
Woodstock UHS Steam Heating
Plant Conversion  000101 - 1  Project Title Page 

SECTION 000101
PROJECT TITLE PAGE

PROJECT MANUAL

FOR

WOODSTOCK UHS STEAM HEATING PLANT CONVERSION
WINDSOR CENTRAL SUPERVISORY UNION
70 AMSDEN WAY
WOODSTOCK, VERMONT 05091
DATE:   01/06/2023
PREPARED BY:
DUBOIS & KING, INC.

END OF SECTION  000101
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SECTION 000102
PROJECT INFORMATION

PART 1  GENERAL
1.01 PROJECT IDENTIFICATION

A. Project Name:  Woodstock UHS Steam Heating Plant Conversion, located at:
100 Amsden Way
Woodstock, Vermont 05091.

B. The Owner, hereinafter referred to as:  Windsor Central Supervisory Union
C. Owner's Project Manager:  DuBois & King, Inc.

1.02 NOTICE TO PROSPECTIVE BIDDERS
A. These documents constitute an Invitation to Bid to  General Contractors for the construction of

the project described below.
1.03 PROJECT DESCRIPTION

A. Project Description:  Convert existing boilers from steam to hot water system. Convert the
existing steam heating system to hot water. Provide new hot water piping, unit ventilators,
cabinet unit heaters, convectors, heating pumps and DDC system. Replace steam coils in
existing AHUs and ERVs with new hot water heating coils.

B. Summary Project Description:  Convert existing boilers from a steam to hot water. Provide new
heating piping, hot water coils, unit ventilators, cabinet unit heaters, convectors, heating pumps,
and DDC system.

1.04 PROJECT CONSULTANTS
A. The Engineer, hereinafter referred to as DuBois & KIng:  [_______].

1. Address:  85 Main Street .
2. City, State, Zip:  Springfield, Vermont 05156 .
3. Phone/Fax:  802 591-4326 .

1.05 PROCUREMENT TIMETABLE
A. RFP Documents Available:  01/06/2023 .
B. Pre- Bid  Site Tour:  9 Am on Jan 17th, 2023  at Woodstock High School .
C. Last Request for Substitution Due:  7 days prior to due date of bids.
D. Last Request for Information Due:  7 days prior to due date of bids.
E. Bid Due Date:  02/3/2023, before 12 PM local time.
F. Bid  Opening: Same day , 3 PM  local time.
G. Notice to Proceed :  March 10, 2023 .
H. Bids May Not Be Withdrawn Until:  30 days after due date.
I. Desired Final Completion Date:  August 26, 2023 for all work in Classrooms. September 30,

2023 for work in the Mechanical Room.
J. The Owner reserves the right to change the schedule or terminate the entire procurement

process at any time.
1.06 PROCUREMENT DOCUMENTS

A. Availability of Documents:  Complete sets of procurement documents may be obtained:
1. From Owner at the Project Manager's address listed above.

1.07 BID SECURITY
A. Bids shall be accompanied by a security deposit as follows:

1. Security made payable to Owner in an amount of five percent of proposer's maximum
proposal price.
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1.08 SIGNATURE
A. For:  [__________]
B. By:  [__________]

1. Signed: _______________________________
2. (Authorized signing officer)

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

END OF SECTION  000102
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SECTION 001113
ADVERTISEMENT FOR BIDS

FROM:
1.01 THE OWNER (HEREINAFTER REFERRED TO AS):

A. Windsor Central Supervisory Union
B. Address:

70 Amsden Way 
Woodstock, Vermont 05091

1.02 AND THE ENGINEER (HEREINAFTER REFERRED TO AS ):
A. DuBois & King, Inc.

1.03 TO:  POTENTIAL BIDDERS
A. Your firm is invited to submit an offer  under seal  to Owner  for construction of a facility  located at

the above address  before 12  pm  local standard  time on the 3rd  day of February , 2023 , for:
B. Project: Woodstock UHS Steam Heating Plant Conversion
C. Project Description:  Convert existing boilers from steam to hot water system. Convert the

existing steam heating system to hot water. Provide new hot water piping, unit ventilators,
cabinet unit heaters, convectors, heating pumps and DDC system. Replace steam coils in
existing AHUs and ERVs with new hot water heating coils.

D. Bid Documents may be viewed on the D & K file share site. URL:  , Password:
E. Refer to other bidding requirements described in Document 002113 - Instructions to Bidders

and Document 003100 - Available Project Information.
F. Submit your offer on the Bid Form provided.  Bidders may supplement this form as appropriate.
G. The Owner reserves the right to accept or reject any or all offers.

END OF SECTION  001113
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SECTION 002113
INSTRUCTIONS TO BIDDERS

SUMMARY
1.01 THE INSTRUCTIONS IN THIS DOCUMENT AMEND OR SUPPLEMENT THE INSTRUCTIONS

TO BIDDERS AND OTHER PROVISIONS OF THE BIDDING AND CONTRACT DOCUMENTS.
1.02 DOCUMENT INCLUDES

A. Invitation
1. Bid Submission
2. Intent
3. Work Identified in Contract Documents
4. Contract Time

B. Bid Documents and Contract Documents
1. Definitions
2. Contract Documents Identification
3. Availability
4. Examination
5. Inquiries/Addenda
6. Product/Assembly/System Substitutions

C. Site Assessment
1. Site Examination
2. Prebid Conference

D. Bid Submission
1. Submission Procedure
2. Bid Ineligibility

E. Bid Enclosures/Requirements
1. Insurance
2. Bid Form Requirements
3. Fees for Changes in the Work
4. Bid Form Signature

F. Offer Acceptance/Rejection
1. Duration of Offer
2. Acceptance of Offer

1.03 RELATED DOCUMENTS
A. Document 011000 - Summary.
B. Document 001113 - Advertisement for Bids.
C. Document 003100 - Available Project Information.
D. Document 004100 - Bid Form.

INVITATION
2.01 BID SUBMISSION

A. Bids signed and under seal, executed, and dated will be received at the office of the Owner at
Woodstock High School before 12 p.m. local standard time on 02-03-2023.

2.02 INTENT
A. The intent of this Bid request is to obtain an offer to perform work to complete project named

Woodstock UHS Steam Heating Plant Conversion for a Stipulated Sum contract, in accordance
with Contract Documents.

2.03 WORK IDENTIFIED IN THE CONTRACT DOCUMENTS
A. Work of this proposed Contract comprises building construction, including general construction

Work.
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B. Project Location:
100 Amsden Way
Woodstock, Vermont 05091.

2.04 CONTRACT TIME
A. Identify Contract Time in the Bid Form.  The completion date in the Agreement shall be the

Contract Time added to the commencement date.
BID DOCUMENTS AND CONTRACT DOCUMENTS
3.01 DEFINITIONS

A. Bid Documents:  Contract Documents supplemented with  Invitation To Bid,  Instructions to
Bidders,  Information Available to Bidders,  Bid Form Bid securities  identified.

B. Contract Documents:  Defined in section 3.02 CONTRACTS DOCUMENTS IDENTIFICATION
including issued Addenda.

3.02 CONTRACT DOCUMENTS IDENTIFICATION
A. Contract Documents are identified as:

1. List of Drawings:
a.
b.

3.03 EXAMINATION
A. Bid Documents are available online at DuBois & King File Share Site. URL: , Password:
B. Upon receipt of Bid Documents verify that documents are complete. Notify Engineer should the

documents be incomplete.
C. Immediately notify Engineer upon finding discrepancies or omissions in the Bid Documents.

3.04 INQUIRIES/ADDENDA
A. Direct questions to Jason Parlhurst, P.E., email; jparkhurst@dubois-king.com.
B. Addenda may be issued during the bidding period.  All Addenda become part of Contract

Documents.  Include resultant costs in the Bid Amount.
C. Verbal answers are not binding on any party.
D. Clarifications requested by bidders must be in writing not less than 7  days before date set for

receipt of bids.  The reply will be in the form of an Addendum, a copy of which will be forwarded
to known recipients .

3.05 PRODUCT/ASSEMBLY/SYSTEM SUBSTITUTIONS
A. General Requirements for Substitution Requests:

1. Project Manual establishes standards for products, assemblies, and systems.
2. Provide sufficient information to determine acceptability of proposed substitutions.
3. Provide complete information on required revisions to other work to accommodate each

proposed substitution.
B. Substitution Request Time Restrictions:

1. Where the Bid Documents stipulate a particular product, substitutions will be considered
up to 10 days before receipt of bids.

C. Substitution Request Form:
1. Submit substitution requests by completing the form attached to this section.  See this

form for additional information and instructions.  Use only this form; other forms of
submission are unacceptable.

D. Review and Acceptance of Request:
1. Engineer may approve the proposed substitution and will issue an Addendum to known

bidders.
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SITE ASSESSMENT
4.01 SITE EXAMINATION

A. Examine the project site before submitting a bid.
4.02 PREBID CONFERENCE

A. A bidders conference has been scheduled for 9  a.m.  on the 17th  day of Jan  at the location of
Woodstock High School .

B. All general contract bidders and suppliers are invited.
C. Representatives of Engineer will be in attendance.
D. Information relevant to the Bid Documents will be recorded in an Addendum, issued to Bid

Document recipients.
BID SUBMISSION
5.01 SUBMISSION PROCEDURE

A. Bidders shall be solely responsible for the delivery of their bids in the manner and time
prescribed.

B. Submit one copy of the executed offer on the Bid Forms provided, signed and sealed with the
required security in a closed opaque envelope, clearly identified with bidder's name, project
name and Owner's name on the outside.

C. Bidders have the option of submitting a bid via email to the Owner: jrigoli@wcsu.net,
Joe Rigoli
District Buildings and Grounds Director
Windsor Central Supervisory Union
802 457-1213 Ext. 1092

5.02 BID INELIGIBILITY
A. Bids that are unsigned, improperly signed or sealed, conditional, illegible, obscure, contain

arithmetical errors, erasures, alterations, or irregularities of any kind, may at the discretion of
the Owner, be declared unacceptable.

BID ENCLOSURES/REQUIREMENTS
6.01 BID FORM REQUIREMENTS

A. Complete all requested information in the Bid Form and Appendices.
6.02 BID FORM SIGNATURE

A. The Bid Form shall be signed by the bidder, as follows:
1. Corporation:  Signature of a duly authorized signing officer(s) in their normal signatures.

 Insert the officer's capacity in which the signing officer acts, under each signature.  Affix
the corporate seal.  If the bid is signed by officials other than the president and secretary
of the company, or the president/secretary/treasurer of the company, a copy of the by-law
resolution of their board of directors authorizing them to do so, must also be submitted
with the Bid Form in the bid envelope.

6.03 SELECTION AND AWARD OF ALTERNATES
A. Indicate variation of bid price for Alternates listed on the Bid Form.  Unless otherwise indicated,

indicate Alternates as a difference in bid price by adding to or deducting from the base bid
price.

B. Bids will be evaluated on the total of the base bid price and all of the Alternates.  After
determination of the successful bidder, consideration will be given to which Alternates will be
included in the Work.
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OFFER ACCEPTANCE/REJECTION
7.01 DURATION OF OFFER

A. Bids shall remain open to acceptance and shall be irrevocable for a period of sixty (60) days
after the bid closing date - or through March 31st, 2023.

7.02 ACCEPTANCE OF OFFER
A. Owner reserves the right to accept or reject any or all offers. The project will be awarded on

March 10th, 2023
END OF SECTION  002113
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SECTION 004100
BID FORM

THE PROJECT AND THE PARTIES
1.01 TO:

A. Windsor Central Supervisory Union
1.02 FOR:

A. Project:  Woodstock UHS Steam Heating Plant Conversion
1.03 DATE: ______________ (BIDDER TO ENTER DATE)
1.04 SUBMITTED BY:  (BIDDER TO ENTER NAME AND ADDRESS)

A. Bidder's Full Name _________________________
1. Address _________________________
2. City, State, Zip_________________________

1.05 OFFER
A. Having examined the Place of The Work and all matters referred to in the Instructions to

Bidders and the Bid Documents prepared by [________] for the above mentioned project, we,
the undersigned, hereby offer to enter into a Contract to perform the Work for the Sum of:

B. _________________________________________________________
_________________________________________________________  dollars
($______________________), in lawful money of the United States of America.

C. All applicable federal taxes are included and Vermont taxes are included in the Bid Sum.
1.06 ACCEPTANCE

A. This offer shall be open to acceptance and is irrevocable for thirty days from the bid closing
date.

B. If this bid is accepted by Owner within the time period stated above, we will:
1. Execute the Agreement within seven days of receipt of Notice of Award.
2. Commence work within seven days after written Notice to Proceed of this bid.

1.07 CONTRACT TIME
A. If this Bid is accepted, we will:
B. Substantial completion of work by September 15, 2023, with final completion by September 30,

2023.
1.08 ADDENDA

A. The following Addenda have been received.  The modifications to the Bid Documents noted
below have been considered and all costs are included in the Bid Sum.
1. Addendum # _______ Dated ________________.
2. Addendum # _______ Dated ________________.

1.09 BID FORM SIGNATURE(S)
A. The Corporate Seal of
B. ____________________________________________
C. (Bidder - print the full name of your firm)
D. was hereunto affixed in the presence of:
E. ____________________________________________
F. (Authorized signing officer, Title)
G. (Seal)
H. ____________________________________________
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I. (Authorized signing officer, Title)
END OF SECTION  004100
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SECTION 005000
CONTRACTING FORMS AND SUPPLEMENTS

PART 1  GENERAL
1.01 AGREEMENT AND CONDITIONS OF THE CONTRACT

A. The Agreement is based on EJCDC C-520.
1.02 FORMS

A. Use the following forms for the specified purposes unless otherwise indicated elsewhere in
 Contract Documents.

B. Post-Award Certificates and Other Forms:
1. Submittal Transmittal Letter Form:  AIA G810.
2. Schedule of Values Form:  EJCDC C-620.
3. Application for Payment Forms:  AIA G702 with AIA G703 (for Contractors).

C. Clarification and Modification Forms:
1. Request for Interpretation Form.
2. Field Order Form:  EJCDC C-942.
3. Work Change Directive Form:  EJCDC C-940.

D. Closeout Forms:
1. Certificate of Substantial Completion Form:  EJCDC C-625.

1.03 REFERENCE STANDARDS
A. AIA G702 - Application and Certificate for Payment 1992.
B. AIA G703 - Continuation Sheet 1992.
C. AIA G810 - Transmittal Letter 2001.
D. EJCDC C-520 - Suggested Form of Agreement Between Owner & Contractor, Stipulated Price

2018.
E. EJCDC C-620 - Contractor's Application for Payment 2013.
F. EJCDC C-625 - Certificate of Substantial Completion 2018.
G. EJCDC C-940 - Work Change Directive 2018.
H. EJCDC C-941 - Change Order 2018.
I. EJCDC C-942 - Field Order 2018.

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

END OF SECTION  005000
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SECTION 011000
SUMMARY

PART 1  GENERAL
1.01 PROJECT

A. Project Name:  Woodstock UHS Steam Heating Plant Conversion
B. Owner's Name:  Windsor Central Supervisory Union
C. Engineer's Name:  DuBois & King, Inc.
D. The Project consists of the conversion of an existing steam heating system to a hot water

heating system.
1.02 CONTRACT DESCRIPTION

A. Contract Type:  A single prime contract based on a Stipulated Price as described in Document
005200 - Agreement Form.

1.03 DESCRIPTION OF ALTERATIONS WORK
A. Scope of demolition and removal work is indicated on drawings .
B. Scope of alterations work is indicated on drawings.
C. Plumbing:  Alter existing system and add new construction, keeping existing in operation.
D. HVAC:  Alter existing system and add new construction, keeping existing in operation.
E. Electrical Power and Lighting:  Alter existing system and add new construction, keeping

existing in operation.
1.04 OWNER OCCUPANCY

A. Owner intends to occupy the Project upon Substantial Completion.
B. Cooperate with Owner to minimize conflict and to facilitate Owner's operations.
C. Schedule the Work to accommodate Owner occupancy.

1.05 CONTRACTOR USE OF SITE AND PREMISES
A. Construction Operations:  Limited to areas noted on Drawings.

1. Locate and conduct construction activities in ways that will limit disturbance to site.
B. Arrange use of site and premises to allow:

1. Owner occupancy.
2. Work by Others.

C. Provide access to and from site as required by law and by Owner:
1. Emergency Building Exits During Construction:  Keep all exits required by code open

during construction period; provide temporary exit signs if exit routes are temporarily
altered.

2. Do not obstruct roadways, sidewalks, or other public ways without permit.
END OF SECTION  011000
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SECTION 012000
PRICE AND PAYMENT PROCEDURES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Procedures for preparation and submittal of applications for progress payments.
B. Documentation of changes in Contract Sum and Contract Time.
C. Change procedures.

1.02 RELATED REQUIREMENTS
A. Section 005200 - Agreement Form:  Contract Sum, retainages, payment period, monetary

values of unit prices.
1.03 SCHEDULE OF VALUES

A. Electronic media printout including equivalent information will be considered in lieu of standard
form specified; submit draft to Architect for approval.

B. Forms filled out by hand will not be accepted.
1.04 APPLICATIONS FOR PROGRESS PAYMENTS

A. Payment Period:  Submit at intervals stipulated in the Agreement.
B. Electronic media printout including equivalent information will be considered in lieu of standard

form specified; submit sample to Architect for approval.
C. Forms filled out by hand will not be accepted.
D. Execute certification by signature of authorized officer.
E. Submit one electronic and three hard-copies of each Application for Payment.

1.05 MODIFICATION PROCEDURES
A. For minor changes not involving an adjustment to the Contract Sum or Contract Time, Architect

will issue instructions directly to Contractor.
B. For other required changes, Architect will issue a document signed by Owner instructing

Contractor to proceed with the change, for subsequent inclusion in a Change Order.
1. The document will describe the required changes and will designate method of

determining any change in Contract Sum or Contract Time.
2. Promptly execute the change.

C. For changes for which advance pricing is desired, Architect will issue a document that includes
a detailed description of a proposed change with supplementary or revised drawings and
specifications, a change in Contract Time for executing the change with a stipulation of any
overtime work required and the period of time during which the requested price will be
considered valid.  Contractor shall prepare and submit a fixed price quotation within [____]
days.

D. Computation of Change in Contract Amount:  As specified in the Agreement and Conditions of
the Contract.

E. Execution of Change Orders:  Architect will issue Change Orders for signatures of parties as
provided in the Conditions of the Contract.

END OF SECTION  012000
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SECTION 012500
SUBSTITUTION PROCEDURES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Procedural requirements for proposed substitutions.
1.02 RELATED REQUIREMENTS

A. Section 002113 - Instructions to Bidders:  Restrictions on timing of substitution requests.
1.03 DEFINITIONS

A. Substitutions:  Changes from Contract Documents requirements proposed by Contractor to
materials, products, assemblies, and equipment.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 GENERAL REQUIREMENTS

A. A Substitution Request for products, assemblies, materials, and equipment constitutes a
representation that the submitter:
1. Has investigated proposed product and determined that it meets or exceeds the quality

level of the specified product, equipment, assembly, or system.
2. Agrees to provide the same warranty for the substitution as for the specified product.
3. Agrees to coordinate installation and make changes to other work that may be required for

the work to be complete, with no additional cost to Owner.
4. Waives claims for additional costs or time extension that may subsequently become

apparent.
B. Document each request with complete data substantiating compliance of proposed substitution

with Contract Documents.  Burden of proof is on proposer.
C. Content:  Include information necessary for tracking the status of each Substitution Request,

and information necessary to provide an actionable response.
D. Limit each request to a single proposed substitution item.

3.02 RESOLUTION
A. Architect may request additional information and documentation prior to rendering a decision.

 Provide this data in an expeditious manner.
B. Architect will notify Contractor in writing of decision to accept or reject request.

3.03 ACCEPTANCE
3.04 CLOSEOUT ACTIVITIES

A. See Section 017800 - Closeout Submittals, for closeout submittals.
END OF SECTION  012500
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SECTION 013000
ADMINISTRATIVE REQUIREMENTS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. General administrative requirements.
B. Electronic document submittal service.
C. Preconstruction meeting.
D. Progress meetings.
E. Progress photographs.
F. Submittals for review, information, and project closeout.
G. Number of copies of submittals.
H. Requests for Interpretation (RFI) procedures.
I. Submittal procedures.

1.02 GENERAL ADMINISTRATIVE REQUIREMENTS
A. Comply with requirements of Section 017000 - Execution and Closeout Requirements for

coordination of execution of administrative tasks with timing of construction activities.
B. Make the following types of submittals to Architect:

1. Requests for Interpretation (RFI).
2. Requests for substitution.
3. Shop drawings, product data, and samples.
4. Test and inspection reports.
5. Design data.
6. Manufacturer's instructions and field reports.
7. Applications for payment and change order requests.
8. Progress schedules.
9. Coordination drawings.
10. Correction Punch List and Final Correction Punch List for Substantial Completion.
11. Closeout submittals.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 ELECTRONIC DOCUMENT SUBMITTAL SERVICE

A. All documents transmitted for purposes of administration of the contract are to be in electronic
(PDF, MS Word, or MS Excel) format, as appropriate to the document, and transmitted via an
Internet-based submittal service that receives, logs and stores documents, provides electronic
stamping and signatures, and notifies addressees via email.
1. Besides submittals for review, information, and closeout, this procedure applies to

Requests for Interpretation (RFIs), progress documentation, contract modification
documents (e.g. supplementary instructions, change proposals, change orders),
applications for payment, field reports and meeting minutes, Contractor's correction
punchlist, and any other document any participant wishes to make part of the project
record.

2. Contractor and Architect are required to use this service.
3. It is Contractor's responsibility to submit documents in allowable format.
4. Subcontractors, suppliers, and Architect's consultants will be permitted to use the service

at no extra charge.
5. Users of the service need an email address, internet access, and PDF review software

that includes ability to mark up and apply electronic stamps (such as Adobe Acrobat,
www.adobe.com, or Bluebeam PDF Revu, www.bluebeam.com), unless such software
capability is provided by the service provider.
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6. Paper document transmittals will not be reviewed; emailed electronic documents will not
be reviewed.

7. All other specified submittal and document transmission procedures apply, except that
electronic document requirements do not apply to samples or color selection charts.

3.02 PRECONSTRUCTION MEETING
A. Attendance Required:

1. Owner.
2. Engineer.
3. Contractor.

B. Agenda:
1. Execution of Owner-Contractor Agreement.
2. Submission of executed bonds and insurance certificates.
3. Distribution of Contract Documents.
4. Submission of list of subcontractors, list of products, schedule of values, and progress

schedule.
5. Designation of personnel representing the parties to Contract, [________] and Architect.
6. Procedures and processing of field decisions, submittals, substitutions, applications for

payments, proposal request, Change Orders, and Contract closeout procedures.
7. Scheduling.

C. Record minutes and distribute copies within two days after meeting to participants, with two
copies to Architect, Owner, participants, and those affected by decisions made.

3.03 PROGRESS MEETINGS
A. Schedule and administer meetings throughout progress of the work at maximum monthly 

intervals.
B. Contractor shall make arrangements for meetings, prepare agenda with copies for participants,

preside at meetings.
C. Attendance Required:

1. Contractor.
2. Owner.
3. Engineer.
4. Contractor's superintendent.
5. Major subcontractors.

D. Agenda:
1. Review minutes of previous meetings.
2. Review of work progress.
3. Field observations, problems, and decisions.
4. Identification of problems that impede, or will impede, planned progress.
5. Review of submittals schedule and status of submittals.
6. Maintenance of progress schedule.
7. Corrective measures to regain projected schedules.
8. Planned progress during succeeding work period.
9. Maintenance of quality and work standards.
10. Effect of proposed changes on progress schedule and coordination.
11. Other business relating to work.

E. Record minutes and distribute copies within two days after meeting to participants, with two
copies to Architect, Owner, participants, and those affected by decisions made.

3.04 PROGRESS PHOTOGRAPHS
3.05 REQUESTS FOR INTERPRETATION (RFI)

A. Definition:  A request seeking one of the following:
1. A resolution to an issue which has arisen due to field conditions and affects design intent.
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B. Preparation:  Prepare an RFI immediately upon discovery of a need for interpretation of
Contract Documents.  Failure to submit a RFI in a timely manner is not a legitimate cause for
claiming additional costs or delays in execution of the work.
1. Prepare a separate RFI for each specific item.
2. Prepare using software provided by the Electronic Document Submittal Service.
3. Combine RFI and its attachments into a single electronic file. PDF format is preferred.

C. Content:  Include identifiers necessary for tracking the status of each RFI, and information
necessary to provide an actionable response.
1. Official Project name and number, and any additional required identifiers established in

Contract Documents.
2. Owner's, Architect's, and Contractor's names.
3. Discrete and consecutive RFI number, and descriptive subject/title.
4. Issue date, and requested reply date.
5. Reference to particular Contract Document(s) requiring additional

information/interpretation.  Identify pertinent drawing and detail number and/or
specification section number, title, and paragraph(s).

6. Annotations:  Field dimensions and/or description of conditions which have engendered
the request.

7. Contractor's suggested resolution:  A written and/or a graphic solution, to scale, is
required in cases where clarification of coordination issues is involved, for example;
routing, clearances, and/or specific locations of work shown diagrammatically in Contract
Documents.  If applicable, state the likely impact of the suggested resolution on Contract
Time or the Contract Sum.

D. Attachments:  Include sketches, coordination drawings, descriptions, photos, submittals, and
other information necessary to substantiate the reason for the request.

3.06 SUBMITTALS FOR REVIEW
A. When the following are specified in individual sections, submit them for review:

1. Product data.
2. Shop drawings.
3. Samples for selection.
4. Samples for verification.

B. Submit to Architect for review for the limited purpose of checking for compliance with
information given and the design concept expressed in Contract Documents.

C. Samples will be reviewed for aesthetic, color, or finish selection.
D. After review, provide copies and distribute in accordance with SUBMITTAL PROCEDURES

article below and for record documents purposes described in Section 017800 - Closeout
Submittals.

3.07 SUBMITTALS FOR INFORMATION
A. When the following are specified in individual sections, submit them for information:

1. Design data.
2. Certificates.
3. Test reports.
4. Inspection reports.
5. Manufacturer's instructions.
6. Manufacturer's field reports.
7. Other types indicated.

B. Submit for Architect's knowledge as contract administrator or for Owner.
3.08 SUBMITTALS FOR PROJECT CLOSEOUT

A. Submit Correction Punch List for Substantial Completion.
B. Submit Final Correction Punch List for Substantial Completion.
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C. When the following are specified in individual sections, submit them at project closeout in
compliance with requirements of Section 017800 - Closeout Submittals:
1. Project record documents.
2. Operation and maintenance data.
3. Warranties.
4. Bonds.
5. Other types as indicated.

D. Submit for Owner's benefit during and after project completion.
3.09 NUMBER OF COPIES OF SUBMITTALS

A. Electronic Documents:  Submit one electronic copy in PDF format; an electronically-marked up
file will be returned.  Create PDFs at native size and right-side up; illegible files will be rejected.

B. Samples:  Submit the number specified in individual specification sections; one of which will be
retained by Architect.
1. After review, produce duplicates.
2. Retained samples will not be returned to Contractor unless specifically so stated.

3.10 SUBMITTAL PROCEDURES
A. General Requirements:

1. Use a separate transmittal for each item.
2. Submit separate packages of submittals for review and submittals for information, when

included in the same specification section.
3. Transmit using approved form.

a. Use Contractor's form, subject to prior approval by Architect.
4. Sequentially identify each item.  For revised submittals use original number and a

sequential numerical suffix.
5. Identify variations from Contract Documents and product or system limitations that may be

detrimental to successful performance of the completed work.
END OF SECTION  013000
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SECTION 017000
EXECUTION AND CLOSEOUT REQUIREMENTS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Examination, preparation, and general installation procedures.
B. Cutting and patching.
C. Cleaning and protection.
D. Demonstration and instruction of Owner personnel.
E. Closeout procedures, including Contractor's Correction Punch List, except payment

procedures.
1.02 RELATED REQUIREMENTS

A. Section 013000 - Administrative Requirements:  Submittals procedures, Electronic document
submittal service.

B. Section 017900 - Demonstration and Training:  Demonstration of products and systems to be
commissioned and where indicated in specific specification sections

C. Section 078400 - Firestopping.
1.03 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Cutting and Patching:  Submit written request in advance of cutting or alteration that affects:

1. Structural integrity of any element of Project.
2. Integrity of weather exposed or moisture resistant element.
3. Efficiency, maintenance, or safety of any operational element.
4. Visual qualities of sight exposed elements.
5. Work of Owner or separate Contractor.

1.04 PROJECT CONDITIONS
A. Ventilate enclosed areas to assist cure of materials, to dissipate humidity, and to prevent

accumulation of dust, fumes, vapors, or gases.
B. Dust Control:  Execute work by methods to minimize raising dust from construction operations.

 Provide positive means to prevent air-borne dust from dispersing into atmosphere and over
adjacent property.
1. Provide dust-proof barriers between construction areas and areas continuing to be

occupied by Owner.
C. Noise Control:  Provide methods, means, and facilities to minimize noise produced by

construction operations.
1. Outdoors:  Limit conduct of especially noisy exterior work to the hours of 8 am to 5 pm.
2. Indoors:  Limit conduct of especially noisy interior work to the hours of 6 pm to 7 am.

D. Pest and Rodent Control:  Provide methods, means, and facilities to prevent pests and insects
from damaging the work.

E. Pollution Control:  Provide methods, means, and facilities to prevent contamination of soil,
water, and atmosphere from discharge of noxious, toxic substances, and pollutants produced
by construction operations.  Comply with federal, state, and local regulations.

1.05 COORDINATION
A. Coordinate scheduling, submittals, and work of the various sections of the Project Manual to

ensure efficient and orderly sequence of installation of interdependent construction elements,
with provisions for accommodating items installed later.

B. Notify affected utility companies and comply with their requirements.
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C. Verify that utility requirements and characteristics of new operating equipment are compatible
with building utilities.  Coordinate work of various sections having interdependent
responsibilities for installing, connecting to, and placing in service, such equipment.

