teflon impregnated fiberglass.
	3. Blanket Construction:   Double sewn lock stitch with a minimum of 7 stitches per inch.  Raw jacket edges shall have a PTFE Teflon fiberglass cloth binding with Teflon coated fiberglass thread stitching.
	4. Quilting:  Stainless steel tufts or pins placed at random locations no greater than 16” inches apart, with stainless steel speed washers for securing the insulation in place.
	5. Fasteners: Stainless Steel "D" ring strap with Velcro tab both matching straps are spaced along the closing seam edge no greater than 8" apart.
	6. I.D. Tags:  Stainless steel with embossed lettering.
	7. Insulation thickness: 2-inch minimum thickness, or thicker to comply with insulation schedule in Part 3.
	a. Advance Thermal Corporation.
	c. Or equal.

	9. Thermal blankets installed outdoors shall be installed in a manner that rain and dew will not collect on blankets or seep inside of blanket.  Provide removable aluminum jackets water shields or rain guards.


	2.3 FIRE-RATED INSULATION SYSTEMS
	A. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket that is tested and certified to provide a 1 or 2-hour fire rating as required by the installation.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. CertainTeed Corp.; FlameChek.
	b. Johns Manville; Firetemp Wrap.
	c. Nelson Firestop Products; Nelson FSB Flameshield Blanket.
	d. Thermal Ceramics; FireMaster Duct Wrap.
	e. 3M; Fire Barrier Wrap Products.
	f. Unifrax Corporation; FyreWrap.
	g. Or equal.



	2.4 INSULATING CEMENTS
	A. Insulating cements shall be suitable for temperature range equivalent to that of the insulation.
	B. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Insulco, Division of MFS, Inc.; Triple I.
	b. P. K. Insulation Mfg. Co., Inc.; Super-Stik.
	c. Or equal.


	C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Insulco, Division of MFS, Inc.; SmoothKote.
	b. P. K. Insulation Mfg. Co., Inc.; PK No. 127, and Quik-Cote.
	c. Rock Wool Manufacturing Company; Delta One Shot.
	d. Or equal.



	2.5 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated. Adhesives shall contain no flammable solvents if that option is available.
	B. Cellular-Glass Adhesive:  Solvent-based resin adhesive, with a service temperature range equal to the insulation.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Design Polymerics
	b. Foster Products Corporation
	c. Or equal.


	C. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Design Polymerics DD2590-CA.
	b. ITW TACC, Division of Illinois Tool Works; SP80, T1080
	c. Marathon Industries, Inc.
	d. Or equal.



	2.6 MASTICS
	A. Materials shall be water based and be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic:  Water based; suitable for outdoor use on below ambient services.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-35.
	b. Foster Products Corporation, H. B. Fuller Company; 30-90.
	c. ITW TACC, Division of Illinois Tool Works; CB-50.
	d. Marathon Industries, Inc.; 590.
	e. Mon-Eco Industries, Inc.; 55-40.
	f. Vimasco Corporation; 749.
	g. Or equal.

	2. Water-Vapor Permeance:  ASTM E 96, Procedure B, 0.013 perm at 43-mil dry film thickness.
	3. Service Temperature Range:  Minus 20 to plus 180 deg F.
	4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color:  White.


	2.7 SEALANTS
	A. Joint Sealants:
	1. Joint Sealants for Cellular-Glass Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76.
	b. Foster Products Corporation, H. B. Fuller Company; 30-45.
	c. Marathon Industries, Inc.; 405.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Pittsburgh Corning Corporation; Pittseal 444.
	f. Vimasco Corporation; 750.
	g. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Permanently flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 100 to plus 300 deg F.
	5. Color:  White or gray.

	B. FSK and Metal Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76-8.
	b. Foster Products Corporation, H. B. Fuller Company; 95-44.
	c. Marathon Industries, Inc.; 405.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Vimasco Corporation; 750.
	f. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  equal to the insulation.
	5. Color:  Aluminum.

	C. ASJ Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; CP-76.
	b. Or equal.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 40 to plus 250 deg F.
	5. Color:  White.


	2.8 FACTORY-APPLIED JACKETS
	A. The factory-applied jackets shall comply with the following:
	1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.
	2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C 1136, Type I.
	3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.


	2.9 FIELD-APPLIED FABRIC-REINFORCING MESH
	A. Woven Glass-Fiber Fabric for Pipe Insulation:  Approximately 2 oz./sq. yd. with a thread count of 10 strands by 10 strands/sq. inch for covering pipe and pipe fittings.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Vimasco Corporation; Elastafab 894.
	b. Or equal.


	B. Woven Glass-Fiber Fabric for Duct and Equipment Insulation:  Approximately 6 oz./sq. yd. with a thread count of 5 strands by 5 strands/sq. inch for covering equipment.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; Chil-Glas No. 5.
	b. Or equal.



	2.10 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
	C. Metal Jacket:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products, Division of ITW; Metal Jacketing Systems.
	b. PABCO Metals Corporation; Surefit.
	c. RPR Products, Inc.; Insul-Mate.
	d. Or equal.

	2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105 or 5005, Temper H-14.
	a. Sheet and roll stock ready for shop or field sizing.
	b. Finish and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded polyethylene and 40-pound kraft paper.
	d. Factory-Fabricated Fitting Covers:
	1) Aluminum, 0.024-inch-thick, smooth or stucco embossed finish.
	2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows.
	3) Tee covers.
	4) Flange and union covers.
	5) End caps.
	6) Beveled collars.
	7) Valve covers.
	8) Field fabricate fitting covers only if factory-fabricated fitting covers are not available.




