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SECTION 011000 - SUMMARY OF WORK 

PART 1 GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 

B. For this Section and all Specification Sections of the Project Manual, the above stated 

paragraph shall be deemed to also include all of Division 00, Bidding Requirements and 

Contract Conditions, and Owner’s boilerplate documents, as indexed in the Project Manual. 

1.2 PROJECT SUMMARY 

A. The project consists of replacing the existing three GasMaster hot water boilers and single 

boiler pump with three new condensing boilers and three boiler pumps. The new boiler system 

will also consist of a new air/dirt separator, expansions tank, boiler venting, and temperature 

controls. 

B. Part of the heating water piping will be replaced and reinsulated inside the boiler room. The 

existing gas and domestic water piping will be modified for the new boiler layout. 

C. The new boilers will be tied into the existing building DDC system.  

D. Miscellaneous roof and wall cutting and patching are required for the project. If the 

mechanical contractor is the prime bidding contractor, they shall employ a licensed general 

type contractor and qualified roofing contractor for this work. 

1.3 CONTRACT DESCRIPTION 

A. Project will be constructed under a single general construction contract. 

1.4 OWNER OCCUPANCY OF THE SITE 

A. General:  Owner will be occupying the project site and buildings for the duration of the 

project, including the following areas: 

1. Entire project site for full operations, including Owner’s entire site. 

B. Contractor shall coordinate all work to allow Owner full access to the project site. 

C. Emergency Building Exits During Construction: Keep all exits required by code open during 

construction period. 

D. Contractor shall maintain site utilities in service to the local utility companies and Owner’s 

on-site utilities, and the Owner’s buildings and facilities on the project site at all times, unless 

approved otherwise by the Owner. 

E. Storage and parking on the project site will be at the approval of the Owner. 
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1.5 WORK SEQUENCE 

A. Contractor shall submit a schedule for completion of the work within a Final Completion Date 

determined by the Owner. The schedule shall be submitted for review by the Engineer and 

approval by the Owner. The schedule shall be updated during construction at the beginning of 

each month and sent to the Engineer for review/approval. Substantial Completion shall be 14 

days before the Final Completion Date. 

B. The contractor shall submit a plan to perform the work described above and the plan shall be 

coordinated and approved by the Engineer and Owner. 

C. Coordination with the Owner is very important in order to keep the disruption to the building 

at a minimum.  

D. The Contractor shall cover and protect the existing furniture, equipment, etc. in spaces during 

construction as specified on the Drawings. Contractor shall clean all spaces of work at the end 

of each day. 

1.6 INSTRUCTIONS TO BIDDERS 

A. EXAMINATION OF SITE: To be performed during the prebid meeting or will need to be a 

scheduled site visit. 

B. EXAMINATION OF CONTRACT DOCUMENTS: Before submitting proposals, bidders 

shall carefully examine the complete Contract Documents, including the drawings and 

specifications, and submit exceptions with the bid. 

C. CONDITIONS OF THE WORK: Each bidder shall inform himself fully of the condition of 

the project and the employment of labor thereon. Failure to do so will not relieve a successful 

bidder of his obligation to furnish all material and labor necessary to carry out the provisions 

of the Contract. 

D. LAWS AND REGULATIONS: The bidders attention is directed to the fact that all applicable 

State laws, municipal ordinances, and rules and regulations of all authorities having 

jurisdiction over construction of the project shall apply to the Contract throughout, and they 

will be deemed to be included in the Contract the same as though herein written out in full.   

E. INTERPRETATION OF CONTRACT DOCUMENTS: If a person contemplating the 

submission of a proposal for the proposed Contract is in doubt as to the meaning of any part of 

the drawings and project manual, or other proposed Contract Documents, or should errors, 

omissions or discrepancies in or between drawings and specifications exist or appear to exist, 

he shall submit questions through BidNet.  

F. INSURANCE REQUIREMENTS:  Provide the types and minimum insurance limits required 

by the Owner’s contract requirements. 

1.7 WORK UNDER OTHER CONTRACTS 

A. Separate Contract:  Owner has not awarded any separate contracts for other construction 

operations at Project site at the time of the bid opening.  Owner reserves the right to do so if 

deemed necessary, either on the Project site or adjacent to the Project site. 
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B. Cooperate fully with separate contractors so work on those contracts may be carried out 

smoothly, without interfering with or delaying work under this Contract. 

1.8 ENGINEER’S SERVICES PERFORMED FOR THE OWNER 

A. The engineer’s services to be provided pursuant to the Owner/Engineer’s Agreement are being 

performed solely for the benefit of the Owner, and no benefit is meant to be conferred upon 

any person or entity not a party to such Agreement, and no such person or entity should rely 

upon this Engineer’s performance of those services to the Owner; and no claim against the 

Engineer shall accrue to any Contractor, Subcontractor, Sub-subcontractor, consultant, 

architect, supplier, fabricator, manufacturer, tenant, surety, or any third party as a result of this 

Agreement or the performance or nonperformance of engineering services on this project. 

B. The parties noted in the preceding Subparagraph accept the terms noted and accept such terms 

as binding on one and all. 

PART 2 PRODUCTS - Not Used 

PART 3 EXECUTION - Not Used 

END OF SECTION 011000 
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SECTION 013300 - SUBMITTAL PROCEDURES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes administrative and procedural requirements for submitting Shop 
Drawings, Product Data, Samples, and other miscellaneous submittals.

B. Related Sections include the following:

1. Division 01 Section "Summary of the Work".
2. Division 01 Section "Application and Certificate for Payment."
3. Division 01 Section "Quality Requirements".
4. Division 01 Section “Product Substitutions”.
5. Division 01 Section “Product Substitution Form”.
6. Division 01 Section "Project Closeout".

1.3 DEFINITIONS

A. Action Submittals:  Written and graphic information that requires Engineer's responsive action.

B. Informational Submittals:  Written information that does not require Engineer's approval.  
Submittals may be rejected for not complying with requirements.

1.4 SUBMITTAL PROCEDURES

A. General:  Electronic copies of CAD Drawings of the Contract Drawings will not be provided by 
Engineer for Contractor's use in preparing submittals.

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

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

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

a. Engineer reserves the right to withhold action on a submittal requiring 
coordination with other submittals until related submittals are received.
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C. Submittals Schedule:  Comply with requirements in other Division 01 Sections for list of 
submittals and time requirements for scheduled performance of related construction activities.

D. Processing Time:  Allow enough time for submittal review, including time for re-submittals, as 
follows.  Time for review shall commence on Engineer's receipt of submittal.

1. Initial Review:  Allow at least 10 business days for initial review of each submittal.  
Allow additional time if processing must be delayed to permit coordination with 
subsequent submittals.  Engineer will advise Contractor when a submittal being 
processed must be delayed for coordination.

2. If intermediate submittal is necessary, process it in same manner as initial submittal.
3. Allow at least 5 days for processing each re-submittal.
4. No extension of the Contract Time will be authorized because of failure to transmit 

submittals enough in advance of the Work to permit processing, or for delay in return of 
approved submittals by the Engineer.

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

1. Indicate name of firm or entity that prepared each submittal on label or title block.
2. Provide a space on submittal to record Contractor's review and approval markings and 

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

a. Project name.
b. Date.
c. Name and address of Engineer.
d. Name and address of Contractor.
e. Name and address of subcontractor.
f. Name and address of supplier.
g. Name of manufacturer.
h. Unique identifier, including revision number.
i. Number and title of appropriate Specification Section.
j. Drawing number and detail references, as appropriate.
k. Other necessary identification.

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

G. Additional Copies:  Unless additional copies are required for final submittal, and unless 
Engineer observes noncompliance with provisions of the Contract Documents, initial submittal 
may serve as final submittal.

H. Transmittal:  Package each submittal individually and appropriately for transmittal and 
handling.  Transmit each submittal using a transmittal form.  Engineer will return submittals, 
without review, received from sources other than Contractor.

1. On an attached separate sheet, prepared on Contractor's letterhead, record relevant 
information, requests for data, revisions other than those requested by Engineer on 
previous submittals, and deviations from requirements of the Contract Documents, 
including minor variations and limitations.  Include the same label information as the 
related submittal.
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2. Include Contractor's certification stating that information submitted complies with 
requirements of the Contract Documents. Proposal Request Form:  Use Contractors 
standard form (digital) as approved by Engineer for Proposal Requests, and as follows:

3. Transmittal Form:  All forms, including related attachments, shall be submitted to 
Engineer as a digital PDF format file(s) by email to allow email distribution of the 
request to Owner and Consultants in a timely manner.  Individual file size shall not 
exceed 10MB per transmittal, unless advised otherwise by the Engineer or Owner.  Large 
files shall be bookmarked in the PDF file to allow searching thru major headings (topics) 
as approved by Engineer.  Submittals that include product cut sheets shall be 
generated using original PDFs by the manufacturer. Cut sheets that have been 
printed and then re-scanned by the Contractor are not acceptable as it reduces the 
overall quality of the submittal.
a. Paper (hard) copies will not be accepted, unless advised otherwise by the Engineer 

or Owner for specific items. Faxes will not be accepted.
b. Transmittal Form inclusions:  Contractors digital form as approved by Engineer, 

and provide locations on form for the following information:
1) Project name.
2) Date.
3) Destination (To:).
4) Source (From:).
5) Names of subcontractor, manufacturer, and supplier.
6) Category and type of submittal.
7) Submittal purpose and description.
8) Submittal and transmittal distribution record.
9) Remarks.
10) Signature of transmitter.

I. Distribution:  Furnish copies of final submittals to manufacturers, subcontractors, suppliers, 
fabricators, installers, authorities having jurisdiction, and others as necessary for performance of 
construction activities.  Show distribution on transmittal forms.

J. Use for Construction:  Use only final submittals with mark indicating action taken by Engineer 
in connection with construction.

PART 2 - PRODUCTS

2.1 ACTION SUBMITTALS

A. General:  Prepare and submit Action Submittals required by individual Specification Sections.

B. CONTRACTOR SHALL BE ADVISED THAT A COPY OF ALL SUBMITTALS SHALL BE 
RETAINED BY THE CONTRACTOR TO BE INCLUDED IN THE OPERATION AND 
MAINTENANCE MANUALS.  NO EXCEPTIONS.  Contractor shall duplicate such submittals 
into paper (hardcopies) at contractor’s expense after reviewed digital submittals are returned to 
the Contractor from the Engineer.

1. Number of Copies:  Submit 1 digital PDF file of each submittal, as follows, unless 
otherwise indicated:
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a. Initial Submittal:  Comply with requirements of Final Submittals below unless 
approved otherwise by Engineer. 

b. Final Submittal:  Submit 1 digital PDF file of each submittal to allow the following 
action to be taken on each submittal:
1) Engineer review and optional Owner review.
2) Subconsultant review (as needed).

C. Product Data:  Collect information into a single submittal for each element of construction and 
type of product or equipment.

1. If information must be specially prepared for submittal because standard printed data are 
not suitable for use, submit as Shop Drawings, not as Product Data.

2. Mark each copy of each submittal to show which products and options are applicable.
3. Include the following information, as applicable:

a. Manufacturer's written recommendations.
b. Manufacturer's product specifications.
c. Manufacturer's installation instructions.
d. Standard color charts.
e. Manufacturer's catalog cuts.
f. Wiring diagrams showing factory-installed wiring.
g. Printed performance curves.
h. Operational range diagrams.
i. Standard product operating and maintenance manuals.
j. Compliance with recognized trade association standards.
k. Compliance with recognized testing agency standards.
l. Application of testing agency labels and seals.
m. Notation of coordination requirements.

D. Shop Drawings:  Prepare Project-specific information, drawn accurately to scale.  Do not base 
Shop Drawings on reproductions of the Contract Documents or standard printed data.

1. Preparation:  Include the following information, as applicable:

a. Dimensions.
b. Identification of products.
c. Fabrication and installation drawings.
d. Roughing-in and setting diagrams.
e. Wiring diagrams showing field-installed wiring, including power, signal, and 

control wiring.
f. Shopwork manufacturing instructions.
g. Templates and patterns.
h. Schedules.
i. Design calculations.
j. Compliance with specified standards.
k. Notation of coordination requirements.
l. Notation of dimensions established by field measurement.

2. Wiring Diagrams:  Differentiate between manufacturer-installed and field-installed 
wiring.
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3. Sheet Size:  Except for templates, patterns, and similar full-size drawings, submit Shop 
Drawings on sheets at least 8-1/2 by 11 inches but no larger than 24 by 36 inches to allow 
printing of submittals by the Contractor after reviews are completed.

4. Number of Copies:  Submit copies of each submittal, as follows:

a. Initial Submittal:  Submit one digital PDF file.  Engineer will return the PDF file.
b. Final Submittal:  Submit one digital PDF file.  Engineer will return the PDF file.  

Contractor shall make prints or copies as required for operation and maintenance 
manuals, subcontractors and suppliers, etc.

E. Samples:  Prepare physical units of materials or products, including the following:

1. Comply with requirements in Division 01 Section "Quality Requirements" as required.
2. Samples for Initial Selection:  Submit manufacturer's color charts consisting of units or 

sections of units showing the full range of colors, textures, and patterns available.

F. Submittals Schedule:  Comply with other additional requirements in other Division 01 sections 
which include the Owner’s boilerplate bidding documents attached to the Division 01 sections.

G. Application for Payment:  Comply with requirements in Division 01 Section "Application and 
Certificate for Payment."

H. Schedule of Values:  Comply with requirements in Division 01 Section "Application and 
Certificate for Payment."

I. Subcontract List: Comply with requirements set forth in the General Conditions and 
Supplementary Conditions.

2.2 INFORMATIONAL SUBMITTALS

A. General:  Prepare and submit Informational Submittals required by other Specification Sections.

B. Qualification Data:  Prepare written information that demonstrates capabilities and experience 
of firm or person.  Include lists of completed projects with project names and addresses, names 
and addresses of engineers and owners, and other information specified.

C. Product Certificates:  Prepare written statements on manufacturer's letterhead certifying that 
product complies with requirements.

D. Welding Certificates:  Prepare written certification that welding procedures and personnel 
comply with requirements.  Submit record of Welding Procedure Specification (WPS) and 
Procedure Qualification Record (PQR) on AWS forms.  Include names of firms and personnel 
certified.

E. Installer Certificates:  Prepare written statements on manufacturer's letterhead certifying that 
Installer complies with requirements and, where required, is authorized for this specific Project.

F. Manufacturer Certificates:  Prepare written statements on manufacturer's letterhead certifying 
that manufacturer complies with requirements.  Include evidence of manufacturing experience 
where required.
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G. Material Certificates:  Prepare written statements on manufacturer's letterhead certifying that 
material complies with requirements.

H. Material Test Reports:  Prepare reports written by a qualified testing agency, on testing agency's 
standard form, indicating and interpreting test results of material for compliance with 
requirements.

I. Compatibility Test Reports:  Prepare reports written by a qualified testing agency, on testing 
agency's standard form, indicating and interpreting results of compatibility tests performed 
before installation of product.  Include written recommendations for primers and substrate 
preparation needed for adhesion.

J. Field Test Reports:  Prepare reports written by a qualified testing agency, on testing agency's 
standard form, indicating and interpreting results of field tests performed either during 
installation of product or after product is installed in its final location, for compliance with 
requirements.

K. Product Test Reports:  Prepare written reports indicating current product produced by 
manufacturer complies with requirements.  Base reports on evaluation of tests performed by 
manufacturer and witnessed by a qualified testing agency, or on comprehensive tests performed 
by a qualified testing agency.

L. Research/Evaluation Reports:  Prepare written evidence, from a model code organization 
acceptable to authorities having jurisdiction, that product complies with building code in effect 
for Project.  Include the following information:

1. Name of evaluation organization.
2. Date of evaluation.
3. Time period when report is in effect.
4. Product and manufacturers' names.
5. Description of product.
6. Test procedures and results.
7. Limitations of use.

M. Maintenance Data:  Prepare written and graphic instructions and procedures for operation and 
normal maintenance of products and equipment.  Comply with requirements in Division 01 
Section "Project Closeout”.

N. Design Data:  Prepare written and graphic information, including, but not limited to, 
performance and design criteria, list of applicable codes and regulations, and calculations.  
Include list of assumptions and other performance and design criteria and a summary of loads.  
Include load diagrams if applicable.  Provide name and version of software, if any, used for 
calculations.  Include page numbers.

O. Manufacturer's Instructions:  Prepare written or published information that documents 
manufacturer's recommendations, guidelines, and procedures for installing or operating a 
product or equipment.  Include name of product and name, address, and telephone number of 
manufacturer.  Include the following, as applicable:

1. Sequence of installation.
2. Required installation tolerances.
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3. Required adjustments.
4. Recommendations for cleaning and protection.

P. Manufacturer's Field Reports:  Prepare written information documenting factory-authorized 
service representative's tests and inspections.  Include the following, as applicable:

1. Name, address, and telephone number of factory-authorized service representative 
making report.

2. Statement on condition and their acceptability for installation of product.
3. Statement that products at Project site comply with requirements.
4. Summary of installation procedures being followed, whether they comply with 

requirements and, if not, what corrective action was taken.
5. Results of operational and other tests and a statement of whether observed performance 

complies with requirements.
6. Statement whether conditions, products, and installation will affect warranty.
7. Other required items indicated in individual Specification Sections.