D. Coordinate space requirements, supports, and installation of mechanical and electrical work
that are indicated diagrammatically on drawings.  Follow routing indicated for pipes, ducts, and
conduit, as closely as practicable; place runs parallel with lines of building. Utilize spaces
efficiently to maximize accessibility for other installations, for maintenance, and for repairs.

E. In finished areas except as otherwise indicated, conceal pipes, ducts, and wiring within the
construction.  Coordinate locations of fixtures and outlets with finish elements.

F. Coordinate completion and clean-up of work of separate sections.
G. After Owner occupancy of premises, coordinate access to site for correction of defective work

and work not in accordance with Contract Documents, to minimize disruption of Owner's
activities.

PART 2  PRODUCTS
2.01 PATCHING MATERIALS

A. New Materials:  As specified in product sections; match existing products and work for patching
and extending work.

B. Type and Quality of Existing Products:  Determine by inspecting and testing products where
necessary, referring to existing work as a standard.

C. Product Substitution:  For any proposed change in materials, submit request for substitution
described in Section 016000 - Product Requirements.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that existing site conditions and substrate surfaces are acceptable for subsequent work.
 Start of work means acceptance of existing conditions.

B. Verify that existing substrate is capable of structural support or attachment of new work being
applied or attached.

C. Examine and verify specific conditions described in individual specification sections.
D. Take field measurements before confirming product orders or beginning fabrication, to minimize

waste due to over-ordering or misfabrication.
E. Verify that utility services are available, of the correct characteristics, and in the correct

locations.
F. Prior to Cutting:  Examine existing conditions prior to commencing work, including elements

subject to damage or movement during cutting and patching.  After uncovering existing work,
assess conditions affecting performance of work.  Beginning of cutting or patching means
acceptance of existing conditions.

3.02 PREPARATION
A. Clean substrate surfaces prior to applying next material or substance.
B. Seal cracks or openings of substrate prior to applying next material or substance.
C. Apply manufacturer required or recommended substrate primer, sealer, or conditioner prior to

applying any new material or substance in contact or bond.
3.03 GENERAL INSTALLATION REQUIREMENTS

A. Install products as specified in individual sections, in accordance with manufacturer's
instructions and recommendations, and so as to avoid waste due to necessity for replacement.

B. Make vertical elements plumb and horizontal elements level, unless otherwise indicated.
C. Install equipment and fittings plumb and level, neatly aligned with adjacent vertical and

horizontal lines, unless otherwise indicated.



Woodstock UHS Steam Heating
Plant Conversion  017000 - 3  Execution and Closeout

Requirements 

D. Make consistent texture on surfaces, with seamless transitions, unless otherwise indicated.
E. Make neat transitions between different surfaces, maintaining texture and appearance.  

3.04 CUTTING AND PATCHING
A. Whenever possible, execute the work by methods that avoid cutting or patching.
B. Perform whatever cutting and patching is necessary to:

1. Complete the work.
2. Fit products together to integrate with other work.
3. Provide openings for penetration of mechanical, electrical, and other services.
4. Match work that has been cut to adjacent work.
5. Repair areas adjacent to cuts to required condition.
6. Repair new work damaged by subsequent work.
7. Remove samples of installed work for testing when requested.
8. Remove and replace defective and non-complying work.

C. Execute work by methods that avoid damage to other work and that will provide appropriate
surfaces to receive patching and finishing.  In existing work, minimize damage and restore to
original condition.

D. Employ original installer to perform cutting for weather exposed and moisture resistant
elements, and sight exposed surfaces.

E. Cut rigid materials using masonry saw or core drill.  Pneumatic tools not allowed without prior
approval.

F. Restore work with new products in accordance with requirements of Contract Documents.
G. Fit work air tight to pipes, sleeves, ducts, conduit, and other penetrations through surfaces.
H. At penetrations of fire rated walls, partitions, ceiling, or floor construction, completely seal voids

with fire rated material in accordance with Section 078400, to full thickness of the penetrated
element.

I. Patching:
1. Finish patched surfaces to match finish that existed prior to patching.  On continuous

surfaces, refinish to nearest intersection or natural break.  For an assembly, refinish entire
unit.

2. Match color, texture, and appearance.
3. Repair patched surfaces that are damaged, lifted, discolored, or showing other

imperfections due to patching work. If defects are due to condition of substrate, repair
substrate prior to repairing finish.

3.05 PROGRESS CLEANING
A. Maintain areas free of waste materials, debris, and rubbish.  Maintain site in a clean and orderly

condition.
B. Remove debris and rubbish from pipe chases, plenums, attics, crawl spaces, and other closed

or remote spaces, prior to enclosing the space.
C. Broom and vacuum clean interior areas prior to start of surface finishing, and continue cleaning

to eliminate dust.
D. Collect and remove waste materials, debris, and trash/rubbish from site periodically and

dispose off-site; do not burn or bury.
3.06 PROTECTION OF INSTALLED WORK

A. Protect installed work from damage by construction operations.
B. Provide special protection where specified in individual specification sections.
C. Provide temporary and removable protection for installed products. Control activity in immediate

work area to prevent damage.
D. Provide protective coverings at walls, projections, jambs, sills, and soffits of openings.



Woodstock UHS Steam Heating
Plant Conversion  017000 - 4  Execution and Closeout

Requirements 

E. Protect finished floors, stairs, and other surfaces from traffic, dirt, wear, damage, or movement
of heavy objects, by protecting with durable sheet materials.

F. Prohibit traffic or storage upon waterproofed or roofed surfaces.  If traffic or activity is
necessary, obtain recommendations for protection from waterproofing or roofing material
manufacturer.

G. Remove protective coverings when no longer needed; reuse or recycle coverings if possible.
3.07 DEMONSTRATION AND INSTRUCTION

A. See Section 017900 - Demonstration and Training.
3.08 ADJUSTING

A. Adjust operating products and equipment to ensure smooth and unhindered operation.
3.09 FINAL CLEANING

A. Use cleaning materials that are nonhazardous.
B. Clean interior and exterior glass, surfaces exposed to view; remove temporary labels, stains

and foreign substances, polish transparent and glossy surfaces,  vacuum carpeted and soft
surfaces.

C. Remove all labels that are not permanent.  Do not paint or otherwise cover fire test labels or
nameplates on mechanical and electrical  equipment.

D. Clean equipment and fixtures to a sanitary condition with cleaning materials appropriate to the
surface and material being cleaned.

E. Clean filters of operating equipment.
F. Clean debris from roofs, gutters, downspouts, scuppers, overflow drains, area drains, drainage

systems, and [______].
G. Clean site; sweep paved areas, rake clean landscaped surfaces.
H. Remove waste, surplus materials, trash/rubbish, and construction facilities from the site;

dispose of in legal manner; do not burn or bury.
3.10 CLOSEOUT PROCEDURES

A. Make submittals that are required by governing or other authorities.
B. Accompany Project Coordinator on preliminary inspection to determine items to be listed for

completion or correction in the Contractor's Correction Punch List for Contractor's Notice of
Substantial Completion.

C. Notify Architect when work is considered ready for Architect's Substantial Completion
inspection.

D. Submit written certification containing Contractor's Correction Punch List, that Contract
Documents have been reviewed, work has been inspected, and that work is complete in
accordance with Contract Documents and ready for Architect's Substantial Completion
inspection.

E. Conduct Substantial Completion inspection and create Final Correction Punch List containing
Architect's and Contractor's comprehensive list of items identified to be completed or corrected
and submit to Architect.

F. Correct items of work listed in Final Correction Punch List and comply with requirements for
access to Owner-occupied areas.

G. Notify Architect when work is considered finally complete and ready for Architect's Substantial
Completion final inspection.

H. Complete items of work determined by Architect listed in executed Certificate of Substantial
Completion.

END OF SECTION  017000
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SECTION 017800
CLOSEOUT SUBMITTALS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Project Record Documents.
B. Operation and Maintenance Data.
C. Warranties and bonds.

1.02 RELATED REQUIREMENTS
A. Section 013000 - Administrative Requirements:  Submittals procedures, shop drawings, product

data, and samples.
B. Individual Product Sections:  Specific requirements for operation and maintenance data.
C. Individual Product Sections:  Warranties required for specific products or Work.

1.03 SUBMITTALS
A. Project Record Documents:  Submit documents to Engineer with claim for final Application for

Payment.
B. Operation and Maintenance Data:

1. For equipment, or component parts of equipment put into service during construction and
operated by Owner, submit completed documents within ten days after acceptance.

2. Submit one copy of completed documents 15 days prior to final inspection.  This copy will
be reviewed and returned after final inspection, with Architect comments.  Revise content
of all document sets as required prior to final submission.

3. Submit two sets of revised final documents in final form within 10 days after final
inspection.

C. Warranties and Bonds:
1. For equipment or component parts of equipment put into service during construction with

Owner's permission, submit documents within 10 days after acceptance.
2. Make other submittals within 10 days after Date of Substantial Completion, prior to final

Application for Payment.
3. For items of Work for which acceptance is delayed beyond Date of Substantial

Completion, submit within 10 days after acceptance, listing the date of acceptance as the
beginning of the warranty period.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 PROJECT RECORD DOCUMENTS

A. Maintain on site one set of the following record documents; record actual revisions to the Work:
1. Drawings.
2. Addenda.
3. Change Orders and other modifications to the Contract.

B. Ensure entries are complete and accurate, enabling future reference by Owner.
C. Store record documents separate from documents used for construction.
D. Record information concurrent with construction progress.
E. Record Drawings:  Legibly mark each item to record actual construction including:

1. Field changes of dimension and detail.
2. Details not on original Contract drawings.

3.02 OPERATION AND MAINTENANCE DATA
A. Product Data:  Mark each sheet to clearly identify specific products and component parts, and

data applicable to installation.  Delete inapplicable information.
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B. Drawings:  Supplement product data to illustrate relations of component parts of equipment and
systems, to show control and flow diagrams.  Do not use Project Record Documents as
maintenance drawings.

C. Typed Text:  As required to supplement product data.  Provide logical sequence of instructions
for each procedure, incorporating manufacturer's instructions.

3.03 WARRANTIES AND BONDS
A. Obtain warranties and bonds, executed in duplicate by responsible Subcontractors, suppliers,

and manufacturers, within 10 days after completion of the applicable item of work.  Except for
items put into use with Owner's permission, leave date of beginning of time of warranty until
Date of Substantial completion is determined.

B. Verify that documents are in proper form, contain full information, and are notarized.
C. Co-execute submittals when required.
D. Retain warranties and bonds until time specified for submittal.

END OF SECTION  017800
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SECTION 017900
DEMONSTRATION AND TRAINING

PART 1  GENERAL
1.01 SUMMARY

A. Demonstration of products and systems to be commissioned and where indicated in specific
specification sections.

B. Training of Owner personnel in operation and maintenance is required for:
1. All software-operated systems.
2. HVAC systems and equipment.

1.02 RELATED REQUIREMENTS
A. Section 017800 - Closeout Submittals:  Operation and maintenance manuals.

1.03 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures; except:

1. Make all submittals specified in this section, and elsewhere where indicated for
commissioning purposes, directly to the Commissioning Authority.

2. Submit one copy to the Commissioning Authority, not to be returned.
3. Make commissioning submittals on time schedule specified by Commissioning Authority.
4. Submittals indicated as "Draft" are intended for the use of the Commissioning Authority in

preparation of overall Training Plan; submit in editable electronic format, Microsoft Word
2003 preferred.

B. Draft Training Plans:  Owner will designate personnel to be trained; tailor training to needs and
skill-level of attendees.
1. Submit to Commissioning Authority for review and inclusion in overall training plan.
2. Submit not less than four weeks prior to start of training.
3. Revise and resubmit until acceptable.
4. Provide an overall schedule showing all training sessions.
5. Include at least the following for each training session:

a. Identification, date, time, and duration.
b. Description of products and/or systems to be covered.
c. Name of firm and person conducting training; include qualifications.
d. Intended audience, such as job description.
e. Objectives of training and suggested methods of ensuring adequate training.
f. Methods to be used, such as classroom lecture, live demonstrations, hands-on, etc.
g. Media to be used, such a slides, hand-outs, etc.
h. Training equipment required, such as projector, projection screen, etc., to be

provided by Contractor.
C. Training Manuals:  Provide training manual for each attendee; allow for minimum of two

attendees per training session.
1. Include applicable portion of O&M manuals.
2. Include copies of all hand-outs, slides, overheads, video presentations, etc., that are not

included in O&M manuals.
3. Provide one extra copy of each training manual to be included with operation and

maintenance data.
1.04 QUALITY ASSURANCE

A. Instructor Qualifications:  Familiar with design, operation, maintenance and troubleshooting of
the relevant products and systems.  
1. Provide as instructors the most qualified trainer of those contractors and/or installers who

actually supplied and installed the systems and equipment.
2. Where a single person is not familiar with all aspects, provide specialists with necessary

qualifications.
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PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 DEMONSTRATION - GENERAL

A. Demonstrations conducted during system start-up do not qualify as demonstrations for the
purposes of this section, unless approved in advance by Owner.

B. Demonstration may be combined with Owner personnel training if applicable.
C. Operating Equipment and Systems:  Demonstrate operation in all modes, including start-up,

shut-down, seasonal changeover, emergency conditions, and troubleshooting, and
maintenance procedures, including scheduled and preventive maintenance.
1. Perform demonstrations not less than two weeks prior to Substantial Completion.
2. For equipment or systems requiring seasonal operation, perform demonstration for other

season within six months.
D. Non-Operating Products:  Demonstrate cleaning, scheduled and preventive maintenance, and

repair procedures.
1. Perform demonstrations not less than two weeks prior to Substantial Completion.

3.02 TRAINING - GENERAL
A. Conduct training on-site unless otherwise indicated.
B. Owner will provide classroom and seating at no cost to Contractor.
C. Do not start training until Functional Testing is complete, unless otherwise specified or

approved by the Commissioning Authority.
D. Provide training in minimum two hour segments.
E. Training schedule will be subject to availability of Owner's personnel to be trained; re-schedule

training sessions as required by Owner; once schedule has been approved by Owner failure to
conduct sessions according to schedule will be cause for Owner to charge Contractor for
personnel "show-up" time.

F. Review of Facility Policy on Operation and Maintenance Data:  During training discuss:
1. The location of the O&M manuals and procedures for use and preservation; backup

copies.
2. Typical contents and organization of all manuals, including explanatory information,

system narratives, and product specific information.
3. Typical uses of the O&M manuals.

G. Product- and System-Specific Training:
1. Review the applicable O&M manuals.
2. For systems, provide an overview of system operation, design parameters and

constraints, and operational strategies.
3. Review instructions for proper operation in all modes, including start-up, shut-down,

seasonal changeover and emergency procedures, and for maintenance, including
preventative maintenance.

4. Provide hands-on training on all operational modes possible and preventive maintenance.
5. Emphasize safe and proper operating requirements; discuss relevant health and safety

issues and emergency procedures.
6. Discuss common troubleshooting problems and solutions.
7. Discuss any peculiarities of equipment installation or operation.
8. Discuss warranties and guarantees, including procedures necessary to avoid voiding

coverage.
9. Review recommended tools and spare parts inventory suggestions of manufacturers.
10. Review spare parts and tools required to be furnished by Contractor.
11. Review spare parts suppliers and sources and procurement procedures.
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H. Be prepared to answer questions raised by training attendees; if unable to answer during
training session, provide written response within three days.

END OF SECTION  017900
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SECTION 230500
BASIC MECHANICAL REQUIREMENTS

PART 1 – GENERAL
1.01 RELATED SECTIONS

A. Drawings and General Provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections apply to this section.

B. 01 9113 General Commissioning Requirements.
C. Divisions 22 and 23 Drawings and Specifications in their entirety.
D. Civil, Architectural, Structural, Fire Protection, and Electrical drawings and specifications in their

entirety.
1.02 SECTION INCLUDES

A. General administrative and procedural requirements for mechanical installations to expand the
requirements specified in Division 01.

B. Coordination Drawings, Submittals and Shop Drawings
1. Record Drawings
2. Delivery Storage and Handling
3. Operation and Maintenance Manuals
4. Submittals and Product Substitutions
5. Quality Assurance
6. Painting
7. Cutting and Patching
8. Cleaning
9. Guarantee

C. Division 23 covers, in broad detail, the extent of the mechanical work and the equipment to be
provided and shall not be construed as a complete description of all the details of design and
construction required.

D. Provide all labor, materials, equipment, articles, and tools and perform all work necessary for
the complete execution of the mechanical work, as shown on the Drawings, required by the
Specifications and work not specifically shown or specified, yet required to ensure the design
intent inherent in the work and to comply with all applicable codes and regulations.

E. The drawings are generally diagrammatic, intended to convey the scope of the work and
indicate the general arrangement of equipment, ductwork and piping and approximate sizes
and locations of equipment.  Do not scale Drawings. Consult and closely review existing
conditions.  Any discrepancies between what is shown in the bid documents versus what is
found in the field must be brought to the attention of the Contract Administrator PRIOR to
bidding.

F. Contractor shall make a complete survey of the existing site and specific areas of work required
to assess and deliver the finished product called for in the bid documents.

1.03 SUBMITTALS
A. Refer to procedures specified in Division 01. Submittal packages shall be provided in the

formats listed in this section and on the drawings.
B. Apply Contractor's stamp on each copy of each submittal, signed or initialed certifying that the

product is in accordance with the requirements of the Work and Contract Documents. The
stamp shall have the following wording: "I hereby certify that I have carefully examined the
enclosed submittal(s) and have determined and verified all field measurements, construction
criteria, materials, catalog numbers and similar data, coordinated the submittal(s) with other
submissions and the work of other trades and contractors, and that to the best of my
knowledge and belief, the enclosed submittal(s) is/are in full compliance with the Contract
requirements, except as follows: (enter NONE if there are no exceptions)”.
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C. Identify variations from Contract Documents and Product or system limitations which may be
detrimental to successful performance of the completed work.

D. Items not clearly marked will be returned for corrections prior to the initial review. Clearly mark
items for submission including part numbers, accessories, options, etc.  Submittals revised for
resubmission shall clearly identify changes made since previous submission.

E. Engineer's acceptance of submittal(s) shall not relieve Contractor or responsibility for any
deviation from the requirements of the Contract Documents unless Contractor has informed
Engineer and Contract Administrator in writing, of such deviation at the time of submission and
Engineer has given written acceptance to the specific deviation, nor shall Engineer's
acceptance relieve Contractor from responsibility for errors or omissions in the submittal.

F. Refer to other Division Sections for equipment and materials which require individual
submittals.

G. Coordinate with, and provide direction for Firestopping requirements specific to Mechanical and
Plumbing systems; refer to Architectural 024000.

H. Submit submittals, shop drawings and product data grouped together in single packaged
submittals including complete submittals, related systems, products and all accessories. The
following submittals shall be submitted in the following complete packages.
1. The Prime Contractor shall submit to the Contract Administrator a Proposed Submittals

List for review and acceptance. The Submittal phase shall not commence until this
proposed list has be returned. The Contract Administrator manage the overall Submittal
process and reserves the right to request additional submittals at any point within the
construction phase of the project.

2. Not all project submittal requirements may be listed below – refer to individual
Specification sections. Where a required submittal item is not listed below, the
Contractor(s) shall provide the submittal under the logical submittal package.

3. Timely submissions are essential; do not submit loose submittals; they will be returned
without review for proper package submission.

4. Note: Items not clearly marked will be returned for corrections prior to the initial review.
a. Package #1 – Coordination Drawings.

1) Prime Contractor together with the Mechanical Contractor shall take the lead to
develop construction coordination drawings. Contractor shall develop AutoCAD
coordination drawings at a 1/4” = 1’-0” (minimum scale) for the overall project.
Coordination drawings shall reflect to scale and include (but not limited to):
(a) Architectural backgrounds (new and existing buildings)
(b) Structural steel layout with elevations (new and existing; separate layer)
(c) Major Equipment (HVAC and Electrical)
(d) Housekeeping pad dimensions & coordination with floor drains and piping.
(e) Sheet Metal Ductwork (lines, layout, elevations)
(f) HVAC Piping ≥1” Diameter (lines, layout, elevations)
(g) Plumbing Piping ≥1” Diameter (lines, layout, elevations)
(h) Fire Protection Piping ≥1” Diameter (lines, layout, elevations)
(i) Electrical Conduit ≥2” Diameter (lines, layout, elevations)

2) Layout shall establish the equipment locations, piping, ductwork, and conduit
routing with elevations that is fully coordinated with all disciplines.

3) The Prime Contractor shall manage the process. Interior trade construction shall
not commence until the drawings are completed and each Contractor for each
specific trade or discipline signs off on the coordinated documents and the
documents have been reviewed and accepted.

4) Simple duplication of the contract drawings as a means to address coordination
drawing requirements is not permitted and will be rejected. Prime Contractor is
responsible to assure duplication is not permitted; actual scaled coordination
drawings developed by the Contractors are required.

5) Coordinated construction is the responsibility of the Prime Contractor and
requests for additional costs due to layout errors, conflicts, delays or schedule
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impacts due to lack of overall documented coordination is not permitted.
6) Scheduling: Contractor shall allow for no more than 90 days to develop the

coordination drawings and an additional 30 days for Architect and Engineer
review period.

I. Submit shop drawings and product data grouped to include complete submittals or related
systems, products and accessories in a single submittal.

J. Provide catalog cuts and shop drawings for all equipment, trim, devices and materials.
 Submittals shall be project specific indicating all specialties and accessories intended to be
provided.  Clearly indicate the precise items submitted. Contractor shall not install any
equipment or material without accepted submittal. Equipment purchased without submittal
approval will be done so at the financial risk of the contractor.

K. Provide installation instructions and operation and maintenance manuals for all equipment.
Manuals will be submitted for review before Engineer performs punch list. See paragraph 1.08.

L. Provide all record mechanical drawings. See Division 01.
M. Provide copies of all required permits to the Contract Administrator.
N. Test & Balance Reports: Provide complete copies of air and water balancing reports.

Contractor shall provide a draft copy of report with discrepancies from contract requirements
clearly noted before Engineer performs punch list.

O. Scheduling: The Engineer shall review all correctly submitted Packages within a 21-day time
frame beginning on day of receipt. The Prime and Mechanical Contractor shall include this
period in its overall Project Schedule.
1. Items not clearly marked will be returned for corrections prior to the initial review.

Submitted packages not in compliance with Paragraph ‘G’ (above) shall be returned for
corrections; re-submittal due to incomplete documentation restarts the review period
timeframe.

P. Pipe Testing. When testing and if necessary re-testing, has been completed, and no leaks are
remaining, provide written confirmation of testing and successful completion with no remaining
leaks, to the Contract Administrator prior to backfilling or covering pipe with insulation or similar.
1. All testing shall be witnessed by the Contract Administrator or its Agent.  Backfilling or

covering shall not be permitted until tests have been witnessed and signed off by the
Contract Administrator or its Agent.

1.04 REGULATORY REQUIREMENTS
A. Vermont Fire and Building Safety Code (2015).
B. Vermont Plumbing Rules (2018).
C. Vermont Commercial Building Energy Standards (2020).
D. Obtain and pay for city and state permits and request inspections from authority having

jurisdiction and/or as directed by the Contract Administrator.
1.05 PROJECT/SITE CONDITIONS/COORDINATION

A. In accordance with Division 01
B. Install work in all locations shown on drawings, unless prevented by Project conditions.
C. Proposed rearrangement of work to meet project conditions including changes to work

specified in other trades shall be accepted by Engineer and Contract Administrator before
proceeding.

D. It is the responsibility of the mechanical contractor to coordinate the work of his trade with all
other trades prior to the commencement of construction.  The drawings are schematic in
nature, not all fittings and offsets are shown. It is the responsibility of the Contractor to provide,
in his original bid, all necessary offsets, fittings, and transformations to provide a complete
project. Any conflicts must be brought to the attention of the Engineer.
1. Any work requiring removal and reinstallation due to the lack of coordination shall be the

responsibility of the Contractor with no additional cost to the Owner.
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E. Contractor shall take the lead in cooperation with the Prime Contractor to coordinate all major
disciplines for the project. The Mechanical Contractor shall develop sheet metal and piping
coordination shop drawings per 1.03.G (above). Drawings shall reflect coordination with new
and existing conditions, installation routing, dimensions, and elevations.

1.06 RECORD DRAWINGS
A. Submit in accordance with Division 01. Submit to Contract Administrator.
B. During the progress of the work, the Contractor shall furnish and keep on file at all times a

complete and separate set of black or blue line print record documents. Each shall be clearly,
neatly and accurately noted, promptly, as the work progresses, all mechanical changes,
revisions, additions, deletions and deviations from the work.  Wherever the work was installed,
other than as shown on the Contract Drawings, the changes shall be so noted.  In addition to
the requirements specified in Division 01, indicate the following installed conditions:
1. Ductwork mains and branches, size and location, for both exterior and interior; locations of

Dampers, other control devices; filters, boxes, and units requiring periodic maintenance.
2. Mains and branches of piping systems, with valves, steam traps, and control devices

located and numbered to correspond with installed tag numbers, concealed unions
located, and with items requiring maintenance located (i.e., traps, strainers, expansion
compensators, tanks, etc.).  Valve location diagrams, complete with valve tag charts; refer
to Division 23 Section "MECHANICAL IDENTIFICATION." Indicate actual inverts and
horizontal locations of underground piping.

3. Equipment locations (exposed and concealed), dimensioned from prominent building
lines.

C. At the completion of the work, the Contractor shall submit to the Contract Administrator for
comments and/or acceptance.  Final payment will be held until the record prints are received
and accepted by the Contract Administrator. Contractor shall incorporate comments and
provide corrected drawings and electronic files (AutoCAD .dwg format and PDF format on CD)
to the Contract Administrator.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Deliver products to the project properly identified with names, model numbers, types, grades,

compliance labels, and other information needed for identification.
1.08 OPERATION AND MAINTENANCE MANUALS

A. Submit in accordance with Division 01, Execution Requirements.
B. Contractor shall assemble maintenance and operating manuals containing the following:

1. Accepted shop drawings submittals for all mechanical equipment items.
2. Name, address and telephone number of manufacturer or manufacturer's representative

for each piece of mechanical equipment. Name shall include a specific contact person.
3. Troubleshooting guides and maintenance manuals for each piece of mechanical

equipment.
4. List of recommended spare parts for each piece of mechanical equipment.
5. A single matrix or chart detailing specific operating procedures and operating sequences

for all pieces of mechanical equipment.
6. A copy of the valve tag chart and steam trap tag charts described in Section 23 0553.

C. Maintenance manuals shall be assembled in three-ring binders. Binders shall not be filled to
more than 75% capacity. Provide as many binders as required.

D. Each specific piece of mechanical equipment along with its accompanying information shall be
separately tabbed within the binder.

E. The spine of each binder shall be labeled with Operating and Maintenance Manual - Book__ of
__. The front cover shall have the same information as the spine. Additionally the front cover
shall identify the project name and date of final acceptance by the Contract Administrator. Also
identified shall be the name, address, telephone number of the contractor responsible for the
mechanical work, and the name, address and telephone number of the mechanical engineer.
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F. Unless otherwise directed provide (2) hard copies and (2) electronic copies on CD of the
accepted Operation and Maintenance Manuals to the Contract Administrator.

1.09 SUBMITTALS AND PRODUCT SUBSTITUTIONS
A. Submit in accordance with Division 01, Product Requirements and 1.03 (above).
B. Equipment listed in the equipment schedules on the drawings is the basis of design.
C. Accepted manufacturers generally considered equals are listed in this specification. Because

equipment of different manufacturers varies in physical and performance characteristics, it shall
be the Contractor's sole responsibility to ensure that proposed products meet the intent and
constraints of the project.
1. Changes in system performance, equipment size, weight, layout, installation, piping

(above and underground), breeching, electrical, gas, water or drainage requirements,
structural, and architectural will be engineered and confirmed in writing to the Contract
Administrator by the Contactor. All changes shall be fully coordinated with the other
applicable trades. All costs for system re-engineering (in whole or in part), impacts to other
trades, and schedules are the sole responsibility of the Contractor. Proposed substitutions
and subsequent modifications are at no additional cost to the Owner.

D. Equipment not listed specifically on the Drawings or in the Specifications shall be considered
substitutes. Substitutions will be processed in accordance with Division 01. Products submitted
as substitutions after the award of bid will be rejected, unless specific written pre-approval from
the Contract Administrator is obtained. It shall be the Contractor's responsibility to ensure that
substitute items meet the intent and constraints of the project.
1. The Contractor shall compensate the Engineer for time spent reviewing submittals of

substitute materials and equipment. The compensation shall be based on the Engineer's
published hourly rate schedule for a Senior Mechanical Engineer’s service.

1.10 QUALITY ASSURANCE
A. Equipment and appurtenances shall be designed in conformity with ANSI, ASME, IEEE, NEMA,

OSHA, AGMA and other generally accepted applicable standards.  They shall be of rugged
construction and of sufficient strength to withstand all stresses which may occur during
fabrication, testing, transportation, installation and all other conditions or operations.  All
bearings and moving parts shall be adequately protected against wear by bushings or other
accepted means.  Provisions shall be made for adequate lubrication with readily accessible
devices.

B. Ample clearance shall be provided for repairs, inspection and adjustment.  Protruding members
such as joints, corners and gear covers shall be finished in appearance.  All exposed welds
shall be ground smooth and the corners of structural shapes shall be rounded or chamfered.

C. All machinery and equipment shall be safeguarded in accordance with the safety codes of the
ANSI, OSHA, and local industrial codes, including but not limited to, shaft guards on all rotating
shafts.

D. Before commencing work, review the project with the Local and State inspectors.  Conform, in
every respect, with their separate recommendations, unless the recommendations are inferior
to, or in conflict with, the Contract Documents. Contract Administrator /Engineer's acceptance
will be required before proceeding with any changes in the work, recommended or required by
local or state inspectors.

E. All mechanical work shall be performed by mechanics who are qualified to do such work and
who are normally engaged in this type of work.  Because of the complexity of the mechanical
work, unskilled labor is not permitted.