	2.11 TAPES
	A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.  Product performance is based on products manufactured by Venture Tape; there are slight variations among manufacturers listed.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0835.
	b. Compac Corp.; 104 and 105.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 428 AWF ASJ.
	d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.
	e. Or equal.

	3. Width:  3 inches.
	4. Thickness:  11.5 mils.
	5. Adhesion:  90 ounces force/inch in width.
	6. Elongation:  2 percent.
	7. Tensile Strength:  40 lbf/inch in width.
	8. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

	B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
	b. Compac Corp.; 110 and 111.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 491 AWF FSK.
	d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ.
	e. Or equal.

	2. Width:  3 inches.
	3. Thickness:  6.5 mils.
	4. Adhesion:  90 ounces force/inch in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  40 lbf/inch in width.
	7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

	C. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
	b. Compac Corp.; 120.
	c. Ideal Tape Co., Inc., an American Biltrite Company; 488 AWF.
	d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ.
	e. Or equal.

	2. Width:  2 inches.
	3. Thickness:  3.7 mils.
	4. Adhesion:  100 ounces force/inch in width.
	5. Elongation:  5 percent.
	6. Tensile Strength:  34 lbf/inch in width.


	2.12 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Products; Bands.
	b. PABCO Metals Corporation; Bands.
	c. RPR Products, Inc.; Bands.
	d. Or equal.

	2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015-inch thick1/2-inch-wide with wing seal.
	3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020-inch-thick, 3/4-inch-wide with wing or closed seal.

	B. Insulation Pins and Hangers:
	1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel...
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; CWP-1.
	2) GEMCO; Cupped Head Weld Pin.
	3) Midwest Fasteners, Inc.; Cupped Head.
	4) Nelson Stud Welding; CHP.
	5) Or equal.


	2. Self-Sticking-Base Insulation Hangers for Equipment:  Baseplate welded to projecting spindle that is capable of holding insulation securely in position when self-locking washer is in place. Comply with the following requirements:
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series TSA.
	2) GEMCO; Press and Peel.
	3) Midwest Fasteners, Inc.; Self Stick.
	4) Or equal.

	b. Baseplate:  Galvanized carbon-steel sheet, 0.015-inch-thick by 2 inches square.
	c. Spindle:  Low carbon steel, fully annealed, 0.105-inch-diameter (12 gage) shank, length to suit depth of insulation indicated.
	d. Adhesive-backed base with a peel-off protective cover.

	3. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick, galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches in diameter.
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; RC-150.
	2) GEMCO; R-150.
	3) Midwest Fasteners, Inc.; WA-150.
	4) Nelson Stud Welding; Speed Clips.
	5) Or equal.

	b. Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.


	C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
	D. Wire:  0.062-inch soft-annealed stainless steel.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. C & F Wire.
	b. Childers Products.
	c. PABCO Metals Corporation.
	d. RPR Products, Inc.
	e. Or equal.



	2.13 CORNER ANGLES
	A. Aluminum Corner Angles:  0.040-inch-thick, minimum 1 by 1 inch, aluminum according to ASTM B 209, Alloy 3003, 3005, 3105 or 5005; Temper H-14.



	15100 - VALVES.pdf
	A. Gate Valves (Hot Tapping and Pipe Stops):
	1. Provide valves complete with operating handwheels, linings, and coatings.
	2. Cast or mold onto the valve body or bonnet the name of the manufacturer and the valve size. Do not attach identification plates to the valve body or bonnet.
	3. Provide valves with 125/150 flanged ends.
	4. Unless otherwise indicated, valves shall be the same size as the pipe in which they are installed.
	5. Unless otherwise indicated, valves shall have a working pressure rating not less than the pipe in which they are installed.
	a. Gate Valve
	 4” through 12”, Full Port, Non-Rising Type 304 Stainless Steel Stem, ASTM Ductile-Iron Grade A536 65/45/12 Body and Bonnet, Wax Encapsulated Cap Screws, Bronze Wedge Nut, Designed to AWWA C515 with Fusion Bonded Epoxy Lined Interior. Manufactured to...
	 Gate valves shall be Smith Cooper, or other approved equal.

	1. Type of Valve:  Air release.
	2. Type of Service:  Water, drainage.
	3. Type of end connection:  Threaded or flanged.
	4. Size (inches):  1/2” – 6”.
	5. Rating and Description:
	6. Manufacturer and Product: Provide the following:



	15140 - PIPE SUPPORTS.pdf
	SECTION 15140 – PIPE SUPPORTS
	**END OF SECTION**

	15410 - INSTALLATION OF PLUMBING PIPING.pdf
	1.1 SCOPE

	15430 - WASTE AND VENT PIPING SYSTEMS.pdf
	1.1 SCOPE

	16920 - MOTOR CONTROL CENTER.pdf
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...