PART 3 - EXECUTION

3.1 CONTRACTOR'S REVIEW

A. Review each submittal and check for compliance with the Contract Documents.  Note 
corrections and field dimensions.  Mark with approval stamp before submitting to Engineer.

B. Approval Stamp:  Stamp each submittal with a uniform, approval stamp.  Include Project name 
and location, submittal number, Specification Section title and number, name of reviewer, date 
of Contractor's approval, and statement certifying that submittal has been reviewed, checked, 
and approved for compliance with the Contract Documents.  Absence of this certification by the 
Contractor on the submittal does not relieve Contractor of required compliance with this 
paragraph.

3.2 ENGINEER'S ACTION

A. General:  Engineer will not review submittals that do not bear Contractor's approval stamp and 
will return them without action.

B. Action Submittals:  Engineer will review each submittal, make marks to indicate corrections or 
modifications required, and return it.  Engineer will stamp each submittal with an action stamp 
(or an attached cover sheet) and will mark stamp appropriately to indicate action taken, as 
follows (or in similar manner):

ENGINEER’S PROCESSING:
NO EXCEPTIONS TAKEN________     APPROVED AS NOTED________     

REJECTED________

REVISE AND RESUBMIT________ SUBMIT SPECIFIED ITEM________
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Engineer’s processing is for general conformance with the design concept and contract 
documents.  Markings or comments shall not be construed as relieving the contractor from 
compliance with the project plans and specifications, nor departures therefrom.  The contractor 
remains responsible for details and accuracy for confirming and correlating all quantities and 
dimensions, for selecting fabrication processes, for techniques of assembly, and for performing 
his work in a safe manner.

C. Informational Submittals:  Engineer will review each submittal and will not return it, or will 
reject and return it if it does not comply with requirements.  Engineer will forward each 
submittal to appropriate party.

D. Submittals not required by the Contract Documents may not be reviewed and may be discarded.

END OF SECTION 013300
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SECTION 014000 - QUALITY REQUIREMENTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes administrative and procedural requirements for quality assurance and 
quality control.

B. Testing and inspecting services are required to verify compliance with requirements specified or 
indicated.  These services do not relieve Contractor of responsibility for compliance with the 
Contract Document requirements.

1. Specific quality-control requirements for individual construction activities are specified 
in the Sections that specify those activities.  Requirements in those Sections may also 
cover production of standard products.

2. Specified tests, inspections, and related actions do not limit Contractor's quality-control 
procedures that facilitate compliance with the Contract Document requirements.

3. Requirements for Contractor to provide quality-control services required by Engineer, 
Owner, or authorities having jurisdiction are not limited by provisions of this Section.

C. Related Sections include the following:
1. Division 01 Section "Cutting and Patching" for repair and restoration of construction 

disturbed by testing and inspecting activities (when applicable).
2. Divisions 02 through 27 Sections for specific test and inspection requirements.

1.3 DEFINITIONS

A. Quality-Assurance Services:  Activities, actions, and procedures performed before and during 
execution of the Work to guard against defects and deficiencies and ensure that proposed 
construction complies with requirements.

B. Quality-Control Services:  Tests, inspections, procedures, and related actions during and after 
execution of the Work to evaluate that completed construction complies with requirements.  
Services do not include contract enforcement activities performed by Engineer.

C. Testing Agency:  An entity engaged to perform specific tests, inspections, or both.  Testing 
laboratory shall mean the same as testing agency.
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1.4 DELEGATED DESIGN

A. Performance and Design Criteria:  Where professional design services or certifications by a 
design professional are specifically required of Contractor by the Contract Documents, provide 
products and systems complying with specific performance and design criteria indicated.

1. If criteria indicated are not sufficient to perform services or certification required, submit 
a written request for additional information to Engineer.

1.5 SUBMITTALS

A. Qualification Data:  For testing agencies specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience.  Include proof of qualifications in the form of a 
recent report on the inspection of the testing agency by a recognized authority.

B. Delegated-Design Submittal:  In addition to Shop Drawings, Product Data, and other required 
submittals, submit a statement, signed and sealed by the responsible design professional, for 
each product and system specifically assigned to Contractor to be designed or certified by a 
design professional, indicating that the products and systems are in compliance with 
performance and design criteria indicated.  Include list of codes, loads, and other factors used in 
performing these services.

C. Reports:  Prepare and submit certified written reports that include the following:

1. Date of issue.
2. Project title and number.
3. Name, address, and telephone number of testing agency.
4. Dates and locations of samples and tests or inspections.
5. Names of individuals making tests and inspections.
6. Description of the Work and test and inspection method.
7. Identification of product and Specification Section.
8. Complete test or inspection data.
9. Test and inspection results and an interpretation of test results.
10. Ambient conditions at time of sample taking and testing and inspecting.
11. Comments or professional opinion on whether tested or inspected Work complies with 

the Contract Document requirements.
12. Name and signature of laboratory inspector.
13. Recommendations on retesting and reinspecting.

D. Permits, Licenses, and Certificates:  For Owner's records, submit copies of permits, licenses, 
certifications, inspection reports, releases, jurisdictional settlements, notices, receipts for fee 
payments, judgments, correspondence, records, and similar documents, established for 
compliance with standards and regulations bearing on performance of the Work.
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1.6 QUALITY ASSURANCE

A. Fabricator Qualifications:  A firm experienced in producing products similar to those indicated 
for this Project and with a record of successful in-service performance, as well as sufficient 
production capacity to produce required units.

B. Factory-Authorized Service Representative Qualifications:  An authorized representative of 
manufacturer who is trained and approved by manufacturer to inspect installation of 
manufacturer's products that are similar in material, design, and extent to those indicated for this 
Project.

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

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

E. Professional Engineer Qualifications:  A professional engineer who is legally qualified to 
practice in jurisdiction where Project is located and who is experienced in providing 
engineering services of the kind indicated.  Engineering services are defined as those performed 
for installations of the system, assembly, or products that are similar to those indicated for this 
Project in material, design, and extent.

F. Testing Agency Qualifications:  An agency with the experience and capability to conduct 
testing and inspecting indicated, as documented by ASTM E 548, and that specializes in types 
of tests and inspections to be performed.

1. Testing Agency Responsibilities:  Submit a certified written report of each test, 
inspection, and similar quality-assurance service to Engineer with copy to Contractor.  
Interpret tests and inspections and state in each report whether tested and inspected work 
complies with or deviates from the Contract Documents.

1.7 QUALITY CONTROL

A. Contractor Responsibilities:  Unless otherwise indicated, Contractor shall provide quality-
control services specified and required by authorities having jurisdiction.

1. Where services are indicated as Contractor's responsibility, engage a qualified testing 
agency to perform these quality-control services.

2. Notify testing agencies at least 24 hours in advance of time when Work that requires 
testing or inspecting will be performed.

3. Where quality-control services are indicated as Contractor's responsibility, submit a 
certified written report, in duplicate, of each quality-control service.

4. Testing and inspecting requested by Contractor and not required by the Contract 
Documents are Contractor's responsibility.

5. Submit additional copies of each written report directly to authorities having jurisdiction, 
when they so direct.
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B. Special Tests and Inspections:  Contractor will engage a testing agency to conduct special tests 
and inspections required by authorities having jurisdiction.

1. Testing agency will notify Engineer and Contractor promptly of irregularities and 
deficiencies observed in the Work during performance of its services.

2. Testing agency will submit a certified written report of each test, inspection, and similar 
quality-control service to Engineer, with copy to Contractor and to authorities having 
jurisdiction.

3. Testing agency will submit a final report of special tests and inspections at Substantial 
Completion, which includes a list of unresolved deficiencies.

4. Testing agency will interpret tests and inspections and state in each report whether tested 
and inspected work complies with or deviates from the Contract Documents.

5. Testing agency will retest and reinspect corrected work.

C. Manufacturer's Field Services:  Where indicated, engage a factory-authorized service 
representative to inspect field-assembled components and equipment installation, including 
service connections.  Report results in writing.

D. Retesting/Reinspecting:  Regardless of whether original tests or inspections were Contractor's 
responsibility, provide quality-control services, including retesting and reinspecting, for 
construction that revised or replaced Work that failed to comply with requirements established 
by the Contract Documents.  For testing that is designated as the Contractors responsibility, cost 
of such retesting shall be born by the Contractor.

E. Testing Agency Responsibilities:  Cooperate with Engineer and Contractor in performance of 
duties.  Provide qualified personnel to perform required tests and inspections.

1. Notify Engineer and Contractor promptly of irregularities or deficiencies observed in the 
Work during performance of its services.

2. Interpret tests and inspections and state in each report whether tested and inspected work 
complies with or deviates from requirements.

3. Submit a certified written report, in duplicate, of each test, inspection, and similar 
quality-control service through Contractor.

4. Do not release, revoke, alter, or increase requirements of the Contract Documents or 
approve or accept any portion of the Work.

5. Do not perform any duties of Contractor.

F. Associated Services:  Cooperate with agencies performing required tests, inspections, and 
similar quality-control services, and provide reasonable auxiliary services as requested.  Notify 
agency sufficiently in advance of operations to permit assignment of personnel.  Provide the 
following:

1. Access to the Work.
2. Incidental labor and facilities necessary to facilitate tests and inspections.
3. Adequate quantities of representative samples of materials that require testing and 

inspecting.  Assist agency in obtaining samples.
4. Facilities for storage and field-curing of test samples.
5. Delivery of samples to testing agencies (when required).
6. Preliminary design mix proposed for use for material mixes that require control by testing 

agency.
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7. Security and protection for samples and for testing and inspecting equipment at Project 
site

G. Coordination:  Coordinate sequence of activities to accommodate required quality-assurance 
and quality-control services with a minimum of delay and to avoid necessity of removing and 
replacing construction to accommodate testing and inspecting.

1. Schedule times for tests, inspections, obtaining samples, and similar activities.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1 REPAIR AND PROTECTION

A. General:  On completion of testing, inspecting, sample taking, and similar services, repair 
damaged construction and restore substrates and finishes.

1. Provide materials and comply with installation requirements specified in other Sections 
of these Specifications.  Restore patched areas and extend restoration into adjoining areas 
in a manner that eliminates evidence of patching, and/or comply with the Contract 
Document requirements for Division 01 Section "Cutting and Patching," whichever is 
greater.

B. Protect construction exposed by or for quality-control service activities.

C. Repair and protection are Contractor's responsibility, regardless of the assignment of 
responsibility for quality-control services.

END OF SECTION 014000
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SECTION 016000 - PRODUCT REQUIREMENTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following administrative and procedural requirements:  selection of 
products for use in Project; product delivery, storage, and handling; manufacturers' standard 
warranties on products; special warranties; product substitutions; and comparable products.

B. Related Sections include the following:
1. Division 01 Section "Project Closeout" for submitting warranties for contract closeout.
2. Divisions 02 through 27 Sections for specific requirements for warranties on products 

and installations specified to be warranted.

1.3 DEFINITIONS

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

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

2. New Products:  Items that have not previously been incorporated into another project or 
facility. Products salvaged or recycled from other projects are not considered new 
products.

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

B. Substitutions:  Changes in products, materials, equipment, and methods of construction from 
those required by the Contract Documents and proposed by Contractor.

C. Manufacturer's Warranty:  Preprinted written warranty published by individual manufacturer for 
a particular product and specifically endorsed by manufacturer to Owner.

D. Special Warranty:  Written warranty required by or incorporated into the Contract Documents, 
either to extend time limit provided by manufacturer's warranty or to provide more rights for 
Owner.
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1.4 SUBMITTALS

A. Substitution Requests:  Submit copy of each request for consideration.  Identify product or 
fabrication or installation method to be replaced.  Include Specification Section number and title 
and Drawing numbers and titles.

1. Substitution Request Form:  Use Contractors standard form (digital) as approved by 
Engineer for Substitution Requests, and as follows:

a. All forms, including related attachments, shall be submitted to Engineer as a digital 
PDF format file(s) by email to allow email distribution of the request to Owner and 
Consultants in a timely manner.  Individual file size shall not exceed 10MB per 
transmittal, unless advised otherwise by the Engineer or Owner.  Large files shall 
be bookmarked in the PDF file to allow searching thru major headings (topics) as 
approved by Engineer.

b. Paper (hard) copies will not be accepted, unless advised otherwise by the Engineer 
or Owner for specific items.  Faxes will not be accepted.

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

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

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

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

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

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

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

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

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

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

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

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

become necessary because of failure of proposed substitution to produce indicated 
results.
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3. Engineer's Action:  If necessary, Engineer will request additional information or 
documentation for evaluation within one week of receipt of a request for substitution.  
Engineer will notify Contractor of acceptance or rejection of proposed substitution within 
10 days of receipt of request, or 7 days of receipt of additional information or 
documentation, whichever is later.
a. Form of Acceptance:  Approval of submitted materials and/or a Change Order 

when required.
b. Use product specified if Engineer cannot make a decision on use of a proposed 

substitution within time allocated.

1.5 QUALITY ASSURANCE

A. Compatibility of Options:  If Contractor is given option of selecting between two or more 
products for use on Project, product selected shall be compatible with products previously 
selected, even if previously selected products were also options.

1. Each contractor is responsible for providing products and construction methods 
compatible with products and construction methods of other contractors.

2. If a dispute arises between contractors over concurrently selectable but incompatible 
products, Engineer will determine which products shall be used.

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING

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

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

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

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

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

5. Store products to allow for inspection and measurement of quantity or counting of units.
6. Store materials in a manner that will not endanger Project structure.
7. Store products that are subject to damage by the elements, under cover in a weathertight 

enclosure above ground, with ventilation adequate to prevent condensation.
8. Comply with product manufacturer's written instructions for temperature, humidity, 

ventilation, and weather-protection requirements for storage.
9. Protect stored products from damage.

1.7 PRODUCT WARRANTIES

A. Warranties specified in other Sections shall be in addition to, and run concurrent with, other 
warranties required by the Contract Documents.  Manufacturer's disclaimers and limitations on 



PRODUCT REQUIREMENTS 016000 - 4

product warranties do not relieve Contractor of obligations under requirements of the Contract 
Documents.

B. Special Warranties:  Prepare a written document that contains appropriate terms and 
identification, ready for execution.  Submit a draft for approval before final execution.

1. Manufacturer's Standard Form:  Modified to include Project-specific information and 
properly executed.

2. Specified Form:  Where required, forms are included with the Specifications.  Prepare a 
written document using appropriate form properly executed.

3. Refer to Divisions 02 through 27 Sections for specific content requirements and 
particular requirements for submitting special warranties.

4. See the Owner’s boilerplate for the minimum Warranty Period for the project.

C. Submittal Time:  Comply with requirements in Division 01 Section "Project Closeout."

PART 2 - PRODUCTS

2.1 PRODUCT OPTIONS

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

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

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

3. Owner reserves the right to limit selection to products with warranties not in conflict with 
requirements of the Contract Documents.

4. Where products are accompanied by the term "as selected," Engineer will make selection.
5. Where products are accompanied by the term "match sample," sample to be matched is 

Engineer's.
6. Descriptive, performance, and reference standard requirements in the Specifications 

establish "salient characteristics" of products.
7. Or Equal:  Where products are specified by name and accompanied by the term "or 

equal" the final determination if the product is to be considered “equal” will be solely the 
decision of the Engineer.

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

1. Product:  Where Specification paragraphs or subparagraphs titled "Product" name a 
single product and manufacturer, provide the product named.

a. Substitutions may be considered, unless otherwise indicated.

2. Manufacturer/Source:  Where Specification paragraphs or subparagraphs titled 
"Manufacturer" or "Source" name single manufacturers or sources, provide a product by 
the manufacturer or from the source named that complies with requirements.
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a. Substitutions may be considered, unless otherwise indicated.

3. Products:  Where Specification paragraphs or subparagraphs titled "Products" introduce a 
list of names of both products and manufacturers, provide one of the products listed that 
complies with requirements.

a. Substitutions may be considered, unless otherwise indicated.

4. Manufacturers:  Where Specification paragraphs or subparagraphs titled "Manufacturers" 
introduce a list of manufacturers' names, provide a product by one of the manufacturers 
listed that complies with requirements.

a. Substitutions may be considered, unless otherwise indicated.

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

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

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

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

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

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

a. Standard Range:  Where Specifications include the phrase "standard range of 
colors," or similar phrase, Engineer will select color from manufacturer's product 
line that does not include premium items.

b. Full Range:  Where Specifications include the phrase "full range of colors" or 
similar phrase, Engineer will select color from manufacturer's product line that 
includes both standard and premium items.
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2.2 PRODUCT SUBSTITUTIONS

A. All requests for substitutions shall be in accordance with the General Conditions and 
Supplementary Conditions, and as stated below, whichever is more stringent.