F. Gas piping work shall be performed by State licensed gas fitters.
PART 2 – PRODUCTS
2.01 GENERAL

A. All materials and equipment shall be new, conform to standards and carry labels in every case
where standards have been established.
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B. To the maximum extent possible, all mechanical equipment for any one system shall be the
product of a single manufacturer, unless specifically dictated otherwise by the equipment
schedules shown on the drawings. Owner/Engineer reserves the right to disapprove and reject
equipment from various manufacturers when acceptable components can be secured from
fewer manufacturers and to require that source of materials be unified to the maximum extent
possible.

2.02 PAINTING
A. Finish painting will be provided by the Contractor.  All pumps, motors, tanks, heat exchangers

and all other factory manufactured and assembled apparatus shall be factory coated with
manufacturer's standard shop coat, except where special finishes are specified.  Contractor
shall touch up all scratched or damaged equipment with paint supplied by the equipment
manufacturer. Clean and paint to match original finish, all items scratched or otherwise
damaged.

B. Contractor shall paint all steel brackets, supports, stands, hangers, etc., furnished and installed
by this Division.  Paint with one coat rust inhibitive paint, compatible with all other paints and
matching adjacent colors.
1. Contractor shall paint supplemental steel that is attached to the building structural steel

shall be painted to match the structural steel color.  Hangers, guides and similar
equipment that cannot be completely painted after installation shall be painted before
installation.
a.   Refer to Division 01 and Architectural specifications for additional painting

requirements.
C. Shop-painted structural steel that has been scratched, marred, or damaged by the installation

of hangers and/or supplemental steel shall be touched-up to match the original shop paint.
PART 3 – EXECUTION
3.01  ROUGH-IN

A. Verify final locations for rough-ins with field measurements and with the requirements of the
actual equipment to be connected.  Do not scale the drawings.

3.02 MECHANICAL INSTALLATIONS
A. General: Sequence, coordinate and integrate the various elements of mechanical systems,

materials and equipment. Comply with the following requirements:
B. Coordinate mechanical systems, equipment, and materials installation with other building

components and building trades.
C. Verify all dimensions by actual field measurements.

1. Arrange for chases, slots, and opening in other building components during progress of
construction, to allow for mechanical installations.

D. Coordinate the installation of required supporting devices and sleeves to be set in poured-in-
place concrete and other structural components, as they are constructed.

E. Sequence, coordinate, and integrate installations of mechanical materials and equipment for
efficient flow of the Work. Give particular attention to large equipment requiring positioning prior
to closing in the building.

F. Where mounting heights are not detailed or dimensioned, install systems, materials, and
equipment to provide the maximum headroom possible.

G. Coordinate connection of mechanical systems with exterior underground and overhead utilities
and services. Comply with requirements of governing regulations, franchised service
companies, and controlling agencies. Provide required connection for each service.

H. Install systems, materials, and equipment to conform with accepted submittal data, including
coordination drawings, to greatest extent possible. Conform to arrangements indicated by the
Contract Documents, recognizing that portions of the Work are shown only in diagrammatic
form. Where coordination requirements conflict with individual system requirements, Contractor
shall review the conflict to the Contract Administrator.
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I. Install systems, materials, and equipment level and plumb, parallel and perpendicular to other
building systems and components, where installed exposed in finished spaces.

J. Install mechanical equipment to facilitate servicing, maintenance, and repair or replacement of
equipment components. As much as practical, connect equipment for ease of disconnecting,
with minimum of interference with other installations. Extend grease fittings to an accessible
location.

K. Coordinate installation of access doors where units are concealed behind finished surface.
L. Install systems, materials, and equipment giving right-of way priority to systems required to be

installed at a specified slope.
M. Provide assistance and coordination for the installation of firestopping systems.

3.03 ELECTRICAL INSTALLATIONS
A. Review all electrical drawings and specifications. Contractor shall confirm electrical

characteristic requirements of all equipment prior to submittals with electrical contractor.
B. Unless specifically identified otherwise on the electrical drawings, provide equipment

manufacturer installed or supplied motor starters, variable frequency drives, disconnect
switches and fuses for all motor operated loads.

C. Provide all temperature control wiring and transformers, regardless of voltage, necessary for
the complete operation of the system provided.

D. All work shall conform to the requirements of electrical drawings and Division 23.
3.04  CUTTING AND PATCHING

A. General: Perform cutting and patching in accordance with the following requirements and as
directed by the Owner's representative.

B. Protection of Installed Work: During cutting and patching operations, protect adjacent
installations.

C. Perform cutting, fitting, and patching of mechanical equipment and materials required to:
1. Uncover work to provide for installation of ill-timed work.
2. Remove and replace defective work.
3. Remove and replace work not conforming to requirements of the contract documents.
4. Remove samples of installed work as specified for testing.
5. Upon written instructions from Contract Administrator or the Owner, uncover and restore

work to provide for Engineer observation of concealed work.
3.05 INSTALLATION OF EQUIPMENT

A. All equipment shall be installed true, level and in the location shown on the Drawings.
 Precision gauges and levels shall be used in setting all equipment.

B. Equipment shall be erected in a neat and workmanlike manner on the foundations and supports
at the locations and elevations shown on the Drawings, unless otherwise directed by the
Contract Administrator /Engineer during installation.

C. The equipment shall be brought to a proper level by wedges and shims.  After the machine has
been leveled and aligned, the nuts on the anchor bolts shall be tightened to bond the machine
firmly into place against the wedges or shims.

D. Furnish, install and protect all necessary guides, bearing plates, anchor and attachment bolts,
and all other appurtenances required for the installation of equipment. These shall be of ample
size and strength for the purpose intended.

E. Anchor bolts shall be provided for equipment mounted on concrete pads.
F. All equipment shall be installed in such a manner as to provide access for routine maintenance,

including lubrication.
G. Structural steel supports and miscellaneous steel required for supporting and/or hanging

equipment and piping furnished under this Division shall be provided and installed by this
Contractor. See also under Painting (above).
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H. All foundations, anchor pads, piers, thrust block, inertia blocks and structural steel supports
shall be provided by the Contractor and shall be built to template and reinforced as required for
loads imposed on them.

I. Contractor takes all responsibility and coordination with Contractors for sizes, locations, and
design of all foundations, anchor pads, piers, thrust blocks, inertia blocks, curbs and structural
steel supports, unless otherwise indicated on the Drawings.

3.06 CLEANING
A. Protect equipment against mortar, dust, weather, etc., during construction and leave all

equipment clean. Remove from the premises, all debris and unused material and leave
premises in a clean and neat condition.

B. Inspect all items of equipment thoroughly.  Repair any items dented, scratched, or otherwise
damaged in any manner and paint to match original finish (see above).
1. All items so repaired and refinished shall be brought to the attention of the Contract

Administrator for review and acceptance.
C. Provide a final cleaning all the work area at the conclusion of the project.

1. Thoroughly clean all equipment prior to turn-over to the Owner
2. Wipe down all equipment and insulation jacketing.
3. Broom sweep and vacuum the work areas
4. Remove all debris from the worksite; legally dispose.

3.07 GUARANTEE
A. Refer to Division 01. Guarantee all workmanship, materials, and equipment installed under

these Specifications against any defects which may occur during one year period starting from
point of acceptance as stated in Division 01. Guarantee all other work and damage as a result
of such defects. Coordinate with the Prime Contractor for requirements of guarantee.

B. Replace any material and equipment prior to final acceptance, which is corroded or otherwise
damaged through the failure to properly operate and maintain the installation during
construction or testing.

C. Keep the work in repair and replace any defective materials, equipment or workmanship upon
notice from the Owner's representative for a period of one year period starting from point of
acceptance as stated in Division 01.

D. Materials or equipment requiring excessive service during the first year of operation shall be
considered defective and costs associated with troubleshooting, correcting, testing, or replacing
shall be at the Contractor’s expense.

E. List in the O&M Manuals, post on the equipment, and give to the Contract Administrator, a list
of phone numbers to call for servicing during emergency and guarantee periods.

END OF SECTION  230500
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SECTION 230505
BASIC MECHANICAL MATERIALS AND METHODS

PART 1 GENERAL
1.01 RELATED DOCUMENTS

A. Drawings and general provision of Contract, including General and Supplementary Conditions
and Division 01 Sections apply to this Section.

1.02 SUMMARY
A. This section includes the following basic mechanical materials and methods to complement

other Division 23 Sections.
1. Piping materials and installation instructions common to most piping systems.
2. Concrete equipment base construction requirements.
3. Equipment nameplate data requirements.
4. Non-shrink grout for equipment installations.
5. Field-fabricated metal and wood equipment supports.
6. Installation requirements common to equipment specification sections.
7. Cutting and patching.
8. Selective demolition.

B. Pipe and pipe fitting materials are specified in piping system sections.
1.03 DEFINITIONS

A. Pipe, pipe fittings, and piping include tube, tube fittings, and tubing.
B. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred

spaces, pipe and duct shafts, unheated spaces immediately below the roof, spaces above
ceilings, unexcavated spaces, crawl spaces, and tunnels.

C. Exposed Interior Installations: Exposed to view indoors.  Examples include finished occupied
spaces and mechanical equipment rooms or pump pits.

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

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

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

G. The word “Provide” is defined to mean both furnish and install the specified material and
equipment, or service.

1.04 SUBMITTALS
A. Refer to Division 01 for submittals.
B. Product Data: submit product data on the following items:

1. Escutcheons
2. Dielectric Unions and Fittings
3. Mechanical sleeve seals
4. Joint sealers

C. Schedules indicating proposed methods and sequence of operations for selective demolition
prior to commencement of work. Include coordination for shut-off valve of utility services and
details for dust and noise control.  Coordinate sequencing with construction phasing and
occupancy specified in Division 01.

1.05 QUALITY ASSURANCE
A. Qualify welding processes and operators for piping according to ASME Boiler and Pressure

Vessel Code, Section IX, Welding and Brazing Qualifications.
1. Comply with provisions of ASME B31 Series Code for Pressure Piping.
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2. Certify that each welder has passed AWS qualification tests for the welding processes
involved and that certification is current.

B. Soldering and brazing procedures for refrigeration piping according to ANSI B9.1 “Standard
Safety Code for Mechanical Refrigeration”.

1.06 DELIVERY, STORAGE, AND HANDLING
A. Deliver pipes and tubes with factory-applied end-caps.  Maintain end-caps through shipping,

storage, and handling to prevent pipe-end damage and prevent entrance of dirt, debris, and
moisture.

B. Protect stored pipes and tubes from moisture and dirt.  Elevate above grade.  When stored
inside, do not exceed structural capacity of the floor.

C. Protect flanges, fittings, and piping specialties from moisture and dirt.
D. Store plastic pipes protected from direct sunlight; support to prevent sagging and bending.
E. Deliver joint sealer and fire-stopping materials in original unopened containers or bundles with

labels informing about manufacturer, product name and designation, color, expiration period for
use, pot life, curing time, and mixing instructions for multi-component materials.

F. Store and handle joint sealer and fire materials in compliance with the manufacturers'
recommendations to prevent their deterioration and damage.

1.07 PROJECT CONDITIONS
A. Conditions Affecting Selective Demolition:  The following project conditions apply:

1. Protect adjacent materials indicated to remain.  Install and maintain dust and noise
barriers to keep dirt, dust, and noise from being transmitted to adjacent areas. Remove
protection and barriers after demolition operations are complete.

2. Coordinate the shut-off and disconnection of utility services with the Contract
Administrator.

3. Notify the Contract Administrator at least 14 days prior to commencing demolition
operations. No work shall commence without direct permission of the Contract
Administrator.

4. Perform demolition in phases as specified, indicated or required.
B. Environmental Conditions:  Apply joint sealers and fire stopping under temperature and

humidity conditions within the limits permitted by the manufacturer.  Do not apply joint sealers
and fire stopping to wet substrates.  Provide ventilation per manufacturer’s requirements.

PART 2 PRODUCTS
2.01 PIPE AND PIPE FITTINGS

A. Refer to individual piping system specification sections for pipe and fitting materials and joining
methods.

B. Elbows for all pipe sizes over 2” diameter shall be long radius type (1.5 the diameter to
centerline of pipe).

C. Use reducers, increasers, or reducing tees for change of pipe size. Bushings are not allowed.
D. Utilize eccentric-style reducers (flat on top) in steam piping for connections to control valves

and pressure reducing valves. Pitch pipe away from valve body or in-line device to prevent
condensate build-up within valve body.

E. Forged steel branch connectors, per the limits set forth in Part 3 of this section, may be used to
create branch connections in steel piping systems. All branch connectors shall be 3,000#
fittings.
1. 'Weld-O-Lets”, “Three-O-Lets”, or “Sock-O-Lets”
2. “Trans-O-Con”

2.02 JOINING MATERIALS
A. Refer to individual piping system specification sections in Division 23 for special joining

materials not listed below.
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B. Pipe flange gasket materials: Suitable for the chemical and thermal conditions of the piping
system contents.
1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8 inch maximum thickness, except

where thickness or specific material is indicated.
a. Full-Face Type: For flat-face, Class 125 cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250 cast-iron and steel flanges.

2. ASME B16.20 for grooved, ring-joint, steel flanges.
3. AWWA C110, rubber flat face, 1/8-inch thick, except where other thickness is indicated;

and full-face or ring type, except where type is indicated.
C. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, GRADE 8 except where other material is

indicated.
D. Plastic Pipe Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system

manufacturer, except where other type or material is indicated.
E. Solder Filler Metal: ASTM B 32.

1. Alloy Sn95 or Alloy Sn94: Tin (approximately 95 percent) and silver (approximately 5
percent), having 0.10-percent lead content.

2. Alloy Sb5: Tin (95 percent) and antimony (5 percent), having 0.20-percent maximum lead
content.

F. Brazing materials: Comply with SFA-5.8, Section II, “ASME Boiler and Pressure Vessel Code”
for brazing filler metal materials appropriate for the materials being joined. Copper-phosphorus
alloy brazing filler metal; BcuP-5 (Staysilv), containing 15% silver (Ag), 5% phosphorus (P),
remaining elements are copper (Cu).

G. Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for wall
thickness and chemical analysis of steel pipe being welded.

H. Solvent Cements: Manufacturer's standard solvents complying with the following:
1. Acrylonitrile-Butadiene-Styrene (ABS): ASTM D 2235.
2. Chlorinated Poly-Vinyl Chloride (CPVC): ASTM F 493.
3. Poly-Vinyl Chloride (PVC): ASTM D 2564.
4. PVC to ABS Transition: Made to requirements of ASTM D 3138, color other than orange.

I. Plastic Pipe Seals: ASTM F 477, elastomeric gasket.
J. Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts: AWWA C110, rubber gasket, carbon steel

GRADE 8 bolts and nuts.
K. Couplings for buried piping: Iron body sleeve assembly, fabricated to match outside diameters

of plain-end, pressure pipes.
1. Sleeve: ASTM A 126, Class B, gray iron.
2. Followers: ASTM A 47, Grade 32510 or ASTM A 536 ductile iron.
3. Gaskets: Rubber.
4. Bolts and Nuts: AWWA C111.
5. Finish: Enamel paint.

2.03 PIPING SPECIALTIES
A. Escutcheons: Manufactured wall, ceiling, and floor plates; deep-pattern type, where required to

conceal protruding fittings and sleeves.
1. Inside Diameter: Closely fit around pipe, tube, and insulation of insulated piping.
2. Outside Diameter: Completely cover opening.
3. Cast Brass: Split casting, with concealed hinge and set-screw, polished chrome finish.

B. Unions: Malleable-iron, Class 150 for steel piping systems and low pressure service; cast
bronze, 125 wsp for copper piping systems and low-pressure service, hexagonal stock, with
ball-and-socket joints, metal-to-metal bronze seating surfaces; female threaded ends.

C. Dielectric Fittings: Assembly or fitting having insulating material isolating joined dissimilar
metals, to prevent galvanic action and stop corrosion.
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1. Description: Combination of copper alloy and ferrous metal; threaded, solder, plain, and
weld neck end types and matching piping system materials.

2. Insulating Material: Suitable for system fluid, pressure and temperature.
3. Dielectric Unions: Factory-fabricated, union assembly, for 250 psig minimum working

pressure at 180 deg. F. temperature.
4. Dielectric Flanges: Factory-fabricated, companion-flange assembly, for 150 or 300 psig

minimum pressure to suit system pressures.
5. Dielectric-Flange Insulation Kits: Field-assembled, companion-flange assembly, full-face

or ring type.  Components include neoprene or phenolic gasket phenolic or polyethylene
bolt sleeves, phenolic washers, and steel backing washers.
a. Provide separate companion flanges and steel bolts and nuts for 150 or 300-psig

minimum working pressure to suit system pressures.
6. Dielectric waterway fittings: electroplated steel or brass nipple, with an inert and non-

corrosive, thermoplastic lining.
D. Mechanical Sleeve Seals: Modular, watertight, mechanical type.  Components include

interlocking synthetic rubber links shaped to continuously fill annular space between pipe and
sleeve.  Connecting bolts and pressure plates cause rubber sealing elements to expand when
tightened.  Coordinate seals with prefabricated pipe manufacturer for application of mechanical
seals with prefab pipe end seals and wall penetration requirements. Provide a water-tight seal
at all pipe penetrations regardless of system used (mechanical seal and/or prefab pipe seal
assembly).

E. Pipe Sleeves: The following materials are for wall, floor, slab, and roof penetrations:
1. Steel Sheet Metal: 24 gage or heavier, galvanized sheet metal, round tube closed with

welded longitudinal joint.
2. Steel Pipe: ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends.
3. Cast-Iron: Cast or fabricated wall pipe equivalent to ductile-iron pressure pipe, having

plain ends and integral water stop, except where other features are specified.
4. Wall Penetration Systems: Wall sleeve assembly, consisting of housing, gaskets, and pipe

sleeve, with 1 mechanical-joint end conforming to AWWA C110 and 1 plain pipe-sleeve
end.
a. Penetrating Pipe Deflection: 5 percent without leakage.
b. Housing: Ductile-iron casting having water-stop and anchor ring, with ductile-iron

gland, steel studs and nuts, and rubber gasket conforming to AWWA C111, of
housing and gasket size as required to fit penetrating pipe.

c. Pipe Sleeve: AWWA C151, ductile-iron pipe.
d. Housing-to-Sleeve Gasket: Rubber or neoprene, push-on type, of manufacturer's

design.
2.04 GROUT

A. Non-shrink, Nonmetallic Grout: ASTM C 1107, Grade B.
1. Characteristics: Post-hardening, volume-adjusting, dry, hydraulic-cement grout, non-

staining, noncorrosive, nongaseous, and recommended for interior and exterior
applications.

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

2.05 MECHANICAL EQUIPMENT NAMEPLATE DATA
A. Nameplate: For each piece of power operated mechanical equipment provide a permanent

operational data nameplate indicating manufacturer, product name, model number, serial
number, capacity, operating and power characteristics, labels of tested compliances, and
similar essential data. Locate nameplates in an accessible location. See Section 23 0553.

2.06 MISCELLANEOUS METALS
A. Steel plates, shapes, bars and bar grating: ASTM A 500.
B. Cold-formed Steel Tubing: ASTM A 500.
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C. Hot rolled steel tubing: ASTM A 501.
D. Non-shrink, nonmetallic grout: Premixed, factory-packaged, non-staining, non-corrosive, non-

gaseous grout, recommended for interior and exterior applications.
E. Fasteners: Zinc-coated, type, grade, and class as required.
F. Provide necessary supplemental steel or strut-type framing systems for equipment, ductwork,

and pipe support requirements.
G. Refer to Specifications for painting requirements for supplemental steel supports.

2.07 FIRE STOPPING
A. General: Refer to Division 01. Fire stopping caulk, joint fillers, and other related materials

compatible with each other and with joint substrates under conditions of service and
application.  All products shall be installed by manufacturer trained and licensed installers in the
manner determined by the manufacturer as tested by an independent testing laboratory.

B. Manufacturers: Subject to compliance with requirements, provide factory-engineered products
by one of the following:
1. 3M Fire Protection Products.
2. Spec. Seal (Specified Technologies Inc.).
3. Hilti.
4. Accepted equal.

2.08 ELASTOMERIC JOINT SEALERS
A. General: Joint sealers, joint fillers, and other related materials compatible with each other and

with joint substrates under conditions of service and application.
B. General Duty: One-part, neutral core silicone sealant of formulation indicated that is

recommended for exposed applications on exterior and interior joints in vertical and horizontal
surfaces of concrete, masonry, glass, aluminum, and steel.

C. Wet locations: Provide manufacturer's standard one part, mildew resistant, paintable silicone
sealant that is recommended for exposed locations on interior ceramic tile, masonry, and
metals in bathroom and shower room locations.

PART 3  EXECUTION
3.01 PIPING SYSTEMS - COMMON REQUIREMENTS

A. General: Install piping as described below, except where system Sections specify otherwise.
 Individual piping system specification Sections in Division 23 specify piping installation
requirements unique to the piping system.

B. General Locations and Arrangements: Drawings (plans, schematics, and diagrams) indicate
general location and arrangement of piping systems.  Indicated locations and arrangements
were used to size pipe and calculate friction loss, expansion, pump sizing, and other design
considerations.  Install piping as indicated, except where deviations to layout are accepted on
coordination drawings.

C. Install piping at indicated slope.
D. Install drains at low points in mains, risers, and branch lines consisting of a tee fitting, ¾” ball

valve with hose connection, cap and chain. Install vents at high points. Pitch water piping
upward in direction of flow and arrange fittings to permit air to be vented to system high points
or to expansion tank, and to permit complete drainage to low points. Use eccentric fittings
where necessary.

E. Install components having pressure rating equal to or greater than system operating pressure.
F. Install piping in concealed interior and exterior locations, except in equipment rooms and

service areas.
G. Install piping free of sags and bends.
H. Install exposed interior and exterior piping at right angles or parallel to building walls.  Diagonal

runs are prohibited, except where indicated.
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I. Install piping tight to slabs, beams, joists, columns, walls, and other building elements.  Allow
sufficient space above removable ceiling panels to allow for ceiling panel removal.

J. Install piping to allow application of insulation plus 1-inch clearance around insulation.
K. Locate group of pipes parallel to each other, spaced to permit valve servicing.
L. Install fittings for changes in direction and branch connections.
M. Install couplings according to manufacturers printed instructions.
N. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall board

partitions, and suspended ceilings.
O. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions,

concrete floor and roof slabs, and where indicated.
1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception: Extend sleeves installed in floors of mechanical equipment areas or other
wet areas 2 inches above finished floor level.  Extend cast-iron sleeve fittings below
floor slab as required to secure clamping ring where specified.

2. Build sleeves into new walls and slabs as work progresses.
3. Install large enough sleeves to provide 1/4-inch annular clear space between sleeve and

pipe or pipe insulation.
P. Above Grade, Exterior Wall, Pipe Penetrations: Seal penetrations using sleeves and

mechanical sleeve seals; size sleeve installation of mechanical seals per manufacturer’s
requirements.
1. Install steel pipe for sleeves smaller than 6 inches.
2. Install cast-iron wall pipes for sleeves 6 inches and larger.
3. Assemble and install mechanical seals according to manufacturer's printed instructions.

Q. Below Grade, Exterior Wall, Pipe Penetrations: Install mechanical wall penetration system
sleeves according to manufacturer's printed installation instructions. Coordinate with piping
system requirements for mechanical seals.

R. Fire Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at
pipe penetrations.  Seal pipe penetrations with fire stopping sealant material.

S. Verify final equipment locations for roughing-in.
T. Refer to equipment specifications in other sections of these specifications for roughing-in

requirements.
U. Piping Joint Construction: Join pipe and fittings as follows and as specifically required in

individual piping system specification sections.
1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before

assembly.
3. Soldered Joints: Construct joints according to AWS Soldering Manual, Chapter 22 The

Soldering of Pipe and Tube.
4. Brazed Joints: Construct joints according to AWS Brazing Manual, Chapter 28 Pipe and

Tube.
5. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut

threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and
restore full inside diameter.  Join pipe fittings and valves as follows:
a. Note the internal length of threads in fittings or valve ends, and proximity of internal

seat or wall, to determine how far pipe should be threaded into joint.
b. Apply appropriate tape or thread compound to external pipe threads (except where

dry seal threading is specified).
c. Align threads at point of assembly.
d. Tighten joint with wrench.  Apply wrench to valve end into which pipe is being

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

6. Welded Joints: Construct joints according to AWS D10.12 Recommended Practices and
Procedures for Welding Low Carbon Steel Pipe using qualified processes and welding
operators according to Quality Assurance Article.
a. All welders shall be certified by an independent AWS certifying agency for welding

the piping material, system type, and system pressures for each pipe joint.
b. Comply with ASME Boiler and Pressure Vessel Code, Section IX.
c. Failure to utilize certified welders shall require the removal and replacement of the

piping joint / joints / system at no additional cost to the Owner.
7. Flanged Joints: Align flange surfaces parallel. Select appropriate gasket material, size,

type, and thickness for service application. Install gasket concentrically positioned.
 Assemble joints by sequencing bolt tightening to make initial contact of flanges and
gaskets as flat and parallel as possible.
a. Use lubricants on bolt threads suitable and applicable for bolt threads.
b. Tighten bolts gradually and uniformly using torque wrench.

8. Plastic Pipe and Fitting Solvent-Cement Joints: Clean and dry joining surfaces by wiping
with clean cloth or paper towels.  Join pipe and fittings according to the following
standards:
a. Comply with ASTM F 402 for safe handling practice of solvent-cement and primers.
b. Acrylonitrile-Butadiene-Styrene (ABS): ASTM D 2235 and ASTM D 2661.
c. Chlorinated Poly-Vinyl Chloride (CPVC): ASTM D 2846 and ASTM F 493.
d. Poly-Vinyl Chloride (PVC) Pressure Application: ASTM D 2672.
e. Poly-Vinyl Chloride (PVC) Non-Pressure Application: ASTM D 2885.
f. PVC to ABS (Non-Pressure) Transition: Procedure and solvent cement described in

ASTM D 3138.
V. Piping Connections: Except as otherwise indicated make piping connections as specified

below.
1. Install unions, in piping 2 inches and smaller, adjacent to each valve and at final

connection to each piece of equipment having 2-inches or smaller threaded pipe
connection.

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

3. Dissimilar Metal Piping System Connections: Install dielectric coupling and nipple fittings
or flange assemblies to connect piping materials of dissimilar metals.

3.02 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS
A. Install equipment to provide the maximum possible headroom, where mounting heights are not

indicated.
B. Install equipment according to accepted submittal data.  Portions of the work are shown only in

diagrammatic form. Refer conflicts to the Engineer of Record.
C. Install equipment level and plumb, parallel and perpendicular to other building systems and

components in exposed interior spaces, except where otherwise indicated.
D. Install mechanical equipment to facilitate servicing, maintenance, and repair or replacement of

equipment components.  Connect equipment for ease of disconnecting, with minimum of
interference with other installations.  Extend grease fittings to an accessible location.

E. Install equipment, giving right-of-way to piping systems installed at a required slope.
3.03 CONCRETE BASES

A. Coordinate the construction of the concrete equipment bases of dimensions indicated, but not
less than 4” high and 6 inches larger in both directions than supported unit.  Follow supported
equipment manufacturers setting templates for anchor bolt and tie locations.

B. See details on drawings.
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3.04 ERECTION OF METAL SUPPORTS AND ANCHORAGE
A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation

to support and anchor mechanical materials and equipment.
B. Field Welding: Comply with AWS D1.1 Structural Welding Code - Steel.

3.05 CUTTING AND PATCHING
A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for

mechanical installations.  Perform cutting by skilled mechanics of the trades involved.
B. Repair cut surfaces to match adjacent surfaces.

3.06 GROUTING
A. Install nonmetallic, non-shrink, grout for mechanical equipment base bearing surfaces, pump

and other equipment base plates, and anchors.  Mix grout according to manufacturer's printed
instructions.

B. Clean surfaces that will come into contact with grout.
C. Provide forms for placement of grout, as required.
D. Avoid air entrapment when placing grout.
E. Place grout, completely filling equipment bases.
F. Place grout on concrete bases to provide a smooth bearing surface for equipment.
G. Place grout around anchors.
H. Cure placed grout according to manufacturers printed instructions.

3.07 SELECTIVE DEMOLITION
A. General: Demolish, remove, demount, and disconnect abandoned mechanical materials and

equipment indicated to be removed and not indicated to be salvaged or saved.
B. Materials and Equipment To Be Salvaged:  Remove, demount, and disconnect existing

mechanical materials and equipment indicated to be removed and salvaged, and deliver
materials and equipment to the location designated for storage by the Contract Administrator.

C. Disposal and Cleanup:  Remove from the site and legally dispose of demolished materials,
equipment, and debris not indicated to be salvaged.  Broom-sweep all floors and clean all
windows within construction areas.

3.08 COORDINATION OF ACCESS DOORS PROVIDED BY THIS DIVISION
A. General: The mechanical design-build contractor must coordinate the installation of mechanical

work with the installation of access doors.  Mechanical equipment must be laid out so that the
access panels as designed can serve their purpose.

B. Coordinate installation of access doors at all locations and with adequate door size to provide
the required access to mechanical system components including but not limited to, fire
dampers, smoke dampers, volume dampers, valves, steam traps, controls devices and
components, and equipment filters.

C. Provide all access doors. Fire-rated access doors and frames shall be provided for all locations
where the doors are to be installed in a rated assembly.

D. Responsibility for access to all mechanical items is with the design-build mechanical contractor.
Obtain approval from the Contract Administrator before installation of access doors not shown
on the drawings or doors that are to be relocated from locations shown on the drawings due to
relocation of equipment to be serviced.  Failure to obtain this approval may necessitate rework
at the installing Contractors expense.

END OF SECTION  230505
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SECTION 230517
SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Pipe sleeves.
B. Pipe-sleeve seals.

1.02 RELATED REQUIREMENTS
A. Section 078400 - Firestopping.
B. Section 230553 - Identification for HVAC Piping and Equipment:  Piping identification.
C. Section 230719 - HVAC Piping Insulation.