	13010 - INSTRUMENTATION AND CONTROLS-GENERAL REQUIREMENTS.pdf
	SECTION 13010 - INSTRUMENTATION AND CONTROLS - GENERAL REQUIREMENTS
	PART 1 - GENERAL
	1.1 SCOPE
	A. Work Included:
	1. Provide all tools, equipment, materials, and supplies and be responsible for all labor required to complete the installation, startup and operational testing of the Area 70 chill water control system as indicated on the Drawings and as specified he...
	2. Provide all the necessary equipment components and interconnections along with the services of manufacturers' engineering representatives necessary to ensure the City receives a completely integrated and operational Instrumentation and Control (I&C...
	3. Provide all terminations for wiring at field mounted instruments, equipment enclosures, alarm, and status contacts.
	4. Provide all Instrumentation and Control wire required for a fully functioning I&C system as shown on the Drawings except for wire specifically specified in Division 16.
	5. Provide all terminations for power and control wiring, control cables, and Ethernet cables to terminate in the Chill Water System Custom Application Controller (CAC) at terminal blocks, switches, Ethernet connections, etc.  Check and confirm contin...
	6. System integration, to be performed by the City or contractors and consultants working directly for the City.

	B. Work Specified in Other Divisions:
	1. Process piping and other mechanical work and equipment as specified in Divisions 11 or 15.
	2. Instruments and controls which are not directly used for process control, i.e., those provided as part of a package system, such as a chiller skid, etc. as specified in Divisions 11, 15, or 16.
	3. Division 16 Work, including all instrumentation and controls conduit, and only that wire specified in Division 16. Refer to Division 16 Specifications for specific requirements for wire, conduit, grounding, and other electrical equipment.


	1.2 RESPONSIBILITIES
	A. Provide all engineering, documentation, labor, and materials required to resolve signal, power, or functional incompatibilities between the wiring and cable points of termination in the CAC and interfacing devices. This includes all interface to ex...
	B. As a minimum, the Contractor shall perform the following work:
	1. Prepare analog and digital hardware submittals
	2. Procure hardware
	3. Fabricate panels
	4. Perform factory tests on panels
	5. Perform bench calibration and verify calibration after installation
	6. Oversee and certify installation
	7. Oversee, document, and certify loop testing
	8. Oversee, document, and certify system commissioning
	9. Conduct the performance test
	10. Prepare Owner's Manuals
	11. Conduct training classes
	12. Prepare record drawings

	C. Integration of the chill water control system with instrumentation and control devices being provided under other sections:
	1. Resolve signal, power, or functional incompatibilities between the points of termination at the RTU and interfacing devices.


	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. American National Standard Institute (ANSI) Publications:
	B. Instrumentation Society of America (ISA) Publications:

	1.4 SUBMITTALS
	A. General: It is incumbent upon the Contractor to coordinate the work specified in these Sections so that a complete instrumentation, communication networks and control system for the Area 70 chill water system will be provided and will be supported ...
	1. In these Contract Documents all systems, meters, instruments, and other elements are represented schematically, and are designated by numbers, as derived from criteria in Instrument Society of America Standard ANSI/ISA S5.1. The Contractor shall as...
	2. Should an error be found in a shop drawing during installation or startup of equipment, the correction, including any field changes found necessary, shall be noted on the drawing and submitted finally "as-built" prior to acceptance of the project.
	3. The Contractor shall respond to all comments on shop drawing resubmittals made by the City either by making the noted correction or stating why it was not revised. Any resubmittal received by the City, which do not contain responses to the City's p...

	B. Submittals:
	1. Control System Hardware: This submittal to include instrumentation and control panels shall be included in a singular, all-inclusive submittal which shall include but not be limited to:
	a. A complete index appearing in the front of each bound submittal volume. Labeled tags shall separate system groups.
	b. Panel, and cabinet layout drawings shall be prepared, and they shall include the following information:
	1) Front, side, and plan views to scale.
	2) Dimensions.
	3) Arrangement (interior and exterior).
	4) Mounting information, including conduit entrance locations.
	5) Finish data.
	6) Tag number and functional name of items mounted in and on panel, console and cabinet.
	7) Nameplate legend which includes text, letter size, and colors to be used

	c. Installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	d. Panel wiring diagrams shall be prepared and integrate the field wiring. They shall include the following information:
	1) Name of panel.
	2) Wiring sizes and types.
	3) Terminal strip numbers.
	4) Functional name and manufacturer's designation for items to which wiring is connected.
	5) Electrical control schematics in accordance with ANSI standards.

	e. Field wiring diagrams shall be prepared and be integrated with the panel-wiring diagram.  They shall include the following information:
	1) Wire and piping sizes and types to existing and new field devices.
	2) Conduits in which wiring is to be located.
	3) Panel termination strip numbers.
	4) Location, functional name, and manufacturer's designation of items to which wiring, and piping are connected.

	f. Drawings showing schematic diagrams for control circuits. Complete details on the circuit interrelationship of all devices within and outside each Control Panel shall be submitted using schematic control diagrams. The diagrams shall show numbered t...
	g. Interface with existing control and monitoring system. This shall include any and all modifications made to existing measurement and control circuits, equipment and wiring, that are at the site but not indicated on the plan drawings, as applicable ...
	h. Complete and detailed bills of materials: A bill of material list, including quantity, description, manufacturer, and part number, shall be submitted for each field mounted device or assembly, cabinet assemblies and subassemblies. Bills of material...
	i. Data sheets for each component, together with a technical product brochure or bulletin: The data sheets shall show:
	1) Component functional description used herein and on the Drawings;
	2) Manufacturer's model number or other product designation;
	3) Project system or loop of which the component is a part;
	4) Project location or assembly at which the component is to be installed;
	5) Requirements for electric supply (if any);
	6) Special requirements or features, such as specifications for ambient operating conditions.
	7) Features and options which are furnished.

	j. A list of recommended spare parts covering items which are furnished under this Contract with the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.