B. Timing:  Engineer will consider requests for substitution if received within 30 days after the 
Notice to Proceed.  Requests received after that time may be considered or rejected at discretion 
of Engineer.

C. Conditions:  Engineer will consider Contractor's request for substitution when the following 
additional conditions are satisfied.  If the following conditions are not satisfied, Engineer may 
return requests without action, except to record noncompliance with these requirements:

1. Requested substitution offers Owner a substantial advantage in cost, time, energy 
conservation, or other considerations, after deducting additional responsibilities Owner 
must assume.  Owner's additional responsibilities may include compensation to Engineer 
for redesign and evaluation services, increased cost of other construction by Owner, and 
similar considerations.

2. Requested substitution does not require extensive revisions to the Contract Documents.
3. Requested substitution is consistent with the Contract Documents and will produce 

indicated results.
4. Substitution request is fully documented and properly submitted.
5. Requested substitution will not adversely affect Contractor's Construction Schedule.
6. Requested substitution has received necessary approvals of authorities having 

jurisdiction.
7. Requested substitution is compatible with other portions of the Work.
8. Requested substitution has been coordinated with other portions of the Work.
9. Requested substitution provides specified warranty.
10. If requested substitution involves more than one contractor, requested substitution has 

been coordinated with other portions of the Work, is uniform and consistent, is 
compatible with other products, and is acceptable to all contractors involved.

2.3 COMPARABLE PRODUCTS

A. Where products or manufacturers are specified by name, submit the following, in addition to 
other required submittals, to obtain approval of an unnamed product:

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

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

3. Evidence that proposed product provides specified warranty.
4. List of similar installations for completed projects with project names and addresses and 

names and addresses of engineers and owners, if requested.
5. Samples, if requested.
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PART 3 - EXECUTION (Not Used)

END OF SECTION 016000
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SECTION 017000 - EXECUTION AND CLOSEOUT REQUIREMENTS

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Closeout procedures.

B. Starting of systems.

C. Demonstration and instructions.

D. Testing, adjusting, and balancing.

E. Project record documents.

F. Operation and maintenance data.

G. Product warranties and product bonds.

H. Examination.

I. Preparation.

J. Execution.

K. Cutting and patching.

L. Protecting installed construction.

M. Final cleaning.

1.2 CLOSEOUT PROCEDURES

A. Prerequisites to Substantial Completion: Complete following items before requesting 
Certification of Substantial Completion, either for entire Work or for portions of Work:
1. Submit maintenance manuals, Project record documents, and other similar final record 

data in compliance with this Section.
2. Complete facility startup, testing, adjusting, balancing of systems and equipment, 

demonstrations, and instructions to Owner's operating and maintenance personnel as 
specified in compliance with this Section.

3. Conduct inspection to establish basis for request that Work is substantially complete.  
Create comprehensive list (initial punch list) indicating items to be completed or 
corrected, value of incomplete or nonconforming Work, reason for being incomplete, and 
date of anticipated completion for each item.  Include copy of list with request for 
Certificate of Substantial Completion.

4. Obtain and submit releases enabling Owner's full, unrestricted use of Project and access 
to services and utilities.  Include certificate of occupancy, operating certificates, and 
similar releases from authorities having jurisdiction and utility companies.

5. Deliver tools, spare parts, extra stocks of material, and similar physical items to Owner.
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6. Discontinue or change over and remove temporary facilities and services from Project 
Site, along with construction tools, mockups, and similar elements.

7. Perform final cleaning according to this Section.

B. Substantial Completion Inspection:
1. When Contractor considers Work to be substantially complete, submit to /Engineer:

a. Written certificate that Work, or designated portion, is substantially complete.
b. List of items to be completed or corrected (initial punch list).

2. Upon receipt of request for Substantial Completion, Engineer will make a site visit to 
determine whether Work or designated portion is substantially complete.

3. Should the Engineer/Owner determine that Work is not substantially complete: 
a. Engineer will promptly notify Contractor in writing, stating reasons for its opinion.
b. Contractor shall remedy deficiencies in Work and send second written request for 

Substantial Completion to Engineer/Owner.
c. Engineer/Owner will re-observe the Work.
d. Redo and Inspection of Deficient Work: Repeated until Work passes Engineer's/ 

Owner's inspection.
4. When Engineer/Owner finds that Work is substantially complete, Engineer will:

a. Prepare Certificate of Substantial Completion, accompanied by Contractor's list of 
items to be completed or corrected as verified and amended by Engineer and Owner 
(final punch list).

b. Submit Certificate to Owner and Contractor for their written acceptance of 
responsibilities assigned to them in Certificate.

5. After Work is substantially complete, Contractor shall:
a. Allow Owner occupancy of Project under provisions stated in Certificate of 

Substantial Completion.
b. Complete Work listed for completion or correction within time period stipulated.

6. Owner will occupy all portions of building.

C. Prerequisites for Final Completion: Complete following items before requesting final 
acceptance and final payment.
1. When Contractor considers Work to be complete, submit written certification that:

a. Contract Documents have been reviewed.
b. Work has been examined for compliance with Contract Documents.
c. Work has been completed according to Contract Documents.
d. Work is completed and ready for final inspection.

2. Submittals: Submit following:
a. Final punch list indicating all items have been completed or corrected.
b. Final payment request with final releases and supporting documentation not 

previously submitted and accepted. Include certificates of insurance for products and 
completed operations where required.

c. Specified warranties, workmanship/maintenance bonds, maintenance agreements, 
and other similar documents.

d. Accounting statement for final changes to Contract Sum.
e. Contractor's affidavit of payment of debts and claims on Owner’s forms.
f. Contractor affidavit of release of liens on Owner’s forms.
g. Consent of surety to final payment on Owner’s forms.

3. Perform final cleaning for Contractor-soiled areas according to this Section.

D. Final Completion Inspection:
1. Should Engineer/Owner consider Work to be incomplete or defective:
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a. Engineer will promptly notify Contractor in writing, listing incomplete or defective 
Work.

b. Contractor shall remedy stated deficiencies and send second written request to 
Engineer that Work is complete.

1.3 STARTING OF SYSTEMS

A. Coordinate schedule for startup of various equipment and systems.

B. Notify Engineer/Owner seven days prior to startup of each item.

C. Verify that each piece of equipment or system has been checked for proper lubrication, drive 
rotation, belt tension, control sequence, and for conditions which may cause damage.

D. Verify that tests, meter readings, and electrical characteristics agree with those required by 
equipment or system manufacturer.

E. Verify that wiring and support components for equipment are complete and tested.

F. Execute startup under supervision of manufacturer's representative or Contractors' personnel 
according to manufacturer's instructions.

G. When specified in individual Specification Sections, require manufacturer to provide 
authorized representative who will be present at Site to inspect, check, and approve equipment 
or system installation prior to startup and will supervise placing equipment or system in 
operation. Manufacturer start-up forms shall be included in the final O&M manuals.

1.4 DEMONSTRATION AND INSTRUCTIONS

A. Demonstrate operation and maintenance of products to Owner's personnel two weeks prior to 
date of final inspection.

B. Use operation and maintenance manuals as basis for instruction. Review contents of manual 
with Owner's personnel in detail to explain all aspects of operation and maintenance.

C. Demonstrate startup, operation, control, adjustment, troubleshooting, servicing, maintenance, 
and shutdown of each item of equipment at agreed time, at equipment location.

D. Prepare and insert additional data in operations and maintenance manuals when need for 
additional data becomes apparent during instruction.

E. Required instruction time for each item of equipment and system is specified in individual 
Specification Sections.

1.5 TESTING, ADJUSTING, AND BALANCING

A. Independent firm will perform services specified in Section 230593 - Testing, Adjusting, and 
Balancing for HVAC.

B. Reports will be submitted by independent firm to Engineer indicating observations and results 
of tests and indicating compliance or noncompliance with requirements of Contract 
Documents.
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1.6 PROJECT RECORD DOCUMENTS

A. Maintain on Site one set of the following record documents; record actual revisions to the 
Work:
1. Drawings.
2. Specifications.
3. Addenda.
4. Change Orders and other modifications to the Contract.
5. Reviewed Shop Drawings, product data, and Samples.
6. Manufacturer's instruction for assembly, installation, and adjusting.

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, not less than weekly.

E. Specifications: Legibly mark and record, at each product Section, description of actual 
products installed, including the following:
1. Manufacturer's name and product model and number.
2. Product substitutions or alternates used.
3. Changes made by Addenda and modifications.

F. Record Drawings: Legibly mark each item to record actual construction as follows:
1. Include Contract modifications such as Addenda, supplementary instructions, change 

directives, field orders, minor changes in the Work, and change orders.
2. Include locations of concealed elements of the Work.
3. Measured horizontal and vertical locations of underground utilities and appurtenances, 

referenced to permanent surface improvements.
4. Measured locations of internal utilities and appurtenances concealed in construction, 

referenced to visible and accessible features of the Work.
5. Field changes of dimension and detail.
6. Details not on original Drawings.

G. Submit marked-up paper copy documents and PDF electronic files to Engineer before 
Substantial Completion.

1.7 OPERATION AND MAINTENANCE DATA

A. Submit in PDF composite electronic indexed file.

B. Submit data bound in 8-1/2 x 11-inch text pages, (1) D side ring binders with durable plastic 
covers.

C. Prepare binder cover with printed title "OPERATION AND MAINTENANCE 
INSTRUCTIONS," title of Project, and subject matter of binder when multiple binders are 
required.

D. Internally subdivide binder contents with permanent page dividers, logically organized as 
described below; with tab titling clearly printed under reinforced laminated plastic tabs.
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E. Drawings: Provide with reinforced punched binder tab. Bind in with text; fold larger drawings 
to size of text pages.

F. Contents: Prepare table of contents for each volume, with each product or system description 
identified, typed on white paper, in three parts as follows:
1. Part 1: Directory, listing names, addresses, and telephone numbers of Contractor, 

Subcontractors, and major equipment suppliers.
2. Part 2: Operation and maintenance instructions, arranged by system and subdivided by 

Specification Section. For each category, identify names, addresses, and telephone 
numbers of Subcontractors and suppliers. Include the following:
a. Significant design criteria.
b. List of equipment.
c. Parts list for each component.
d. Operating instructions.
e. Maintenance instructions for equipment and systems.
f. Maintenance instructions for finishes, including recommended cleaning methods and 

materials, and special precautions identifying detrimental agents.
g. Safety precautions to be taken when operating and maintaining or working near 

equipment.
3. Part 3: Project documents and certificates, including the following:

a. Shop Drawings and product data.
b. Test & balance reports.
c. Certificates.
d. Copy of the approved equipment submittals.
e. Product warranties.

PART 2 PRODUCTS - Not Used

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify that existing Site conditions and substrate surfaces are acceptable for subsequent Work. 
Beginning new 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. Verify that utility services are available with correct characteristics and in correct locations.

3.2 PREPARATION

A. Clean substrate surfaces prior to applying next material or substance according to 
manufacturer's instructions.

B. Seal cracks or openings of substrate prior to applying next material or substance.
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C. Apply manufacturer-required or -recommended substrate primer, sealer, or conditioner prior 
to applying new material or substance in contact or bond.

3.3 EXECUTION

A. Comply with manufacturer's installation instructions, performing each step in sequence. 
Maintain one set of manufacturer's installation instructions at Project Site during installation 
and until completion of construction.

B. When manufacturer's installation instructions conflict with Contract Documents, request 
clarification from Architect/Engineer before proceeding.

C. Verify that field measurements are as indicated on approved Shop Drawings or as instructed 
by manufacturer.

D. Secure products in place with positive anchorage devices designed and sized to withstand 
stresses, vibration, physical distortion, or disfigurement.
1. Secure Work true to line and level and within specified tolerances, or if not specified, 

industry-recognized tolerances.
2. Physically separate products in place, provide electrical insulation, or provide protective 

coatings to prevent galvanic action or corrosion between dissimilar metals.
3. Exposed Joints:  Provide uniform joint width and arrange to obtain best visual effect.  

Refer questionable visual-effect choices to Architect/Engineer for final decision.

E. Allow for expansion of materials and building movement.

F. Climatic Conditions and Project Status: Install each unit of Work under conditions to ensure 
best possible results in coordination with entire Project.
1. Isolate each unit of Work from incompatible Work as necessary to prevent deterioration.
2. Coordinate enclosure of Work with required inspections and tests to minimize necessity 

of uncovering Work for those purposes.

G. Mounting Heights: Where not indicated, mount individual units of Work at industry 
recognized standard mounting heights for particular application indicated.
1. Refer questionable mounting heights choices to Architect/Engineer for final decision.

H. Adjust operating products and equipment to ensure smooth and unhindered operation.

I. Clean and perform maintenance on installed Work as frequently as necessary through 
remainder of construction period.  Lubricate operable components as recommended by 
manufacturer.

3.4 CUTTING AND PATCHING

A. Employ skilled and experienced installers to perform cutting and patching. See Section 
017310.

3.5 PROTECTING INSTALLED CONSTRUCTION

A. Protect installed Work and provide special protection where specified in individual 
Specification Sections.
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B. Provide temporary and removable protection for installed products. Control activity in 
immediate Work area to prevent damage.

C. Provide protective coverings at walls, projections, jambs, sills, and soffits of openings.

D. Use durable sheet materials to protect finished floors, stairs, and other surfaces from traffic, 
dirt, wear, damage, or movement of heavy objects.

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

F. Prohibit traffic from landscaped areas.

3.6 FINAL CLEANING

A. Execute final cleaning prior to final Project assessment.
1. Employ experienced personnel or professional cleaning firm.

B. Clean interior and exterior surfaces exposed to view; remove temporary labels, stains, and 
foreign substances; polish transparent and glossy surfaces.

C. Clean equipment to sanitary condition with appropriate cleaning materials.

D. Clean debris from roofs, gutters, downspouts, and drainage systems.

E. Clean Site; sweep paved areas, rake clean landscaped surfaces.

F. Remove waste and surplus materials, rubbish, and construction facilities from Site.

END OF SECTION 017000
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SECTION 017310 - CUTTING AND PATCHING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes procedural requirements for cutting and patching.

B. Related Sections include the following:
1. Divisions 02 through 27, for additional specific requirements and limitations applicable 

to cutting and patching individual parts of the Work.
a. Requirements in this Section apply to mechanical and electrical installations.  

Refer to Divisions 23 and 26 Sections for other additional requirements and 
limitations applicable to cutting and patching mechanical and electrical 
installations.

b. Works also includes any related general contractor type demolition, repairs, 
patching and finishes specified on the drawings or required to be completed due to 
performance of the mechanical and electrical work performed on the project.

1.3 DEFINITIONS

A. Cutting:  Removal of existing construction necessary to permit installation or performance of 
other Work.

B. Patching:  Fitting and repair work required to restore surfaces to original conditions after 
installation of other Work.

1.4 QUALITY ASSURANCE

A. Structural Elements:  Do not cut and patch structural elements in a manner that could change 
their load-carrying capacity or load-deflection ratio.

B. Operational Elements:  Do not cut and patch operating elements and related components in a 
manner that results in reducing their capacity to perform as intended or that results in increased 
maintenance or decreased operational life or safety.

C. Miscellaneous Elements:  Do not cut and patch elements or related components in a manner that 
could change their load-carrying capacity that results in reducing their capacity to perform as 
intended, or that results in increased maintenance or decreased operational life or safety.
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D. Visual Requirements:  Do not cut and patch construction in a manner that results in visual 
evidence of cutting and patching.  Do not cut and patch construction exposed on the exterior or 
in occupied spaces in a manner that would, in Engineer’s opinion, reduce the building's 
aesthetic qualities.  Remove and replace construction that has been cut and patched in a visually 
unsatisfactory manner.

E. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties involved 
in cutting and patching, including mechanical and electrical trades.  Review areas of potential 
interference and conflict.  Coordinate procedures and resolve potential conflicts before 
proceeding.

PART 2 - PRODUCTS

2.1 MATERIALS

A. General:  Comply with requirements specified in other Sections of these Specifications.

B. Existing Materials:  Use materials identical to existing materials.  For exposed surfaces, use 
materials that visually match existing adjacent surfaces to the fullest extent possible.

1. If identical materials are unavailable or cannot be used, use materials that, when installed, 
will match the visual and functional performance of existing materials.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine surfaces to be cut and patched and conditions under which cutting and patching are to 
be performed.

1. Compatibility:  Before patching, verify compatibility with and suitability of substrates, 
including compatibility with existing finishes or primers.

2. Proceed with installation only after unsafe or unsatisfactory conditions have been 
corrected.

3.2 PREPARATION

A. Temporary Support:  Provide temporary support of Work to be cut.

B. Protection:  Protect existing construction during cutting and patching to prevent damage.  
Provide protection from adverse weather conditions for portions of Project that might be 
exposed during cutting and patching operations.

C. Adjoining Areas:  Avoid interference with use of adjoining areas or interruption of free passage 
to adjoining areas.
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D. Existing Services:  Where existing services are required to be removed, relocated, or 
abandoned, bypass such services before cutting to minimize interruption of services to occupied 
areas.