1.03 REFERENCE STANDARDS
A. ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type

Pipe Insulation (Metal-Mesh Covered) (Industrial Type) 2022a.
B. ASTM E814 - Standard Test Method for Fire Tests of Penetration Firestop Systems 2013a

(Reapproved 2017).
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Shop Drawings:  Indicate pipe materials used, jointing methods, supports, floor and wall

penetration seals.  Indicate installation, layout, weights, mounting and support details, and
piping connections.

1.05 QUALITY ASSURANCE
A. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may

have accumulated from the installation and testing of the system.
1.06 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store sleeve and sleeve seals in shipping containers, with labeling in place.
B. Provide temporary protective coating on cast iron and steel sleeves if shipped loose.

1.07 WARRANTY
A. See Section 017800 - Closeout Submittals, for additional warranty requirements.
B. Correct defective Work within a five year period after Date of Substantial Completion.

PART 2  PRODUCTS
2.01 PIPE SLEEVES

A. Vertical Piping:
1. Sleeve Length:  1 inch above finished floor.
2. Provide sealant for watertight joint.

B. Plastic or Sheet Metal:  Pipe passing through interior walls, partitions, and floors, unless steel
or brass sleeves are specified below.

C. Pipe Passing Through Below Grade Exterior Walls:
1. Zinc coated or cast iron pipe.
2. Provide watertight space with link rubber or modular seal between sleeve and pipe on

both pipe ends.
D. Clearances:

1. Provide allowance for insulated piping.
2. Wall, Floor, Partitions, and Beam Flanges:  1 inch greater than external pipe diameter.
3. All Rated Openings:  Caulked tight with fire stopping material in compliance with ASTM

E814 in accordance with Section 078400 to prevent the spread of fire, smoke, and gases.
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2.02 PIPE-SLEEVE SEALS
A. Modular Mechanical Sleeve-Seal:

1. Elastomer-based interlocking links continuously fill annular space between pipe and wall-
sleeve, wall or casing opening.

2. Watertight seal between pipe and wall-sleeve, wall or casing opening.
3. Size and select seal component materials in accordance with service requirements.
4. Glass-reinforced plastic pressure end plates.

B. Pipe Sleeve Material:
1. Bearing Walls:  Steel, cast iron, or terra-cotta pipe.
2. Masonry Structures:  Sheet metal or fiber.

C. Wall Sleeve:  PVC material with waterstop collar, and nailer end-caps.
PART 3  EXECUTION
3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Remove scale and foreign material, from inside and outside, before assembly.

3.02 INSTALLATION
A. Route piping in orderly manner, plumb and parallel to building structure.  Maintain gradient.
B. Install piping to conserve building space, to not interfere with use of space and other work.
C. Install piping and pipe sleeves to allow for expansion and contraction without stressing pipe,

joints, or connected equipment.
D. Structural Considerations:

1. Do not penetrate building structural members unless indicated.
E. Provide sleeves when penetrating footings, floors, walls, and partitions .  Seal pipe including

sleeve penetrations to achieve fire resistance equivalent to fire separation required.
1. Underground Piping:  Caulk pipe sleeve watertight with lead and oakum or mechanically

expandable chloroprene inserts with bitumen sealed metal components.
2. Aboveground Piping:

a. Pack solid using mineral fiber in compliance with ASTM C592.
b. Fill space with an elastomer caulk to a depth of 0.50 inch where penetrations occur

between conditioned and unconditioned spaces.
3. All Rated Openings:  Caulk tight with fire stopping material in compliance with ASTM E814

in accordance with Section 078400 to prevent the spread of fire, smoke, and gases.
4. Caulk exterior wall sleeves watertight with lead and oakum or mechanically expandable

chloroprene inserts with mastic-sealed components.
F. Manufactured Sleeve-Seal Systems:

1. Install manufactured sleeve-seal systems in sleeves located in grade slabs and exterior
concrete walls at piping entrances into building.

2. Provide sealing elements of the size, quantity, and type required for the piping and sleeve
inner diameter or penetration diameter.

3. Locate piping in center of sleeve or penetration.
4. Install field assembled sleeve-seal system components in annular space between sleeve

and piping.
5. Tighten bolting for a water-tight seal.
6. Install in accordance with manufacturer's recommendations.

G. When installing more than one piping system material, ensure system components are
compatible and joined to ensure the integrity of the system.  Provide necessary joining fittings.
 Ensure flanges, union, and couplings for servicing are consistently provided.

3.03 CLEANING
A. Upon completion of work, clean all parts of the installation.
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B. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may
have accumulated from the installation and testing of the system.

END OF SECTION  230517
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SECTION 230519
METERS AND GAUGES FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Pressure gauges and pressure gauge taps.
B. Thermometers and thermometer wells.

1.02 RELATED REQUIREMENTS
A. Section 232113 - Hydronic Piping.

1.03 REFERENCE STANDARDS
A. ASME B40.100 - Pressure Gauges and Gauge Attachments 2022.
B. ASTM E1 - Standard Specification for ASTM Liquid-in-Glass Thermometers 2014 (Reapproved

2020).
C. ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers 2014

(Reapproved 2021).
D. UL 393 - Indicating Pressure Gauges for Fire-Protection Service Current Edition, Including All

Revisions.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide list that indicates use, operating range, total range and location for

manufactured components.
C. Project Record Documents:  Record actual locations of components and instrumentation.
D. Operation and Maintenance Data:.

1.05 FIELD CONDITIONS
A. Do not install instrumentation when areas are under construction, except for required rough-in,

taps, supports and test plugs.
PART 2  PRODUCTS
2.01 PRESSURE GAUGES

A. Manufacturers:
1. Dwyer Instruments, Inc:  www.dwyer-inst.com.
2. Moeller Instrument Company, Inc:  www.moellerinstrument.com.
3. Omega Engineering, Inc:  www.omega.com.

B. Pressure Gauges:  ASME B40.100, UL 393 drawn steel case, phosphor bronze bourdon tube,
rotary brass movement, brass socket, with front recalibration adjustment, black scale on white
background.
1. Case:  Steel with brass bourdon tube.
2. Size:  4-1/2 inch diameter.
3. Mid-Scale Accuracy:  One percent.
4. Scale:  Psi .

2.02 PRESSURE GAUGE TAPPINGS
A. Gauge Cock:  Tee or lever handle, brass for maximum 150 psi.
B. Needle Valve:  Stainless Steel , 1/4 inch  NPT for minimum 150 psi .
C. Pulsation Damper:  Pressure snubber, brass with 1/4 inch connections.
D. Syphon:  Stainless Steel , 1/4 inch  angle or straight pattern.

2.03 STEM TYPE THERMOMETERS
A. Manufacturers:



Woodstock UHS Steam Heating
Plant Conversion  230519 - 2  Meters and Gauges for HVAC

Piping 

1. Dwyer Instruments, Inc:  www.dwyer-inst.com.
2. Omega Engineering, Inc:  www.omega.com.
3. Weksler Glass Thermometer Corp:  www.wekslerglass.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Thermometers - Adjustable Angle:  Red- or blue-appearing non-toxic liquid in glass; ASTM E1;
lens front tube, cast aluminum case with enamel finish, cast aluminum adjustable joint with
positive locking device; adjustable 360 degrees in horizontal plane, 180 degrees in vertical
plane.
1. Size:  9 inch scale.
2. Window:  Clear Lexan.
3. Stem:  3/4 inch NPT brass.
4. Accuracy:  2 percent, per ASTM E77.
5. Calibration:  Degrees F.

2.04 TEST PLUGS
A. Test Plug:  1/4 inch  or 1/2 inch  stainless steel  fitting and cap for receiving 1/8 inch  outside

diameter pressure or temperature probe with Nordel core for temperatures up to 350 degrees
F .

PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install pressure gauges with pulsation dampers.  Provide gauge cock to isolate each gauge.

  Provide siphon on gauges in steam systems.  Extend nipples and siphons to allow clearance
from insulation.

C. Provide instruments with scale ranges selected according to service with largest appropriate
scale.

D. Install gauges and thermometers in locations where they are easily read from normal operating
level.  Install vertical to 45 degrees off vertical.

E. Adjust gauges and thermometers to final angle, clean windows and lenses, and calibrate to
zero.

F. Locate test plugs adjacent to thermometers and thermometer sockets, and adjacent to
pressure gauges and pressure gauge taps.

3.02 SCHEDULE
A. Pressure Gauges, Location and Scale Range:

1. Pumps, 0 to 100 psi .
2. Expansion tanks, 0 to 100 psi .

B. Pressure Gauge Tappings, Location:
1. Control valves 3/4 inch & larger - inlets and outlets.
2. Major coils - inlets and outlets.
3. Boiler - inlets and outlets.

C. Stem Type Thermometers, Location and Scale Range:
1. Coil banks - inlets and outlets, 0 to 200 degrees F .
2. Heat exchangers - inlets and outlets, 0 to 200 degrees F .
3. Boilers - inlets and outlets, 0 to 200 degrees F .
4. Water zone supply and return, 0 to 200 degrees F .
5. After major coils, 0 to 200 degrees F .

END OF SECTION  230519
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SECTION 230529
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Support and attachment components.
1.02 RELATED REQUIREMENTS

A. Section 033000 - Cast-in-Place Concrete:  Concrete equipment pads.
B. Section 230548 - Vibration and Seismic Controls for HVAC.

1.03 REFERENCE STANDARDS
A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron

and Steel Products 2017.
B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel

Hardware 2016a.
C. ASTM A181/A181M - Standard Specification for Carbon Steel Forgings, for General-Purpose

Piping 2022.
D. ASTM A36/A36M - Standard Specification for Carbon Structural Steel 2019.
E. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings 1999, with

Editorial Revision (2022).
F. ASTM A283/A283M - Standard Specification for Low and Intermediate Tensile Strength Carbon

Steel Plates 2018.
G. ASTM A395/A395M - Standard Specification for Ferritic Ductile Iron Pressure-Retaining

Castings for Use at Elevated Temperatures 1999 (Reapproved 2022).
H. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-

Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process 2022.
I. ASTM A1011/A1011M - Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon,

Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, and
Ultra-High Strength 2018a.

J. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel
2019.

K. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials
2022.

L. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials 2022a.

M. FM (AG) - FM Approval Guide current edition.
N. MFMA-4 - Metal Framing Standards Publication 2004.
O. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,

Application, and Installation 2018, with Amendment (2019).
P. UL (DIR) - Online Certifications Directory Current Edition.
Q. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials Current

Edition, Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate sizes and arrangement of supports and bases with the actual equipment and

components to be installed.
2. Coordinate the work with other trades to provide additional framing and materials required

for installation.



Woodstock UHS Steam Heating
Plant Conversion  230529 - 2  Hangers and Supports for HVAC

Piping and Equipment 

3. Coordinate compatibility of support and attachment components with mounting surfaces at
the installed locations.

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other
potential conflicts installed under other sections or by others.

5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

B. Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has

fully cured in accordance with Section 033000.
1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for channel

(strut) framing systems, nonpenetrating rooftop supports, post-installed concrete and masonry
anchors, and thermal insulated pipe supports.

C. Shop Drawings:  Include details for fabricated hangers and supports where materials or
methods other than those indicated are proposed for substitution.

D. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by
product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

1.06 QUALITY ASSURANCE
A. Comply with applicable building code.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS
2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and

hardware as necessary for the complete installation of plumbing work.
2. Provide products listed, classified, and labeled as suitable for the purpose intended, where

applicable.
3. Where support and attachment component types and sizes are not indicated, select in

accordance with manufacturer's application criteria as required for the load to be
supported with a minimum safety factor of [_____].  Include consideration for vibration,
equipment operation, and shock loads where applicable.

4. Steel Components:  Use corrosion resistant materials suitable for the environment where
installed.
a. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
b. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.
B. Prefabricated Trapeze-Framed Metal Strut Systems:

1. MFMA-4 compliant, pre-fabricated, MSS SP-58 type 59 continuous-slot metal strut
channel with associated tracks, fittings, and related accessories.

2. Strut Channel or Bracket Material:
a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel.
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel.

3. Minimum Channel Thickness:  Steel sheet, 12 gauge, 0.1046 inch.
4. Minimum Channel Dimensions:  1-5/8 inch width by 13/16 inch height.
5. Accessories:  Provide bracket covers, cable basket clips, cable tray clips, clamps, conduit

clamps, fire-retarding brackets, j-hooks, protectors, and vibration dampeners.
C. Hanger Rods:

1. Threaded zinc-plated steel unless otherwise indicated.
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2. Minimum Size, Unless Otherwise Indicated or Required:
a. Equipment Supports:  1/2 inch diameter.
b. Piping up to 1 inch:  1/4 inch diameter.
c. Piping larger than 1 inch:  3/8 inch diameter.
d. Trapeze Support for Multiple Pipes:  3/8 inch diameter.

D. Thermal Insulated Pipe Supports:
1. General Requirements:

a. Insulated pipe supports to be provided at hanger, support, and guide locations on
pipe requiring insulation or additional support.

b. Surface Burning Characteristics:  Flame spread index/smoke developed index of
5/30, maximum, when tested in accordance with ASTM E84 or UL 723.

c. Pipe supports to be provided for nominally sized, 1/2 to 30 inch iron pipes.
d. Insulation inserts to consist of rigid polyisocyanurate (urethane) insulation surrounded

by a 360 degree, PVC jacketing.
2. PVC Jacket:

a. Pipe insulation protection shields to be provided with a ball bearing hinge and locking
seam.

b. Moisture Vapor Transmission:  0.0071 perm inch, when tested in accordance with
ASTM E96/E96M.

c. Thickness:  60 mil.
E. Pipe Supports:

1. Material:  ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M steel.

2. Liquid Temperatures Up To 122 degrees F:
a. Overhead Support:  MSS SP-58 Types 1, 3 through 12.
b. Support From Below:  MSS SP-58 Types 35 through 38.

F. Roller Chairs:
1. MSS SP-58 type 43 based on required load, nonconductive and corrosion resistant.
2. Steel Yoke Type:  MSS SP-58 type 44, vertically adjustable, nonconductive, and corrosion

resistant.
3. Material:  Zinc plated ASTM A36/A36M carbon steel or ASTM A47/A47M malleable iron.

G. Pipe Stanchions:
1. Material:  Malleable iron, ASTM A47/A47M; or carbon steel, ASTM A36/A36M.
2. Provide coated or plated saddles to isolate steel hangers from dissimilar metal tube or

pipe.
3. For pipe runs, use stanchions of same type and material where vertical adjustment is

required for stationary pipe.
H. Beam Clamps:

1. MSS SP-58 types 19 through 23, 25 or 27 through 30 based on required load.
2. Beam C-Clamp:  MSS SP-58 type 23, malleable iron and steel with plain, stainless steel,

and zinc finish.
3. Small or Junior Beam Clamp:  MSS SP-58 type 19, malleable iron with plain finish.  For

inverted usage provide manufacturer listed size(s).
4. Wide Mouth Beam Clamp:  MSS SP-58 type 19, malleable iron with plain finish.
5. Centerload Beam Clamp with Extension Piece:  MSS SP-58 type 30, malleable iron with

plain finish.
6. FM (AG) and UL (DIR) Approved Beam Clamp:  MSS SP-58 type 19, plain finish,
7. Provide clamps with hardened steel cup-point set screws and lock-nuts for anchoring in

place.
8. Material:  ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM

A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M steel.
I. Riser Clamps:
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1. For insulated pipe runs, provide two bolt-type clamps designed for installation under
insulation.

2. MSS SP-58 type 1 or 8, carbon steel or steel with epoxy plated, plain, stainless steel, or
zinc plated finish.

3. Medium Split Horizontal Pipe Clamp:  MSS SP-58 type 4, carbon steel or stainless steel
with epoxy plated, plain, stainless steel, or zinc plated finish.

4. Copper Tube Pipe Clamp:  MSS SP-58 type 8, epoxy plated copper.
5. UL (DIR) listed:  Pipe sizes 1/2 to 8 inch.

J. Insulation Clamps:
1. Two bolt-type clamps designed for installation under insulation.
2. Material:  Carbon steel with epoxy copper or zinc finish.

K. Pipe Hangers:
1. Split Ring Hangers:

a. Provide hinged split ring and yoke roller hanger with epoxy copper or plain finish.
b. Material:  ASTM A47/A47M malleable iron or ASTM A36/A36M carbon steel.
c. Provide hanger rod and nuts of the same type and material for a given pipe run.
d. Provide coated or plated hangers to isolate steel hangers from dissimilar metal tube

or pipe.
2. Band Hangers, Adjustable:

a. MSS SP-58 Type 7 or 9, Zinc-plated ASTM A1011/A1011M steel or ASTM
A653/A653M carbon steel.

3. Clevis Hangers, Adjustable:
a. Copper Tube:  MSS SP-58 Type 1, epoxy-plated copper.
b. Light-Duty:  MSS SP-58 Type 1, zinc-colored, epoxy plated.
c. Standard-Duty:  MSS SP-58 Type 1, zinc-colored, epoxy plated.

L. Dielectric Barriers:  Provide between metallic supports and metallic piping and associated items
of dissimilar type; acceptable dielectric barriers include rubber or plastic sheets or coatings
attached securely to pipe or item.

M. Pipe Shields for Insulated Piping:
1. General Construction and Requirements:

a. Surface Burning Characteristics:  Comply with ASTM E84 or UL 723.
b. Shields Material:  UV-resistant polypropylene with glass fill.
c. Maximum Insulated Pipe Outer Diameter:  12-5/8 inch.
d. Minimum Service Temperature:  Minus 40 degrees F.
e. Maximum Service Temperature:  178 degrees F.
f. Pipe shields to be provided at hanger, support, and guide locations on pipe requiring

insulation or additional support.
N. Anchors and Fasteners:

1. Unless otherwise indicated and where not otherwise restricted, use the anchor and
fastener types indicated for the specified applications.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that mounting surfaces are ready to receive support and attachment components.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Provide independent support from building structure.  Do not provide support from piping,

ductwork, conduit, or other systems.
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C. Unless specifically indicated or approved by Architect, do not provide support from suspended
ceiling support system or ceiling grid.

D. Unless specifically indicated or approved by Architect, do not provide support from roof deck.
E. Do not penetrate or otherwise notch or cut structural members without approval of Structural

Engineer.
F. Provide thermal insulated pipe supports complete with hangers and accessories.  Install

thermal insulated pipe supports during the installation of the piping system.
G. Equipment Support and Attachment:

1. Use metal fabricated supports or supports assembled from metal channel (strut) to
support equipment as required.

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on
hollow stud walls when wall strength is not sufficient to resist pull-out.

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations
to provide space between equipment and mounting surface.

4. Securely fasten floor-mounted equipment.  Do not install equipment such that it relies on
its own weight for support.

H. Secure fasteners according to manufacturer's recommended torque settings.
I. Remove temporary supports.

3.03 FIELD QUALITY CONTROL
A. See Section 014000 - Quality Requirements for additional requirements.
B. Inspect support and attachment components for damage and defects.
C. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by

manufacturer.  Replace components that exhibit signs of corrosion.
D. Correct deficiencies and replace damaged or defective support and attachment components.

END OF SECTION  230529
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SECTION 230548
VIBRATION AND SEISMIC CONTROLS FOR HVAC

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Vibration isolation requirements.
B. Vibration-isolated equipment support bases.
C. Vibration isolators.

1.02 REFERENCE STANDARDS
A. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications Most Recent Edition Cited by

Referring Code or Reference Standard.
1.03 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for products,

including materials, fabrication details, dimensions, and finishes.
1. Vibration Isolators:  Include rated load capacities and deflections; include information on

color coding or other identification methods for spring element load capacities.
C. Shop Drawings - Vibration Isolation Systems:

1. Include dimensioned plan views and sections indicating proposed arrangement of
vibration isolators; indicate equipment weights and static deflections.

2. Vibration-Isolated Equipment Support Bases:  Include base weights, including concrete fill
where applicable; indicate equipment mounting provisions.

PART 2  PRODUCTS
2.01 VIBRATION ISOLATION REQUIREMENTS

A. Provide  vibration isolation systems to reduce vibration transmission to supporting structure from
vibration-producing HVAC equipment and/or HVAC connections to vibration-isolated
equipment.

B. Comply with applicable general recommendations of ASHRAE (HVACA), where not in conflict
with other specified requirements:

C. General Requirements:
1. Select vibration isolators to provide required static deflection.
2. Select vibration isolators for uniform deflection based on distributed operating weight of

actual installed equipment.
D. Equipment Isolation:  As indicated on drawings.
E. Piping Isolation:

1. Provide vibration isolators for piping supports:
a. Located in equipment rooms.
b. Located within 50 feet of connected vibration-isolated equipment and pressure-

regulating valve (PRV) stations.
2.02 VIBRATION-ISOLATED EQUIPMENT SUPPORT BASES
2.03 VIBRATION ISOLATORS

A. Manufacturers:
1. Vibration Isolators:

a. Kinetics Noise Control, Inc :  www.kineticsnoise.com/#sle.
b. Mason Industries :  www.mason-ind.com/#sle.
c. Vibration Eliminator Company, Inc :  www.veco-nyc.com/#sle.

2. Source Limitations:  Furnish vibration-isolators and associated accessories produced by a
single manufacturer and obtained from a single supplier.

B. General Requirements:



Woodstock UHS Steam Heating
Plant Conversion  230548 - 2  Vibration and Seismic Controls for

HVAC 

1. Resilient Materials for Vibration Isolators:  Oil, ozone, and oxidant resistant.
2. Spring Elements for Spring Isolators:

a. Color code or otherwise identify springs to indicate load capacity.
b. Lateral Stability:  Minimum lateral stiffness to vertical stiffness ratio of 0.8.
c. Designed to operate in the linear portion of their load versus deflection curve over

deflection range of not less than 50 percent above specified deflection.
d. Designed to provide additional travel to solid of not less than 50 percent of rated

deflection at rated load.
e. Selected to provide designed deflection of not less than 75 percent of specified

deflection.
f. Selected to function without undue stress or overloading.

C. Vibration Isolators for Nonseismic Applications:
1. Resilient Material Isolator Pads:

a. Description:  Single or multiple layer pads utilizing elastomeric (e.g., neoprene,
rubber) or fiberglass isolator material.

b. Pad Thickness:  As required for specified minimum static deflection; minimum 0.25
inch thickness.

c. Multiple Layer Pads:  Provide bonded, galvanized sheet metal separation plate
between each layer.

2. Resilient Material Isolator Mounts, Nonseismic:
a. Description:  Mounting assemblies for bolting equipment to supporting structure

utilizing elastomeric (e.g., neoprene, rubber) or fiberglass isolator material; fail-safe
type.

3. Open (Unhoused) Spring Isolators:
a. Description:  Isolator assembly consisting of single or multiple free-standing, laterally

stable steel spring(s) without a housing.
b. Bottom Load Plate:  Nonskid, molded, elastomeric isolator material or steel with

nonskid elastomeric isolator pad with provisions for bolting to supporting structure as
required.

c. Furnished with integral leveling device for positioning and securing supported
equipment.

4. Housed Spring Isolators:
a. Description:  Isolator assembly consisting of single or multiple free-standing, laterally

stable steel spring(s) within a metal housing.
b. Furnished with integral elastomeric snubbing elements, nonadjustable type, for

limiting equipment movement and preventing metal-to-metal contact between
housing elements.

c. Bottom Load Plate:  Steel with nonskid, elastomeric isolator pad with provisions for
bolting to supporting structure as required.

d. Furnished with integral leveling device for positioning and securing supported
equipment.

5. Restrained Spring Isolators, Nonseismic:
a. Description:  Isolator assembly consisting of single or multiple free-standing, laterally

stable steel spring(s) within a metal housing designed to prevent movement of
supported equipment above an adjustable vertical limit stop.

b. Bottom Load Plate:  Steel with nonskid elastomeric isolator pad with provisions for
bolting to supporting structure as required.

c. Furnished with integral leveling device for positioning and securing supported
equipment.

d. Provides constant free and operating height.
6. Resilient Material Isolator Hangers, Nonseismic:

a. Description:  Isolator assembly designed for installation in hanger rod suspension
system utilizing elastomeric (e.g., neoprene, rubber) or fiberglass isolator material for
the lower hanger rod connection.

7. Spring Isolator Hangers, Nonseismic:
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a. Description:  Isolator assembly designed for installation in hanger rod suspension
system utilizing single or multiple free-standing, laterally stable steel spring(s) in
series with an elastomeric element for the lower hanger rod connection.

b. Designed to accommodate misalignment of bottom hanger rod up to 30 degrees
(plus/minus 15 degrees) without short-circuiting of isolation.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that mounting surfaces are ready to receive vibration isolation and/or seismic control

components and associated attachments.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)

evaluation report conditions of use where applicable.
C. Secure fasteners according to manufacturer's recommended torque settings.
D. Install flexible piping connections to provide sufficient slack for vibration isolation and/or seismic

relative displacements as indicated or as required.
E. Vibration Isolation Systems:

1. Vibration-Isolated Equipment Support Bases:
a. Provide specified minimum clearance beneath base.

2. Spring Isolators:
a. Position equipment at operating height; provide temporary blocking as required.
b. Lift equipment free of isolators prior to lateral repositioning to avoid damage to

isolators.
c. Level equipment by adjusting isolators gradually in sequence to raise equipment

uniformly such that excessive weight or stress is not placed on any single isolator.
3. Isolator Hangers:

a. Use precompressed isolator hangers where required to facilitate installation and
prevent damage to equipment utility connection provisions.

b. Locate isolator hangers at top of hanger rods in accordance with manufacturer's
instructions.

4. Clean debris from beneath vibration-isolated equipment that could cause short-circuiting
of isolation.

5. Use elastomeric grommets for attachments where required to prevent short-circuiting of
isolation.

6. Adjust isolators to be free of isolation short circuits during normal operation.
7. Do not overtighten fasteners such that resilient material isolator pads are compressed

beyond manufacturer's maximum recommended deflection.
3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.
B. Inspect vibration isolation and/or seismic control components for damage and defects.
C. Vibration Isolation Systems:

1. Verify isolator static deflections.
2. Verify vibration isolation performance during normal operation; investigate sources of

isolation short circuits.
D. Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control

components.
END OF SECTION  230548
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SECTION 230553
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Nameplates.
B. Tags.
C. Pipe markers.
D. Ceiling tacks.

1.02 REFERENCE STANDARDS
A. ASME A13.1 - Scheme for the Identification of Piping Systems 2020.
B. ASTM D709 - Standard Specification for Laminated Thermosetting Materials 2017.

1.03 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical identification.
C. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location,

function, and valve manufacturer's name and model number.
D. Product Data:  Provide manufacturers catalog literature for each product required.
E. Manufacturer's Installation Instructions:  Indicate special procedures, and installation.
F. Project Record Documents:  Record actual locations of tagged valves.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Advanced Graphic Engraving, LLC :  www.advancedgraphicengraving.com/#sle.
B. Kolbi Pipe Marker Co :  www.kolbipipemarkers.com/#sle.
C. Seton Identification Products, a Tricor Direct Company :  www.seton.com/#sle.
D. Substitutions:  See Section 016000 - Product Requirements .

2.02 IDENTIFICATION APPLICATIONS
A. Control Panels:  Nameplates.
B. Heat Transfer Equipment:  Nameplates.
C. Major Control Components:  Nameplates.
D. Piping:  Pipe markers .
E. Pumps:  Nameplates.
F. Tanks:  Nameplates.
G. Valves:  Tags .

2.03 NAMEPLATES
A. Letter Color:  Black .
B. Letter Height:  1/2 inch .
C. Background Color:  White .
D. Plastic:  Comply with ASTM D709.

2.04 TAGS
A. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch diameter with smooth

edges.
B. Valve Tag Chart:  Typewritten letter size list in anodized aluminum frame.
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2.05 PIPE MARKERS
A. Color:  Comply with ASME A13.1.
B. Plastic Tape Pipe Markers:  Flexible, vinyl film tape with pressure sensitive adhesive backing

and printed markings identifying the fluid being conveyed and arrows indicating the direction of
flow.

C. Color code as follows:
1. Heating, Cooling, and Boiler Feedwater:  Green with white letters.

2.06 CEILING TACKS
A. Description:  Steel with 3/4 inch diameter color coded head.
B. Color code as follows:

1. Heating/Cooling Valves:  Blue.
PART 3  EXECUTION
3.01 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.
3.02 INSTALLATION

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.
C. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's

instructions.
D. Use tags on piping 3/4 inch diameter and smaller.  

1. Identify service, flow direction, and pressure.
2. Install in clear view and align with axis of piping.
3. Locate identification not to exceed 20 feet on straight runs including risers and drops,

adjacent to each valve and Tee, at each side of penetration of structure or enclosure, and
at each obstruction.

E. Install ductwork with duct markers .  Identify with air handling unit identification number and area
served.  Locate identification at air handling unit, at each side of penetration of structure or
enclosure, and at each obstruction.

END OF SECTION  230553
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SECTION 230593
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Testing, adjustment, and balancing of air systems.
B. Testing, adjustment, and balancing of  hydronic  systems.
C. Measurement of final operating condition of HVAC systems.

1.02 REFERENCE STANDARDS
A. AABC (NSTSB) - AABC National Standards for Total System Balance, 7th Edition 2016.
B. ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC

Systems 2008, with Errata (2019).
C. SMACNA (TAB) - HVAC Systems Testing, Adjusting and Balancing 2002.

1.03 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Installer Qualifications:  Submit name of adjusting and balancing agency and TAB supervisor

for approval within 30 days after award of Contract.
C. Control System Coordination Reports:  Communicate in writing to the controls installer all

setpoint and parameter changes made or problems and discrepancies identified during TAB
that affect, or could affect, the control system setup and operation.

D. Progress Reports.
E. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and

balancing of systems and equipment to achieve specified performance.
1. Submit to the the Construction Manager  within two weeks  after completion of testing,

adjusting, and balancing.
2. Submit draft copies of report for review prior to final acceptance of Project.  Provide final

copies for Engineer and for inclusion in operating and maintenance manuals.
3. Provide reports in soft cover, letter size, 3-ring binder manuals, complete with index page

and indexing tabs, with cover identification at front and side.  Include set of reduced
drawings with air outlets and equipment identified to correspond with data sheets, and
indicating thermostat locations.