	1. Report Submittal: Six (6) sets of sample reports shall be supplied to the Engineer for review. The submittal shall include a short description of the methods and procedures to be performed by operators to print the reports including the automatic r...
	2. Test Reports:  The Contractor shall provide reports detailing the results of tests performed on the system including the Field Functional Test Report. Three (3) sets shall be provided of each report.
	3. Start-up Test Procedure Submittal:  The Start-up Test Procedure Submittal shall be included in a singular all-inclusive package which shall include but not be limited to:
	a. The proposed procedures to be followed during start-up of the Control System and its components.
	b. The forms and checklists needed to document the completion of a successful start-up.

	4. Technical Manuals: Four (4) final sets of technical manuals shall be supplied for the City in accordance with Division 1 and two (2) additional final sets shall be supplied for the City, as a condition of acceptance of the project.  Two sets shall ...
	5. Record Drawings: The Contractor shall keep current a set of complete schematic diagrams that shall include all field and panel wiring. These drawings shall include all of the hardwired signals shown on the P&ID drawings. One set of drawings electro...


	1.5 QUALITY ASSURANCE
	A. Standard of Quality:  The Contractor shall provide equipment of the types and sizes specified which has been demonstrated to operate successfully. Provide equipment which is new and of recent proven design.

	1.6 DELIVERY, STORAGE AND HANDLING
	A. Box, crate, or otherwise enclose and protect instruments and equipment during shipment, handling, and storage. Keep all equipment dry and covered from exposure to weather, moisture, corrosive liquids and gases or any element that could degrade the ...

	1.7 warranty
	A. Correction of Defects: The Contractor shall correct all defects in the contractor-supplied Control System upon notification from the City for a period of one year from the date of Acceptance Test Completion. Mechanical corrections shall be complete...

	1.8 DRAWINGS
	A. Drawings: The Instrumentation Drawings are diagrammatic; exact locations of instrumentation products shall be determined in the field. Except where special details are used to illustrate the method of installation of a particular piece or type of e...
	B. Locations of equipment, inserts, anchors, motors, panels, pull boxes, manholes, conduits, stub-ups, fittings, power and convenience outlets, and ground wells are approximate unless dimensioned; verify locations with the CONSTRUCTION MANAGER prior t...
	C. Review the Drawings and Specification Divisions of other trades and perform the instrumentation work that will be required for the installations.
	D. Should there be a need to deviate from the Instrumentation Drawings and Specifications, submit written details and reasons for all changes to the City for favorable review.
	E. Resolution of varying interpretations of the Contract Documents shall conform to Division 1, General and Supplementary Conditions.
	F. The Drawings provide details of installation and supersede the manufacturer's recommendation where a conflict exists.



	PART 2 – PRODUCTS
	2.1 MATERIALS AND STANDARD SPECIFICATIONS
	A. Provide instruments, equipment and materials suitable for service conditions and meeting standard specifications such as ANSI, ASTM, ISA, and SAMA.  The intent of this Specification is to insure instruments and equipment are of a uniform quality an...

	2.2 NAMEPLATES
	A. For each piece of equipment, provide a manufacturer's nameplate showing their name, location, the pertinent ratings and the model designation.
	B. Identify each piece of equipment and related controls with a rigid laminated engraved phenolic nameplate.  Engrave nameplates with the inscriptions indicated on the Drawings and, if not so indicated, with the equipment name.  Securely fasten namepl...
	C. Each control device, including pushbuttons, control switches, and indicating lights, shall have an integral legend plate or nameplate indicating the device function. These shall be inscribed as indicated on the Drawings or as favorably reviewed by ...
	D. Provide CAUTION or SAFETY nameplates to alert operators of special conditions that may result in faulty equipment operations.  Devices containing batteries that must be replaced periodically must be clearly identified. Nameplates are not required i...

	2.3 NAME TAGS
	A. All instrumentation and equipment items or systems shall be identified by name tags. Field equipment shall be tagged with the assigned instrumentation tag number listed in the Instrument Schedule.
	B. Name tags shall be stainless steel with engraved or stamped black characters of 3/16-inch minimum height.  Tags shall be attached to equipment with a tag holder and stainless-steel band with a worm screw clamping device. Use 20-gauge stainless stee...

	2.4 FIELD-MOUNTED EQUIPMENT
	A. All instrument and control equipment mounted outside of protective structures shall be equipped with suitable surge arresting devices to protect the equipment from damage due to electrical transients induced in the interconnecting lines from lightn...

	2.5 EQUIPMENT OPERATING CONDITIONS
	A. All equipment shall be rated for normal operating performance with varying operating conditions over the following minimum ranges:
	1. Electrical Power: 120 Vac ±10%, 60 Hz, unregulated, except where specifically stated otherwise on the Drawings or in the Specifications, or when two-wire, loop-powered devices are specified.
	2. Field Instruments:
	a. Outdoor Areas:
	b. Indoor Unheated Areas:
	c. Indoor Environmentally Controlled Areas:



	2.6 EQUIPMENT LOCATIONS
	A. Provide equipment and materials suitable for the types of locations in which they are located as defined under Division 16.  All equipment specified for field mounting shall be weatherproof and splash proof as a minimum.  If electrical or electroni...

	2.7 current technology
	A. All meters, instruments, and other components shall be the most recent field-proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise required to match existing equipment.