3.3 PERFORMANCE

A. General:  Employ skilled workers to perform cutting and patching.  Proceed with cutting and 
patching at the earliest feasible time, and complete without delay.
1. Cut existing construction to provide for installation of other components or performance 

of other construction, and subsequently patch as required to restore surfaces to their 
original condition.

B. Cutting:  Cut existing construction by sawing, drilling, breaking, chipping, grinding, and similar 
operations, including excavation, using methods least likely to damage elements retained or 
adjoining construction.  If possible, review proposed procedures with original Installer; comply 
with original Installer's written recommendations.
1. In general, use hand or small power tools designed for sawing and grinding, not 

hammering and chopping.  Cut holes and slots as small as possible, neatly to size 
required, and with minimum disturbance of adjacent surfaces.  Temporarily cover 
openings when not in use.

2. Existing Finished Surfaces:  Cut or drill from the exposed or finished side into concealed 
surfaces.

3. Concrete or Masonry:  Cut using a cutting machine, such as an abrasive saw or a 
diamond-core drill.

4. Proceed with patching after construction operations requiring cutting are complete.

C. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar operations 
following performance of other Work.  Patch with durable seams that are as invisible as 
possible.  Provide materials and comply with installation requirements specified in other 
Sections of these Specifications.
1. Inspection:  Where feasible, test and inspect patched areas after completion to 

demonstrate integrity of installation.
2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish 

restoration into retained adjoining construction in a manner that will eliminate evidence 
of patching and refinishing.

3. Where patching occurs in a painted surface, apply primer and intermediate paint coats 
over the patch and apply final paint coat over entire unbroken surface containing the 
patch.  Provide additional coats until patch blends with adjacent surfaces.

4. Ceilings:  Patch, repair, or rehang existing ceilings as necessary to provide an even-plane 
surface of uniform appearance.

5. Exterior Building Enclosure:  Patch components in a manner that restores enclosure to a 
weathertight condition.

END OF SECTION 017310
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SECTION 230519 - METERS AND GAGES FOR HVAC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Liquid-in-glass thermometers.
2. Thermowells.
3. Dial-type pressure gages.
4. Gage attachments.
5. Test plugs.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 LIQUID-IN-GLASS THERMOMETERS

A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers:
1. Manufacturers:

a. Ashcroft.
b. Trerice.
c. Weiss.
d. Prior approved equal.

2. Standard: ASME B40.200.
3. Case:  Cast aluminum; 9-inch nominal size.
4. Case Form: Adjustable angle unless otherwise indicated.
5. Tube: Glass with magnifying lens and blue organic liquid.
6. Tube Background: Nonreflective aluminum with permanently etched scale markings 

graduated in deg F and deg C.
7. Window: Glass or plastic.
8. Stem: Aluminum and of length to suit installation.

a. Design for Thermowell Installation: Bare stem.
9. Connector: 1-1/4 inches, with ASME B1.1 screw threads.
10. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a maximum of 

1.5 percent of scale range.
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2.2 THERMOWELLS

A. Thermowells:
1. Standard: ASME B40.200.
2. Description: Pressure-tight, socket-type fitting made for insertion in piping tee fitting.
3. Material compatible with piping material.
4. Type: Stepped shank unless straight or tapered shank is indicated.
5. External Threads: NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads.
6. Internal Threads: 1/2, 3/4, and 1 inch, with ASME B1.1 screw threads.
7. Bore: Diameter required to match thermometer bulb or stem.
8. Insertion Length: Length required to match thermometer bulb or stem.
9. Lagging Extension: Include on thermowells for insulated piping and tubing.
10. Bushings: For converting size of thermowell's internal screw thread to size of 

thermometer connection.

2.3 DIAL-TYPE PRESSURE GAGES

A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:
1. Manufacturers:

a. Ashcroft.
b. Trerice.
c. Weiss.
d. Prior approved equal.

2. Standard: ASME B40.100.
3. Case:  Liquid-filled type(s); cast aluminum or drawn steel; 4-1/2-inch nominal diameter.
4. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.
5. Pressure Connection: Brass, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads and 

bottom-outlet type unless back-outlet type is indicated.
6. Movement: Mechanical, with link to pressure element and connection to pointer.
7. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi.
8. Pointer: Dark-colored metal.
9. Window:  Glass.
10. Ring:  Stainless steel.
11. Accuracy:  Grade 2A, plus or minus 0.5 percent of middle half of scale range.

2.4 GAGE ATTACHMENTS

A. Snubbers: ASME B40.100, brass; with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads and 
piston-type surge-dampening device. Include extension for use on insulated piping.

B. Valves:  Brass ball valve, brass or stainless-steel needle valve, with NPS 1/4 or NPS 1/2, 
ASME B1.20.1 pipe threads.

2.5 TEST PLUGS

A. Description: Test-station fitting made for insertion in piping tee fitting.
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B. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include extended 
stem on units to be installed in insulated piping.

C. Thread Size:  NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread.

D. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.

E. Core Inserts: Neoprene.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install thermowells with socket extending and in vertical position in piping tees.

B. Install thermowells of sizes required to match thermometer connectors. Include bushings if 
required to match sizes.

C. Install thermowells with extension on insulated piping.

D. Fill thermowells with heat-transfer medium.

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.

F. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the 
most readable position.

G. Install valve and snubber in piping for each pressure gage for fluids (except steam).

H. Provide thermometers and gages with scale ranges selected according to service the largest 
appropriate scale.

I. Install thermometers in the following locations:

1. Inlet and outlet of each hydronic zone.
2. Inlet and outlet of each hydronic boiler.
3. As indicated on the Drawings.

J. Install pressure gages in the following locations:
1. Suction and discharge of each pump.
2. As indicated on the Drawings.

3.2 ADJUSTING

A. After installation, calibrate meters according to manufacturer's written instructions.

B. Adjust faces of gages to proper angle for best visibility.
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END OF SECTION 230519
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SECTION 230523 – GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Ball valves.
2. Butterfly valves.
3. Check valves.
4. Manual balancing valves.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of valve.

1.4 DELIVERY, STORAGE, AND HANDLING

A. Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, and weld ends.
3. Set ball valves open to minimize exposure of functional surfaces.

B. Use the following precautions during storage:

1. Maintain valve end protection.
2. Store valves indoors and maintain at higher-than-ambient-dew-point temperature. If 

outdoor storage is necessary, store valves off the ground in watertight enclosures.

1.5 QUALITYASSURANCE
1. Where valves are installed in domestic drinking water systems, provide valves complying 

with NSF 61.
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PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR VALVES

A. Source Limitations for Valves: Obtain each type of valve from single source from single 
manufacturer.

B. ASME Compliance:

1. ASME B1.20.1 for threads for threaded-end valves.
2. ASME B16.1 for flanges on iron valves.
3. ASME B16.5 for flanges on steel valves.
4. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
5. ASME B31.9 for building services piping valves.

C. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with 
copper alloy (brass) containing more than 15 percent zinc are not permitted.

D. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system 
pressures and temperatures.

E. Valve Sizes: Same as upstream piping unless otherwise indicated.

F. Valves in Insulated Piping:

1. Include 2-inch stem extensions.
2. Extended operating handle of nonthermal-conductive material, and protective sleeves that 

allow operation of valves without breaking the vapor seals or disturbing insulation.
3. Memory stops that are fully adjustable after insulation is applied.

G. Valve Bypass and Drain Connections: MSS SP-45.

2.2 BALL VALVES

A. Manufacturers:
1. Apollo Valve.
2. Jomar.
3. Nibco, Inc.
4. Red and White.
5. Prior approved equal.

B. Ball Valves, 2 inches and smaller:
1. Description: Two-Piece with Full Port and Bronze Trim, Threaded Ends.

a. Standard: MSS SP-110.
b. SWP Rating: 150 psig.
c. CWP Rating: 600 psig.
d. Body Design: Two piece.
e. Body Material: Bronze.
f. Ends: Threaded.
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g. Seats: PTFE.
h. Stem: Bronze. Blowout-Proof.
i. Ball: Chrome-plated brass.
j. Port: Full.

2.3 BUTTERFLY VALVES

A. Manufacturers:
1. Centerline.
2. Crane.
3. DeZurik.
4. Keystone Valve.
5. Mueller.
6. Nibco, Inc.
7. Red and White.
8. Stockham.
9. Prior approved equal.

B. Hydronic, 2-1/2 inches and larger:
1. Description: Iron, Single-Flange Butterfly Valves with Aluminum-Bronze Disc.

a. Standard: MSS SP-67, Type I.
b. CWP Rating:  150 psig.
c. Body Design: Lug type; suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange.
d. Body Material: ASTM A126, cast iron or ASTM A536, ductile iron.
e. Seat:  EPDM.
f. Stem: One- or two-piece stainless steel.
g. Disc: Aluminum bronze.
h. Gear operators.

2.4 CHECK VALVES

A. Manufacturers:
1. Crane.
2. Hammond Valve.
3. Milwaukee Valve.
4. Nibco Valve.
5. Prior approved equal.

B. Bronze Lift Check Valves, 2” and smaller:
1. Description:

a. Standard: MSS SP-80, Type 1, Class 125.
b. CWP Rating: 200 psig.
c. Body Design: Vertical flow.
d. Body Material: ASTM B61 or ASTM B62, bronze.
e. Ends: Threaded.
f. Disc: Buna-N.

C. Bronze Swing Check Valves, 2” and smaller:



GENERAL-DUTY VALVES FOR HVAC PIPING 230523 - 4

1. Description:
a. Standard: MSS SP-80, Type 3, Class 125.
b. CWP Rating: 200 psig.
c. Body Design: Horizontal flow, Y-pattern.
d. Body Material: ASTM B62, bronze.
e. Ends: Threaded.
f. Disc: Bronze.

D. Iron Swing Check Valves with Metal Seats, 2-1/2” and larger:
1. Description:

a. Standard: MSS SP-71, Type I, Class 125.
b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
c. NPS 14 to NPS 24, CWP Rating: 150 psig.
d. Body Design: Clear or full waterway. 
e. Body Material: ASTM A126, gray iron with bolted bonnet.
f. Ends: Flanged.
g. Trim: Bronze.
h. Disc: Brass Alloy.
i. Gasket: Asbestos free.

E. Iron Silent Check Valves, 2-1/2” and larger:
1. Description:

a. Standard: MSS SP-125.
b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
c. NPS 14 to NPS 24, CWP Rating: 150 psig.
d. Body Material: ASTM A126, cast iron.
e. Style: Globe, stainless steel spring loaded.
f. Ends: Flanged.
g. Disc: Bronze.
h. Seat: Bronze.

2.5 MANUAL BALANCING VALVES

A. Manufacturers:
1. IMI Hydronic Engineering (Flow Design) – Basis of Design.
2. Gerand.
3. Griswold Controls.
4. Prior approved equal.

B. 2 inches and Smaller: Valve shall be Venturi type with a throttle valve with a memory stop on 
the downstream side of the venture. Valve body shall be brass. The ball valve shall be bronze 
blowout proof stem, virgin Teflon seats, brass stem, EPDM O-ring and Teflon steam seals and 
steel handle. All ball valves shall conform to MSS-SP-110 standard. Ratings: 600 psig at 250 
degrees F.

C. 2-1/2” and Larger:  Valve shall be Venturi type with a throttle valve with a memory stop on the 
downstream side of the venture. Valve body shall be steel and shall be flanged. The full lug type 
butterfly valve shall be ductile iron with stainless steel stem, nylon bearings, and aluminum 
bronze disc. All ball valves shall conform to MSS-SP-110 standard. Ratings: 240 psig at 250 
degrees F.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove 
special packing materials, such as blocks, used to prevent disc movement during shipping and 
handling.

B. Operate valves in positions from fully open to fully closed. Examine guides and seats made 
accessible by such operations.

C. Examine threads on valve and mating pipe for form and cleanliness.

D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper 
size, length, and material. Verify that gasket is of proper size, that its material composition is 
suitable for service, and that it is free from defects and damage.

E. Do not attempt to repair defective valves; replace with new valves.

3.2 VALVE INSTALLATION

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

B. Locate valves for easy access and provide separate support where necessary.

C. Install valves in horizontal piping with stem at or above center of pipe.

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

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

1. Swing Check Valves: In horizontal position with hinge pin level.
2. Lift Check Valves: With stem upright and plumb.

F. Install 3/4 inch ball valves with cap for drains at main shut-off valves, low points of piping, 
bases of vertical risers, and at equipment.

G. Install valves with clearance for installation of insulation and allowing access.

H. Refer to Section 230529 for pipe hangers.

I. Refer to Section 230700 for insulation requirements for valves.

J. For installation of valves in hot water piping systems refer to Section 232113.

K. For installation of valves in natural gas systems refer to Section 231123.
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3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

A. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves 
with higher SWP classes or CWP ratings may be substituted.

B. Install shutoff and drain valves at locations indicated on Drawings in accordance with this 
Section.

C. Install ball or butterfly valves for shut-off and to isolate equipment, part of systems, or vertical 
risers.

D. Install manual balancing valves for throttling, bypass, or manual flow control services. Manual 
balancing valves shall not be used for shut-off or isolation. Install separate shutoff valves 
downstream of balancing valves where shut-off or isolation is required.

E. Install spring loaded check valves on discharge of water pumps.

F. Install ball or plug valves in natural gas systems for shut-off service.

END OF SECTION 230523
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Metal pipe hangers and supports.
2. Metal framing systems.
3. Fiberglass strut systems.
4. Thermal-hanger shield inserts.
5. Fastener systems.
6. Pipe stands.

B. Related Requirements: 
1. Section 233113 "Metal Ducts" for duct hangers and supports.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 MANUFACTURERS:

A. Pipe Hangers and Supports:
1. B-Line Systems.
2. Carpenter and Patterson, Inc.
3. Fee & Mason Mfg.
4. PHD Manufacturering.
5. Elcen Metal Products.
6. Michigan Hanger Company.
7. ITT Grinnell Corp.
8. Unistrut.
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2.2 PERFORMANCE REQUIREMENTS

A. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand 
the effects of gravity loads and stresses within limits.

1. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, and test water.

2.3 METAL PIPE HANGERS AND SUPPORTS

A. Carbon-Steel Pipe Hangers and Supports:

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
2. Galvanized Metallic Coatings: Pre-galvanized, hot-dip galvanized, or electro-galvanized.
3. Nonmetallic Coatings: Plastic coated, or epoxy powder-coated.
4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping.
5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

B. Copper Pipe and Tube Hangers:

1. Description: MSS SP-58, Types 1 through 58, copper-plated steel, factory-fabricated 
components.

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-plated steel.

2.4 METAL FRAMING SYSTEMS

A. MFMA Manufacturer Metal Framing Systems:
1. Description: Shop- or field-fabricated, pipe-support assembly made of galvanized steel 

channels, accessories, fittings, and other components for supporting multiple parallel 
pipes.

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
3. Channels: Continuous slotted carbon-steel channel with inturned lips.
4. Channel Width: Selected for applicable load criteria.
5. Channel Nuts: Formed or stamped nuts or other devices designed to fit into channel slot 

and, when tightened, prevent slipping along channel.
6. Hanger Rods: Continuous-thread rod, nuts, and washer made of galvanized steel.

2.5 THERMAL-HANGER SHIELD INSERTS

A. Insulation-Insert Material for Cold Piping:  ASTM C552, Type II cellular glass with 100-psi 
minimum compressive strength and vapor barrier.

B. Insulation-Insert Material for Hot Piping:  Water-repellent-treated, ASTM C533, Type I 
calcium silicate with 100-psi minimum compressive strength.

C. Insert and shield shall cover entire circumference of pipe.
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D. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air 
temperature.

2.6 MATERIALS

A. Aluminum: ASTM B221.

B. Carbon Steel: ASTM A1011/A1011M.

C. Structural Steel: ASTM A36/A36M, carbon-steel plates, shapes, and bars; galvanized.

D. Stainless Steel: ASTM A240/A240M.

E. Threaded Rods: Continuously threaded. Zinc-plated or galvanized steel for indoor applications 
and stainless steel for outdoor applications. Mating nuts and washers of similar materials as 
rods.

F. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 
and nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 HANGER AND SUPPORT INSTALLATION

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, 
and attachments as required to properly support piping from the building structure.

B. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support 
together on field-assembled strut systems.

C. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.

D. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 
washers, and other accessories.

E. Install hangers and supports to allow controlled thermal and seismic movement of piping 
systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units.

F. Install lateral bracing with pipe hangers and supports to prevent swaying.

G. Install building attachments within concrete slabs or attach to structural steel. Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 
and at changes in direction of piping. 
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H. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses 
from movement will not be transmitted to connected equipment.

I. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping.

J. Insulated Piping:

1. Attach clamps and spacers to piping.

a. Piping Operating above Ambient Air Temperature: Clamp may project through 
insulation.

b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield 
insert with clamp sized to match OD of insert.

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 
piping.

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is 
indicated. Fill interior voids with insulation that matches adjoining insulation.

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields 
shall span an arc of 180 degrees.

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

4. Shield Dimensions for Pipe: Not less than the following:

a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
b. NPS 4: 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.