4. Include actual instrument list, with manufacturer name, serial number, and date of
calibration.

5. Form of Test Reports:  Where the TAB standard being followed recommends a report
format use that; otherwise, follow ASHRAE Std 111.

6. Units of Measure:  Report data in I-P (inch-pound) units only .
7. Include the following on the title page of each report:

a. Name of Testing, Adjusting, and Balancing Agency.
b. Address of Testing, Adjusting, and Balancing Agency.
c. Telephone number of Testing, Adjusting, and Balancing Agency.
d. Project name.
e. Project location.
f. Project Architect.
g. Project Engineer.
h. Project Contractor.
i. Project altitude.
j. Report date.
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PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 GENERAL REQUIREMENTS

A. Perform total system balance in accordance with one of the following:
1. AABC (NSTSB), AABC National Standards for Total System Balance.
2. ASHRAE Std 111, Practices for Measurement, Testing, Adjusting and Balancing of

Building Heating, Ventilation, Air-Conditioning, and Refrigeration Systems.
3. SMACNA (TAB).
4. Maintain at least one copy of the standard to be used at project site at all times.

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work
prior to Substantial Completion of the project.

C. Where HVAC systems and/or components interface with life safety systems, including fire and
smoke detection, alarm, and control, coordinate scheduling and testing and inspection
procedures with the authorities having jurisdiction.

D. TAB Agency Qualifications:
1. Company specializing in the testing, adjusting, and balancing of systems specified in this

section.
2. Having minimum of three years documented experience.
3. Certified by one of the following:

a. AABC, Associated Air Balance Council:  www.aabc.com/#sle; upon completion
submit AABC National Performance Guaranty.

b. NEBB, National Environmental Balancing Bureau:  www.nebb.org/#sle.
c. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy

Management Institute:  www.tabbcertified.org/#sle.
E. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency.

3.02 EXAMINATION
A. Verify that systems are complete and operable before commencing work.  Ensure the following

conditions:
1. Systems are started and operating in a safe and normal condition.
2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Final filters are clean and in place.  If required, install temporary media in addition to final

filters.
5. Fire and volume dampers are in place and open.
6. Air coil fins are cleaned and combed.
7. Access doors are closed and duct end caps are in place.
8. Hydronic systems are flushed, filled, and vented.
9. Pumps are rotating correctly.
10. Proper strainer baskets are clean and in place.
11. Service and balance valves are open.

B. Submit field reports.  Report defects and deficiencies that will or could prevent proper system
balance.

C. Beginning of work means acceptance of existing conditions.
3.03 ADJUSTMENT TOLERANCES

A. Hydronic Systems:  Adjust to within plus or minus 5 percent of design.
3.04 WATER SYSTEM PROCEDURE

A. Adjust water systems to provide required or design quantities.
B. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gauges to

determine flow rates for system balance.  Where flow metering devices are not installed, base
flow balance on temperature difference across various heat transfer elements in the system.
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C. Effect system balance with automatic control valves fully open to heat transfer elements.
D. Effect adjustment of water distribution systems by means of balancing cocks, valves, and

fittings.  Do not use service or shut-off valves for balancing unless indexed for balance point.
E. Where available pump capacity is less than total flow requirements or individual system parts,

full flow in one part may be simulated by temporary restriction of flow to other parts.
3.05 SCOPE

A. Test, adjust, and balance the following:
1. HVAC Pumps.
2. Air Coils.
3. Terminal Heat Transfer Units.

3.06 MINIMUM DATA TO BE REPORTED
A. Electric Motors:

1. Manufacturer.
2. Model/Frame.
3. HP/BHP.
4. Phase, voltage, amperage; nameplate, actual, no load.
5. RPM.
6. Service factor.
7. Starter size, rating, heater elements.
8. Sheave Make/Size/Bore.

B. V-Belt Drives:
1. Identification/location.
2. Required driven RPM.
3. Driven sheave, diameter and RPM.
4. Belt, size and quantity.
5. Motor sheave diameter and RPM.
6. Center to center distance, maximum, minimum, and actual.

C. Pumps:
1. Identification/number.
2. Manufacturer.
3. Size/model.
4. Impeller.
5. Service.
6. Design flow rate, pressure drop, BHP.
7. Actual flow rate, pressure drop, BHP.
8. Discharge pressure.
9. Suction pressure.
10. Total operating head pressure.

D. Combustion Equipment:
1. Boiler manufacturer.
2. Model number.
3. Serial number.
4. Firing rate.
5. Overfire draft.
6. Heat input.
7. Percent carbon monoxide (CO).
8. Percent carbon dioxide (CO2).
9. Percent oxygen (O2).
10. Percent excess air.
11. Flue gas temperature at outlet.
12. Ambient temperature.
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13. Net stack temperature.
14. Percent stack loss.
15. Percent combustion efficiency.
16. Heat output.

E. Heating Coils:
1. Identification/number.
2. Location.
3. Service.
4. Manufacturer.
5. Air flow, design and actual.
6. Water flow, design and actual.
7. Water pressure drop, design and actual.
8. Entering water temperature, design and actual.
9. Leaving water temperature, design and actual.
10. Entering air temperature, design and actual.
11. Leaving air temperature, design and actual.
12. Air pressure drop, design and actual.

END OF SECTION  230593
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SECTION 230719
HVAC PIPING INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Piping insulation.
B. Jacketing and accessories.

1.02 RELATED REQUIREMENTS
A. Section 232113 - Hydronic Piping:  Placement of hangers and hanger inserts.

1.03 REFERENCE STANDARDS
A. ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal

Transmission Properties by Means of the Guarded-Hot-Plate Apparatus 2019.
B. ASTM C195 - Standard Specification for Mineral Fiber Thermal Insulating Cement 2007

(Reapproved 2019).
C. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation 2022a.
D. ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic

Stainless Steel 2008 (Reapproved 2018).
E. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials

2022.
F. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor

Transmission Rate of Materials 2022a.
G. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials Current

Edition, Including All Revisions.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
C. Manufacturer's Instructions:  Indicate installation procedures that ensure acceptable

workmanship and installation standards will be achieved.
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in
this section with not less than three years of documented experience.

B. Applicator Qualifications:  Company specializing in performing the type of work specified in this
section with minimum three years of experience .

1.06 DELIVERY, STORAGE, AND HANDLING
A. Accept materials on site, labeled with manufacturer's identification, product density, and

thickness.
1.07 FIELD CONDITIONS

A. Maintain ambient conditions required by manufacturers of each product.
B. Maintain temperature before, during, and after installation for minimum of 24 hours.

PART 2  PRODUCTS
2.01 REGULATORY REQUIREMENTS

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.

2.02 GLASS FIBER, RIGID
A. Manufacturers:
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1. CertainTeed Corporation :  www.certainteed.com/#sle.
2. Johns Manville Corporation :  www.jm.com/#sle.
3. Knauf Insulation :  www.knaufinsulation.com/#sle.
4. Owens Corning Corporation :  www.ocbuildingspec.com/#sle.
5. Substitutions:  See Section 016000 - Product Requirements.

B. Insulation:  ASTM C547 and ASTM C795; rigid molded, noncombustible.
1. Conductivity: ASTM C177, 0.24 K Value at 75 degrees F.
2. Minimum Service Temperature: 0 degrees F.
3. Maximum Service Temperature:  850 degrees F.
4. Maximum Moisture Absorption: 0.2 percent by volume.
5. Flame Spread and Smoke Developed Index: 25/50 rated in accordance with ASTM E84.

C. Vapor Barrier Jacket:  White kraft paper with glass fiber yarn, bonded to aluminized film;
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02 perm-
inches.

D. Vapor Barrier Lap Adhesive:  Compatible with insulation.
E. Insulating Cement/Mastic:  ASTM C195; hydraulic setting on mineral wool.

2.03 JACKETING AND ACCESSORIES
A. PVC Plastic.

1. Manufacturers:
a. Johns Manville Corporation :  www.jm.com/#sle.

2. Jacket:  One piece molded type fitting covers and sheet material, off-white color.
a. Minimum Service Temperature:  0 degrees F.
b. Maximum Service Temperature:  150 degrees F.
c. Moisture Vapor Permeability:  0.002 perm inch, maximum, when tested in

accordance with ASTM E96/E96M.
d. Thickness:  10 mil, 0.010 inch.
e. Connections:  Brush on welding adhesive.

3. Covering Adhesive Mastic:  Compatible with insulation.
PART 3  EXECUTION
3.01 EXAMINATION

A. Test piping for design pressure, liquid tightness, and continuity prior to applying insulation
materials.

B. Verify that surfaces are clean and dry, with foreign material removed.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install in accordance with NAIMA National Insulation Standards.
C. Exposed Piping:  Locate insulation and cover seams in least visible locations.
D. Insulated Pipes Conveying Fluids Below Ambient Temperature:

1. Insulate entire system, including fittings, valves, unions, flanges, strainers, flexible
connections, pump bodies, and expansion joints.

E. Glass Fiber Insulated Pipes Conveying Fluids Below Ambient Temperature:
1. Provide vapor barrier jackets, factory-applied or field-applied; secure with self-sealing

longitudinal laps and butt strips with pressure-sensitive adhesive.  Secure with outward
clinch expanding staples and vapor barrier mastic.

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness as
adjacent pipe.  Finish with glass cloth and vapor barrier adhesive or PVC fitting covers.

F. For hot piping conveying fluids 140 degrees F or less, do not insulate flanges and unions at
equipment, but bevel and seal ends of insulation.

G. For hot piping conveying fluids over 140 degrees F, insulate flanges and unions at equipment.
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H. Glass Fiber Insulated Pipes Conveying Fluids Above Ambient Temperature:
1. Provide standard jackets, with or without vapor barrier, factory-applied, or field-applied.

 Secure with self-sealing longitudinal laps and butt strips with pressure-sensitive adhesive.
 Secure with outward clinch expanding staples.

2. Insulate fittings, joints, and valves with insulation of like material and thickness as
adjoining pipe.  Finish with glass cloth and adhesive or PVC fitting covers.

I. Inserts and Shields:
1. Application:  Piping 1-1/2 inches diameter or larger.
2. Shields:  Galvanized steel between pipe hangers or pipe hanger rolls and inserts.
3. Insert location:  Between support shield and piping and under the finish jacket.
4. Insert Configuration:  Minimum 6 inches long, of same thickness and contour as adjoining

insulation; may be factory fabricated.
5. Insert Material:  Hydrous calcium silicate insulation or other heavy density insulating

material suitable for the planned temperature range.
J. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.  Finish

at supports, protrusions, and interruptions.  At fire separations, see Section 078400.
END OF SECTION  230719
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SECTION 230913
INSTRUMENTATION AND CONTROL DEVICES FOR HVAC

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Control Valves:
1. Ball valves and actuators.
2. Globe pattern.
3. Electronic operators.

B. HVAC&R Sensors:
1. Temperature sensors.

C. Sensors with transmitters:
1. Water pressure transmitters (liquid differential pressure transmitters).

D. Level Switches:
1. Float Sensors:

a. Boiler water level control.
1.02 RELATED REQUIREMENTS

A. Section 230519 - Meters and Gauges for HVAC Piping:  Thermometer sockets and gauge taps.
B. Section 232113 - Hydronic Piping:  Installation of control valves, flow switches, temperature

sensor sockets, and gauge taps.
C. Section 260583 - Wiring Connections:  Electrical characteristics and wiring connections.
D. Section 262726 - Wiring Devices:  Elevation of exposed components.

1.03 REFERENCE STANDARDS
A. ANSI/FCI 70-2 - Control Valve Seat Leakage 2021.
B. ASME B1.20.1 - Pipe Threads, General Purpose, Inch 2013 (Reaffirmed 2018).
C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2020.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide description and engineering data for each control system component.

 Include sizing as requested.  Provide data for each system component and software module.
C. Shop Drawings:  Indicate complete operating data, system drawings, wiring diagrams, and

written detailed operational description of sequences.  Submit schedule of valves indicating
size, flow, and pressure drop for each valve.  For automatic dampers indicate arrangement,
velocities, and static pressure drops for each system.

D. Manufacturer's Instructions:  Provide for all manufactured components.
E. Operation and Maintenance Data:  Include inspection period, cleaning methods, recommended

cleaning materials, and calibration tolerances.
F. Project Record Documents:  Record actual locations of control components, including panels,

thermostats, and sensors.  Accurately record actual location of control components, including
panels, thermostats, and sensors.
1. Revise shop drawings to reflect actual installation and operating sequences.

G. Warranty:  Submit manufacturer's warranty and ensure forms have been filled out in Owner's
name and registered with manufacturer.

1.05 WARRANTY
A. See Section 017800 - Closeout Submittals for additional warranty requirements.
B. Correct defective work within a five year period after Substantial Completion.



Woodstock UHS Steam Heating
Plant Conversion  230913 - 2  Instrumentation and Control

Devices for HVAC 

PART 2  PRODUCTS
2.01 EQUIPMENT - GENERAL

A. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories
Inc., as suitable for the purpose specified and indicated.

2.02 CONTROL VALVES
A. Ball Valves and Actuators:

1. Service:  Use for brine (30 percent glycol), chilled water, hot water, or steam at 15 to 25
psig (104.4 to 172.4).

2. Flow Characteristic:  Include 2-way and 3-way diverting operation configured to fail
normally closed (NC).

3. Replacements in Kind:  Provide pressure-independent type.
4. Rangeability:  500 to 1.
5. ANSI Rating:  Class 150.
6. Leakage:  Class IV (0.1 percent of rated capacity) per ANSI/FCI 70-2.
7. Body Size:

a. Under 2-1/2 inches:
1) Connection:  NPT.
2) Materials:

(a) Body:  Brass.
(b) Flanges:  Ductile iron.
(c) Ball:  Chrome-plated brass.
(d) Stem:  Nickel-plated brass.
(e) Seat:  Graphite-reinforced PTFE with EPDM O-Ring backing.
(f) Stem Seal:  EPDM O-Rings.
(g) Flow Control Disk:  Thermoplastic synthetic-resin.

b. 2-1/2 inches and Above:
1) Connection Type:  Flanged.
2) Materials:

(a) Body:  Brass.
(b) Flanges:  Ductile iron.
(c) Ball:  300 series stainless steel.
(d) Stem:  300 series stainless steel.
(e) Seat:  Graphite-reinforced PTFE with EPDM O-Ring backing.
(f) Stem Seal:  EPDM O-Rings.
(g) Flow Control Disk:  Thermoplastic synthetic-resin.

c. Service Temperature:
1) Fluid Side:  0 to 284 degrees F liquid or 25 psig steam.
2) Ambient Side:  From minus 4 to 122 degrees F.

8. Actuator Requirements:
a. Assembly:  Factory-mounted.
b. Input:  0 to 5 VDC configured for proportional control.
c. Accessories:  Provide with valve position indicator and manual override.

B. Globe Pattern:
1. Up to 2 inches:  Bronze body, bronze trim, rising stem, renewable composition disc,

screwed ends with backseating capacity repackable under pressure.
2. Over 2 inches:  Iron body, bronze trim, rising stem, plug-type disc, flanged ends,

renewable seat and disc.
3. Hydronic Systems:

a. Rate for service pressure of 125 psig at 250 degrees F.
b. Size for 3 psig maximum pressure drop at design flow rate.
c. two-way valves shall have equal percentage characteristics, three way valves linear

characteristics.  Size two-way valve operators to close valves against pump shut off
head.
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C. Electronic Operators:
1. Valves shall spring return to normal position as indicated on freeze, fire, or temperature

protection.
2. Select operator for full shut off at maximum pump differential pressure.

2.03 HVAC&R SENSORS
A. Temperature Sensors:

1. Use thermistor or RTD type temperature sensing elements with characteristics resistant to
moisture, vibration, and other conditions consistent with the application without affecting
accuracy and life expectancy.

2. Construct RTD of nickel or platinum with base resistance of 1000 ohms at 70 degrees F.
3. Temperature Sensing Device:  Compatible with project DDC controllers.
4. Performance Characteristics:

a. RTD:
1) Room Sensor Accuracy:  Plus/minus 0.50 degrees F minimum.

b. Thermistor:
1) Accuracy (All):  Plus/minus 0.36 degrees F minimum.

c. Outside Air Sensors:  Watertight inlet fitting shielded from direct rays of the sun.
d. Immersion Temperature Sensors:  A sensor encased in a corrosion-resistant probe

with an indoor junction box service entry body.
e. Room Temperature Sensors:

1) Construct for surface or wall box mounting.
2) Provide the following:

(a) Setpoint reset slide switch with an adjustable temperature range.
2.04 SENSORS WITH TRANSMITTERS

A. Water Pressure Transmitters (Liquid Differential Pressure Transmitters):
1. General:  Provide wet media differential pressure transducers with 6 ft (1.83 m) armored

cable, to allow remote pressure sensing capability using existing plumbing runs.
a. Input Power:  Class 2; 15 to 30 VDC, 24VAC nominal, 50/60 Hz.
b. Maximum Current Draw:

1) DC:  125 mA.
2) AC:  280 mA.

c. Output:  3-wire transmitter; user-selectable, 4 to 20 mA (0 to 5V/0 to 10V).
d. Pressure Ranges:

1) 0 psi to 100 psi (Gauge):  10 psid/20 psid/50 psid/100 psid (pressure
differential).

e. Operating Conditions:
1) Temperature Compensated Range:

(a) 32 degrees F.
(b) TC Zero less than 1.5 percent of product F.S. (full scale) per sensor.
(c) TC Span less than 1.5 percent of product F.S. (full scale) per sensor.

2) Sensor Operating Range:  Minus 4 to 185 degrees F.
3) Operating Environment:  14 to 122 degrees F; 10 to 90 percent RH,

noncondensing.
f. Enclosure:  NEMA 250, Type 4.

2.05 LEVEL SWITCHES
A. Float Sensors:

1. Boiler Water Level Control:
a. Wetted Materials:

1) Body:  Cast iron.
2) Float:  304 stainless steel.
3) Trim and Packing Gland:  Brass.
4) Packing:  Carbon.
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5) Body Gasket:  Carbon.
b. Temperature Limit:

1) Ambient Temperature:  212 degrees F.
2) Process Temperature:  365 degrees F.

c. Pressure Limit:  150 psi.
d. Enclosure Rating:  General purpose.
e. Switch Type:  Snap action.
f. Electrical Rating:

1) Snap Switch:  15 A at 120/240/480 VAC.
g. Electrical Connection:  Screw terminal.
h. Conduit Connection:  7/8 inch hole for 1/2 inch conduit.
i. Mounting Orientation:  Vertical.
j. Deadband:  Approximately 1-1/2 inch.
k. Specific Gravity:  Minimum 0.88.
l. Manual reset.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify existing conditions before starting work.
B. Verify that systems are ready to receive work.

3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Check and verify location of thermostats with plans and room details before installation.  Locate

60 inches above floor.  Align with lighting switches and humidistats; see Section 262726.
C. Mount outdoor reset thermostats and outdoor sensors indoors, with sensing elements outdoors

with sun shield.
D. Provide valves with position indicators and with pilot positioners where sequenced with other

controls.
E. Mount control panels adjacent to associated equipment on vibration free walls or free standing

angle iron supports.  One cabinet may accommodate more than one system in same
equipment room.  Provide engraved plastic nameplates for instruments and controls inside
cabinet and engraved plastic nameplates on cabinet face.

F. Provide conduit and electrical wiring in accordance with Section 260583.  Electrical material
and installation shall be in accordance with appropriate requirements of Division 26.

3.03 MAINTENANCE
A. Provide complete service of controls systems, including call backs, and submit written report of

each service call.
END OF SECTION  230913
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SECTION 230923
DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC

PART 1  GENERAL
1.01 SECTION INCLUDES

A. System description.
B. Operator interface.
C. Controllers.
D. Power supplies and line filtering.
E. System software.
F. Controller software.
G. HVAC control programs.

1.02 RELATED REQUIREMENTS
A. Section 230913 - Instrumentation and Control Devices for HVAC.
B. Section 230993 - Sequence of Operations for HVAC Controls.
C. Section 260583 - Wiring Connections:  Electrical characteristics and wiring connections.

1.03 REFERENCE STANDARDS
A. ASHRAE Std 135 - A Data Communication Protocol for Building Automation and Control

Networks 2020, with Errata and Amendments (2022).
B. MIL-STD-810 - Environmental Engineering Considerations and Laboratory Tests 2019h.
C. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide data for each system component and software module.
C. Shop Drawings:

1. Indicate trunk cable schematic showing programmable control unit locations, and trunk
data conductors.

2. List connected data points, including connected control unit and input device.
3. Indicate system graphics indicating monitored systems, data (connected and calculated)

point addresses, and operator notations. Provide demonstration digital media containing
graphics.

4. Show system configuration with peripheral devices, batteries, power supplies, diagrams,
modems, and interconnections.

5. Indicate description and sequence of operation of operating, user, and application
software.

D. Manufacturer's Instructions:  Indicate manufacturer's installation instructions for all
manufactured components.

E. Project Record Documents:  Record actual locations of control components, including control
units, thermostats, and sensors.
1. Revise shop drawings to reflect actual installation and operating sequences.
2. Include submittals data in final "Record Documents" form.

F. Operation and Maintenance Data:
1. Include interconnection wiring diagrams complete field installed systems with identified

and numbered, system components and devices.
2. Include keyboard illustrations and step-by-step procedures indexed for each operator

function.
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3. Include inspection period, cleaning methods, cleaning materials recommended, and
calibration tolerances.

G. Warranty:  Submit manufacturer's warranty and ensure forms have been filled out in Owner s
name and registered with manufacturer.

1.05 QUALITY ASSURANCE
A. Perform work in accordance with NFPA 70.

1.06 WARRANTY
A. See Section 017800 - Closeout Submittals for additional warranty requirements.
B. Correct defective Work within a five year period after Substantial Completion.
C. Provide five year manufacturer's warranty for field programmable micro-processor based units.

PART 2  PRODUCTS
2.01 SYSTEM DESCRIPTION

A. Remove existing pneumatic controls and convert to new direct digital control system. Provide
programming to integrate new DDC sensors and controllers into the Owners existing Schneider
Electric building automation system.

B. Automatic temperature control field monitoring and control system using field programmable
micro-processor based units.

C. Base system on distributed system of fully intelligent, stand-alone controllers, operating in a
multi-tasking, multi-user environment on token passing network, with central and remote
hardware, software, and interconnecting wire and conduit.

D. Include computer software and hardware, operator input/output devices, control units, local
area networks (LAN), sensors, control devices, actuators.

E. Controls for unit ventilators, radiation, reheat coils, unit heaters, fan coils, and the like when
directly connected to the control units.  

F. Provide control systems consisting of thermostats, control valves and operators, indicating
devices, interface equipment and other apparatus and accessories required to operate
mechanical systems, and to perform functions specified.

G. Include installation and calibration, supervision, adjustments, and fine tuning necessary for
complete and fully operational system.

2.02 OPERATOR INTERFACE
A. PC Based Work Station:
B. Workstation, controllers, and control backbone to communicate using BACnet protocol and

addressing.
C. BACnet protocol to comply with ASHRAE Std 135.
D. Hardware:

1. Laptop:
a. Laptop(s) to be provided by DDC controls manufacturer.
b. Quantity:  As indicated on the drawings.
c. Minimum RAM:  32 GB .
d. Minimum Processing Speed:  2.7 GHz .
e. Minimum Hard Drive Memory:  1 TB .
f. Drives:  SSD .
g. Ports:  Ethernet, USB, VGA, HDMI, audio jack, SD card slot .
h. Display:  15.6 inch .
i. Network Connection:

1) Ethernet interface card.
2) Minimum Speed:  100 Mbps .
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2.03 CONTROLLERS
A. Building Controllers:

1. General:
a. Manage global strategies by one or more, independent, standalone, microprocessor

based controllers.
b. Provide sufficient memory to support controller's operating system, database, and

programming requirements.
c. Share data between networked controllers.
d. Controller operating system manages input and output communication signals

allowing distributed controllers to share real and virtual object information and
allowing for central monitoring and alarms.

e. Utilize real-time clock for scheduling.
f. Continuously check processor status and memory circuits for abnormal operation.
g. Controller to assume predetermined failure mode and generate alarm notification

upon detection of abnormal operation.
h. Communication with other network devices to be based on assigned protocol.

2. Communication:
a. Controller to reside on a BACnet network using ISO 8802-3 (ETHERNET) Data

Link/Physical layer protocol.
b. Perform routing when connected to a network of custom application and application

specific controllers.
c. Provide service communication port for connection to a portable operator's terminal

or hand held device with compatible protocol.
3. Anticipated Environmental Ambient Conditions:

a. Outdoors and/or in Wet Ambient Conditions:
1) Mount within waterproof enclosures.
2) Rated for operation at 40 to 150 degrees F.

b. Conditioned Space:
1) Mount within dustproof enclosures.
2) Rated for operation at 32 to 120 degrees F.

4. Provisions for Serviceability:
a. Diagnostic LEDs for power, communication, and processor.
b. Make all wiring connections to field removable, modular terminal strips, or to a

termination card connected by a ribbon cable.
5. Memory:  In the event of a power loss, maintain all BIOS and programming information for

a minimum of 72 hours.
6. Power and Noise Immunity:

a. Maintain operation at 90 to 110 percent of nominal voltage rating.
b. Perform orderly shutdown below 80 percent of nominal voltage.
c. Operation protected against electrical noise of 5 to 120 Hz and from keyed radios up

to 5 W. at 3 feet.
B. Application Specific Controllers:

1. General:
a. Not fully user programmable, microprocessor based controllers dedicated to control

specific equipment.
b. Customized for operation within the confines of equipment served.
c. Communication with other network devices to be based on assigned protocol.

2. Communication:
a. Controller to reside on a BACnet network using MS/TP Data Link/Physical layer

protocol.
b. Provide service communication port for connection to a portable operator's terminal

or hand held device with compatible protocol.
3. Anticipated Environmental Ambient Conditions:

a. Outdoors and/or in Wet Ambient Conditions:
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1) Mount within waterproof enclosures.
2) Rated for operation at 40 to 150 degrees F.

b. Conditioned Space:
1) Mount within dustproof enclosures.
2) Rated for operation at 32 to 120 degrees F.

4. Provisions for Serviceability:
a. Diagnostic LEDs for power, communication, and processor.
b. Make all wiring connections to field removable, modular terminal strips, or to a

termination card connected by a ribbon cable.
5. Memory:  In the event of a power loss, maintain all BIOS and programming information for

a minimum of 72 hours.
6. Power and Noise Immunity:

a. Maintain operation at 90 to 110 percent of nominal voltage rating.
b. Perform orderly shutdown below 80 percent of nominal voltage.
c. Operation protected against electrical noise of 5 to 120 Hz and from keyed radios up

to 5 W at 3 feet.
C. Input/Output Interface:

1. Hardwired inputs and outputs tie into the DDC system through building, custom
application, or application specific controllers.

2. All Input/Output Points:
a. Protect controller from damage resulting from any point short-circuiting or grounding

and from voltage up to 24 volts of any duration.
b. Provide universal type for building and custom application controllers where input or

output is software designated as either binary or analog type with appropriate
properties.

3. Binary Inputs:
a. Allow monitoring of On/Off signals from remote devices.
b. Provide wetting current of 12 mA minimum, compatible with commonly available

control devices and protected against the effects of contact bounce and noise.
c. Sense dry contact closure with power provided only by the controller.

4. Pulse Accumulation Input Objects:  Comply with all requirements of binary input objects
and accept up to 10 pulses per second.

5. Analog Inputs:
a. Allow for monitoring of low voltage 0 to 10 VDC, 4 to 20 mA current, or resistance

signals (thermistor, RTD).
b. Compatible with and field configurable to commonly available sensing devices.

6. Binary Outputs:
a. Used for On/Off operation or a pulsed low-voltage signal for pulse width modulation

control.
b. Outputs provided with three position (On/Off/Auto) override switches.
c. Status lights for building and custom application controllers to be selectable for

normally open or normally closed operation.
7. Analog Outputs:

a. Monitoring signal provides a 0 to 10 VDC or a 4 to 20 mA output signal for end device
control.

b. Provide status lights and two position (AUTO/MANUAL) switch for building and
custom application controllers with manually adjustable potentiometer for manual
override on building and custom application controllers.

c. Drift to not exceed 0.4 percent of range per year.
8. Tri State Outputs:

a. Coordinate two binary outputs to control three point, floating type, electronic actuators
without feedback.

b. Limit the use of three point, floating devices to the following zone and terminal unit
control applications:
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c. Control algorithms run the zone actuator to one end of its stroke once every 24 hours
for verification of operator tracking.

9. System Object Capacity:
a. System size to be expandable to twice the number of input output objects required by

providing additional controllers, including associated devices and wiring.
b. Hardware additions or software revisions for the installed operator interfaces are not

to be required for future, system expansions.
2.04 POWER SUPPLIES AND LINE FILTERING

A. Power Supplies:
1. Provide UL listed control transformers with Class 2 current limiting type or over-current

protection in both primary and secondary circuits for Class 2 service as required by the
NEC.

2. Limit connected loads to 80 percent of rated capacity.
3. Match DC power supply to current output and voltage requirements.
4. Unit to be full wave rectifier type with output ripple of 5.0 mV maximum peak to peak.
5. Regulation to be 1 percent combined line and load with 100 microsecond response time

for 50 percent load changes.
6. Provide over-voltage and over-current protection to withstand a 150 percent current

overload for 3 seconds minimum without trip-out or failure.
7. Operational Ambient Conditions:  32 to 120 degrees F.
8. EM/RF meets FCC Class B and VDE 0871 for Class B and MIL-STD-810 for shock and

vibration.
9. Line voltage units UL recognized and CSA approved.