	2.8 loop accuracy
	A. The accuracy of each instrumentation system or loop shall be determined as a probable maximum error; this shall be the square-root of the sum of the squares of certified "accuracies" of the designated components in each system, expressed as a perce...

	2.9 signal isolators, convertors, and conditioners
	A. Ensure that input-out signals of all instruments and control devices are compatible. Provide signal isolators and converters as necessary to obtain the required system performance.  Mount the devices in the field at point of application.  Provide i...

	2.10 ANALOG SIGNAL INDICATED UNITS
	A. For all instruments with local or remote indicators, provide indicators scaled in actual engineering units, i.e., gallons per minute, feet, psi, etc., rather than 0 to 100%, unless noted otherwise on the Drawings or Instrument Schedule.

	2.11 SIGNAL TRANSMISSION
	A. Analog:
	1. Signal transmission between electric or electronic instruments shall be 4-20 mA and shall operate at 24 Vdc.  Signal output from all transmitters and controllers shall be current regulated and shall not be affected by changes in load resistance wit...
	2. Nonstandard transmission systems such as impulse duration, pulse rate, and voltage regulated will not be permitted except where specifically noted in the Instrument Schedule or shown on the Drawings.  When transmitters with nonstandard outputs do o...

	B. Discrete:  All alarm and status signals shall be 120 Vac unless specified otherwise. Ethernet and serial transmissions shall be allowed to the extent shown on the Drawings.

	2.12 PAINTING
	A. Factory paint all instruments and equipment except where installed in pipelines. Where instrument panels are installed adjacent to electrical control panels provided under Division 16, provide instrument panels of identical color to that of electri...

	2.13 FASTENERS
	A. Fasteners for securing equipment to walls, floors and the like shall be 316 stainless steel. When fastening to existing walls, floors, and the like, provide capsule anchors, not expansion shields. Size capsule anchors to meet load requirements. Min...

	2.14 INSTRUMENT CALIBRATION
	A. Each field instrument shall be calibrated at 0%, 25%, 50%, 75% and 100% of span using test instruments to simulate inputs and read outputs that are rated to an accuracy of at least 5 times greater than the specified accuracy of the instrument being...
	B. Submit a written report to the City on each instrument.  This report shall include a laboratory calibration sheet or the manufacturer's standards calibration sheet on each instrument and calibration reading as finally adjusted within tolerances.
	C. The Contractor may, at his option, choose to perform calibration on an instrument by acquiring the services of an independent test lab, or by obtaining the required test instruments and performing the calibration.

	2.15 BINDERS
	A. Submittals shall be furnished separately bound in a "D" standard size, 3-ring with gap free D-ring, loose-leaf, vinyl plastic, heavy duty, hard cover binder suitable for bookshelf storage.  Binder ring size shall not exceed 3 inches.

	2.16 ELECTRONIC MEDIA
	A. Manuals and Drawings shall be provided in hardcopy and electronic format. As-built Documents shall be provided in Adobe Acrobat (pdf) format on CD – ROMs. The Contractor shall provide vendor manuals electronically and include these manuals on the C...


	PART 3 – EXECUTION
	3.1 PROCESS CONTROL System
	A. Control Philosophy and Loop Functional Descriptions are described in Section 11070 Variable Speed Screw Water Chillers, Part 4, which is hereby incorporated by reference.

	3.2 MOUNTINGS
	A. Mount and install equipment as indicated.  Mount field instruments on pipe mounts or other similar means in accordance with suppliers' recommendation. Where mounted in control panels, mount according to requirements of that section.
	B. Equipment specified for field mounting shall be suitable for direct pipe mounting or surface mounting, surface-mounted indicators and equipment with calibration adjustments or requiring periodic inspection shall be mounted not lower than 3 feet-6 i...
	C. Note that applicable specifications require detail drawings showing seismic sway bracing design and anchorage requirements for their equipment. Seismic zone requirements are specified in Division 1.
	D. All devices shall be accessible to operators for servicing, operating, reading, etc. Provide permanent platforms to assure devices are continuously accessible.

	3.3 FIELD WIRING
	A. Ring out signal wiring prior to termination and perform surge withstand tests where required. Verify wire number and terminations are satisfactory as designated on the Loop Diagrams. Verify all terminations are tight and shields are uniformly groun...

	3.4 ELECTROMAGNETIC INTERFERENCE (EMI)
	A. Construction shall proceed in a manner which minimizes the introduction of noise (RFI/EMI) into the I&C System.
	B. Cross signal wires and wires carrying ac power or control signals at right angles.
	C. Separate signal wires from wires carrying ac power or switched ac/dc control signals within control panels, terminal cabinets, telemetry equipment, multiplexer cabinets, and data loggers as much as possible.  Provide the following minimum separatio...

	3.5 SIGNAL GROUNDING
	A. Proper grounding of equipment and systems in this Division is critical, since computer and associated networks and peripherals are involved. The Drawings and Division 16 specify safety grounding for all equipment in this Division.
	B. A single-point grounding system for instrument signals is required for all instrument panels.  This instrument single point grounding system does not use building steel or conduit systems for its ground path.
	C. Ground all signal shields, signal grounds, and power supplies at an isolated signal bus within each instrument panel, rack, or enclosure.  The shields at the far ends of these signal cables must be disconnected (floated) from any ground to prevent ...
	Do not connect the rack or enclosure frames to the signal grounding buses.