5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.

3.2 ADJUSTING

A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe.

B. Trim excess length of continuous-thread hanger and support rods.

3.3 HANGER AND SUPPORT SCHEDULE

A. Specific hanger and support requirements are in Sections specifying piping systems and 
equipment.

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 
piping system Sections.
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C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 
not have field-applied finish.

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 
direct contact with copper tubing.

E. Use carbon-steel pipe hangers and supports metal trapeze pipe hangers and metal framing 
systems and attachments for general service applications.

F. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.

G. Use padded hangers for piping that is subject to scratching.

H. Use thermal-hanger shield inserts for insulated piping and tubing.

I. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or 
insulated, stationary pipes NPS 1/2 to NPS 30.

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F, pipes NPS 4 
to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of 
pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation.

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 to 
NPS 24 if little or no insulation is required.

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow off-
center closure for hanger installation before pipe erection.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 
noninsulated, stationary pipes NPS 3/4 to NPS 8.

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, stationary 
pipes NPS 1/2 to NPS 8.

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension of 
noninsulated, stationary pipes NPS 3/8 to NPS 8.

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of 
noninsulated, stationary pipes NPS 3/8 to NPS 3.

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.
13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

contraction.
14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-

pipe base stanchion support and cast-iron floor flange or carbon-steel plate.
15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 
with U-bolt to retain pipe.

16. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for pipes 
NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion 
support and cast-iron floor flange.
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17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, from two 
rods if longitudinal movement caused by expansion and contraction might occur.

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to 
NPS 24, from single rod if horizontal movement caused by expansion and contraction 
might occur.

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 
longitudinal movement caused by expansion and contraction might occur but vertical 
adjustment is unnecessary.

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 if small 
horizontal movement caused by expansion and contraction might occur and vertical 
adjustment is unnecessary.

21. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 to 
NPS 30 if vertical and lateral adjustment during installation might be required in addition 
to expansion and contraction.

J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to 
NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 
to NPS 24 if longer ends are required for riser clamps.

K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of 

building attachments.
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

L. Building Attachments: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend 
pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist 
construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams, 
channels, or angles.

4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.
5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads are 

considerable and rod sizes are large.
6. C-Clamps (MSS Type 23): For structural shapes.
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to 

flange edge.
8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-

beams for heavy loads.
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10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel I-
beams for heavy loads, with link extensions.

11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 
structural steel.

12. Welded-Steel Brackets: For support of pipes from below or for suspending from above 
by using clip and rod. Use one of the following for indicated loads:

a. Light (MSS Type 31): 750 lb.
b. Medium (MSS Type 32): 1500 lb.
c. Heavy (MSS Type 33): 3000 lb.

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required.
15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear 

horizontal movement where headroom is limited.

M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 
insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer 
to prevent crushing insulation.

3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.

N. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not 
specified in piping system Sections.

O. Comply with MFMA-103 for metal framing system selections and applications that are not 
specified in piping system Sections.

END OF SECTION 230529



IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 230553 - 1

SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Equipment labels.
2. Pipe labels.
3. Valve tags.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed 
content for each label.

C. Valve numbering scheme.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A. Manufacturers:
1. Brady Corporation.
2. Craftmark Pipe Markers.
3. Marking Services, Inc.
4. Seton ID.
5. Prior approved equal.

B. Plastic Labels for Equipment:
1. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving.
2. Letter Color:  Black.
3. Background Color:  White.
4. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
5. Minimum Label Size: Not less than 4 by 6 inch with 1 inch letting. Consult with 

Engineer if smaller labels are required for specific equipment.
6. Fasteners: Stainless-steel rivets or self-tapping screws.
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7. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

C. Label Content: Include equipment's Drawing designation or unique equipment number

2.2 PIPE LABELS

A. Manufacturers:
1. Brady Corporation.
2. Craftmark Pipe Markers.
3. Marking Services, Inc.
4. Seton ID.
5. Prior approved equal.

B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering 
indicating service, and showing flow direction according to ASME A13.1.

C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.

D. Pipe Label Contents: Include identification of piping service using same designations or 
abbreviations as used on Drawings; also include pipe size and an arrow indicating flow 
direction.

1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate 
both directions or as separate unit on each pipe label to indicate flow direction.

2. Lettering Size:  Size letters according to ASME A13.1 for piping.

2.3 VALVE TAGS

A. Manufacturers:
1. Brady Corporation.
2. Craftmark Pipe Markers.
3. Marking Services, Inc.
4. Seton ID.
5. Prior approved equal.

B. Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-
inch numbers.

1. Tag Material:  brass, 0.025-inch minimum thickness, and having predrilled or stamped 
holes for attachment hardware.

2. Fasteners: Corrosion resistant chain.

C. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve 
number, piping system, system abbreviation (as shown on valve tag), location of valve (room or 
space), and variations for identification. Mark valves for emergency shutoff and similar special 
uses.

1. Valve-tag schedule shall be included in operation and maintenance data.
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PART 3 - EXECUTION

3.1 PREPARATION

A. Clean piping and equipment surfaces of substances that could impair bond of identification 
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and 
encapsulants.

3.2 GENERAL INSTALLATION REQUIREMENTS

A. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied.

B. Coordinate installation of identifying devices with locations of access panels and doors.

C. Install identifying devices before installing acoustical ceilings and similar concealment.

3.3 EQUIPMENT LABEL INSTALLATION

A. Install or permanently fasten labels on each major item of mechanical equipment.

B. Locate equipment labels where accessible and visible.

C. Identify control panels with equipment labels.

3.4 PIPE LABEL INSTALLATION

A. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings 
in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 
plenums; and exterior exposed locations as follows:

1. Near each valve and control device.
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units. 

Where flow pattern is not obvious, mark each pipe at branch.
3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible 

enclosures.
4. At access doors, manholes, and similar access points that permit view of concealed 

piping.
5. Near major equipment items and other points of origination and termination.
6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 feet in 

areas of congested piping and equipment.
7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.

B. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including 
pipes where flow is allowed in both directions.

C. Pipe Label Schedule:
1. Domestic Cold Water Piping:  
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a. Name:  “Domestic Cold Water.”
b. Color: White letters on a safety-green background.

2. Heating Water Piping:  
a. Name:  “Heating Water Supply” or “Heating Water Return.”
b. Color: White letters on a safety-green background.

3. Natural Gas Piping:  
a. Name: “Medium Pressure Gas” for 2 PSI gas pressure.
b. Name: “Natural Gas” for less than 2 PSI gas pressure.
c. Color: Black letters on a safety-yellow background.

3.5 VALVE-TAG INSTALLATION

A. Install tags on valves and control devices in piping systems, except check valves, valves within 
factory-fabricated equipment units, faucets, convenience and lawn-watering hose connections, 
and HVAC terminal devices and similar roughing-in connections of end-use fixtures and units. 
List tagged valves in a valve schedule.

B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and 
with captions similar to those indicated in the following subparagraphs:

1. Valve-Tag Size and Shape:
a. 1-1/2 inches, round.

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

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Balancing Hydronic Piping Systems.

1.3 DEFINITIONS

A. AABC: Associated Air Balance Council.

B. BAS: Building automation systems.

C. NEBB: National Environmental Balancing Bureau.

D. TAB: Testing, adjusting, and balancing.

E. TABB: Testing, Adjusting, and Balancing Bureau.

F. TAB Specialist: An independent entity meeting qualifications to perform TAB work.

1.4 ACTION SUBMITTALS

1. TAB Report: Documentation indicating that Work complies with ASHRAE/IES 90.1, 
Section 6.7.2.3 - "System Balancing."

1.5 INFORMATIONAL SUBMITTALS

A. Qualification Data: Submit documentation that the TAB specialist and this Project's TAB team 
members meet the qualifications specified in "Quality Assurance" Article.

B. Examination Report: Submit a summary report of the examination review required in 
"Examination" Article.

C. Certified TAB reports.

D. Instrument calibration reports, to include the following:
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1. Instrument type and make.
2. Serial number.
3. Application.
4. Dates of use.
5. Dates of calibration.

1.6 QUALITY ASSURANCE

A. TAB Specialists Qualifications: Certified by AABC.

1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC.
2. TAB Technician: Employee of the TAB specialist and certified by AABC as a TAB 

technician.

B. TAB Specialists Qualifications: Certified by NEBB or TABB.

1. TAB Field Supervisor: Employee of the TAB specialist and certified by NEBB or TABB.
2. TAB Technician: Employee of the TAB specialist and certified by NEBB or TABB as a 

TAB technician.

C. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in 
ASHRAE 111, Section 4, "Instrumentation."

D. Pre-Approved TAB Contractors:
1. Fort Collins/Midwest.
2. TAB Services of Denver.
3. Lawrence H Finn & Assoc.
4. JPG Engineering.
5. Air-Right.

1.7 FIELD CONDITIONS

A. Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB 
period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's 
operations.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine the Contract Documents to become familiar with Project requirements and to discover 
conditions in systems designs that may preclude proper TAB of systems and equipment.
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B. Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify 
that locations of these balancing devices are applicable for intended purpose and are accessible.

C. Examine the approved submittals for HVAC systems and equipment.

D. Examine design data including HVAC system descriptions, statements of design assumptions 
for environmental conditions and systems output, and statements of philosophies and 
assumptions about HVAC system and equipment controls.

E. Examine equipment performance data including pump curves.

1. Relate performance data to Project conditions and requirements, including system effects 
that can create undesired or unpredicted conditions that cause reduced capacities in all or 
part of a system.

F. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed.

G. Examine test reports specified in individual system and equipment Sections.

H. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, 
filters are clean, and equipment with functioning controls is ready for operation.

I. Examine strainers. Verify that startup screens have been replaced by permanent screens with 
indicated perforations.

J. Examine system pumps to ensure absence of entrained air in the suction piping.

K. Examine operating safety interlocks and controls on HVAC equipment.

L. Report deficiencies discovered before and during performance of TAB procedures. Observe and 
record system reactions to changes in conditions. Record default set points if different from 
indicated values.

3.2 PREPARATION

A. Prepare a TAB plan that includes the following:

1. Equipment and systems to be tested.
2. Strategies and step-by-step procedures for balancing the systems.
3. Instrumentation to be used.

B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness 
for TAB work. Include, at a minimum, the following:

1. Hydronics:

a. Verify leakage and pressure tests on water distribution systems have been 
satisfactorily completed.

b. Piping is complete with terminals installed.
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c. Water treatment is complete.
d. Systems are flushed, filled, and air purged.
e. Strainers are pulled and cleaned.
f. Shutoff and balance valves have been verified to be 100 percent open.
g. Pumps are started and proper rotation is verified.
h. Pump gage connections are installed directly at pump inlet and outlet flanges or in 

discharge and suction pipe prior to valves or strainers.
i. Variable-frequency controllers' startup is complete and safeties are verified.
j. Suitable access to balancing devices and equipment is provided.

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING

A. Perform testing and balancing procedures on each system according to the procedures contained 
in AABC's "National Standards for Total System Balance", ASHRAE 111, or NEBB's 
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in 
this Section.

B. Cut insulation for installation of test probes to the minimum extent necessary for TAB 
procedures.
1. Install and join new insulation that matches removed materials. Restore insulation, 

coverings, vapor barrier, and finish according to Section 230719 "HVAC Piping 
Insulation."

C. Mark equipment and balancing devices, including valve position indicators, and similar controls 
and devices, with paint or other suitable, permanent identification material to show final 
settings.

D. Take and report testing and balancing measurements in inch-pound (IP) units.

3.4 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

A. Prepare test reports for pumps and boilers. Obtain approved submittals and manufacturer-
recommended testing procedures. Crosscheck the summation of required flow rates with pump 
design flow rate.

B. In addition to requirements in "Preparation" Article, prepare hydronic systems for testing and 
balancing as follows:

1. Check liquid level in expansion tank.
2. Check highest vent for adequate pressure.
3. Check flow-control valves for proper position.
4. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
5. Verify that motor starters are equipped with properly sized thermal protection.
6. Check that air has been purged from the system.

3.5 PROCEDURES FOR  HYDRONIC SYSTEMS

A. Adjust pumps to deliver total design gpm.
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1. Measure total water flow.

a. Position valves for full flow through coils.
b. Measure flow by main flow meter, if installed.
c. If main flow meter is not installed, determine flow by pump TDH or exchanger 

pressure drop.

2. Measure pump TDH as follows:

a. Measure discharge pressure directly at the pump outlet flange or in discharge pipe 
prior to any valves.

b. Measure inlet pressure directly at the pump inlet flange or in suction pipe prior to 
any valves or strainers.

c. Convert pressure to head and correct for differences in gage heights.
d. Verify pump impeller size by measuring the TDH with the discharge valve closed. 

Note the point on manufacturer's pump curve at zero flow, and verify that the 
pump has the intended impeller size.

e. With valves open, read pump TDH. Adjust pump discharge valve until design 
water flow is achieved.

3. Monitor motor performance during procedures and do not operate motor in an overloaded 
condition.

B. Adjust flow-measuring devices installed in mains and branches to design water flows.

1. Measure flow in main and branch pipes.
2. Reduce total system flow rate first by reducing speed of VFD.
3. Adjust main and branch balance valves for design flow.
4. Re-measure each main and branch after all have been adjusted.

C. Verify that memory stops have been set.

3.6 PROCEDURES FOR MOTORS

A. Motors 1/2 HP and Larger: Test at final balanced conditions and record the following data:

1. Manufacturer's name, model number, and serial number.
2. Motor horsepower rating.
3. Motor rpm.
4. Phase and hertz.
5. Nameplate and measured voltage, each phase.
6. Nameplate and measured amperage, each phase.
7. Starter size and thermal-protection-element rating.
8. Service factor and frame size.

3.7 PROCEDURES FOR BOILERS

A. Hydronic Boilers:
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1. Measure and record entering- and leaving-water temperatures.
2. Measure and record water flow.
3. Record relief valve pressure setting.

3.8 TOLERANCES

A. Set HVAC system's airflow rates and water flow rates within the following tolerances:
1. Hydronic Water Flow Rate:  Plus or minus 5 percent.

3.9 FINAL REPORT

A. General: Prepare a certified written report; tabulate and divide the report into separate sections 
for tested systems and balanced systems.

1. Include a certification sheet at the front of the report's binder, signed and sealed by the 
certified testing and balancing contractor.

2. Include a list of instruments used for procedures, along with proof of calibration.
3. Certify validity and accuracy of field data.

B. General Report Data: In addition to form titles and entries, include the following data:

1. Title page.
2. Name and address of the TAB specialist.
3. Project name.
4. Project location.
5. Engineer's name and address.
6. Contractor's name and address.
7. Report date.
8. Signature of TAB supervisor who certifies the report.
9. Table of Contents.
10. Summary of contents including the following:

a. Indicated versus final performance.
b. Notable characteristics of systems.
c. Description of system operation sequence if it varies from the Contract 

Documents.

11. Nomenclature sheets for each item of equipment.
12. Notes to explain why certain final data in the body of reports vary from indicated values.

C. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and 
include the following:

1. Unit Data:

a. Unit identification.
b. Location.
c. Service.
d. Make and size.
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e. Model number and serial number.
f. Water flow rate in gpm.
g. Water pressure differential in feet of head or psig.
h. Required net positive suction head in feet of head or psig.
i. Pump rpm.
j. Impeller diameter in inches.
k. Motor make and frame size.
l. Motor horsepower and rpm.
m. Voltage at each connection.
n. Amperage for each phase.
o. Full-load amperage and service factor.

2. Test Data (Indicated and Actual Values):
a. Pump shutoff pressure in feet of head or psig.
b. Actual impeller size in inches.
c. Full-open flow rate in gpm.
d. Full-open pressure in feet of head or psig.
e. Final discharge pressure in feet of head or psig.
f. Final suction pressure in feet of head or psig.
g. Final total pressure in feet of head or psig.
h. Final water flow rate in gpm.
i. Voltage at each connection.
j. Amperage for each phase.

D. Instrument Calibration Reports:

1. Report Data:

a. Instrument type and make.
b. Serial number.
c. Application.
d. Dates of use.
e. Dates of calibration.

3.10 VERIFICATION OF TAB REPORT

A. Engineer may randomly select measurements, documented in the final report, to be rechecked. 
TAB contractor shall make instruments available to the engineer to verify measurements.

B. If rechecks yield measurements that differ from the measurements documented in the final 
report by more than the tolerances allowed, the measurements shall be noted as "FAILED."

END OF SECTION 230593
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SECTION 230713 - DUCT INSULATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes insulating the following duct services:
1. Indoor, exposed outdoor combustion air.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product indicated. Include thermal conductivity, water-vapor 
permeance thickness, and jackets (both factory- and field-applied if any).

1.4 QUALITY ASSURANCE

A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training.

B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing 
identical products according to ASTM E84, by a testing agency acceptable to authorities having 
jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and 
cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed 
index of 50 or less.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate 
ASTM standard designation, type and grade, and maximum use temperature.