B. Power Line Filtering:
1. Provide external or internal transient voltage and surge suppression component for all

workstations and controllers.
2. Minimum surge protection attributes:

a. Dielectric strength of 1000 volts minimum.
b. Response time of 10 nanoseconds or less.
c. Transverse mode noise attenuation of 65 dB or greater.
d. Common mode noise attenuation of 150 dB or greater at 40 to 100 Hz.

2.05 LOCAL AREA NETWORK (LAN)
A. Provide communication between control units over local area network (LAN).
B. LAN Capacity:  Not less than 60 stations or nodes.
C. Break in Communication Path:  Alarm and automatically initiate LAN reconfiguration.
D. LAN Data Speed:  Minimum 19.2 Kb.
E. Communication Techniques:  Allow interface into network by multiple operation stations and by

auto-answer/auto-dial modems.  Support communication over telephone lines utilizing modems.
F. Transmission Median:  Fiber optic or single pair of solid 24 gauge twisted, shielded copper

cable.
G. Network Support:  Time for global point to be received by any station, shall be less than 3

seconds.  Provide automatic reconfiguration if any station is added or lost.  If transmission
cable is cut, reconfigure two sections with no disruption to system's operation, without operator
intervention.

2.06 SYSTEM SOFTWARE
A. Operating System:

1. Concurrent, multi-tasking capability.
a. Common Software Applications Supported:  Microsoft Excel.
b. Acceptable Operating Systems:  [__________].

2. System Graphics:
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a. Allow up to 10 graphic screens, simultaneously displayed for comparison and
monitoring of system status.

b. Animation displayed by shifting image files based on object status.
c. Provide method for operator with password to perform the following:

1) Move between, change size, and change location of graphic displays.
2) Modify on-line.
3) Add, delete, or change dynamic objects consisting of:

(a) Analog and binary values.
(b) Dynamic text.
(c) Static text.
(d) Animation files.

3. Custom Graphics Generation Package:
a. Create, modify, and save graphic files and visio format graphics in PCX formats.
b. HTML graphics to support web browser compatible formats.
c. Capture or convert graphics from AutoCAD.

4. Standard HVAC Graphics Library:
a. HVAC Equipment:

1) Boilers.
2) Unit Ventilators.

b. Ancillary Equipment:
1) Pumps.
2) Coils.

B. Workstation System Applications:
1. Automatic System Database Save and Restore Functions:

a. Current database copy of each Building Controller is automatically stored on hard
disk.

b. Automatic update occurs upon change in any system panel.
c. In the event of database loss in any system panel, the first workstation to detect the

loss automatically restores the database for that panel unless disabled by the
operator.

2. Manual System Database Save and Restore Functions by Operator with Password
Clearance:
a. Save database from any system panel.
b. Clear a panel database.
c. Initiate a download of a specified database to any system panel.

3. Software provided allows system configuration and future changes or additions by
operators under proper password protection.

4. On-line Help:
a. Context-sensitive system assists operator in operation and editing.
b. Available for all applications.
c. Relevant screen data provided for particular screen display.
d. Additional help available via hypertext.

5. Security:
a. Operator log-on requires user name and password to view, edit, add, or delete data.
b. System security selectable for each operator.
c. System supervisor sets passwords and security levels for all other operators.
d. Operator passwords to restrict functions accessible to viewing and/or changing

system applications, editor, and object.
e. Automatic, operator log-off results from keyboard or mouse inactivity during user-

adjustable, time period.
f. All system security data stored in encrypted format.

6. System Diagnostics:
a. Operations Automatically Monitored:

1) Workstations.
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2) Printers.
3) Modems.
4) Network connections.
5) Building management panels.
6) Controllers.

b. Device failure is annunciated to the operator.
7. Alarm Processing:

a. All system objects are configurable to "alarm in" and "alarm out" of normal state.
b. Configurable Objects:

1) Alarm limits.
2) Alarm limit differentials.
3) States.
4) Reactions for each object.

8. Alarm Messages:
a. Descriptor:  English language.
b. Recognizable Features:

1) Source.
2) Location.
3) Nature.

9. Configurable Alarm Reactions by Workstation and Time of Day:
a. Logging.
b. Printing.
c. Starting programs.
d. Displaying messages.
e. Dialing out to remote locations.
f. Paging.
g. Providing audible annunciation.
h. Displaying specific system graphics.

10. Custom Trend Logs:
a. Definable for any data object in the system including interval, start time, and stop

time.
b. Trend Data:

1) Sampled and stored on the building controller panel.
2) Archivable on hard disk.
3) Retrievable for use in reports, spreadsheets and standard database programs.
4) Archival on LAN accessible storage media including hard disk, tape, Raid array

drive, and virtual cloud environment.
5) Protected and encrypted format to prevent manipulation, or editing of historical

data and event logs.
11. Alarm and Event Log:

a. View all system alarms and change of states from any system location.
b. Events listed chronologically.
c. Operator with proper security acknowledges and clears alarms.
d. Alarms not cleared by operator are archived to the workstation hard disk.

12. Object, Property Status and Control:
a. Provide a method to view, edit if applicable, the status of any object and property in

the system.
b. Status Available by the Following Methods:

1) Menu.
2) Graphics.
3) Custom Programs.

13. Reports and Logs:
a. Reporting Package:

1) Allows operator to select, modify, or create reports.
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2) Definable as to data content, format, interval, and date.
3) Archivable to hard disk.

b. Real-time logs available by type or status such as alarm, lockout, normal, etc.
c. Stored on hard disk and readily accessible by standard software applications,

including spreadsheets and word processing.
d. Set to be printed on operator command or specific time(s).

14. Reports:
a. Standard:

1) Objects with current values.
2) Current alarms not locked out.
3) Disabled and overridden objects, points and SNVTs.
4) Objects in manual or automatic alarm lockout.
5) Objects in alarm lockout currently in alarm.
6) Logs:

(a) Alarm History.
(b) System messages.
(c) System events.
(d) Trends.

b. Custom:
1) Daily.
2) Weekly.
3) Monthly.
4) Annual.
5) Time and date stamped.
6) Title.
7) Facility name.

c. Tenant Override:
1) Monthly report showing total, requested, after-hours HVAC and lighting services

on a daily basis for each tenant.
2) Annual report showing override usage on a monthly basis.

d. Electrical, Fuel, and Weather:
1) Electrical Meter(s):

(a) Monthly showing daily electrical consumption and peak electrical demand
with time and date stamp for each meter.

(b) Annual summary showing monthly electrical consumption and peak
demand with time and date stamp for each meter.

2) Fuel Meter(s):
(a) Monthly showing daily natural gas consumption for each meter.
(b) Annual summary showing monthly consumption for each meter.

3) Weather:
(a) Monthly showing minimum, maximum, average outdoor air temperature and

heating/cooling degree-days for the month.
C. Workstation Applications Editors:

1. Provide editing software for each system application at PC workstation.
2. Downloaded application is executed at controller panel.
3. Full screen editor for each application allows operator to view and change:

a. Configuration.
b. Name.
c. Control parameters.
d. Set-points.

4. Scheduling:
a. Monthly calendar indicates schedules, holidays, and exceptions.
b. Allows several related objects to be scheduled and copied to other objects or dates.
c. Start and stop times adjustable from master schedule.
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5. Custom Application Programming:
a. Create, modify, debug, edit, compile, and download custom application programming

during operation and without disruption of all other system applications.
b. Programming Features:

1) English oriented language, based on BASIC, FORTRAN, C, or PASCAL syntax
allowing for free form programming.

2) Alternative language graphically based using appropriate function blocks
suitable for all required functions and amenable to customizing or compounding.

3) Insert, add, modify, and delete custom programming code that incorporates
word processing features such as cut/paste and find/replace.

4) Allows the development of independently, executing, program modules
designed to enable and disable other modules.

5) Debugging/simulation capability that displays intermediate values and/or results
including syntax/execution error messages.

6) Support for conditional statements (IF/THEN/ELSE/ELSE-F) using compound
Boolean (AND, OR, and NOT) and/or relations (EQUAL, LESS THAN,
GREATER THAN, NOT EQUAL) comparisons.

7) Support for floating-point arithmetic utilizing plus, minus, divide, times, square
root operators; including absolute value; minimum/maximum value from a list of
values for mathematical functions.

8) Language consisting of resettable, predefined, variables representing time of
day, day of the week, month of the year, date; and elapsed time in seconds,
minutes, hours, and days where the variable values cab be used in IF/THEN
comparisons, calculations, programming statement logic, etc.

9) Language having predefined variables representing status and results of the
system software enables, disables, and changes the set points of the controller
software.

2.07 CONTROLLER SOFTWARE
A. All applications reside and operate in the system controllers and editing of all applications

occurs at the operator workstation.
B. System Security:

1. User access secured via user passwords and user names.
2. Passwords restrict user to the objects, applications, and system functions as assigned by

the system manager.
3. User Log On/Log Off attempts are recorded.
4. Automatic Log Off occurs following the last keystroke after a user defined delay time.

C. Object or Object Group Scheduling:
1. Weekly Schedules Based on Separate, Daily Schedules:

a. Include start, stop, optimal stop, and night economizer.
b. 10 events maximum per schedule.
c. Start/stop times adjustable for each group object.

D. Provide standard application for equipment coordination and grouping based on function and
location to be used for scheduling and other applications.

E. Alarms:
1. Binary object is set to alarm based on the operator specified state.
2. Analog object to have high/low alarm limits.
3. All alarming is capable of being automatically and manually disabled.
4. Alarm Reporting:

a. Operator determines action to be taken for alarm event.
b. Alarms to be routed to appropriate workstation.
c. Reporting Options:

F. Maintenance Management:  System monitors equipment status and generates maintenance
messages based upon user-designated run-time limits.
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G. Sequencing:  Application software based upon specified sequences of operation in Section
230993.

H. PID Control Characteristics:
1. Direct or reverse action.
2. Anti-windup.
3. Calculated, time-varying, analog value, positions an output or stages a series of outputs.
4. User selectable controlled variable, set-point, and PED gains.

I. Staggered Start Application:
1. Prevents all controlled equipment from simultaneously restarting after power outage.
2. Order of equipment startup is user selectable.

J. Energy Calculations:
1. Accumulated instantaneous power or flow rates are converted to energy use data.
2. Algorithm calculates a rolling average and allows window of time to be user specified in

minute intervals.
3. Algorithm calculates a fixed window average with a digital input signal from a utility meter

defining the start of the window period that in turn synchronizes the fixed-window average
with that used by the power company.

K. Anti-Short Cycling:
1. All binary output objects protected from short-cycling.
2. Allows minimum on-time and off-time to be selected.

L. On-Off Control with Differential:
1. Algorithm allows binary output to be cycled based on a controlled variable and set-point.
2. Algorithm to be direct-acting or reverse-acting incorporating an adjustable differential.

M. Run-Time Totalization:
1. Totalize run-times for all binary input objects.
2. Provides operator with capability to assign high run-time alarm.

2.08 HVAC CONTROL PROGRAMS
A. General:

1. Support Inch-pounds and SI (metric) units of measurement.
2. Identify each HVAC Control system.

B. Optimal Run Time:
1. Control start-up and shutdown times of HVAC equipment for both heating and cooling.
2. Base on occupancy schedules, outside air temperature, seasonal requirements, and

interior room mass temperature.
3. Start-up systems by using outside air temperature, room mass temperatures, and

adaptive model prediction for how long building takes to warm up or cool down under
different conditions.

4. Analyze multiple building mass sensors to determine seasonal mode and worse case
condition for each day.

5. Operator commands:
a. Define term schedule.
b. Add/delete outside air temperature point.
c. Define heating/cooling parameters.
d. Define mass sensor heating/cooling parameters.
e. Lock/unlock program.
f. Request optimal run time control summary.
g. Request HVAC point summary.
h. Request HVAC saving profile summary.

6. HVAC point summary:
a. Control system identifier and status.
b. Point ID and status.
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c. Outside air temperature point ID and status.
d. Calculated optimal start and stop times.
e. Period start.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify existing conditions before starting work.
B. Verify that conditioned power supply is available to the control units and to the operator work

station.  Verify that field end devices, wiring, and pneumatic tubing is installed prior to
installation proceeding.

3.02 INSTALLATION
A. Install control units and other hardware in position on permanent walls where not subject to

excessive vibration.
B. Install software in control units and in operator work station.  Implement all features of programs

to specified requirements and appropriate to sequence of operation.  Refer to Section 230993.
C. Provide conduit and electrical wiring in accordance with Section 260583.  Electrical material

and installation shall be in accordance with appropriate requirements of Division 26.
3.03 MANUFACTURER'S FIELD SERVICES

A. Start and commission systems.  Allow sufficient time for start-up and commissioning prior to
placing control systems in permanent operation.

B. Provide service engineer to instruct Owner's representative in operation of systems plant and
equipment for 2 day period.

C. Provide basic operator training for 2 persons on data display, alarm and status descriptors,
requesting data, execution of commands and request of logs.  Include a minimum of 40 hours
dedicated instructor time. Provide training on site.

3.04 DEMONSTRATION AND INSTRUCTIONS
A. Demonstrate complete and operating system to Owner.

3.05 MAINTENANCE
A. Provide two complete inspections, one in each season, to inspect, calibrate, and adjust controls

as required, and submit written reports.
B. Provide complete service of systems, including call backs.  Make minimum of [____] complete

normal inspections of approximately [____] hours duration in addition to normal service calls to
inspect, calibrate, and adjust controls, and submit written reports.

END OF SECTION  230923
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SECTION 230993
SEQUENCE OF OPERATIONS FOR HVAC CONTROLS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. This section defines the manner and method by which controls function.  Requirements for
each type of control system operation are specified.  Equipment, devices, and system
components required for control systems are specified in other sections.

B. Sequence of operation for:
1. Air terminal units.
2. Cabinet heaters.
3. Central fan systems.
4. Fan coil units.
5. Heating coils.
6. Heating water zone control.
7. Radiation and convectors.
8. Unit heaters.
9. Unit Ventilators
10. Heating Pumps
11. Boilers

1.02 RELATED REQUIREMENTS
A. Section 230913 - Instrumentation and Control Devices for HVAC.
B. Section 230923 - Direct-Digital Control System for HVAC.

1.03 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Sequence of Operation Documentation:  Submit written sequence of operation for entire HVAC

system and each piece of equipment.
1. Preface:  1 or 2 paragraph overview narrative of the system describing its purpose,

components and function.
2. State each sequence in small segments and give each segment a unique number for

referencing in Functional Test procedures; provide a complete description regardless of
the completeness and clarity of the sequences specified in Contract Documents.

3. Include at least the following sequences:
a. Start-up.
b. Warm-up mode.
c. Normal operating mode.
d. Unoccupied mode.
e. Capacity control sequences and equipment staging.
f. Temperature and pressure control, such as setbacks, setups, resets, etc.

4. Include initial and recommended values for all adjustable settings, setpoints and
parameters that are typically set or adjusted by operating staff; and any other control
settings or fixed values, delays, etc. that will be useful during testing and operating the
equipment.

5. For packaged controlled equipment, include manufacturer's furnished sequence of
operation amplified as required to describe the relationship between the packaged
controls and the control system, indicating which points are adjustable control points and
which points are only monitored.

C. Control System Diagrams:  Submit graphic schematic of the control system showing each
control component and each component controlled, monitored, or enabled.
1. Label with settings, adjustable range of control and limits.
2. Include flow diagrams for each control system, graphically depicting control logic.
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3. Include the system and component layout of all equipment that the control system
monitors, enables or controls, even if the equipment is primarily controlled by packaged or
integral controls.

4. Include draft copies of graphic displays indicating mechanical system components, control
system components, and controlled function status and value.

5. Include all monitoring, control and virtual points specified in elsewhere.
6. Include a key to all abbreviations.

D. Points List:  Submit list of all control points indicating at least the following for each point.
1. Name of controlled system.
2. Point abbreviation.
3. Point description; such as dry bulb temperature, airflow, etc.
4. Display unit.
5. Control point or setpoint (Yes / No); i.e. a point that controls equipment and can have its

setpoint changed.
6. Monitoring point (Yes / No); i.e. a point that does not control or contribute to the control of

equipment but is used for operation, maintenance, or performance verification.
7. Intermediate point (Yes / No); i.e. a point whose value is used to make a calculation which

then controls equipment, such as space temperatures that are averaged to a virtual point
to control reset.

8. Calculated point (Yes / No); i.e. a “virtual” point generated from calculations of other point
values.

E. Project Record Documents:  Record actual locations of components and setpoints of controls,
including changes to sequences made after submission of shop drawings.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 BAS OCCUPANCY SCHEDULES

A. Program an occupied/unoccupied schedule in the building automation system (BAS). In
unoccupied mode heating equipment shall cycle on & off to maintain a setback temperature as
programmed in the BAS.

3.02 CABINET HEATERS
A. Room DDC temperature sensor set at 70 degrees F (adjustable) maintains space temperature

by cycling unit fan motor and opening motorized control valve.
3.03 CENTRAL FAN SYSTEMS

A. Time Schedule:  Start and stop supply and return fans.  Determine fan status through auxiliary
contactors in motor starter.  If fan fails to start as commanded, signal alarm.

B. Safety Devices:
1. Smoke Detector:  Stop fans, close outside dampers, and close smoke dampers if smoke

is detected; signal alarm.
C. Preheat Coil:

1. When fan is not running, and outside air temperature is below 40 degrees F, fully open
preheat coil valve to heating.

D. Outside Air Damper:  When supply fan is running, open outside air damper to minimum
position. Prevent supply fan starting until outside air damper is open and position is verified.

E. Display:
1. System graphic.
2. System on/off indication.
3. System day/night mode.
4. System fan on/off indication.
5. Preheat coil pump on/off indication.
6. Outside air temperature indication.
7. Mixed air temperature indication.
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8. Fan discharge air temperature indication.
3.04 FAN COIL UNITS

A. Single  temperature unit mounted thermostat set at 70 degrees F  maintains constant space
temperature  during the day and 10 degrees F cooler at night  by  modulating  two-way control
heating valve .

3.05 HEATING COILS IN EXISTING AIR HANDLING UNITS
A. Room DDC temperature sensor  shall modulate a two-way  control heating valve to maintain a

space temperature setpoint of 70 degrees F (adjustable).
3.06 HEATING WATER ZONE CONTROL

A. Control heating water supply temperature set at 180 degrees F  in accordance with outdoor
reset schedule  by modulating heating water control valve .

B. Control heating water at maximum 180 degrees F  at outdoor temperature of 0 degrees F , and
minimum 160 degrees F  at outdoor temperature of 60 degrees F , with straight line relationship
between.

3.07 RADIATION AND CONVECTORS
A. Room DDC temperature sensor set at 70 degrees F (adjustable) maintains space temperature

by opening and closing two-way control heating valve.
3.08 UNIT HEATERS

A. Room DDC temperature sensor maintains constant space temperature of 70 degrees F
(adjustable) by cycling unit fan motor and opening and closing two way control heating valve. A
pipe mounted aquastat shall prevent fan operation when water temperature is below 120 deg. F

3.09 UNIT VENTILATORS
A. Room DDC temperature sensor maintains constant space temperature of 70 degrees F

(adjustable) by cycling unit fan motor and opening and closing two way control heating valve.
B. Program outdoor air damper controls for ASHRAE Cycle II for unit ventilators.

3.10 HEATING PUMPS
A. Boiler pumps shall operate with their respective boilers to inject heated water into the primary

heating loop. Boiler pumps shall operate for a minimum of 15 minutes after boiler shutdown, or
as directed by the boiler manufacturer.

B. New Secondary Pumps for High School: Pumps shall be enabled through the BAS and shall
operate continuously when outside temperature is 58 degrees F or lower, or there is a heat
demand. Pumps shall have integral VFDs which shall modulate pump speed based on a signal
from a differential pressure sensor between the supply and return piping mains. Differential
pressure setpoint to be determined during balancing.

C. Provide controls to allow equal pump runtime.
D. Monitor pump status and send an alarm signal to the BAS to indicate pump failure and start the

standby pump.
E. Secondary Pumps for Middle School: Pumps shall be enabled through the BAS and shall

operate continuously when outside temperature is 58 degrees F or lower, or there is a heat
demand.

3.11 THREE WAY HEATING ZONE VALVES
A. Provide hot water supply reset schedule based on 180 degree F water supply temperature

when outside air temperature is 30 degrees F, and 140 degrees F water supply temperature
when outside air temperature is 60 degrees F.

3.12 BOILERS
A. Provide boiler operating and safety controls including an operating aquastat, high limit

 aquastat, and low water cut-off.
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B. Provide boiler controls to allow boiler staging to start stop multiple boilers to meet primary
heating loop temperature setpoint, and provide boiler equal runtime.

C. Provide boiler and pump status and failure alarm to the BAS.

END OF SECTION  230993
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SECTION 232113
HYDRONIC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Hydronic system requirements.
B. Heating water and glycol piping, above grade.
C. Pipe hangers and supports.
D. Unions, flanges, mechanical couplings, and dielectric connections.
E. General valve requirements
F. Valves:

1. Gate valves.
2. Ball valves.
3. Butterfly valves.
4. Check valves.

G. Flow controls.
1.02 RELATED REQUIREMENTS

A. Section 230516 - Expansion Fittings and Loops for HVAC Piping.
B. Section 230548 - Vibration and Seismic Controls for HVAC.
C. Section 230553 - Identification for HVAC Piping and Equipment.
D. Section 230719 - HVAC Piping Insulation.
E. Section 232114 - Hydronic Specialties.
F. Section 232500 - HVAC Water Treatment:  Pipe cleaning.

1.03 REFERENCE STANDARDS
A. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Qualification Standard for

Welding, Brazing, and Fusing Procedures; Welders; Brazers; and Welding, Brazing, and Fusing
Operators 2021.

B. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300 2021.
C. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings 2021.
D. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings 2021.
E. ASME B31.9 - Building Services Piping 2020.
F. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,

Welded and Seamless 2022.
G. ASTM A106/A106M - Standard Specification for Seamless Carbon Steel Pipe for High-

Temperature Service 2019a.
H. ASTM A183 - Standard Specification for Carbon Steel Track Bolts and Nuts 2014 (Reapproved

2020).
I. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and

Alloy Steel for Moderate and High Temperature Service 2022.
J. ASTM A536 - Standard Specification for Ductile Iron Castings 1984, with Editorial Revision

(2019).
K. ASTM B32 - Standard Specification for Solder Metal 2020.
L. ASTM B88 - Standard Specification for Seamless Copper Water Tube 2022.
M. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric) 2020.
N. ASTM D2000 - Standard Classification System for Rubber Products in Automotive Applications

2018.
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O. ASTM F1476 - Standard Specification for Performance of Gasketed Mechanical Couplings for
Use in Piping Applications 2007 (Reapproved 2019).

P. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding 2019.
Q. AWS D1.1/D1.1M - Structural Welding Code - Steel 2020, with Errata (2022).
R. AWWA C606 - Grooved and Shouldered Joints 2015.
S. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,

Application, and Installation 2018, with Amendment (2019).
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:

1. Include data on pipe materials, pipe fittings, valves, and accessories.
2. Provide manufacturers catalog information.
3. Indicate valve data and ratings.
4. Show grooved joint couplings, fittings, valves, and specialties on drawings and product

submittals, specifically identified with the manufacturer's style or series designation.
C. Manufacturer's Installation Instructions:  Indicate hanging and support methods, joining

procedures.
D. Project Record Documents:  Record actual locations of valves.
E. Maintenance Data:  Include installation instructions, spare parts lists, exploded assembly views.

1.05 QUALITY ASSURANCE
A. Provide all grooved joint couplings, fittings, valves, specialties, and grooving tools from a single

manufacturer.
B. Date stamp all castings used for coupling housings, fittings, valve bodies, etc. for quality

assurance and traceability.
C. Coupling Manufacturer:

1. Perform on-site training by factory-trained representative to the Contractor's field
personnel in the proper use of grooving tools and installation of grooved joint products.

2. Periodic job site visits by factory-trained representative to ensure best practices in
grooved joint installation.

3. A distributor's representative is not considered qualified to perform the training.
1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.
B. Provide temporary protective coating on cast iron and steel valves.
C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until

installation.
D. Protect piping systems from entry of foreign materials by temporary covers, completing sections

of the work, and isolating parts of completed system.
PART 2  PRODUCTS
2.01 HYDRONIC SYSTEM REQUIREMENTS

A. Comply with ASME B31.9 and applicable federal, state, and local regulations.
B. Piping:  Provide piping, fittings, hangers, and supports as required, as indicated, and as follows:

1. Where more than one piping system material is specified, provide joining fittings that are
compatible with piping materials and ensure that the integrity of the system is not
jeopardized.

2. Use non-conducting dielectric connections whenever jointing dissimilar metals.
3. Grooved mechanical joints may be used in accessible locations only.

a. Accessible locations include those exposed on interior of building, in pipe chases,
and in mechanical rooms, aboveground outdoors, and as approved by Engineer.
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b. Grooved mechanical connections and joints comply with AWWA C606.
1) Ductile Iron: Comply with ASTM A536, Grade 65-45-12.
2) Steel: Comply with ASTM A106/A106M, Grade B or ASTM A53/A53M.

c. Use gaskets of molded synthetic rubber with central cavity, pressure-responsive
configuration, and complying with ASTM D2000, Grade 2CA615A15B44F17Z for
circulating medium up to maximum 230 degrees F or Grade M3BA610A15B44Z for
circulating medium up to maximum 200 degrees F.

d. Provide steel coupling nuts and bolts complying with ASTM A183.
4. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless

indicated otherwise.
C. Pipe-to-Valve and Pipe-to-Equipment Connections:  Use flanges, unions, or grooved couplings

to allow disconnection of components for servicing; do not use direct welded, soldered, or
threaded connections.
1. Where grooved joints are used in piping, provide grooved valve/equipment connections if

available; if not available, provide flanged ends and grooved flange adapters.
D. Valves:  Provide valves where indicated:

1. Provide drain valves where indicated, and if not indicated, provide at least at main shut-
off, low points of piping, bases of vertical risers, and at equipment. Use 3/4 inch  ball 
valves with cap; pipe to nearest floor drain.

2. Isolate equipment using butterfly valves with lug end flanges or grooved mechanical
couplings.

3. For throttling, bypass, or manual flow control services, use globe, ball, or butterfly valves.
4. In heating water  systems, butterfly valves may be used interchangeably with gate and

globe valves.
5. For shut-off and to isolate parts of systems or vertical risers, use gate, ball, or butterfly

valves.
6. For throttling service, use plug cocks.  Use non-lubricated plug cocks only when shut-off

or isolating valves are also provided.
E. Welding Materials and Procedures:  Comply with ASME BPVC-IX.

2.02 HEATING WATER AND GLYCOL PIPING, ABOVE GRADE
A. Steel Pipe:  ASTM A53/A53M, Schedule 40, black, using one of the following joint types:

1. Welded Joints:  ASTM A234/A234M, wrought steel welding type fittings; AWS D1.1/D1.1M
welded.

2. Threaded Joints:  ASME B16.3, malleable iron fittings.
3. Grooved Joints:  AWWA C606 grooved pipe, fittings of same material, and mechanical

couplings.
B. Copper Tube:  ASTM B88 (ASTM B88M), Type L (B) , drawn, using one of the following joint

types:
1. Solder Joints:  ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper

fittings.
a. Solder:  ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
b. Braze:  AWS A5.8M/A5.8 BCuP copper/silver alloy.

2. Grooved Joints:  AWWA C606 grooved tube, fittings of same material, and copper-tube-
dimension mechanical couplings.

3. Tee Connections:  Mechanically extracted collars with notched and dimpled branch tube.
4. Mechanical Press Sealed Fittings:  Double pressed type complying with ASME B16.22,

utilizing EPDM, nontoxic synthetic rubber sealing elements.
a. Manufacturers:

1) Apollo Valves :  www.apollovalves.com/#sle.
2) Grinnell Products :  www.grinnell.com/#sle.
3) Substitutions:  See Section 016000 - Product Requirements.

2.03 PIPE HANGERS AND SUPPORTS
A. Provide hangers and supports that comply with MSS SP-58.
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1. If type of hanger or support for a particular situation is not indicated, select appropriate
type using MSS SP-58 recommendations.

2. Hangers for Pipe Sizes 1/2 to 1-1/2 Inches:  Malleable iron, adjustable swivel, split ring.
3. Hangers for Cold Pipe Sizes 2 Inches and Greater:  Carbon steel, adjustable, clevis.
4. Hangers for Hot Pipe Sizes 2 to 4 Inches:  Carbon steel, adjustable, clevis.
5. Hangers for Hot Pipe Sizes 6 Inches and Greater:  Adjustable steel yoke, cast iron roll,

double hanger.
6. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.
7. Multiple or Trapeze Hangers for Hot Pipe Sizes 6 Inches and Greater:  Steel channels

with welded spacers and hanger rods, cast iron roll.
8. Wall Support for Pipe Sizes to 3 Inches:  Cast iron hook.
9. Wall Support for Pipe Sizes 4 Inches and Greater:  Welded steel bracket and wrought

steel clamp.
10. Wall Support for Hot Pipe Sizes 6 Inches and Greater:  Welded steel bracket and wrought

steel clamp with adjustable steel yoke and cast iron roll.
11. Vertical Support:  Steel riser clamp.
12. Floor Support for Hot Pipe Sizes to 4 Inches:  Cast iron adjustable pipe saddle, lock nut,

nipple, floor flange, and concrete pier or steel support.
13. Floor Support for Hot Pipe Sizes 6 Inches and Greater:  Adjustable cast iron roll and

stand, steel screws, and concrete pier or steel support.
14. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated.
15. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded.
16. Inserts:  Malleable iron case of galvanized steel shell and expander plug for threaded

connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms;
size inserts to suit threaded hanger rods.

B. In grooved installations, use rigid couplings with offsetting angle-pattern bolt pads or with
wedge-shaped grooves in header piping to permit support and hanging in accordance with
ASME B31.9.