	3.6 PREPARATION
	A. Ensure that installation areas are clean, and that concrete or masonry operations are completed prior to installing instruments and equipment.  Maintain the areas in a broom-clean condition during installation operations.
	B. Panels shall be protected during construction to prevent damage to front panel devices and prevent dust accumulation in the intervals.  Other protective measures (lamp, strip heaters, etc.) shall be included as weather conditions dictate.

	3.7 calibration
	A. General:  All devices provided under Division 17 shall be calibrated according to the manufacturer's recommended procedures to verify operational readiness and ability to meet the indicated functional and tolerance requirements.
	B. Calibration Points:  Each instrument shall be calibrated at 0, 25, 50, 75, and 100% of span using test instruments to simulate inputs.  The test instruments shall have accuracies traceable to National Institute of Testing Standards.
	C. Bench Calibration: Instruments which have been bench-calibrated shall be examined in the field to determine whether any of the calibrations are in need of adjustment. Such adjustments, if required, shall be made only after consultation with the City.
	D. Field Calibration:  Instruments which were not bench-calibrated shall be calibrated in the field to insure proper operation in accordance with the instrument loop diagrams or specification data sheets.
	E. Calibration Sheets:  Each instrument calibration sheet shall provide the following information and a space for sign-off on individual items and on the completed unit:
	1. Project name
	2. Loop number
	3. Tag number
	4. Manufacturer
	5. Model number
	6. Serial number
	7. Calibration range
	8. Calibration Data:  Input, output, and error at 10 percent, 50 percent, and 90 percent of span
	9. Switch setting, contact action, and deadband for discrete elements
	10. Space for comments
	11. Space for sign-off by System Integrator and date
	12. Test equipment used and associated serial numbers
	13. Space for sign-off by City I&C technician with date

	F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of equipment or system at a location determined by the City. The Contractor shall have the System Integrator sign the tag when calibration is complete.  The City will ...

	3.8 loop testing
	A. General:  Individual instrument loop diagrams per ISA Standard S5.4 – Instrument Loop Diagrams, expanded format, shall be submitted to the City for review prior to the loop tests. The Contractor shall notify the City of scheduled tests a minimum of...
	B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall be stroked from the operator interface units as well as local control devices and adjusted to verify proper control action, hand switch action, limit switch s...
	C. Interlocks:  All hardware and software interlocks between the instrumentation and the motor control circuits control circuits of variable-speed controllers and packaged equipment controls shall be checked to the maximum extent possible.
	D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, inspected, and adjusted to its indicated performance requirement in accordance to its Manufacturer's specifications and instructions.  Any instrument which fail...
	E. Loop Validation:  Controllers and electronic function modules shall be field tested and exercised to demonstrate correct operation.  All control loops shall be checked under simulated operating conditions by impressing input signals at the primary ...
	F. Loop Validation Sheets:  The Contractor shall prepare loop confirmation sheets for each loop covering each active instrumentation and control device except simple hand switches and lights. Loop confirmation sheets shall form the basis for operation...
	1. Project name
	2. Loop number
	3. Tag number, description, manufacturer and model number for each element
	4. Installation bulletin number
	5. Specification sheet number
	6. Loop description number
	7. Adjustment check
	8. Space for comments
	9. Space for loop sign-off by System Integrator and data
	10. Space for sign-off by System Integrator and date

	G. Loop Certification:  When installation tests have been successfully completed for all individual instruments and all separate analog control networks, a certified copy of all test forms shall be retained by the Contractor.

	3.9 field functional TESTING
	A. General:  Field functional testing shall commence after acceptance of all wire test, calibration tests and loop tests, and all inspections have demonstrated that the instrumentation and control system complies with all Contract requirements.  Field...
	B. Field functional Test Procedures and Documentation:  All field functional testing activities shall follow detailed test procedures and check lists accepted by the City. All test data shall be acquired using equipment as required and shall be record...
	C. Operational Validation:  Where feasible, system field functional testing activities shall include the use of water to establish service conditions that simulate, to the greatest extent possible, normal final control element operation conditions in ...
	D. Loop Tuning:  All electronic control stations incorporating proportional, integral or differential control circuits shall be optimally tuned, by a qualified control systems engineer, by applying control signal disturbances and adjusting the gain, r...
	E. Field Functional Test Validation Sheets: Field functional testing shall be documented on a test form as follows:
	1. For functions which can be demonstrated on a loop-by-loop basis, the form shall include:
	a. Project name
	b. Loop number
	c. Loop description
	d. Tag number, description, manufacturer and data sheet number for each component.
	e. Specification page and paragraph of function demonstrated
	f. Description of function
	g. Space for sign-off and date by both the System Integrator and City.


	F. Field Functional Test Certification:  The Contractor shall submit an instrumentation and control system field functional test completion report which shall state that all Contract requirements have been met and shall include a listing of all instru...

	3.10 on-site supervision
	A. The Contractor shall furnish the services of an on-site resident engineer to supervise and coordinate installation, adjustment, testing, and start-up of the chill water control system.  The resident engineer shall be present during the total period...

	3.11 ACCEPTANCE test
	A. General:  Subsequent to Field Functional Test and instrument calibration, verifying substantial completion of field installation and start-up, the system will be given a final 30-day acceptance test. The 30-day test must be successfully completed, ...
	B. Testing:  The systems to be tested on-line will include general operations as well as remote interface with the City Ovation system. Each system function, e.g., status report-backs, logs, and displays shall be exercised several times at a minimum, ...
	C. Failures:  Failures shall be classified as either major or minor.  A minor failure would be a small and non-critical component failure, which can be corrected by the City operators.  This occurrence shall be logged but shall not be reason enough fo...
	D. Technician Report:  Each time a technician is required to respond to a system malfunction, he or she must complete a report which shall include details concerning the nature of the complaint or malfunction and the resulting repair action required a...