1.6 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
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B. Coordinate clearance requirements with duct Installer for duct insulation application. Establish 
and maintain clearance requirements for installation of insulation and field-applied jackets and 
finishes and for space required for maintenance.

PART 2 - PRODUCTS

2.1 INSULATION MATERIALS

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum 
Insulation Schedule.”

B. Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. Products that come in contact with stainless steel shall have a leachable chloride content of less 
than 50 ppm when tested according to ASTM C871.

D. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process.

E. Glass-Fiber Blanket Insulation: Glass fibers bonded with a thermosetting resin. Comply with 
ASTM C553, Type II and ASTM C1290, Type II with factory-applied FSK jacket. Factory-
applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:
a. Johns Manville.
b. Knauf Insulation.
c. Owens Corning.
d. Prior approved equal.

2. Thermal Conductivity:  0.27 at 75 degrees F.
3. Maximum Operating Temperature:  250 degrees F.
4. Density:  1.0 pound per cubic foot.
5. R-Value:  1-1/2” thick (R-4.5), 2” thick (R-6.0).

2.2 ADHESIVES

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated.

2.3 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications. When 
factory-applied jackets are indicated, comply with the following:
1. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C1136, Type II.
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2.4 TAPES

A. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C1136.
1. Width: 3 inches.
2. Thickness: 6.5 mils.
3. Adhesion: 90 ounces force/inch in width.
4. Elongation: 2 percent.
5. Tensile Strength: 40 lbf/inch in width.
6. FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will 
adversely affect insulation application.

3.3 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of ducts and fittings.

B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for 
each item of duct system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service. Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Keep insulation materials dry during application and finishing.

G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with 
adhesive recommended by insulation material manufacturer.
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H. Install insulation with least number of joints practical.

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure. Taper 
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer.

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses.

K. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.
2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation 

jacket. Secure strips with adhesive and outward clinching staples along both edges of 
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive 
self-sealing lap. Staple laps with outward clinching staples along edge.

a. For below ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's written 
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to duct flanges and fittings.

L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness.

M. Finish installation with systems at operating conditions. Repair joint separations and cracking 
due to thermal movement.

N. Repair damaged insulation facings by applying same facing material over damaged areas. 
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar 
to butt joints.

3.4 INSTALLATION OF MINERAL-FIBER INSULATION

A. Blanket Insulation Installation on Ducts: Secure with adhesive and insulation pins.

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area.
2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 

transitions.
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3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as 
follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal 
centerline of duct. Space 3 inches maximum from insulation end joints, and 16 
inches o.c.

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each 
way, and 3 inches maximum from insulation joints. Install additional pins to hold 
insulation tightly against surface at cross bracing.

c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
d. Do not overcompress insulation during installation.
e. Impale insulation over pins and attach speed washers.
f. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface. Cover exposed pins and washers with tape matching insulation 
facing.

4. For ducts and plenums with surface temperatures below ambient, install a continuous 
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with 
insulation by removing 2 inches from one edge and one end of insulation segment. 
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch 
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot 
intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface. 
Cover insulation face and surface to be insulated a width equal to two times the 
insulation thickness, but not less than 3 inches.

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints. 
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.

6. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface. Install insulation on round and flat-oval duct elbows with individually 
mitered gores cut to fit the elbow.

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 
6-inch-wide strips of same material used to insulate duct. Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches o.c.

3.5 DUCT INSULATION SCHEDULE, GENERAL

A. Ducts Requiring Insulation:
1. Indoor, exposed outdoor combustion air.
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3.6 INDOOR DUCT INSULATION SCHEDULE

A. Exposed, round outdoor combustion air ducts for the boilers insulation shall be the following:
1. Glass-Fiber Blanket:  1-1/2 inches thick and 1.0-lb/cu. ft. nominal density.

END OF SECTION 230713
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SECTION 230719 - HVAC PIPING INSULATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes insulation for HVAC piping systems.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product. Include thermal conductivity, water-vapor permeance 
thickness, and jackets (both factory and field applied if any).

1.4 QUALITY ASSURANCE

A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training.

B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing 
identical products in accordance with ASTM E84, by a testing agency acceptable to authorities 
having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, 
and cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed 
index of 50 or less.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate 
ASTM standard designation, type and grade, and maximum use temperature.

1.6 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
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B. Coordinate clearance requirements with piping Installer for piping insulation application. 
Establish and maintain clearance requirements for installation of insulation and field-applied 
jackets and finishes and for space required for maintenance.

1.7 SCHEDULING

A. Schedule insulation application after pressure testing. Insulation application may begin on 
segments that have satisfactory test results.

PART 2 - PRODUCTS

2.1 INSULATION MATERIALS

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation 
Schedule" articles for where insulating materials shall be applied.

B. Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. Products that come into contact with stainless steel shall have a leachable chloride content of 
less than 50 ppm when tested in accordance with ASTM C871.

D. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process.

E. Calcium Silicate: Preformed Pipe Sections: Flat-, curved-, and grooved-block sections of 
noncombustible, inorganic, hydrous calcium silicate with a non-asbestos fibrous reinforcement. 
Comply with ASTM C533, Type I. 

1. Prefabricated Fitting Covers: Comply with ASTM C450 and ASTM C585 for dimensions 
used in preforming insulation to cover valves, elbows, tees, and flanges.

F. Mineral-Fiber, Preformed Pipe: Mineral or glass fibers bonded with a thermosetting resin. 
Comply with ASTM C547.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:
a. Johns Manville.
b. Knauf Insulation.
c. Owens Corning.
d. Prior approved equal.

2. Preformed Pipe Insulation: Type I, Grade A with factory-applied ASJ.
3. 0 to 850 deg F.
4. Factory fabricate shapes in accordance with ASTM C450 and ASTM C585.
5. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
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2.2 INSULATING CEMENTS

A. Mineral-Fiber Insulating Cement: Comply with ASTM C195.

B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C449.

2.3 ADHESIVES

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated.

2.4 MASTICS AND COATINGS

A. Materials shall be compatible with insulation materials, jackets, and substrates. 

2.5 SEALANTS

A. Materials shall be as recommended by the insulation manufacturer and shall be compatible with 
insulation materials, jackets, and substrates.

2.6 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications. When 
factory-applied jackets are indicated, comply with the following:

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C1136, Type I.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect 
insulation application.
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3.3 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of piping, including fittings, valves, and specialties.

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses 
required for each item of pipe system, as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service. Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

G. Keep insulation materials dry during storage, application, and finishing. Replace insulation 
materials that get wet.

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with 
adhesive recommended by insulation material manufacturer.

I. Install insulation with least number of joints practical.

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure. Taper 
and seal ends attached to structure with vapor-barrier mastic.

3. Install insert materials and insulation to tightly join the insert. Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over 
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses.

L. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.
2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation 

jacket. Secure strips with adhesive and outward-clinching staples along both edges of 
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with 
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap. 
Staple laps with outward-clinching staples along edge.
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a. For below-ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, in accordance with insulation material manufacturer's 
written instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to pipe flanges and fittings.

M. Cut insulation in a manner to avoid compressing insulation more than 25 percent of its nominal 
thickness.

N. Finish installation with systems at operating conditions. Repair joint separations and cracking 
due to thermal movement.

O. Repair damaged insulation facings by applying same facing material over damaged areas. 
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches in 
similar fashion to butt joints.

P. For above-ambient services, do not install insulation to the following:

1. Vibration-control devices.
2. Testing agency labels and stamps.
3. Nameplates and data plates.

3.4 GENERAL PIPE INSULATION INSTALLATION

A. Requirements in this article generally apply to all insulation materials, except where more 
specific requirements are specified in various pipe insulation material installation articles.

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, Mechanical Couplings, and 
Unions:

1. Install insulation over fittings, valves, strainers, flanges, mechanical couplings, unions, 
and other specialties with continuous thermal and vapor-retarder integrity unless 
otherwise indicated.

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from 
same material and density as that of adjacent pipe insulation. Each piece shall be butted 
tightly against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and 
irregular surfaces with insulating cement finished to a smooth, hard, and uniform contour 
that is uniform with adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same 
material and thickness as that used for adjacent pipe. Cut sectional pipe insulation to fit. 
Butt each section closely to the next and hold in place with tie wire. Bond pieces with 
adhesive.

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as that used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter, 
whichever is thicker. For valves, insulate up to and including the bonnets, valve stuffing-
box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with insulating 
cement.
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5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as that used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter, 
whichever is thicker. Fill joints, seams, and irregular surfaces with insulating cement. 
Insulate strainers, so strainer basket flange or plug can be easily removed and replaced 
without damaging the insulation and jacket. Provide a removable reusable insulation 
cover. For below-ambient services, provide a design that maintains vapor barrier.

6. Insulate flanges, mechanical couplings, and unions using a section of oversized 
preformed pipe insulation to fit. Overlap adjoining pipe insulation by not less than 2 
times the thickness of pipe insulation, or one pipe diameter, whichever is thicker. Stencil 
or label the outside insulation jacket of each union with the word "union" matching size 
and color of pipe labels.

7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a 
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for 
above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the 
mastic to a smooth and well-shaped contour.

8. For services not specified to receive a field-applied jacket, except for flexible elastomeric 
and polyolefin, install fitted PVC cover over elbows. 

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape 
insulation at these connections by tapering it to and around the connection with insulating 
cement and finish with finishing cement, mastic, and flashing sealant.

D. Install removable insulation covers. Installation shall conform to the following:

1. Make removable flange and union insulation from sectional pipe insulation of same 
thickness as that on adjoining pipe. Install same insulation jacket as that of adjoining pipe 
insulation.

2. When flange and union covers are made from sectional pipe insulation, extend insulation 
from flanges or union at least 2 times the insulation thickness over adjacent pipe 
insulation on each side of flange or union. Secure flange cover in place with stainless 
steel or aluminum bands. Select band material compatible with insulation and jacket.

3. Construct removable valve insulation covers in same manner as for flanges, except divide 
the two-part section on the vertical center line of valve body.

3.5 INSTALLATION OF MINERAL-FIBER INSULATION

A. Insulation Installation on Straight Pipes and Tubes:

1. Secure each layer of preformed pipe insulation to pipe with wire or bands, and tighten 
bands without deforming insulation materials.

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 
with vapor-barrier mastic and joint sealant.

3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with 
outward-clinched staples at 6 inches o.c.

4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple 
longitudinal tabs. Instead, secure tabs with additional adhesive, as recommended by 
insulation material manufacturer, and seal with vapor-barrier mastic and flashing sealant.
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B. Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation.
4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 

1 inch, and seal joints with flashing sealant.

C. Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as that of straight segments of pipe insulation 
when available.

2. When preformed insulation elbows and fittings are not available, install mitered sections 
of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation 
materials with wire or bands.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install preformed sections of same material as that of straight segments of pipe insulation 
when available.

2. When preformed sections are not available, install mitered sections of pipe insulation to 
valve body.

3. Arrange insulation to permit access to packing and to allow valve operation without 
disturbing insulation.

4. Install insulation to flanges as specified for flange insulation application.

3.6 PIPING INSULATION SCHEDULE, GENERAL

A. Insulation conductivity and thickness per pipe size shall comply with schedules in this Section 
or with requirements of authorities having jurisdiction, whichever is more stringent.

B. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for 
each piping system and pipe size range. If more than one material is listed for a piping system, 
selection from materials listed is Contractor's option.

3.7 INDOOR PIPING INSULATION SCHEDULE

A. Heating-Hot-Water Supply and Return, 200 Deg F and Below:
1. 1-1/4 inches and Smaller: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe, Type I: 1-1/2 inches thick.
2. 1-1/2 inches and Larger: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe Insulation, Type I:  2 inches thick.

B. Domestic Cold Water Fill:
1. 1-1/4 inches and Smaller: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe, Type I: 1/2 inches thick.
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2. 1-1/2 inches and Larger: Insulation shall be the following:
a. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inches thick

END OF SECTION 230719
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SECTION 230923 - DIRECT DIGITAL CONTROL SYSTEM FOR HVAC

PART 1 GENERAL

1.1 RELATED DOCUMENTS

A. Temperature Control Drawings which include the Sequences of Operation, Points Lists, and 
Control Schematics.

B. All controls work shall comply with the Poudre School District Technical Control 
Specifications. The contractor shall obtain a copy prior to the bid and notify the engineer of 
any conflicts or discrepancies. Where a conflict occurs, the contractor shall include in their bid 
the more stringent (highest cost) requirement.

1.2 DESCRIPTION

A. Work Included:
1. Provide a Building Automation System (BAS) system of direct digital controls with solid 

state electronic to comprise a complete system, furnished and installed by the 
Temperature Control Manufacturer. The complete BAS system shall include all 
requirements set forth in this Section, and the Related Requirements in Division 23 and 
Division 26 documents. 

2. Direct Digital Control (DDC) shall be defined as a control technique through which the 
process variable is continuously monitored by a digital microprocessor computer which 
accomplishes loop control by calculating a control solution for output to a control device. 

3. The entire system shall use LONworks protocol only.
4. The building control shall tie into the Poudre School District’s temperature control 

server. The controls contractor is responsible for all programming, graphics, etc. at the 
existing front-end server to tie in the new controllers for this project.

5. The Building Management System (BAS) shall be a complete system designed for use 
with the enterprise IT systems.  This functionality shall extend into the equipment rooms.  
Devices residing on the automation network located in equipment rooms and similar shall 
be fully IT compatible devices that mount and communicate directly on the IT 
infrastructure in the facility.  Contractor shall be responsible for coordination with the 
owner's IT staff to ensure that the BAS will perform in the Owner's environment without 
disruption to any of the other activities taking place on that LAN.
a. All points of user interface shall be on standard PCs that do not require the purchase 

of any special software from the BAS manufacturer for use as a building operations 
terminal. The primary point of interface on these PCs will be a standard Web 
Browser. 

6. The DDC system shall consist of independent, stand-alone, control units and terminal 
control units.  The control units shall contain their own microprocessors complete with all 
necessary software logic functions to perform all specified control sequences in a 
completely independent manner.  Include all software packages detailed in this 
specification for current or future use.  Provide all necessary wiring, hardware, software 
and accessories to tie all control units and terminal control units together through a 
communication network system for programming, data gathering, setpoint adjustment, 
alarming, trending, and system checkout at a single point in the building.  The DDC 
system must meet current FCC requirements.
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7. The system shall be complete in all respects, put in operation and calibrated under 
occupied conditions.  This contractor is responsible for providing all Sequences of 
Operations specified in this section even if equipment and controls are furnished by 
others.  For sequences specified in other sections, if equipment and controls are furnished 
by others, the temperature control contractor shall be responsible for verifying sequences 
of controls and coordination. 

8. All temperature controls shall be provided by a single source responsibility. 

1.3 WIRING

A. All wiring shall comply with the National Electric Code (latest edition), local codes and the 
Electrical Division of these specifications. 

B. All control interlocks and wiring done at the factory, and 120 volt power circuits to each 
control panel or control panels shall be wired by the Temperature Control Contractor, except 
control junction box shown on the plans and schedules.  Power circuits shall be provided 
under the Electrical Division for control panels. The TCC is responsible for engaging the 
Electrical Contractor for this work.

C. If more 120 volt power circuits are required than shown on the drawings due to additional 
equipment required by the BAS Contractor, the cost of additional power circuits shall be the 
responsibility of the BAS Contractor. 

1.4 SUBMITTALS

A. The BAS Contractor shall submit shop drawings of all components of the BAS System 
including all equipment, control panels, and wiring diagrams.  Work shall not begin until 
acceptance of submittals has been obtained from the Engineer.  Field wiring and installation of 
control components may begin prior to completion of the DDC System software, provided this 
portion has been accepted by the Engineer.  Upon review and acceptance of the submittals, the 
BAS Contractor shall disperse the required information to all other trades involved in the work 
managed by the BAS system. 

B. Shop drawings shall be submitted on reproducible 11"x17" sheets.  These shall be corrected to 
"record" conditions at the end of the job and included with the mechanical "Record 
Drawings.”

C. Shop drawings shall consist of engineering data on each control system component, control 
diagrams, wiring diagrams, damper schedule, automatic valve schedule with CVs, flows and 
pressure drop, sequence of operation, piping diagrams for all valves, control panels and panel 
layouts, installation and calibration instructions.  Shop drawings shall include sufficient 
product information to determine compliance to these specifications.  Control diagrams shall 
include: 
1. Schematic representation of system under control with field devices located and wired. 
2. Control panel layout showing instruments fully wired to numbered terminal strips. 
3. Front panel face layout with nameplate schedule, and location in building, for each panel. 
4. Bill of Material; scheduling all items by using code abbreviation indicating quantity, 

manufacturer, manufacturer's code number, and full equipment descriptive literature, i.e., 
dampers, valves, relays, controllers, sensors and miscellaneous devices. 

5. Written sequence of operation incorporating into the written sequence all functional 
devices using device code abbreviation or point number.
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6. Calibration Schedule and set point for every device. 