2.04 UNIONS, FLANGES, MECHANICAL COUPLINGS, AND DIELECTRIC CONNECTIONS
A. Unions for Pipe of 2 Inches and Less:

1. Ferrous Piping:  150 psi  malleable iron , threaded .
2. Copper Pipe:  Bronze, soldered joints.

B. Flanges for Pipe 2 Inches and Greater:
1. Ferrous Piping:  150 psig forged steel, slip-on.
2. Copper Piping:  Bronze.
3. Gaskets:  1/16 inch thick, preformed neoprene.

C. Mechanical Couplings for Grooved and Shouldered Joints:  Two or more curved housing
segments with continuous key to engage pipe groove, circular C-profile gasket, and bolts to
secure and compress gasket.
1. Dimensions and Testing:  In accordance with AWWA C606.
2. Mechanical Couplings: Comply with ASTM F1476.
3. Housing Material:  Ductile iron  complying with ASTM A536.
4. Gasket Material:  EPDM suitable for operating temperature range from minus 30 degrees

F to 230 degrees F.
5. Bolts and Nuts:  Hot dipped galvanized or zinc-electroplated steel.
6. When pipe is field grooved, provide coupling manufacturer's grooving tools.
7. Manufacturers:

a. Grinnell Products :  www.grinnell.com/#sle.
b. Victaulic Company :  www.victaulic.com/#sle.
c. Substitutions:  See Section 016000 - Product Requirements.

D. Dielectric Connections:
1. Waterways:
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a. Water impervious insulation barrier capable of limiting galvanic current to 1 percent of
short circuit current in a corresponding bimetallic joint.

b. Dry insulation barrier able to withstand 600-volt breakdown test.
c. Construct of galvanized steel with threaded end connections to match connecting

piping.
d. Suitable for the required operating pressures and temperatures.

2. Flanges:
a. Dielectric flanges with same pressure ratings as standard flanges.
b. Water impervious insulation barrier capable of limiting galvanic current to 1 percent of

short circuit current in a corresponding bimetallic joint.
c. Dry insulation barrier able to withstand 600-volt breakdown test.
d. Construct of galvanized steel with threaded end connections to match connecting

piping.
e. Suitable for the required operating pressures and temperatures.

3. Unions:
a. 1/2 to 1 Inches:  Brass solder to galvanized FPT.
b. 1/2 to 2 Inches:  Brass solder to galvanized FPT.
c. 1/2 to 1 Inches:  Brass to galvanized FPT or FIP (Female Iron Pipe).
d. 3/4 to 1/2 Inch Reducer:  Brass solder to galvanized FPT.
e. Service:  250 psi, minus 20 to 180 deg F.

2.05 GENERAL VALVE REQUIREMENTS
A. Manufacturers:

1. Conbraco Industries; www.conbraco.com
2. Grinnell Products :  www.grinnell.com/#sle.
3. Milwaukee Valve Company; www.milwaukeevalve.com
4. Nibco, Inc.; www.nibco.com
5. Tyco Flow Control; www.tycoflowcontrol.com
6. Victaulic Company :  www.victaulic.com/#sle.
7. Viega LLC:  www.viega.us/#sle.
8. Substitutions: See Section 016000 - Product Requirements

B. Valve Pressure and Temperature Ratings: No less than the rating indicated; as required for
system pressures and temperatures.

C. Valve Sizes: Match upstream piping unless otherwise indicated.
D. Valves in Insulated Piping: Provide 2 NPS stem extensions and the following features:

1. Gate Valves: Rising steam.
2. Ball Valves: Extended operating handle of non-thermal-conductive material, and protective

sleeve that allows operation of the valve without breaking the vapor seal or disturbing
insulation.

3. Butterfly Valves: Extended neck.
4. Memory Stops: Fully adjustable after insulation is installed.

E. Obtain each valve type from a single manufacturer.
2.06 BALL VALVES

A. Up To and Including 2 Inches:
1. Bronze  two  piece body, chrome plated brass  ball, teflon seats and stuffing box ring, lever

handle  with balancing stops , solder  ends  with union .
B. Over 2 Inches:

1. Cast steel  body, chrome plated  stainless  steel ball, teflon or Virgin TFE  seat and stuffing
box seals, lever handle , flanged  ends, rated to 800 psi .

2.07 BUTTERFLY VALVES
A. Body:  Cast or ductile iron with resilient replaceable EPDM seat, wafer, grooved, or [______] 

ends, extended neck.
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B. Disc:  Construct of ductile iron with EPDM encapsulation .
C. Stem:  Stainless steel with stem offset from the centerline to provide full 360-degree

circumferential setting.
D. Operator:  Infinite position lever handle with memory stop .

2.08 SWING CHECK VALVES
A. Up To and Including 2 Inches:

1. Bronze body, bronze trim, bronze rotating swing disc, with composition disc, solder ends.
B. Over 2 Inches:

1. Iron body, bronze  trim, bronze  swing disc, renewable disc and seat, flanged or grooved 
ends.

2.09 FLOW CONTROLS
A. Manufacturers:

1. Griswold Controls :  www.griswoldcontrols.com/#sle.
2. ITT Bell & Gossett :  www.bellgossett.com/#sle.
3. Taco, Inc :  www.taco-hvac.com/#sle.
4. Tyco Flow Control; www.tycoflowcontrol.com
5. Victaulic Company :  www.victaulic.com/#sle.
6. Substitutions:  See Section 016000 - Product Requirements.

B. Construction:  Class 125 , Brass or bronze body with union on inlet  and outlet , temperature and
pressure test plug on inlet .

C. Calibration:  Control flow within 5  percent of selected rating, over operating pressure range of
10 times minimum pressure required for control, minimum pressure 3.5 psi .

PART 3  EXECUTION
3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Prepare pipe for grooved mechanical joints as required by coupling manufacturer.
C. Remove scale and dirt on inside and outside before assembly.
D. Prepare piping connections to equipment using jointing system specified.
E. Keep open ends of pipe free from scale and dirt.  Protect open ends with temporary plugs or

caps.
F. After completion, fill, clean, and treat systems.  See Section 232500 for additional

requirements.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install heating water, glycol, chilled water, condenser water, and engine exhaust piping to

ASME B31.9 requirements.
C. Route piping in orderly manner, parallel to building structure, and maintain gradient.
D. Install piping to conserve building space and to avoid interference with use of space.
E. Group piping whenever practical at common elevations.
F. Sleeve pipe passing through partitions, walls, and floors.
G. Install firestopping to preserve fire resistance rating of partitions and other elements, using

materials and methods specified .
H. Slope piping and arrange to drain at low points.
I. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected

equipment.  See Section 230516.
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1. Flexible couplings may be used in header piping to accommodate thermal growth, thermal
contraction in lieu of expansion loops.

2. Use flexible couplings in expansion loops.
J. Grooved Joints:

1. Install in accordance with the manufacturer's latest published installation instructions.
2. Gaskets to be suitable for the intended service, molded, and produced by the coupling

manufacturer.
K. Inserts:

1. Provide inserts for placement in concrete formwork.
2. Provide inserts for suspending hangers from reinforced concrete slabs and sides of

reinforced concrete beams.
3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4

inches.
4. Where concrete slabs form finished ceiling, locate inserts flush with slab surface.
5. Where inserts are omitted, drill through concrete slab from below and provide through-bolt

with recessed square steel plate and nut above slab.
L. Pipe Hangers and Supports:

1. Support horizontal piping as scheduled.
2. Install hangers to provide minimum 1/2-inch space between finished covering and

adjacent work.
3. Place hangers within 12 inches of each horizontal elbow.
4. Use hangers with 1-1/2 inches minimum vertical adjustment.  Design hangers for pipe

movement without disengagement of supported pipe.
5. Support vertical piping at every other floor.  Support riser piping independently of

connected horizontal piping.
6. Where several pipes can be installed in parallel and at same elevation, provide multiple or

trapeze hangers.
7. Provide copper plated hangers and supports for copper piping.
8. Prime coat exposed steel hangers and supports. See Section 09 9123. Hangers and

supports located in crawl spaces, pipe shafts, and suspended ceiling spaces are not
considered exposed.

M. Provide clearance in hangers and from structure and other equipment for installation of
insulation and access to valves and fittings.  See Section 230719.

N. Provide access where valves and fittings are not exposed.  Coordinate size and location of
access doors with Section 08 3100.

O. Use eccentric reducers to maintain top of pipe level.
P. Where pipe support members are welded to structural building framing, scrape, brush clean,

and apply one coat of zinc-rich primer to welds.
Q. Prepare unfinished pipe, fittings, supports, and accessories, ready for finish painting.  See

Section 099123.
R. Install valves with stems upright or horizontal, not inverted.

3.03 SCHEDULES
A. Hanger Spacing for Copper Tubing.

1. 1/2 Inch and 3/4 inch:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. 1 Inch:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. 1-1/2 Inches and 2 Inches:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
4. 2-1/2 Inches:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
5. 3 Inches:  Maximum span, 10 feet; minimum rod size, 3/8 inch.
6. 4 Inches:  Maximum span, 12 feet; minimum rod size, 1/2 inch.
7. 6 Inches:  Maximum span, 14 feet; minimum rod size, 1/2 inch.

B. Hanger Spacing for Steel Piping.
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1. 1/2 Inch, 3/4 Inch, and 1 Inch:  Maximum span, 7 feet; minimum rod size, 1/4 inch.
2. 1-1/4 Inches:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
3. 1-1/2 Inches:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
4. 2 Inches:  Maximum span, 10 feet; minimum rod size, 3/8 inch.
5. 2-1/2 Inches:  Maximum span, 11 feet; minimum rod size, 3/8 inch.
6. 3 Inches:  Maximum span, 12 feet; minimum rod size, 3/8 inch.
7. 4 Inches:  Maximum span, 14 feet; minimum rod size, 1/2 inch.
8. 6 Inches:  Maximum span, 17 feet; minimum rod size, 1/2 inch.

END OF SECTION  232113
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SECTION 232114
HYDRONIC SPECIALTIES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Expansion tanks.
B. Air vents.
C. Air / dirt separators.
D. Strainers.
E. Suction diffusers.
F. Pump connectors.
G. Pressure-temperature test plugs.
H. Balancing valves.
I. Relief valves.
J. Glycol system.

1.02 RELATED REQUIREMENTS
A. Section 232113 - Hydronic Piping.
B. Section 232500 - HVAC Water Treatment:  Pipe cleaning.

1.03 REFERENCE STANDARDS
A. ASME BPVC-VIII-1 - Boiler and Pressure Vessel Code, Section VIII, Division 1: Rules for

Construction of Pressure Vessels 2021.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide product data for manufactured products and assemblies required for

this project.  Include component sizes, rough-in requirements, service sizes, and finishes.
 Include product description and model.

C. Manufacturer's Installation Instructions:  Indicate hanging and support methods, joining
procedures.

D. Maintenance Data:  Include installation instructions, assembly views, lubrication instructions,
and replacement parts list.

1.05 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products

specified in this section, with minimum three years of documented experience.
1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.
B. Provide temporary end caps and closures on piping and fittings.  Maintain in place until

installation.
C. Protect piping systems from entry of foreign materials by temporary covers, completing sections

of the work, and isolating parts of completed system.
PART 2  PRODUCTS
2.01 EXPANSION TANKS

A. Manufacturers:
1. Amtrol Inc :  www.amtrol.com/#sle.
2. Bell & Gossett, a brand of Xylem, Inc.:  www.bellgossett.com/#sle.
3. Grundfos, Inc: www.grundfos.com
4. Taco, Inc :  www.taco-hvac.com/#sle.
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B. Maximum Rated Working Pressure:  125 psi.
C. Maximum Allowable Service Temperature:  240 degrees F.
D. Construction:  Welded steel, tested and stamped in accordance with ASME BPVC-VIII-1;

supplied with National Board Form U-1, adjustable flexible EPDM diaphragm or bladder seal
factory precharged to 12 psi, and steel support stand.

E. Automatic Cold Water Fill Assembly:  Pressure reducing valve, reduced pressure double check
backflow preventer, test cocks, strainer, vacuum breaker, and valved by-pass.

F. Accessories:  Provide air-charging fitting, bulls eye sight glass, pressure gauge, and tank drain
ball valve.

2.02 AIR VENTS
A. Manufacturers:

1. Bell & Gossett, a brand of Xylem, Inc:  www.bellgossett.com/#sle.
2. Taco, Inc:  www.taco-hvac.com/#sle.
3. Spirotherm; www.spirotherm.com
4. Substitutions:  See Section 016000 - Product Requirements.

B. Manual Air Vent:  Short vertical sections of 2-inch diameter pipe to form air chamber, with 1/8
inch brass needle valve at top of chamber.

C. Float Air Vent:
1. Brass or semi-steel body, copper, polypropylene, or solid non-metallic float, stainless steel

valve and valve seat; suitable for system operating temperature and pressure; with
isolating valve.

D. Maximum Fluid Pressure:  150 psi.
E. Maximum Fluid Temperature:  250 degrees F.

2.03 AIR / DIRT SEPARATORS
A. Coalescing Air/Dirt Separators:

1. Manufacturers:
a. Bell & Gossett, a brand of Xylem, Inc :  www.bellgossett.com/#sle.
b. Spirotherm, Inc :  www.spirotherm.com/#sle.
c. Taco, Inc.; www.taco-hvac.com .
d. Substitutions:  See Section 016000 - Product Requirements.

2. Tank:  Fabricated steel tank; tested and stamped in accordance with ASME BPVC-VIII-1
for maximum fluid service subject to application requirements and manufacturer's
standard maximum operating conditions.

3. Coalescing Medium:  Provide structured copper medium filling the entire vessel to
suppress turbulence and provide air elimination efficiency of 100 percent free air, 100
percent entrained air, and 99.6 percent dissolved air at the installed location, as well as
provide dirt separation efficiency of 80 percent for 30 microns after 100 passes.

4. Air Vent:  Integral float actuated air vent at top fitting of tank rated at 150 psi, threaded to
top of separator.

5. End Connections:  Class 150 flanged for 2-1/2 inch and larger otherwise threaded.
6. Blowdown Connection:  Threaded.
7. Size:  Match system flow capacity.
8. Maximum Fluid Service Pressure:  150 psi.
9. Maximum Fluid Service Temperature:  250 degrees F.

2.04 STRAINERS
A. Manufacturers:

1. Armstrong International, Inc :  www.armstronginternational.com/#sle.
2. Flexicraft Industries :  www.flexicraft.com/#sle.
3. Grinnell Products :  www.grinnell.com/#sle.
4. The Metraflex Company :  www.metraflex.com/#sle.
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5. Substitutions:  See Section 016000 - Product Requirements.
B. Size 2 inch and Under:

1. Provide threaded, grooved, or sweat brass or iron body for up to 175 psi working
pressure, Y-pattern strainer with 1/32 inch stainless steel perforated screen.

2. Body Material by Fluid Service:
a. Cast Iron or Brass:

1) Steam:  Up to 250 psi at 450 degrees F.
2) Liquids:  Up to 400 psi at 150 degrees F.

C. Size 2-1/2 inch to 4 inch:
1. Provide flanged or grooved  iron body for 175 psi  working pressure, Y pattern with 3/64

inch  stainless steel perforated screen.
2. Body Material by Fluid Service:

a. Cast Iron:
1) Steam:  Up to 125 psi at 350 degrees F.
2) Liquids:  Up to 200 psi at 150 degrees F.

D. Size 5 inch and Larger:
1. Provide flanged or grooved  iron body for 175 psi  working pressure, basket pattern with 1/8

inch  stainless steel perforated screen.
2. Liquid Fluid Service:  Up to 285 psi at 100 degrees F.

2.05 SUCTION DIFFUSERS
A. Manufacturers:

1. Bell & Gossett, a brand of Xylem, Inc :  www.bellgossett.com/#sle.
B. Fitting:  Angle pattern, cast-iron body, threaded for 2 inch and smaller, flanged for 2-1/2 inch

and larger, rated for 175 psi working pressure, with inlet vanes, cylinder strainer with 3/16 inch
diameter openings, disposable 5/32 inch mesh strainer to fit over cylinder strainer, 20 mesh
startup screen, and permanent magnet located in flow stream and removable for cleaning.

C. Class 150, Size 1-1/2 to 4 inch:
1. Angle-pattern flanged carbon steel fitted with integral vanes, removable strainer, and

magnetic drain plugs for particle removal without disassembly.
2. Maximum Operating Service:

a. Class 150:  150 psi at 450 degrees F.
2.06 PUMP CONNECTORS

A. Manufacturers:
1. The Metraflex Company :  www.metraflex.com/#sle.

B. Flexible Connectors:  Flanged, braided type with wetted components of stainless steel, sized to
match piping.
1. Maximum Operating Service:  150 psi at 120 degrees F.
2. Accommodate the Following:

a. Axial Deflection in Compression and Expansion:  [_____] inch.
b. Lateral Movement:  [_____] inch.
c. Angular Rotation:  15 degrees.
d. Force developed by 1.5 times specified maximum allowable operating pressure.

3. End Connections:  Same as specified for pipe jointing.
4. Provide necessary accessories including, but not limited to, swivel joints.

2.07 PRESSURE-TEMPERATURE TEST PLUGS
A. Manufacturers:

1. Ferguson Enterprises Inc :  www.fnw.com/#sle.
2. Peterson Equipment Company Inc :  www.petesplug.com/#sle.
3. Sisco Manufacturing Company Inc :  www.siscomfg.com/#sle.

B. Construction:  Brass body designed to receive temperature or pressure probe with removable
protective cap, and EPDM  rated for minimum 200 degrees F .
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C. Application:  Use extended length plugs to clear insulated piping.
2.08 BALANCING VALVES

A. Manufacturers:
1. Armstrong International, Inc :  www.armstronginternational.com/#sle.
2. Bell & Gossett, a brand of Xylem, Inc :  www.bellgossett.com/#sle.
3. Hays Fluid Controls :  www.haysfluidcontrols.com/#sle.
4. Taco, Inc :  www.taco-hvac.com/#sle.
5. Substitutions:  See Section 016000 - Product Requirements.

B. Size 2 inch and Smaller:
1. Provide ball or globe  style with flow balancing, flow measurement, and shut-off

capabilities, memory stops, minimum of two metering ports and NPT threaded or soldered 
connections.

2. Metal construction materials consist of bronze .
3. Non-metal construction materials consist of EPDM .
4. Maximum Service Operation:  255 psi at 240 degrees F .

C. Size 2-1/2 inch and Larger:
1. Provide ball, globe, or butterfly  style with flow balancing, flow measurement, and shut-off

capabilities, memory stops, minimum of two metering ports and flanged or grooved 
connections.

2. Valve body construction materials consist of cast iron .
3. Internal components construction materials consist of EPDM .
4. Maximum Service Operation:  255 psi at 240 degrees F .

2.09 RELIEF VALVES
A. Manufacturers:

1. Conbraco Industries, Inc.; www.conbraco.com
2. Bell & Gossett, a brand of Xylem, Inc:  www.bellgossett.com/#sle.
3. Tyco Flow Control; www.tycoflowcontrol.com
4. Substitutions:  See Section 016000 - Product Requirements.

B. Bronze body, teflon seat, stainless steel stem and springs, automatic, direct pressure actuated,
capacities ASME certified and labelled.

2.10 GLYCOL SYSTEM
A. Manufacturers:

1. Neptune Chemical Pump Company, Inc.; www.neptune1.com .
2. Bell & Gossett, a brand of Xylem, Inc; www.bellgossett.com .
3. J.L. WingertCo.; www.jlwingert.com
4. Substitutions:  See Section 016000 - Product Requirements.

B. Pump System:
1. Storage:   15 gal polypropylene tank with bolt-removable hinged solid cover and enamel

coated carbon steel tank-stand.
2. Pump:

a. Thermally protected 1/4 hp motor at 115 to 120 VAC, single phase rated for indoor
service.

b. Maximum Service Operation:  100 psi at 85 degrees F.
3. Mechanical Accessories: System isolation valves, strainer, check valve, and pressure

gauges.
4. Control Panel:

a. Fused single-point system connection rated at 115 to 120 VAC, single phase.
b. Interface:  Hand switches with indicating lights for ON, FAULT, and LOW LEVEL.
c. Pressure Switch:  Panel-mounted and prewired for 10 psi cut-in and 40 psi cut-out,

adjustable.
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d. Low Level Cut-Off Switch:  Prewired to shut-down unit upon activation.  Tank-side
mounted.

e. High Level Cut-Off Float Switch:  Prewired to shut-down unit upon activation.  Tank-
side mounted.

f. Auxiliary Dry Contacts:  Low level, high level, and fault/alarm for remote monitoring.
g. Alarm:  Audio-visual device with panel-mounted silencing switch to activate upon

system fault or alarm with audio pressure level rated for 90 dB.
5. Pressure Relief Valve:  System-mounted brass valve tubed from pump discharge side into

tank with adjustable setpoint between 20 psi and 150 psi.
C. Glycol Solution:

1. Water-based solution mix containing 30  percent propylene  glycol by volume required for
cooling or heating system operating temperature range.

2. Cooling or heating System Operating Temperature Range:  Between freezing and boiling
points of 3 and 220 degees F at 14.7 psia.

D. Mixing Tank: 50 gallon  polyethylene tank mounted on steel frame, bronze rotary gear pump
(1.5 gpm at 100 psi), float switch for low-level pump shutoff and alarm.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install specialties in accordance with manufacturer's instructions.
B. Provide manual air vents at system high points and as indicated.
C. For automatic air vents in ceiling spaces or other concealed locations, provide vent tubing to

nearest drain.
D. Provide air separator on suction side of system circulation pump and connect to expansion

tank.
E. Provide valved drain and hose connection on strainer blowdown connection.
F. Support pump fittings with floor-mounted pipe and flange supports.
G. Provide relief valves on pressure tanks, low-pressure side of reducing valves, heat exchangers,

and expansion tanks.
H. Select system relief valve capacity so that it is greater than make-up pressure reducing valve

capacity.  Select equipment relief valve capacity to exceed rating of connected equipment.
I. Pipe relief valve outlet to nearest floor drain.

END OF SECTION  232114
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SECTION 232123
HYDRONIC PUMPS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. In-line pumps.
B. End-suction pumps.

1.02 RELATED REQUIREMENTS
A. Section 033000 - Cast-in-Place Concrete.
B. Section 230719 - HVAC Piping Insulation.
C. Section 230923 - Direct-Digital Control System for HVAC.
D. Section 232113 - Hydronic Piping.
E. Section 232114 - Hydronic Specialties.
F. Section 253500 - Integrated Automation Instrumentation and Terminal Devices for HVAC.

1.03 REFERENCE STANDARDS
A. UL 778 - Standard for Motor-Operated Water Pumps Current Edition, Including All Revisions.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide certified pump curves showing performance characteristics with pump

and system operating point plotted.  Include NPSH curve when applicable.  Include electrical
characteristics and connection requirements.

C. Manufacturer's Installation Instructions:  Indicate hanging and support requirements and
recommendations.

D. Operation and Maintenance Data:  Include installation instructions, assembly views, lubrication
instructions, and replacement parts list.

1.05 QUALITY ASSURANCE
A. Warranty: Minimum non-prorated 18 months from date of installation, not to exceed 30 months

from date of manufacturer.  Cover against defective material and/or faulty workmanship.
B. Manufacturer Qualifications:  Company specializing in manufacture, assembly, and field

performance of pumps, with minimum three years of documented experience.
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Armstrong Fluid Technology, Inc:  www.armstrongfluidtechnology.com.
B. Bell & Gossett, a Xylem Inc. brand:  www.bellgossett.com.
C. Grundfos Pumps Corporation :  www.grundfos.com/#sle.
D. Taco Comfort Solutions; www.tacocomfort.com
E. Substitutions:  See Section 016000 - Product Requirements.

2.02 GENERAL
A. Provide pumps that operate at specified system fluid temperatures without vapor binding and

cavitation, are non-overloading in parallel or individual operation, and operate within 25 percent
of midpoint of published maximum efficiency curve.

B. Products Requiring Electrical Connection:  Listed and classified by UL  as suitable for the
purpose specified and indicated.

2.03 IN-LINE PUMPS
A. Type:  Vertical, single stage, split coupled, for in-line mounting, for 175 psi  working pressure.
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B. Casing:  Cast iron,  ASTM A48 - Class 30, bronze renewable  casing wear ring,  gauge ports at
volute nozzles, volute vent and drain ports, flanged suction and discharge.

C. Impeller:  Silicon bronze, keyed directly to motor shaft, enclosed francis vane type, single
suction design, both hydraulically and dynamically balanced, trimmed to meet specific hydraulic
requirements..

D. Shaft:  Stainless steel.
E. Seal:  Mechanical carbon seal with ceramic stationary seats, carbon rotating rings, buna

elastomers and stainless steel hardware.  Recirculation line of nylon tubing with brass fitting to
vent the mechanical seal.

F. Coupling: Rigid, aluminum, axially split, with OSHA approved guard.
G. Finish: One coat factory applied paint
H. Motor: C-face design with lockable split collar on motor side to facilitate precise positioning of

rotating assembly with reference to hydraulic geometry.
I. Variable Frequency Drive:

1. Protective Features
a. Input surge protection utilizing MOVs, spark gasps, and Zener diodes to withstand

surges of 2.3 times line voltage for 1.3 msec.
b. Circuitry to detect phase imbalance and phase loss on the input side of the VFD.
c. Current sensors on all three output phases to detect and report phase loss to the

motor.  Identify which output phase is low or lost.
d. Auto-derate the output voltage and frequency to the motor in the presense of

sustained ambient temperatures higher than the normal operating range, so as not to
trip on an inverter temperture fault.  User-selectable feature with warning exported
during event.  Reduce switching frequency before reducing motor speed.

e. Auto-derate the output frequency by limiting the output current before allowing the
VFD to trip on overload.  Speed can be reduced, but not stopped.

f. Option of an integral RFI filter.  Enclosure made of metal to minimize RFI and provide
immunity.

2. Interface Features
a. Alphanumeric backlit display keypad, option to remotely mount.
b. Red FAULT light, yellow WARNING light, and green POWER-ON light.
c. Start guide menu with factory preset typical parameters.
d. Full galvanic isolation with suitable potential separation from the power sources to

ensure compliance with PELV requirements and to protect PLCs and other
connected equipment from power surges and spikes

e. Three programmable digital input for interfacing with the systems external control and
safety interlock circuitry.  Additional digital input for preprogrammed start/stop.

f. Two analog signal inputs, one dedicated for sensor input and one for external set
point input.

g. One programmable analog output for indication of drive status.
h. Two programmable relays with selectable functions.
i. Equipped with standard RS-485 serial communications port for communication to

multi-pump controller.  Bus communication protocol for VFD shall be the same as the
controller protocol.

3. Service Conditions: Ambient temperature range of 14 to 113 degrees F, 0 to 95%
relatively humidity, non condensing.

2.04 END-SUCTION PUMPS
A. Casing:  Cast iron or ductile iron with renewable bronze casing wearing rings, seal flush

connection, drain plug, flanged suction, and discharge flanged connections with gauge ports.
B. Impeller:  Stainless steel, balanced, fully enclosed, keyed to shaft.
C. Bearings:  Oil lubricated roller or ball bearings.
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D. Shaft:  Alloy steel with copper, bronze, or stainless steel shaft sleeve.
E. Drive:  Flexible coupling with coupling guard.
F. Baseplate:  Cast iron or fabricated steel with integral drain rim.

PART 3  EXECUTION
3.01 PREPARATION

A. Verify that electric power is available and of the correct characteristics.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Provide access space around pumps for service.  Provide no less than minimum space

recommended by manufacturer.
C. Provide line sized shut-off valve and strainer on pump suction, and line sized soft seat check

valve and balancing valve on pump discharge.
D. Check, align, and certify alignment of base-mounted pumps prior to start-up.
E. Install close-coupled and base-mounted pumps on concrete housekeeping base, with anchor

bolts, set and level, and grout in place.  See Section 033000.
F. Lubricate pumps before start-up.
G. Controls Human-Machine Interface (HMI):  HVAC operator terminal; see Section 253500.

END OF SECTION  232123
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SECTION 232500
HVAC WATER TREATMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Materials.
1. System cleaner.
2. Closed system treatment (water).

B. By-pass (pot) feeder.
1.02 RELATED REQUIREMENTS

A. Section 232113 - Hydronic Piping.
B. Section 232114 - Hydronic Specialties.

1.03 REFERENCE STANDARDS
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Shop Drawings:  Indicate system schematic, equipment locations, and controls schematics,

electrical characteristics and connection requirements.
C. Manufacturer's Installation Instructions:  Indicate placement of equipment in systems, piping

configuration, and connection requirements.
D. Project Record Documents:  Record actual locations of equipment and piping, including

sampling points and location of chemical injectors.
E. Operation and Maintenance Data:  Include data on chemical feed pumps, agitators, and other

equipment including spare parts lists, procedures, and treatment programs.  Include step by
step instructions on test procedures including target concentrations.

F. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. Sufficient chemicals for treatment and testing during required maintenance period.

1.05 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products

specified in this section, with minimum three years of documented experience.  Company shall
have local representatives with water analysis laboratories and full time service personnel.

B. Installer Qualifications:  Company specializing in performing the type of work specified in this
section,  with minimum three years of experience  and approved by manufacturer.

PART 2  PRODUCTS
2.01 REGULATORY REQUIREMENTS

A. Comply with applicable codes for addition of non-potable chemicals to building mechanical
systems and to public sewage systems.

2.02 MATERIALS
A. System Cleaner:

1. Manufacturers:
a. AmSolv-Amrep, Inc:  www.amsolv.com.
b. GE Water & Process Technologies:  www.gewater.com.
c. Nalco, an Ecolab Company: www.nalco.com.
d. Oatey - Hercules; www.oatey.com/brands/hercules .
e. Sentinel; www.sentinelprotects.com/us
f. Fernox; www.fernox.us/
g. Substitutions:  See Section 016000 - Product Requirements.

2. Liquid alkaline compound with emulsifying agents and detergents to remove grease and
petroleum products; sodiumtripoly phosphate and sodium molybdate.
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3. Biocide chlorine release agents such as sodium hypochlorite or calcium hypochlorite or
microbiocides such as quarternary ammonia compounds, tributyltin oxide, methylene bis
(thiocyanate).