	3.12 Training and Instruction
	A. General:  The Contractor shall provide maintenance and operator training courses by a qualified instructor as described herein. The training courses shall be given on-site during the final stages of the system checkout.  All instruction, tools and ...
	B. Instructors: The training shall be performed by qualified representatives of the equipment manufacturers and shall be specific to each piece of equipment.
	C. Schedule:  Training shall be performed during the field functional testing phase of the project. The training sessions shall be scheduled a minimum of 2 weeks in advance of when the courses are to be initiated.  The City will review the course outl...
	D. Agenda: The training shall include operation and maintenance procedures, troubleshooting with necessary test equipment, and changing set points, and calibration for that specific piece of equipment.
	E. Operator Training:  An operator's training course shall be given for up to eight (8) designated personnel of the City. This course shall be designed to teach operations, maintenance, and supervisory personnel how to operate the instrumentation and ...
	F. Hands-On Instruction:  In addition to the maintenance and the operator training courses, the operating and maintenance personnel shall be given hands-on instruction in the functions and operation of the system and instruments 7 days (minimum) prior...
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	section 13080 - CONTROL PANELS
	PART 1 - GENERAL
	1.1 scope
	A. Provisions:  Requirements of Division 1 and Section 13010 form a part of this Section.
	B. Work Included: This Section covers requirements for the non-bussed control section of the motor control center.

	1.2 RELATED SECTIONS
	A. Section 13010 - Instrumentation and Controls General Requirements

	1.3 REFERENCE SPECIFICATIONS, CODE AND STANDARDS
	A. National Electrical Manufacturers Association (NEMA) Publications:
	1. ICS 1 General Standards for Industrial Controls and Systems
	2. ICS 2 Standards for Industrial Control Devices, Controllers and Assemblies
	3. ICS 4 Terminal Blocks for Industrial Control Equipment and Systems
	4. ICS 6 Enclosures for Industrial Controls and Systems

	B. Underwriters Laboratories (UL) Publication:
	1. 508 Industrial Control Equipment


	1.4 SUBMITTALS
	A. The Control System Hardware Submittal shall be furnished in accordance with Section 13010 – Instrumentation and Controls General Requirements.
	B. Technical Manuals:  Provide technical manuals as specified in Section 13010.

	1.5 certification
	A. UL Label:
	1. Each control panel and terminal cabinet shall bear the UL label except as noted in the following paragraph.  The UL label shall apply to the enclosure, the specific equipment supplied with the enclosure, and the installation and wiring of the equip...
	2. Control panel enclosures containing instruments mounted through the enclosure walls or door shall meet all requirements for UL labeling as above, but no UL label is required. This exception applies only if UL Recognized instruments for the intended...


	1.6 DELIVERY, STORAGE AND HANDLING
	A. Ship assembled control panels in sections that facilitate handling and field installation.

	1.8 WORK PAYMENT
	A. Payment for the Work in this section shall be included as part of the lump-sum or unit-price bid amount for which such Work is appurtenant thereto, including all Work and materials specified herein and as may be required to complete this portion of...


	PART 2 - PRODUCTS
	2.1 general
	A. Environmental Suitability:
	1. Forced air ventilation shall be provided in indoor control enclosures to prevent internal panel temperatures from exceeding 105 F. Provide heat calculations for each control panel to determine cooling requirements.
	2. Louvers shall be provided, when required for forced air ventilation, near the bottoms and tops on the side of panels.
	3. Provide a thermostatically controlled fan in each enclosure when required for forced air ventilation.  Ventilation fans shall be low acoustic type suitable for control rooms.  Provide removable cleanable or disposable dust filter for each remote si...

	B. The control panel controls shall be 120 VAC.  Control conductors shall be provided in accordance with the indicated requirements.
	C. Control panels shall be housed in NEMA 12 enclosures with gasketed doors with 3-point latch unless otherwise indicated. Control panels shall be floor or wall-mounted, as indicated. Internal control components shall be mounted on an internal back-pa...
	1. Chilled Water System Custom Application Controller (CAC).

	D. Safety Requirements:  The electrical supply to each control panel shall be arranged to be disconnected by a local 15-amp thermal magnetic circuit breaker, except for necessary foreign circuits.  Each source of foreign voltage shall be isolated by p...
	E. Discrete outputs from the control panel shall be provided by electrically isolated contacts rated for 5 amps at 120 VAC.  Analog inputs and outputs shall be isolated 4-20 mA signals with power supply.
	F. All control panel mounted devices shall be mounted a minimum of 36 inches above finished grade.

	2.2 control panel materials
	A. Panel section faces shall be No. 10 gauge minimum thickness steel for free standing panels and No. 14 gauge minimum thickness steel for wall mounted or pedestal mounted panels. All materials shall be selected for levelness and smoothness.
	B. The following requirements apply to the front and rear face of the panel, both sides and the edges of all flanges, and the periphery of all holes or cut-outs.
	1. All high spots, butts, and rough spots shall be ground smooth.
	2. The surfaces shall be sanded or sandblasted to a smooth, clean bright finish.
	3. All traces of oil shall be removed with a solvent.
	4. The first coat of primer shall be applied immediately.