D. Final DDC programming will be developed as part of the system shop drawing review, during 
system startup and during final evaluation and set up of the project. The BAS Contractor must 
anticipate and provide at no additional cost some software changes required by the Engineer, 
Owner, or commissioning agent to bring the control system in line with optimum performance 
and energy efficiency.

E. Operational and Maintenance Data:  Submit the following (1-hard copy and 1-PDF copy): 
1. General instruction sheets for all products and devices furnished under the BAS 

specifications.
2. Parts lists, availability (supplier name, telephone number and location), and guarantee of 

local stock for all products and devices furnished under the BAS specifications.
3. List of recommended spare equipment, along with quantities, the Owner should maintain 

on site.
4. Final approved set of all shop drawing submittals.
5. Record Drawings.
6. Point validation certification.

1.5 ADJUSTABILITY

A. All control components shall be completely adjustable, so that setpoints may be easily 
changed.  All setpoints in the temperature control system shall be adjustable without the 
addition or modification of controls. Adjustable set point indicated in the “Sequence of 
Operation” shall be adjustable through the graphics screen without having to modify the 
programming.

1.6 DEMONSTRATION, TRAINING AND COMPLETION

A. Upon completion of the installation the BAS Contractor shall provide a complete system 
instruction and training to the owner's operating personnel.  The training session(s) shall be 
conducted at the building in (1) session of (4) hours.  Two copies of the Record Drawings and 
Operation and Maintenance manuals shall be provided at the training session.  

B. The BAS Contractor shall submit a letter certifying completion of all temperature control 
work including training prior to final payment. 

1.7 WARRANTY

A. The control system shall be warranted to be free from defects in workmanship and material for 
the period of one year.  The BAS contractor shall make all necessary repairs, adjustments and 
replacement at no cost to the owner during the warranty period. 

B. BAS contractor shall provide a verification check of all controls within a few weeks of the end 
of the warranty period.  Recalibrate, readjust (after discussing any new setpoints with the 
Owner) and repair all faulty equipment.
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PART 2 PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS AND INSTALLERS

A. All controls shall be of the approved manufacturers.  It is recognized that packaged equipment 
comes with other names or controls and that some functions are accomplished with other 
named components.  This specification does not intend to prohibit this practice.

B. The BAS contractor is responsible for pre-assembling and installing panels and all hardware 
with his own employees, proving the system and training the Owner in its proper function and 
maintenance.  BAS contractor may subcontract wiring, conduit placement, but shall make all 
wiring terminations and be responsible for his subcontractor's work.

C. Acceptable manufacturers and installers are listed below:

Manufacturer Installer
Schneider Electric LONG Building Technologies

2.2 LOW VOLTAGE POWER AND WIRING

A. All control devices and panels containing low voltage power sources shall inherently comply 
with NEC Class 2 requirements (current limiting), or shall be supplied with branch circuit 
fusing to limit control circuit current to NEC Class 2.  All control transformers shall be of the 
inherent current limiting type, or shall be installed with primary disconnect and overload 
protection. All transformers shall be mounted in control panels at locations shown on the 
drawings.  

B. Shielded Cable:  Twisted shielded cable shall be used where called for and where required to 
properly protect the DDC system from false signals and electrical noise.  Shielding shall be 
fine braided tinned copper (90% coverage) or aluminum foil (100% coverage). 

C. All wiring and cables shall be plenum rated.

D. Minimum Requirements
1. Communication Cable:  Twisted shielded pair, 18 gauge.
2. Analog Input:  Twisted shielded two, three, or four-wire as required, 18 gauge.
3. Binary Input:  18 gauge.
4. Analog Output:  Twisted shielded, 18 gauge.
5. Binary Output:  18 gauge.

E. Wiring shall follow a color scheme which shall be consistent throughout the entire project. 
Provide the color scheme in the shop drawings.

2.3 SENSORS

A. Electronic temperature sensors shall be Thermistor or platinum RTD. Resistance change 
versus temperature shall be linear over the range of the application.
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B. Sensor Accuracy:

SENSOR FUCTION ACCURACY RANGE

Outside Air Temperature ±1.0°F -20°F to 110°F

Heating Water Temperature ±1.0°F 35°F to 220°F

Room Temperature ±1.0°F 50°F to 95°F

C. Outside air sensors shall be suitable for outdoor use.  Install sensors with shield and located 
where unaffected by the sun. Approved manufacturers: Mamac 205 F.

D. Liquid sensors shall be provided with separable wells.

2.4 TRANSMITTERS

A. Transmitter output signal shall be directly proportional and linearized over the full range of 
the transmitter.  The output shall be industry standard 0-10V, or 4-20ma.  The transmitter shall 
be selected to match the applied control loop such that the setpoint falls approximately in the 
center of its range.  Electronic transmitters shall comply with the accuracy and repeatability 
requirements specified for sensors. 

2.5 ACTUATORS

A. Electronic Actuator (for dampers and valves)
1. Electronic direct-coupled actuation shall be provided on all dampers.  The fastening 

clamp shall attach to the damper shaft for maximum strength and eliminate slippage.  
Single bolt or setscrew type fasteners are not acceptable.

2. Actuators shall have electronic overload or digital rotation sensing circuitry to prevent 
damage to the actuator throughout the entire rotation of the actuator.  Mechanical end 
switches or magnetic clutch to deactivate the actuator at the end of rotation are not 
acceptable.

3. For power-failure/safety applications, an internal mechanical, spring return mechanism 
shall be built into the actuator housing.  Non-mechanical forms of fail-safe are not 
acceptable.  All spring return actuators shall be capable of both clockwise or 
counterclockwise spring return operation by simply changing the mounting orientation.  
All spring return actuators with greater than 60 in-lbs. of torque shall have an assembly of 
sufficient size to be directly mounted to an integral damper jackshaft of up to 1.05 inches 
when the damper is constructed in this manner.

4. Proportional actuators shall be positive positioning and accept a 0-10 VDC or 0-20 mA 
control signal and provide a 2-10 VDC or 4-20 mA operating range.  An actuator capable 
of accepting a pulse width modulation control signal and providing full proportional 
operation of the damper is acceptable. All proportional actuators shall be able to provide 
a 2-10 VDC-position feedback signal as required by control specification.

5. All 24V AC/DC actuators shall operate on Class 2 wiring and shall not require more than 
10 VA for AC or more than 8 watts for DC applications.

6. Actuators with greater than 35 in-lb. of torque shall be provided with a conduit fitting and 
a minimum three-foot electrical cable that is pre-wired to eliminate the necessity of 
opening the actuator housing to make electrical connections.
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7. All actuators shall have a visual position indicator to indicate control position of the 
actuator.

8. Actuators shall be applied according to the valve or damper manufacturer's specifications.
9. Actuators shall be Underwriters Laboratories Standard 873 listed as meeting correct 

safety requirements and recognized industry standards.  Actuators shall have a 2-year 
manufacturer's warranty, starting from the date of substantial completion.

10. Torque Requirements
a. Damper actuators shall be sized with enough torque to provide a minimum of 5 

inch-pounds of torque per square foot of damper face area.
b. Valve actuators shall be sized to provide the minimum torque required for proper 

valve close-off for the required application.
11. Actuator Housings:  Actuators shall be provided with proper weather, corrosive, or 

explosion-proof type housings as required by application.

B. When multiple damper sections are used, use one operator per section (at least one operator 
for each 30 square feet of damper or for each length greater than 48"). "Ganging" sections 
together through linkages and one actuator is not acceptable. 

C. Size all damper actuators to be used in air handling systems for 3000 fpm damper velocity and 
maximum static pressure difference producible by system. Units shall be factory only 
serviceable and shall carry a 2 year unconditional warranty.

D. When application (see Sequence of Operation) requires normally open or normally closed 
damper position, actuator must have spring return. Non-mechanical forms of fail-safe 
operation are not acceptable.

E. Actuators providing control by temperature change of media within actuator are not 
acceptable. 

F. Direct coupled actuators are permitted.

G. Size all valve actuators to be able to close valve tight against 150% of maximum available 
pumping head operating pressure.

H. When application (see Sequence of Operation) requires normally open or normally closed 
valve position, actuator must have spring return. Non-mechanical forms of fail-safe operation 
are not acceptable.

2.6 DAMPERS

A. Manufacturers:
1. Greenheck.
2. Pottorff.
3. Ruskin.
4. Prior approved equal.

B. Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified Ratings 
Seal for both air performance and air leakage.

C. Frames:
1. 16 ga. galvanized steel.
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2. Channel type.

D. Blades:
1. Multiple blade with maximum blade width of 6 inches.
2. Opposed-blade design.
3. 16 ga. galvanized-steel.
4. 3V blade type.
5. Blade Edging: TPE.

E. Blade Axles: 1/2-inch-diameter; plated steel; blade-linkage hardware of zinc-plated steel and 
brass; ends sealed against blade bearings.
1. Operating Temperature Range: Up to 250 deg F.

F. Bearings: 
1. Molded synthetic.
2. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of 

damper blades and bearings at both ends of operating shaft.
3. Thrust bearings at each end of every blade.

2.7 WELLS

A. Metal to be compatible with the pipe it is to be installed in.

2.8 CURRENT SENSOR

A. Current sensor of the induction type shall be located between the motor starter and the motor 
on one leg of the motor wiring.  Power for the sensor shall be induced from the monitored 
load.  Sensor shall be capable of detecting belt, bearing or coupling loss.  An adjustable trip 
set point of ±1% on a range suitable for the monitored load shall be provided along with an 
LED for sensor output status.  The sensor shall be a normally open switch and shall produce a 
0.1 amp signal when closed.  Provide with an adjustable mounting bracket for installation in 
motor starter cabinet.
1. MAMAC.
2. Hawkeye or approved equivalent.

2.9 SAFETY CONTROLS

A. Emergency-Stop Switches: Emergency-stop switches shall be normally closed, mushroom 
head push button with hinged plastic cover, located where shown on plans or where directed 
by the authority having jurisdiction.  Switch function and system controlled shall be clearly 
identified at switch location.

2.10 SMOKE DETECTORS

A. Smoke detectors to be provided under Electric Division 26.
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PART 3 EXECUTION

3.1 ACCESSIBILITY

A. Install all control devices in "Readily Accessible" locations as defined by Chapter 1, Article 
100, Part A of the National Electric Code.

3.2 CONTROL PANELS

A. Provide and install local control panels for each Mechanical System. Group these together into 
one panel when multiple systems are located in one equipment room.

B. The panels shall be totally enclosed with hinged door and containing associated control 
components such as controllers, relays, switches, microprocessor, communication interface, 
override timers, etc.  Panel to meet NEMA 1 requirements with proper bracing for rigid wall 
mounting. 

C. Mark each control device on the panel with engraved plastic laminate nameplates describing 
its function and cross-referencing it to control diagrams. See Section 230553.  Mark items 
within panel plainly and permanently as to its identification on the control drawings. 

D. Each electrical wire shall be labeled at each end and terminate at a bulkhead, terminal strips, 
or control instrument. All wires and tubes shall be organized in a bundle or wire mold rack 
and tied.  Terminal shall be numbered to match control diagrams. 

3.3 WIRING OF CONTROL DEVICES BY OTHERS

A. Control devices carrying full load current furnished by Mechanical and wired by Electrical 
shall be located at the device being controlled, unless shown on the drawings or mutual 
agreement is made between the contractors with no change in the contract price. 

3.4 WIRING

A. Installation of wiring, cable, conduit, etc. shall conform to Division 26.  In case of conflict 
between this Division and Division 26, the most stringent requirements shall be met. 

B. All wiring shall be installed in a neat and workmanlike manner, parallel to building lines and 
suspended neatly from the overhead structure (do not lay wiring on top of ceiling tiles). 

C. All wiring shall be run in metal conduit (flexible conduit shall be limited to 3 foot lengths 
maximum).  Exceptions:
1. NEC Class 2 low voltage wiring where not exposed to view such as above suspended 

ceilings, in shafts, etc., may be run in cable tested in accordance with test methods of 
NFPA 262 for installation in environmental air plenums or standard cable when not 
exposed in environmental air plenums.

2. Wiring enclosed in Temperature Control panels. 

D. Communication Circuits:  Cable shall not be installed closer than six feet from high power 
transformers or run parallel within six feet of electrical high power cables.  Care shall be taken 
to route the cable as far from interference generating devices as possible. 
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E. Splices:  Splices in shielded cables shall consist of terminations and the use of shielded cable 
couplers which maintain the integrity of the shielding.  Terminations shall be in accessible 
locations. 

F. Grounding
1. All communication cable shall be grounded at one point only, to eliminate ground loops.  

Earth grounding shall be single point to main water piping.  All non-current caring 
metallic parts (for example, lightning arresters, metallic raceways, equipment enclosures) 
of the DDC system shall be grounded in this way. 

2. Analog shields shall be ground to internal analog (nonearth) ground.

G. Temperature control wiring shall not be run in conduit with power wiring.  Analog or 
communication wiring shall not be run in the same conduit which has highly inductive loads 
such as contactors or coils. 

3.5 IDENTIFICATION AND DIAGRAMS

A. Identification:  Tag or color-code all tubing and wiring at each end and necessary junction 
points and match the tagging numbers or color- coding shown on the control drawings. 

B. Provide control diagrams laminated between rigid plastic mounted on a supporting back board 
for each system control panel.  Mount the diagrams near the control panels or where directed.  
Identify all devices on the diagrams with the same terminology used for the nameplates.  
Diagram shall be a permanent as-built drawing. 

3.6 SENSORS

A. Sensors shall be installed to be readily accessible and to permit quick and easy replacement. 
Flush mount with metal covers suitable for painting to match finished surface.

B. Install liquid temperature sensors inside of pipe wells with an appropriate heat transfer 
compound inside the well.

C. Provide wind dampening "Weatherhead" on each atmospheric pressure sensing point.  Locate 
above wind eddies carried by the building structure and roof equipment.

3.7 PRESSURE CONTROLS

A. Static and differential pressure controllers and indicators shall be transmitter and panel 
mounted receiver controller type, unless specified otherwise.  

3.8 CURRENT SENSOR

A. Current sensor shall be mounted in the starter cabinet of the controlled equipment.  After 
controlled equipment has received factory start-up, provide adjustment on current sensor set 
point.  For controlled equipment which operates with varying current draw (e.g. heating water 
pumps in systems with two-and three-way valves) set point shall be made so that the full 
operating range of the current draw does not cause spurious trips of the status point.  If 
necessary, install the sensor with multiple wraps of power wiring through the sensor to 
amplify the change in current in order to detect belt, bearing or coupling loss.
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3.9 RELATED WORK IN OTHER SECTIONS.

A. Coordinate all work performed under Division 23 Mechanical including:
1. Piping

a. Install separable wells that are supplied under this Section. 
b. Furnish and install necessary pressure taps, water, drain and overflow connections 

and piping. 
c. Furnish and install necessary piping connections required for flow devices. 

2. Test and Balance
a. Work with the Test and Balance (TAB) contractor to set pump variable frequency 

drives.

3.10 COMPLETION SERVICES

A. Point Validation:  Upon the completion of the installation, completely validate the proper 
operation and labeling of all input and output points. Validation shall be done by physically 
effecting the I/O points while the person on the other end observes for proper response.  
Contractor shall include validation certification in O & M manuals.  Adjust all thermostats, 
valves, dampers, etc. provided.  Final adjustment shall be performed dynamically on operating 
system(s). 

B. Demonstrations:  At the completion of the work, instruct the Owner's operating personnel and 
demonstrate to the Engineer the proper operation of the control systems.  The BAS Contractor 
shall provide system instruction to the Owner as specified earlier in this Section.  Explain the 
operation of the control system, the function of each component, the programming procedure, 
maintenance procedures and cautions, and be prepared to answer questions from the operating 
staff.  In addition, be available for telephone consultation during the warranty period to answer 
questions from the operating staff concerning the control equipment, such consultation shall 
be at no cost to the Owner.  Include a full and detailed explanation on how the system is 
programmed initially so all parties fully understand the form and function of the control 
system.  Prior to the instruction period, the Owner will furnish the names of those individuals 
for whom training will be provided. 

3.11 SEQUENCE OF CONTROL AND SYSTEM POINT REQUIREMENTS

A. See drawings for Control Sequences and minimum point requirements.  If more points are 
required to provide the sequences specified, it is the BAS Contractor's responsibility to furnish 
the additional equipment necessary to perform these sequences. 

B. The TCC shall work with the Owner to setup minimum alarms, trends, and schedules for the 
entire system. Train the Owner how to manipulate, add/delete, and change the alarms, trends, 
and schedules.

C. The TCC shall set up the system to contact the Owner’s designated personnel to alert them 
when critical alarms occur. Coordinate with the Owner on how to transmit the alarms (text 
message and/or email). Train the Owner on how to add/delete alarm notifications and how to 
add/delete personnel.

END OF SECTION 230923
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SECTION 231123 - FACILITY NATURAL-GAS PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Pipes, tubes, and fittings.
2. Piping specialties.
3. Piping and tubing joining materials.
4. Manual gas shutoff valves.