B. Closed System Treatment (Water):
1. Manufacturers:

a. AmSolv-Amrep, Inc :  www.amsolv.com/#sle.
b. GE Water & Process Technologies :  www.gewater.com/#sle.
c. Nalco, an Ecolab Company : www.nalco.com/#sle.
d. Oatey - Hercules; www.oatey.com/brands/hercules .
e. Sentinel; www.sentinelprotects.com/us
f. Fernox; www.fernox.us/
g. Substitutions:  See Section 016000 - Product Requirements.

2. Sequestering agent to reduce deposits and adjust pH; polyphosphate.
3. Corrosion inhibitors; boron-nitrite, sodium nitrite and borax, sodium totyltriazole, low

molecular weight polymers, phosphonates, sodium molybdate, or sulphites.
4. Conductivity enhancers; phosphates or phosphonates.

2.03 BY-PASS (POT) FEEDER
A. Manufacturers:

1. General Water Systems: https://gwslp.com/.
2. J. L. Wingert Company:  www.jlwingert.com.
3. Neptune, a brand of the Dover Company:  www.neptune1.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. 5.0 gal capacity, quick opening cap, rated working pressure of 175 psi.
PART 3  EXECUTION
3.01 PREPARATION

A. Systems shall be operational, filled, started, and vented prior to cleaning.  Use water meter to
record capacity in each system.

B. Place terminal control valves in open position during cleaning.
C. Verify that electric power is available and of the correct characteristics.

3.02 CLEANING SEQUENCE
A. Concentration:

1. As recommended by manufacturer.
B. Hot Water Heating Systems:

1. Apply heat while circulating, slowly raising temperature to 160 degrees F and maintain for
12 hours minimum.

2. Remove heat and circulate to 100 degrees F or less; drain systems as quickly as possible
and refill with clean water.

3. Circulate for 6 hours at design temperatures, then drain.
4. Refill with clean water and repeat until system cleaner is removed.

C. Use neutralizer agents on recommendation of system cleaner supplier.
D. Flush open systems and glycol filled closed systems with clean water for one hour minimum.

 Drain completely and refill.
E. Remove, clean, and replace strainer screens.
F. Inspect, remove sludge, and flush low points with clean water after cleaning process is

completed.  Include disassembly of components as required.
3.03 INSTALLATION

A. Install in accordance with manufacturer's instructions.
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3.04 CLOSED SYSTEM TREATMENT
A. Provide one bypass feeder on each system.  Install isolating and drain valves and necessary

piping.  Install around circulating pumps unless indicated otherwise.
B. Introduce closed system treatment through bypass feeder when required or indicated by test.
C. Provide 3/4 inch water coupon rack around circulating pumps with space for 4 test specimens.

3.05 MAINTENANCE
A. Perform maintenance work using competent and qualified personnel under the supervision and

in the direct employ of the equipment manufacturer or original installer.
B. Provide service and maintenance of treatment systems for one year from Date of Substantial

Completion.
C. Provide quarterly technical service visits until the end of the one-year period to perform field

inspections and make water analysis on-site.  Detail findings in writing on proper practices,
chemical treating requirements, and corrective actions needed.  Submit two copies of field
service report after each visit.

D. Provide laboratory and technical assistance services during this maintenance period.
E. Provide on-site inspections of equipment during scheduled or emergency shutdown to properly

evaluate success of water treatment program, and make recommendations in writing based
upon these inspections.

END OF SECTION  232500
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SECTION 233100
HVAC DUCTS AND CASINGS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Metal ducts.
1.02 RELATED REQUIREMENTS

A. Section 230130.51 - HVAC Air-Distribution System Cleaning:  Post install duct cleaning.
B. Section 230713 - Duct Insulation:  External insulation and duct liner.
C. Section 233300 - Air Duct Accessories.
D. Section 233319 - Duct Silencers.

1.03 REFERENCE STANDARDS
A. ASHRAE (FUND) - ASHRAE Handbook - Fundamentals Most Recent Edition Cited by

Referring Code or Reference Standard.
B. ASTM A36/A36M - Standard Specification for Carbon Structural Steel 2019.
C. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-

Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process 2022.
D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials

2022.
E. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements 2015.
F. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry

Elements 2015.
G. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements 2015.
H. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete Elements

2016.
I. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems 2021.
J. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible 2021.
K. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors current edition, including all

revisions.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide data for duct materials.
C. Project Record Documents:  Record actual locations of ducts and duct fittings. Record changes

in fitting location and type. Show additional fittings used.
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products
specified in this section, with minimum three  years of  documented  experience .

B. Installer Qualifications:  Company specializing in performing the type of work specified in this
section, with minimum three  years of  documented  experience.

1.06 FIELD CONDITIONS
A. Do not install duct sealants when temperatures are less than those recommended by sealant

manufacturers.
B. Maintain temperatures within acceptable range during and after installation of duct sealants.
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PART 2  PRODUCTS
2.01 GENERAL REQUIREMENTS

A. Provide UL Class 1 ductwork, fittings, hangers, supports, and appurtenances in accordance
with NFPA 90A and SMACNA (DCS) guidelines unless stated otherwise.

B. Provide metal duct unless otherwise indicated.
C. Acoustical Treatment:  Provide sound-absorbing liners and sectional silencers for metal-based

ducts in compliance with Section 233319.
D. Duct Shape and Material in accordance with Allowed Static Pressure Range:

1. Rectangular:  Plus or minus 1/2 in-wc of galvanized steel.
E. Duct Sealing and Leakage in accordance with Static Pressure Class:

1. Duct Pressure Class and Material for supply, return, outside, and general exhaust air: 1/2
in-wc, galvanized steel.

2. Duct Pressure Class and Material for Common Mechanical Ventilation Applications:
1) Supply Air:  2 in-wc pressure class, galvanized steel.

3. Low Pressure Service:  Up to 2 in-wc:
1) Seal:  Class C, apply to seal off transverse joints.
2) Leakage:

(a) Rectangular:  Class 24 or 24 cfm/100 sq ft.
F. Duct Fabrication Requirements:

1. Duct and Fitting Fabrication and Support:  SMACNA (DCS) including specifics for
continuously welded round and oval duct fittings.

2. No variation of duct configuration or size permitted except by written permission. Size
round duct installed in place of rectangular ducts in accordance with ASHRAE (FUND)
Handbook - Fundamentals.

3. Use reinforced and sealed sheet-metal materials at recommended gauges for indicated
operating pressures or pressure class.

4. Construct tees, bends, and elbows with radius of not less than 1-1/2 times width of duct on
centerline. Where not possible and where rectangular elbows must be used, provide airfoil
turning vanes of perforated metal with glass fiber insulation.

5. Provide turning vanes of perforated metal with glass fiber insulation when acoustical lining
is indicated.

6. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible;
maximum 30 degrees divergence upstream of equipment and 45 degrees convergence
downstream.

7. Provide turning vanes of perforated metal with glass fiber insulation when an acoustical
lining is required.

8. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver
frame, provide blank-out panels sealing louver area around duct. Use same material as
duct, painted black on exterior side; seal to louver frame and duct.

2.02 METAL DUCTS
A. Material Requirements:

1. Galvanized Steel:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B,
with G60/Z180 coating.

B. Connectors, Fittings, Sealants, and Miscellaneous:
1. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.

a. Type Where Concealed and/or Insulated:  Heavy mastic or liquid used alone or with
tape, suitable for joint configuration and compatible with substrates, and
recommended by manufacturer for pressure class of ducts.

b. Type Where Exposed: Silicone caulking, paintable and permanently flexible and
waterproof, clear.  Wipe exposed areas clear of silicone.

c. VOC Content:  Maximum 250 g/L, excluding water.
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d. Surface Burning Characteristics:  Flame spread index of zero and smoke developed
index of zero, when tested in accordance with ASTM E84.

e. For Use with Flexible Ducts:  UL labeled.
2. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end,

or continuously threaded.
3. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners as follows:

a. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193.
b. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01.
c. Concrete Screw Type Anchors:  Complying with ICC-ES AC193.
d. Masonry Screw Type Anchors:  Complying with ICC-ES AC106.
e. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install, support, and seal ducts in accordance with SMACNA (DCS).
B. During construction, provide temporary closures of metal or taped polyethylene on open

ductwork to prevent construction dust from entering the ductwork system.
C. Duct sizes indicated are precise inside dimensions. For lined ducts, maintain sizes inside lining.
D. Provide openings in ductwork as indicated to accommodate thermometers and controllers.

Provide pilot tube openings as indicated for testing of systems, complete with metal can with
spring device or screw to insure against air leakage. For openings, insulate ductwork and install
insulation material inside a metal ring.

E. Locate ducts with sufficient space around equipment to allow normal operating and
maintenance activities.

F. Use crimp joints with or without bead for joining round duct sizes 8 inch and smaller with a
crimp in the direction of airflow.

3.02 CLEANING
A. Clean thoroughly each duct system as indicated within Section 230130.51.
B. Clean duct system by forcing air at high velocity through duct to remove accumulated dust.

Clean half the system at a time to obtain sufficient air. Protect equipment that could be harmed
by excessive dirt with temporary filters or bypass during cleaning.

END OF SECTION  233100
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SECTION 233600
AIR TERMINAL UNITS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Fan-powered units.
1.02 RELATED REQUIREMENTS

A. Section 230548 - Vibration and Seismic Controls for HVAC.
B. Section 230923 - Direct-Digital Control System for HVAC.
C. Section 230993 - Sequence of Operations for HVAC Controls.
D. Section 232113 - Hydronic Piping:  Connections to heating coils.
E. Section 233100 - HVAC Ducts and Casings.

1.03 REFERENCE STANDARDS
A. AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils 2001, with Addenda (2011).
B. AHRI 880 (I-P) - Performance Rating of Air Terminals 2017.
C. ASHRAE Std 62.1 - Ventilation for Acceptable Indoor Air Quality Most Recent Edition Adopted

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements.
D. ASTM A492 - Standard Specification for Stainless Steel Rope Wire 1995 (Reapproved 2019).
E. ASTM A603 - Standard Specification for Metallic-Coated Steel Structural Wire Rope 2019.
F. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials

2022.
G. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
H. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems 2008.
I. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors current edition, including all

revisions.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide data indicating configuration, general assembly, and materials used in

fabrication.  Include catalog performance ratings that indicate airflow, static pressure, and NC
designation.  Include electrical characteristics and connection requirements.

C. Manufacturer's Installation Instructions:  Indicate support and hanging details, installation
instructions, recommendations, and service clearances required.

D. Project Record Documents:  Record actual locations of units and locations of access doors
required for access of valving.

E. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating
instructions, maintenance and repair data, and parts lists.  Include directions for resetting
constant-volume regulators.

F. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Owner's
name and registered with manufacturer.

1.05 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products

specified in this section, with minimum three years of documented experience.
1.06 WARRANTY

A. See Section 017800 - Closeout Submittals for additional warranty requirements.
B. Provide five year manufacturer warranty for air terminal units.
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PART 2  PRODUCTS
2.01 FAN-POWERED SERIES UNITS

A. General:
1. Factory-assembled and wired, AHRI 880 (I-P) rated, horizontal fan-powered terminal unit

with blower, blower motor, mixing plenum, and hot water heating coil contained in a single
unit housing.

B. Unit Casing:
1. Minimum 22 gauge, 0.0299 inch galvanized steel.
2. Primary Air Inlet Collar:  Suitable for standard flexible duct sizes.
3. Unit Discharge:  Rectangular, suitable for flanged duct connection.
4. Acceptable Liners:

a. 3/4 inch thick polyurethane foam adhesive complying with UL 181 erosion
requirements in accordance with ASHRAE Std 62.1, and having a maximum smoke
developed index of 50 for both insulation and adhesive, when tested in accordance
with ASTM E84.

C. Hot Water Heating Coil:
1. Coil Casing:  Minimum 22 gauge, 0.0299 inch galvanized steel, factory-installed on

terminal unit with flanged discharge for attachment to downstream ductwork.
2. Heavy-gauge aluminum fins, mechanically bonded to tubes.
3. Copper Tubes:  0.016 inch minimum wall thickness with male solder header connections.
4. Coil leak tested to minimum 305 psig.
5. Base performance data on tests run in accordance with AHRI 410.

D. Electrical Requirements:
1. Single-point power connection.
2. Equipment wiring to comply with requirements of NFPA 70.

E. Controls:
1. DDC (Direct-Digital Controls):

a. Bi-directional Damper Actuator:  24 volt, powered closed, spring return open.
b. Microprocessor-Based Controller:  Air volume controller, pressure-independent with

electronic airflow transducers, factory-calibrated maximum and minimum CFMs.
1) Occupied and unoccupied operating mode.
2) Remote reset of temperature or CFM set points.
3) Proportional, plus integral control of room temperature.
4) Monitoring and adjusting with portable terminal.

c. Room Sensor:
1) Compatible with temperature controls specified.
2) Wall-mounted, system powered, with temperature set-point adjustment including

connection access for portable operator terminal.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that conditions are suitable for installation.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install the inlets of air terminal units and air flow sensors a minimum of four duct diameters from

elbows, transitions, and duct takeoffs.
C. Provide ceiling access doors or locate units above easily removable ceiling components.
D. Support units individually from structure with wire rope complying with ASTM A492 and ASTM

A603 in accordance with SMACNA (SRM).  See Section 23 0548.
E. Do not support from ductwork.
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F. Connect to ductwork in accordance with Section 233100.
3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements for additional requirements.
B. Provide manufacturer's field representative to test, inspect, instruct, and observe field-

assembled components and equipment installation, including connections and to assist in field
testing.  Report results in writing.
1. Leak Test:

a. After installation, fill water coils and test for leaks.
b. Repair leaks and retest until no leaks exist.

2. Operational Test:
a. After electrical circuitry has been energized, start units to confirm proper motor

rotation and unit operation.
b. Test and adjust controls and safeties.
c. Replace damaged and malfunctioning controls and other equipment.
d. Remove and replace malfunctioning units and retest as specified above.

3.04 CLEANING
A. Vacuum clean coils and inside of units.

3.05 CLOSEOUT ACTIVITIES
A. See Section 017800 - Closeout Submittals for closeout submittals.
B. See Section 017900 - Demonstration and Training for additional requirements.

END OF SECTION  233600
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SECTION 235223
CAST-IRON BOILERS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Existing boilers to remain. Convert from steam to hot water.
B. Controls and boiler trim.
C. Hot water connections.

1.02 RELATED REQUIREMENTS
A. Section 232114 - Hydronic Specialties.

1.03 REFERENCE STANDARDS
A. ASME B16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch

Standard 2020.
B. ASHRAE Std 135 - A Data Communication Protocol for Building Automation and Control

Networks 2020, with Errata and Amendments (2022).
C. ASME BPVC-IV - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of

Heating Boilers 2021.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide data indicating general layout, dimensions, and size and location of

water, gas, and vent connections, and electrical characteristics and connection requirements.
C. Manufacturer's Instructions:  Submit manufacturer's complete installation instructions.
D. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating

instructions, cleaning procedures, replacement parts list, and maintenance and repair data.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Protect units before, during, and after installation from damage to casing by leaving factory
shipping packaging in place until immediately prior to final acceptance.

PART 2  PRODUCTS
2.01 HOT WATER BOILER TRIM

A. ASME rated pressure relief valve, 40 psig .
B. Combination water pressure and temperature gauge.
C. Low water cut-off to prevent burner operation when boiler water falls below safe level.
D. Operating temperature controller with outdoor reset to maintain boiler water temperature.
E. High limit temperature controller with manual reset for burner to prevent boiler water

temperature from exceeding safe system temperature.
F. Boiler air vent.

2.02 FACTORY INSTALLED CONTROLS
A. Option for internal or external (0-10) VDC control.
B. Temperature Controls:

1. Automatic reset type to control fuel burning system on-off and firing rate to maintain
temperature.

2. Manual reset type to control fuel burning system to prevent boiler water temperature from
exceeding safe system water temperature.

3. Low-fire start time delay relay.
C. Electronic PI setpoint/modulation control system.
D. Microprocessor-based, fuel/air mixing controls.



Woodstock UHS Steam Heating
Plant Conversion  235223 - 2  Cast-Iron Boilers 

E. BAS, SCADA, or other Integrated Automation Link:  ASHRAE Std 135 BACnet MS/TP.
1. External Point Mapping:  Provide mapping table for each parameter included in the local

visual interface with software-toggle flag to allow reduced mapping of available  points.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
3.02 SYSTEM STARTUP

A. Provide the services of manufacturer's field representative for starting and testing unit.
3.03 CLOSEOUT ACTIVITIES

A. Train operating personnel in operation and maintenance of units.
END OF SECTION  235223
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SECTION 238200
CONVECTION HEATING AND COOLING UNITS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Hydronic finned tube radiation.
B. Hydronic convectors.
C. Hydronic unit heaters.
D. Hydronic cabinet unit heaters.
E. Unit ventilators.
F. Duct-mounted coils.

1.02 RELATED REQUIREMENTS
A. Section 230719 - HVAC Piping Insulation.
B. Section 230913 - Instrumentation and Control Devices for HVAC.
C. Section 230993 - Sequence of Operations for HVAC Controls.
D. Section 232113 - Hydronic Piping.
E. Section 232114 - Hydronic Specialties.
F. Section 233100 - HVAC Ducts and Casings.

1.03 REFERENCE STANDARDS
A. AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and Refrigeration

Institute (AHRI) Current Edition.
B. AHRI 350 - Sound Performance Rating of Non-Ducted Indoor Air-Conditioning and Heat Pump

Equipment 2015 (Reaffirmed 2022).
C. AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils 2001, with Addenda (2011).
D. AHRI 840 (I-P) - Performance Rating of Unit Ventilators 2021.
E. AHRI 841 (SI) - Performance Rating of Unit Ventilators 2021.
F. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications Most Recent Edition Cited by

Referring Code or Reference Standard.
G. ASHRAE Std 62.1 - Ventilation for Acceptable Indoor Air Quality Most Recent Edition Adopted

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements.
H. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings 2021.
I. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
J. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems 2021.
K. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible 2021.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide typical catalog of information including arrangements.
C. Shop Drawings:

1. Indicate air coil and frame configurations, dimensions, materials, rows, connections, and
rough-in dimensions.

2. Submit schedules of equipment and enclosures typically indicating length and number of
pieces of element and enclosure, corner pieces, end caps, cap strips, access doors,
pilaster covers, and comparison of specified heat required to actual heat output provided.

D. Manufacturer's Instructions:  Indicate installation instructions and recommendations.
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E. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating
instructions, installation instructions, maintenance and repair data, and parts listings.

F. Warranty:  Submit manufacturer's warranty and ensure forms have been completed in Owner's
name and registered with manufacturer.

1.05 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in

this section with minimum three years documented experience.
B. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories

Inc. as suitable for the purpose specified and indicated.
PART 2  PRODUCTS
2.01 HYDRONIC FINNED TUBE RADIATION

A. Manufacturers:
1. Sterling Hydronics, a Mestek Company; www.sterlingheat.com
2. Zehnder Rittling:  www.rittling.com.
3. Vulcan Radiator .
4. Substitutions:  See Section 016000 - Product Requirements.

B. Required Directory Listing:  AHRI Directory of Certified Product Performance - Air-Conditioning,
Heating, and Refrigeration Institute (AHRI); current edition at www.ahrinet.org.

C. Heating Elements:  3/4 inch  ID seamless copper tubing, mechanically expanded into evenly
spaced aluminum fins sized 4 by 4 inches , suitable for soldered fittings.

D. Element Hangers:  Quiet operating, ball bearing cradle type providing unrestricted longitudinal
movement, on enclosure brackets.

E. Enclosures:  18 gauge, 0.0478 inch  sheet steel up to 18 inches  in height, 16 gauge, 0.0598
inch  sheet steel over 18 inches  in height , with easily jointed components for wall to wall
installation.
1. Support rigidly, on wall or floor mounted brackets.

F. Finish: Factory applied baked enamel of color as selected .
G. Damper:  Where not thermostatically controlled, provide knob-operated internal damper at

enclosure air outlet.
H. Access Doors:  For otherwise inaccessible valves, provide factory-made permanently hinged

access doors, 6 by 7 inch minimum size, integral with cabinet.
2.02 HYDRONIC CONVECTORS

A. Manufacturers:
1. Sterling Hydronics, a Mestek Company:  www.sterlingheat.com.
2. Vulcan Radiator, a Mestek Company: www.vulcanrad.com.
3. Zehnder Rittling: www.rittling.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Perform factory run test under normal operating conditions, water, and steam flow rates.
C. Heating Elements:  Seamless copper tubing mechanically expanded into evenly spaced

aluminum fins and cast iron headers, steel side plates and supports, factory air pressure tested
at 100 psi under water, with means of adjusting pitch of element.

D. Cabinet:  16 gauge, 0.0598 inch sheet steel front and top, 18 gauge, 0.0478 inch sheet steel
back and ends; exposed corners rounded; easily secured removable front panels, adequately
braced and reinforced for stiffness.

E. Finish: Factory applied baked enamel of color as selected .
F. Damper:  Where not thermostatically controlled, provide knob-operated internal damper at

enclosure air outlet.
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G. Access Doors:  For otherwise inaccessible valves, provide factory-made permanently hinged
access doors, 6 by 7 inch minimum size, integral with cabinet.

2.03 HYDRONIC UNIT HEATERS
A. Manufacturers:

1. Daikin Applied; www.daikinapplied.com
2. Modine Manufacturing Company:  www.modineHVAC.com.
3. Trane Technologies, PLC:  www.trane.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Coils:  1/2 inch diameter seamless copper tubing, silver brazed to steel headers, and aluminum
fins spaced at 12 fins per inch, mechanically bonded to tubing.  Tested at 275 psig air under
water, suitable for operating up to 220 psig water and 375 degrees F.

C. Casing:  Minimum 18 gauge, 0.0478 inch thick sheet steel casing with threaded pipe
connections for hanger rods for horizontal models and minimum 18 gauge, 0.0478 inch thick
sheet steel top and bottom plates for vertical projection models.

D. Finish:  Factory applied baked enamel of color as selected .
E. Fan:  Direct drive propeller type, aluminum blades, steel hub, statically and dynamically

balanced, with fan guard; horizontal models with permanently lubricated sleeve bearings;
vertical models with grease lubricated ball bearings.

F. Air Outlet: Adjustable pattern diffuser on vertical projection models and two  way louvers on
horizontal projection models.

G. Totally Enclosed Motors: PSC-Type, permanently lubricated sleeve bearings on horizontal
models, grease lubricated ball bearings on vertical models. See Section230513

H. Control:  Local solid state disconnect switch with electropneumatic thermostat.
2.04 HYDRONIC CABINET UNIT HEATERS

A. Manufacturers:
1. Daikin Applied; www.daikinapplied.com
2. Modine Manufacturing Company:  www.modineHVAC.com.
3. Trane Technologies, PLC:  www.trane.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Provide products listed, classified, and labeled by Underwriters Laboratories Inc. (UL) or
Intertek (ETL)  as suitable for the purpose indicated.

C. Coils:
1. Evenly spaced aluminum fins mechanically bonded to copper tubes.
2. Suitable for working temperatures up to a maximum not less than 200 degrees F.

D. Cabinet:  Minimum 16 gauge, 0.0598 inch thick sheet steel front panel with exposed corners
and edges rounded, easily removed panels, 1/2" matt-faced glass fiber insulation, integral air
outlet, and inlet grilles.

E. Finish:  Factory applied baked enamel of color as selected  on visible surfaces of enclosure or
cabinet.

F. Fans:  Centrifugal forward-curved double-width wheels, statically and dynamically balanced,
direct driven.

G. Motor: EC type, utilizing a permanet magnet motor, connected to the shaft through resilient
rings to absorb high frequency torque ripple. Factory wiring set for optimum fan performance,
shipped at one fixed setting. Programmed for constant airflow or torque. Three-speed, single
phase with means for proportional field adjustement of each speed.

H. Control: Factory wired, line voltage with external thermostat.  Coordinate with EC.  Include
disconnect switch.

I. Filter: Easily removed, 1 inch thick glass fiber throw-away type, MERV-8.
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2.05 UNIT VENTILATORS
A. Manufacturers:

1. Carrier Corporation;  www.commercial.carrier.com.
2. Daikin Applied;  www.daikinapplied.com.
3. Trane Technologies, PLC;  www.trane.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Performance Data and Safety Requirements:
1. Unit capacities certified and tested in accordance with AHRI 840 (I-P) (AHRI 841 (SI)) and

AHRI 350.
2. Provide products listed, classified, and labeled by Underwriters Laboratories Inc. (UL),

Intertek (ETL), or testing firm acceptable to Authority Having Jurisdiction as suitable for
the purpose indicated.

C. Required Directory Listings:  AHRI Directory of Certified Product Performance - Air-
Conditioning, Heating, and Refrigeration Institute (AHRI).

D. Hydronic Coils:
1. Copper tubes mechanically expanded or bonded into evenly spaced aluminum fins.
2. Factory pressure tested, hydrostatically, to not less than 350 psi.
3. Provide insulated drain pan under chilled water coils, to prevent sweating, with field

convertible left or right hand drain connections.
E. Cabinet:  14 gauge, 0.0747 inch  sheet steel on solid base pan with exposed edges rounded.

 Provide removable front panels with quick-acting, key-operated cam locks.  Provide removable
die-cast or fabricated steel discharge grilles.  [______________________________] . 

F. Cabinet Accessories:  Matching steel construction, reinforced, for use with unit ventilators or
finned radiation, with steel alignment pins, adjustable kick plates with leveling bolts, shelves
and sliding doors with locks as indicated.

G. Finish: Factory applied baked enamel of color as selected  on visible surfaces of enclosure or
cabinet.

H. Fans:  Centrifugal forward-curved double-width wheels, statically and dynamically balanced,
direct driven, arranged to draw air through coil.

I. Wall Louvers:  Anodized aluminum wall intake box and louvers removable from frame with 1/2
inch square mesh galvanized screen in back of louver.

J. Motor:  Tap wound multiple speed permanent split capacitor with sleeve bearings, resiliently
mounted.

K. Controls:
1. Provide units with control valves furnished by the automatic temperature controls 

manufacturer.
2. Provide ASHRAE Cycle I as defined in ASHRAE (HVACA) Handbook - HVAC

Applications.
L. Filter:  Easily removed 1 inch thick glass fiber throw-away type, located to filter air before coil.
M. Mixing Dampers:  Multi-blade with compressible seal, capable of varying proportion of mixed air

from 100 percent room air to 100 percent outside air.
2.06 DUCT-MOUNTED COILS

A. Water  Coils:
1. Manufacturers:

a. Carrier Corporation; www.carrier.com
b. Daikin Applied; www.daikinapplied.com
c. Trane Technologies, PLC:  www.trane.com.
d. USA Coil & Air:  www.usacoil.com.
e. Substitutions:  See Section 016000 - Product Requirements.

2. Coils rated and tested in accordance with AHRI 410.
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3. Tubes:  Constructed of seamless copper, mechanically expanded to fins; silver brazed
joints.

4. Turbulators: Silicon bronze, spring type, fitted in tubes.
5. Fins:  Constructed of aluminum, continuous plate type with full fin collars, high efficiency.
6. Casing:  Die formed channel frame of 16 gauge, 0.0598 inch galvanized steel.
7. Headers (Manifolds):  Construct of cast iron with tubes expanded into header.
8. Configuration: Drainable, with threaded plugs for drain and air vent.
9. Acceptable Factory Testing Methods:

a. Proof test at 1.5 times the maximum operating pressure and leak test at the
maximum operating temperature.

b. Leak test at minimum 300 psig air pressure under water.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that surfaces are suitable for installation.
B. Verify that field measurements are as indicated on drawings.

3.02 INSTALLATION
A. Install in accordance with manufacturer's recommendations.
B. Install equipment exposed to finished areas after walls and ceilings are finished and painted.
C. Do not damage equipment or finishes.
D. Finned Tube Radiation:

1. Center elements under window with elements of equal length centered under each
window for multiple windows.

2. Install wall angles and end caps where units butt against walls.
3. Install wall angles where units butt against walls and align cabinet joints with window

mullions.
E. Convectors:

1. Install where indicated.
2. Coordinate to ensure correct recess size for recessed convectors.

F. Unit Heaters:
1. Hang from building structure, with pipe hangers anchored to building, not from piping or

electrical conduit.
2. Mount as high as possible to maintain greatest headroom unless otherwise indicated.

G. Cabinet Unit Heaters:
1. Install as indicated.
2. Coordinate to ensure correct recess size for recessed units.

H. Unit Ventilators:
1. Locate as indicated, level and shim units, and anchor to structure.
2. Coordinate exact location of wall louvers.
3. Provide wall trim pieces for continuous wall-to-wall installation.

I. Air Coils:
1. Install in ducts and casings in accordance with SMACNA (DCS).

a. Support coil sections independent of piping on steel channel or double angle frames
and secure to casing.

b. Provide frames for maximum of three coil sections.
c. Arrange supports to avoid piercing drain pans.
d. Provide airtight seals between coil and casing or duct .

2. Coil Safeguards:
a. Protect coils to prevent damage to flanges and fins.
b. Comb out damaged fins.

3. Install all coils level  [____________________] .
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4. Make connections to hydronic  coils with unions and flanges.
5. Hydronic (Drainable) Coils:

a. Connect water supply to leaving air side of coil (counterflow arrangement).
b. Provide with shut-off valve on supply piping and tamper-proof, balancing valve with

memory stop on return piping.
c. Locate supply water connection on leaving air side at bottom of supply header, and

return water connection at top.
d. Provide manual air vents with stop valves at high points.

1) Install drain connections at low points of installation.
3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements for additional requirements.
3.04 CLEANING

A. After construction and painting is completed, clean exposed surfaces of units.
B. Vacuum clean coils and inside of units.
C. Touch-up marred or scratched surfaces of factory-finished cabinets using finish materials

furnished by the manufacturer.
D. Install new filters.

3.05 PROTECTION
A. Provide finished cabinet units with protective covers during the balance of construction.

END OF SECTION  238200