	C. Structural shapes and strap steel shall comply with ASTM A 283 – Low and Intermediate Tensile Strength Carbon Steel Plates, Grade C.
	1. Bolting Material:  Commercial quality carbon steel bolts, nuts, and washers shall be 1/2-inch diameter with UNC threads.  Carriage bolts shall be used for attaching end plates.  All other bolts shall be hex end machine bolts.  All nuts shall be hot...

	D. Panels shall be of sufficient size to adequately enclose all instruments designated as “panel-mounted” plus ample interior clearance to allow for installation, general servicing, and maintenance of the instruments.  Elevations and horizontal spacin...

	2.3 control panel electrical requirements
	A. Wiring Duct: Wiring duct shall be manufactured of Noryl and shall be of the restricted slot design, white in color. Panduit or approved equal. Size shall be based on actual wiring requirements.  All duct shall be precisely cut for a precision fit. ...
	B. Cable Ties:  Cable ties shall be self-locking with stainless steel locking tables as manufactured by Thomas & Betts.  Adhesive backed type mounting bases shall not be used.
	C. Terminal Blocks:  Terminal blocks shall be din rail mounted.  All terminals shall be complete with marking tags.
	D. Wiring Methods: Wiring methods and materials for all panels shall be in accordance with the N.E.C. requirements for General Purpose (no open wiring) unless otherwise indicated.
	E. Signal and Control Circuit Wiring:
	1. Wire type and sizes:  Conductor shall be flexible stranded copper machine tool wire, UL listed Type MTW, and shall be rated 600-volts. Wires for instrument control circuits and alarm input circuits shall be No. 14 AWG.  All other wires, including s...
	2. Wire Insulation Colors:
	3. Signal Cable – Non-Computer Use:
	a. Signal wire shall be twisted pair or triads in conduit or troughs. Cable shall be constructed of No. 16 AWG copper signal wires with THWN or THHN insulation.
	b. Color code for instrument signal wiring shall be as follows:  Positive (+) – White; Negative (-) - Black.
	c. A copper drain wire shall be provided for the bundle with a wrap of aluminum polyester shield.  The overall bundle jacket shall be PVC.

	4. Industrial Ethernet Cable:
	a. Shielded (STP) Ethernet Cable shall be used to connect the CAC, OIT, and DCS (PCM) to the Industrial Ethernet Switches.

	5. Wire Marking:  Wire numbers shall be marked using white numbered wire markers make from plastic-coated cloth, Brady Type B-500 or approved equal, or shall be heat-shrink plastic.
	6. Flexible conduit is not acceptable except when specifically approved by the Engineer in writing.
	7. Conduit fittings shall be Crouse-Hinds cast fittings or approved equal.
	8. Panels shall be provided with two separate ground bars, one for power ground and one for signal ground. Provide the ground bars with tapped holes to accommodate ground connections from various devices in the panel.  Provide insulator kit for signal...
	9. For case grounding, panel shall be provided with a 1/4-inch by 1-inch copper ground bus complete with solderless connector for one No. 4 AWG bare stranded copper cable. The copper cable shall be provided by the Contractor and be connected to a syst...

	F. Panel Lights and Receptacles:  Panels shall be internally lighted by LED lamps, provided with guards and a toggle switch located convenient to each access door. Provide one duplex GFI type receptacles in each panel section. The lights and receptacl...
	G. Power Supply Wiring:
	1. Unless otherwise indicated, all instruments and motor controls shall operate on 115-volt, 60 Hz circuits.
	2. When instruments do not come equipped with integral fuses, provide fuses as required for the protection of individual instruments against fault currents.  Fuses shall be mounted on the back of the panel in a fuse holder, and each fuse shall be iden...

	H. 24 VDC Power Supply: Panels shall be equipped with a linear 24-volt D.C. power supply for driving current loops and other D.C. powered equipment. It shall be solidly mounted, labeled and located in plain view oriented for ease of maintenance. Unit ...
	I. DIN Rail Mount Circuit Breakers:  Circuit breakers shall be 115 VAC, single pole as manufactured by Allen Bradley Series 1492-CB1; no equals.
	J. Relays shall be of the 120VAC, 10-amp, plug-in type.  Contacts shall be silver cadmium oxide unless otherwise noted on the contract drawings.  Drop out speed shall be 12 milliseconds typical.  Coil windings shall be polyurethane insulated. Contact ...


	PART 3 - EXECUTION
	3.1 installation
	A. Installation, testing, calibration, validation, startup and instruction shall be in accordance with Section 17010.
	B. Exercise care at all times after installation of control panels to keep out foreign matter, dust, dirt, debris, or moisture.  Use protective sheet metal covers, canvas, heat lamps, etc., as needed to ensure equipment protection.
	C. For all metal panels mounted on concrete walls or floors, install 1/8-inch shims, and paint the back sides and bottom of the panels with Mobil Hi-Build Bituminous Coating 35-J-10; Koppers Bitumastic Super Tank Solution; or approved equal.  Film thi...




	Appendix D_1802_Sample City Invoice with Cashflow Forecast.pdf
	Appendix_Sample City Invoice with Cashflow Forecast (12.7.18)
	Copy of (YYYYMMDD)_(WBS)_(Project Name)_Cashflow Forecast


	K-19-1802-DBB-3 Reference Column.pdf
	BidResultsExport

	K-19-1802-DBB-3 Reference Column.pdf
	BidResultsExport