1.3 DEFINITIONS

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

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

1.4 ACTION SUBMITTALS

A. Product Data: For each type of the following:

1. Piping and piping specialties.
2. Valves. Include pressure rating, capacity, settings, and electrical connection data of 

selected models.

1.5 INFORMATIONAL SUBMITTALS

A. Welding certificates.

B. Field quality-control reports.
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1.6 CLOSEOUT SUBMITTALS

A. Project Record Documents: Record actual locations of valves, piping system, and system 
components.

1.7 QUALITY ASSURANCE

A. Steel Support Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas piping 
according to requirements of authorities having jurisdiction.

B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture.

C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging 
coating, and protect from direct sunlight.

1.9 PROJECT CONDITIONS

A. Perform site survey and verify existing utility locations. 

B. Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only 
after arranging to provide purging and startup of natural-gas supply according to requirements 
indicated:

1. Notify Owner no fewer than three days in advance of proposed interruption of natural-gas 
service.

2. Do not proceed with interruption of natural-gas service without Owner's written 
permission.

1.10 COORDINATION

A. Coordinate sizes and locations of concrete bases with actual equipment provided.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Minimum Operating-Pressure Ratings:

1. Piping and Valves:  100 psig minimum unless otherwise indicated.

B. Natural-Gas System Pressure within Mechanical Room: 2 psig upstream of regulator, less than 
14” w.c. downstream of regulator.

2.2 PIPES, TUBES, AND FITTINGS

A. Steel Pipe: ASTM A53/A53M, black steel, Schedule 40, Type E or S, Grade B.

1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern.
2. Wrought-Steel Welding Fittings: ASTM A234/A234M for butt welding and socket 

welding.
3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, 

and threaded ends.
4. Forged-Steel Flanges and Flanged Fittings: ASME B16.5, minimum Class 150, including 

bolts, nuts, and gaskets of the following material group, end connections, and facings:

a. Material Group: 1.1.
b. End Connections: Threaded or butt welding to match pipe.
c. Gasket Materials: ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, 

and spiral-wound metal gaskets.
d. Bolts and Nuts: ASME B18.2.1, carbon steel aboveground and stainless steel 

underground.
5. Joints:  Threaded for pipe 2 inches and smaller; welded for pipe 2-1/2 inches and larger.

2.3 JOINING MATERIALS

A. Joint Compound and Tape: Suitable for natural gas.

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

2.4 MANUAL GAS SHUTOFF VALVES

A. See "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve type is 
applied in various services.

B. General Requirements for Metallic Valves, NPS 2 and Smaller: Comply with ASME B16.33.
1. Threaded Ends: Comply with ASME B1.20.1.
2. Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction for 

valves 1 inch and smaller.
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3. Service Mark: Valves 1-1/4 inches to NPS 2 shall have initials "WOG" permanently 
marked on valve body.

C. General Requirements for Metallic Valves, NPS 2-1/2 and Larger: Comply with ASME B16.38.

1. Pressure Rating:  125 psig.
2. Flanged Ends: Comply with ASME B16.5 for steel flanges.
3. Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas 

Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles.

4. Service Mark: Initials "WOG" shall be permanently marked on valve body.

D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110.
1. Manufacturers:

a. Apollo Valve.
b. Crane.
c. Hammond Valve.
d. Milwaukee Valve.
e. Nibco, Inc.
f. Prior approved equal.

2. Body: Bronze, complying with ASTM B584.
3. Ball: Chrome-plated bronze.
4. Stem: Bronze; blowout proof.
5. Seats: Reinforced TFE; blowout proof.
6. Handle: Lever.
7. Packing: Threaded-body packnut design with adjustable-stem packing.
8. Ends: Threaded.
9. Natural Gas Pressure Rating: 125 psig.
10. UL Listed.
11. Full port (1/4” -1”), conventional port (1-1/4” to 3”).

E. Cast-Iron, Lubricated Plug Valves: MSS SP-78.
1. Manufacturers:

a. DeZurik.
b. Homestead Valve.
c. Milwaukee Valve.
d. Prior approved equal.

2. Valves shall be serviceable.
3. Body: Cast iron, complying with ASTM A126, Class B.
4. Plug: Bronze or nickel-plated cast iron.
5. Stem Seal: Compatible with natural gas.
6. Ends: Threaded or flanged as indicated in "Aboveground Manual Gas Shutoff Valve 

Schedule" Articles.
7. Operator: Square head or lug type with tamperproof feature where indicated.
8. Pressure Class: 125 psig.
9. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction.
10. Service: Suitable for natural-gas service with "WOG" indicated on valve body.
11. UL Listed and FM Approved.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine roughing-in for natural-gas piping system to verify actual locations of piping 
connections before equipment installation.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Close equipment shutoff valves before turning off natural gas to premises or piping section.

B. Inspect natural-gas piping according to the International Fuel Gas Code to determine that 
natural-gas utilization devices are turned off in piping section affected.

C. Comply with the International Fuel Gas Code requirements for prevention of accidental 
ignition.

3.3 INDOOR PIPING INSTALLATION

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas piping.

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

C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during 
progress of construction, to allow for mechanical installations.

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

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

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

G. Do not run piping above electrical panels. Carefully coordinate with the electrical contractor for 
panel locations prior to the start of work.

H. Locate valves for easy access.

I. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.

J. Install piping free of sags and bends.
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K. Install fittings for changes in direction and branch connections.

L. Verify final equipment locations for roughing-in.

M. Comply with requirements in Sections specifying gas-fired appliances and equipment for 
roughing-in requirements.

N. Drips and Sediment Traps: Install drips at points where condensate may collect. Locate where 
accessible to permit cleaning and emptying. Do not install where condensate is subject to 
freezing.

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped. 
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and 
same size as connected pipe. Install with space below bottom of drip to remove plug or 
cap.

O. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side 
down.

P. Connect branch piping from top or side of horizontal piping.

Q. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each 
piece of equipment. Unions are not required at flanged connections.

R. Do not use natural-gas piping as grounding electrode.

3.4 VALVE INSTALLATION

A. Install manual gas shutoff valve for each gas appliance.

3.5 PIPING JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs.

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

C. Threaded Joints:

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.
2. Cut threads full and clean using sharp dies.
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.
4. Apply appropriate tape or thread compound to external pipe threads unless dryseal 

threading is specified.
5. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 

damaged. Do not use pipe sections that have cracked or open welds.
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D. Welded Joints:

1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and 
welding operators.

2. Bevel plain ends of steel pipe.
3. Patch factory-applied protective coating as recommended by manufacturer at field welds 

and where damage to coating occurs during construction.

3.6 HANGER AND SUPPORT INSTALLATION

A. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers 
and Supports for HVAC Piping and Equipment."

B. Install hangers for steel piping, with maximum horizontal spacing and minimum rod diameters, 
to comply with MSS-58, locally enforced codes, and authorities having jurisdiction 
requirements, whichever are most stringent.

3.7 CONNECTIONS

A. Install piping adjacent to appliances to allow service and maintenance of appliances.

B. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within 
72 inches of each gas-fired appliance and equipment. Install union between valve and 
appliances or equipment.

C. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as 
practical to inlet of each appliance.

3.8 LABELING AND IDENTIFYING

A. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" 
for piping and valve identification.

3.9 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Tests and Inspections:

1. Test, inspect, and purge natural gas according to the International Fuel Gas Code and 
authorities having jurisdiction.

C. Natural-gas piping will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.
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3.10 INDOOR PIPING SCHEDULE

A. Aboveground, distribution piping shall be one of the following:

1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.

3.11 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE

A. Distribution piping valves for pipe sizes NPS 2 and smaller shall be one of the following:
1. Two-piece, bronze ball valves with bronze trim.
2. Plug valve.

B. Distribution piping valves for pipe sizes NPS 2-1/2 and larger shall be one of the following:

1. Two-piece, regular-port, bronze ball valves with bronze trim.
2. Cast-iron, lubricated plug valve.

END OF SECTION 231123
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SECTION 232113 - HYDRONIC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes pipe and fitting materials and joining methods for the following:

1. Copper tube and fittings.
2. Steel pipe and fittings.
3. Joining materials.
4. Transition fittings.
5. Dielectric fittings.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of the following:

1. Pipe.
2. Fittings.

1.4 INFORMATIONAL SUBMITTALS

A. Welding certificates.

1.5 QUALITY ASSURANCE

A. Installer Qualifications:

B. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel."

C. Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel 
Code: Section IX.

1. Comply with ASME B31.9, "Building Services Piping," for materials, products, and 
installation.

2. Certify that each welder has passed AWS qualification tests for welding processes 
involved and that certification is current.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

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

1. Hot-Water Heating Piping:  100 psig at 200 deg F.
2. Safety-Valve-Inlet and -Outlet Piping: Equal to the pressure of the piping system to 

which it is attached.

2.2 COPPER TUBE AND FITTINGS

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.

B. Fittings: ASME B16.22 solder wrought copper.

2.3 STEEL PIPE AND FITTINGS

A. Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; welded and seamless, Grade B, and 
wall thickness as indicated in "Piping Applications" Article.

B. Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.

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

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

D. Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe in 
which they are installed.

2.4 JOINING MATERIALS

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

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless 
otherwise indicated.

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

B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
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C. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to 
ASTM B 813 and as approved by the manufacturer.

D. Brazing Filler Metals: Silver brazing material equal to Harris Stay Silver with minimum 5% 
silver content or equal. The only exception is when connecting to equipment that could be 
damaged by excessive heat.

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

2.5 DIELECTRIC FITTINGS

A. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be joined.

B. Use dielectric nipples or flanges where copper or brass piping is connected to ferrous piping or 
equipment. 

C. Dielectric unions are not allowed.

PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A. Hot-water heating piping, aboveground, NPS 2 and smaller, shall be the following: 
1. Type L, drawn-temper copper tubing, wrought-copper fittings. Shall use silver braze 

joints except connections to valves and equipment coils where they may be damaged by 
the heat.

B. Hot-water heating piping, aboveground, NPS 2-1/2 and larger, shall be any of the following: 
1. Type L, drawn-temper copper tubing, wrought-copper fittings, and silver braze joints.
2. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges 

and flange fittings, and welded and flanged joints.

C. Makeup-water piping installed aboveground shall be the following: 
1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.

D. Equipment Drain and Overflow Piping:  
1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.

3.2 PIPING INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems. Install piping as indicated unless deviations to layout are approved on Coordination 
Drawings.

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

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

E. Do not run piping above electrical panels. Carefully coordinate with the electrical contractor for 
panel locations prior to the start of work.

F. Install piping to permit valve servicing.

G. Install piping at indicated slopes.

H. Install piping free of sags and bends.

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

J. Install piping to allow application of insulation.

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

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

M. Install drains, consisting of a tee fitting, NPS 3/4 hose end ball valve with brass cap, at low 
points in piping system mains and elsewhere as required for system drainage.

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

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

P. Install branch connections to mains using a tee fittings in main pipe, with the branch connected 
to the bottom of the main pipe. For up-feed risers, connect the branch to the top of the main 
pipe.

Q. Install valves according to Section 230523.

R. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated.

S. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated.

T. Install shutoff valve immediately upstream of each dielectric fitting. Dielectric unions are not 
allowed.

U. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" 
for identifying piping.
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3.3 DIELECTRIC FITTING INSTALLATION

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.

B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric nipples.

C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges.

3.4 INSTALLATION OF HANGERS AND SUPPORTS

A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and 
Equipment" for hangers, supports, and anchor devices.

B. Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or 

longer.
3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 

supported on a trapeze.
4. Spring hangers to support vertical runs.
5. Provide copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe.

C. Install hangers for copper tubing and steel piping, with maximum horizontal spacing and 
minimum rod diameters, to comply with MSS-58, locally enforced codes, and authorities 
having jurisdiction requirements, whichever are most stringent.

D. Support horizontal piping within 12 inches of each fitting and coupling.

E. Support vertical runs of copper tubing and steel piping to comply with MSS-58, locally 
enforced codes, and authorities having jurisdiction requirements, whichever are most stringent.

3.5 PIPE JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. If copper pipe is 
found not reamed at any one location, contractor may be required to disassemble all piping to 
verify reaming at the sole cost of the contractor.

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

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

3.6 TERMINAL EQUIPMENT CONNECTIONS

A. Sizes for supply and return piping connections shall be the same as or larger than equipment 
connections.
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B. Install control valves in accessible locations close to connected equipment. Control valves not to 
be used as isolation valves.

C. Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply 
with requirements in Section 230519 "Meters and Gages for HVAC Piping."

3.7 CHEMICAL TREATMENT

A. Fill systems that have glycol solutions with the following concentrations:

1. Hot-Water Heating Piping: Minimum of 30% percent by volume inhibited propylene 
glycol.

3.8 FIELD QUALITY CONTROL

A. Prepare hydronic piping according to ASME B31.9 and as follows:

1. Leave joints, including welds, uninsulated and exposed for examination during test.
2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 

pressure. If temporary restraints are impractical, isolate expansion joints from testing.
3. Flush hydronic piping systems with clean water; then remove and clean or replace 

strainer screens.
4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be 

capable of sealing against test pressure without damage to valve. Install blinds in flanged 
joints to isolate equipment.

5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to 
protect against damage by expanding liquid or other source of overpressure during test.

B. Perform the following tests on hydronic piping:

1. Use ambient temperature water as a testing medium unless there is risk of damage due to 
freezing. Another liquid that is safe for workers and compatible with piping may be used.

2. While filling system, use vents installed at high points of system to release air. Use drains 
installed at low points for complete draining of test liquid.

3. Isolate expansion tanks and determine that hydronic system is full of water.
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 

system's working pressure. Test pressure shall not exceed maximum pressure for any 
vessel, pump, valve, or other component in system under test. Verify that stress due to 
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum 
yield strength or 1.7 times the "SE" value in Appendix A in ASME B31.9, "Building 
Services Piping."

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, 
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing 
components, and repeat hydrostatic test until there are no leaks.

6. Prepare written report of testing.
7. Coordinate to have all pressure tests witnessed by Owner. Failure to do so will require 

retesting with Owner present.

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

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

specified values.
7. Verify lubrication of motors and bearings.

END OF SECTION 232113
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SECTION 232116 - HYDRONIC PIPING SPECIALTIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Air-control devices.
2. Strainers.
3. Connectors.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product:

1. Include construction details and material descriptions for hydronic piping specialties.
2. Include rated capacities, operating characteristics, and furnished specialties and 

accessories.

PART 2 - PRODUCTS

2.1 AIR-CONTROL DEVICES

A. Manual Air Vents:
1. Manufacturers:

a. Hoffman.
2. Body: Bronze.
3. Internal Parts: Nonferrous.
4. Operator: Screwdriver or thumbscrew.
5. Inlet Connection: NPS 1/2.
6. Discharge Connection: NPS 1/8.
7. CWP Rating: 150 psig.
8. Maximum Operating Temperature: 225 deg F.

B. Bladder-Type ASME Expansion Tanks:
1. Manufacturers:

a. Amtrol.
b. Armstrong.
c. Bell & Gossett.
d. Taco.
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e. Prior approved equal.
2. Tank: Welded steel, rated for 150-psig working pressure and 240 deg F maximum 

operating temperature. Factory test after taps are fabricated and supports installed and are 
labeled according to ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.

3. Bladder: Securely sealed into tank to separate air charge from system water to maintain 
required expansion capacity. Full acceptance.

4. Air-Charge Fittings: Schrader valve, stainless steel with EPDM seats.

C. Magnetic Air and Dirt Separators:
1. Manufacturers:

a. Amtrol.
b. Caleffi (Basis-of design).
c. Prior approved equal.

2. Provided with epoxy resin coated steel body brass drywell for external removable 
neodymium rare-earth magnet included, stainless steel internal coalescing mesh element, 
brass automatic air vent containing pinned PP float, stainless steel float linkages, and 
stainless steel float guide pin with 100% air removal to microbubble level, particle 
separation capacity: to 5 microns (0.2 mil), and ferrous impurities separation efficiency: 
up to 100% removal.

3. Fabricated steel tank; ASME constructed and stamped for 150-psig working pressure and 
270 deg F maximum operating temperature. Suitable fluids: water or 50 percent 
maximum glycol solution.

4. Air Vent: Threaded to the top of the separator.
5. Inline Inlet and Outlet Connections: Class 150 flanged connections for NPS 2-1/2 and 

larger.
6. Blowdown Connection: Threaded to the bottom of the separator.
7. Size: Match system flow capacity.

2.2 STRAINERS

A. Y-Pattern Strainers:
1. Manufacturers:

a. Armstrong.
2. Body: ASTM A126, Class B, cast iron with bolted cover and bottom drain connection.
3. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and 

larger.
4. Stainless Steel Strainer Screen: 

a. 2” and smaller:  20-mesh or 1/32” perforations
b. 2-1/2” to 8”:  Perforated brass with 1/16” openings.

5. CWP Rating: 125 psig.

2.3 CONNECTORS

A. Stainless-Steel Bellow, Flexible Connectors:
1. Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective 

jacket.
2. End Connections: Threaded or flanged to match equipment connected.
3. Performance: Capable of 3/4-inch misalignment.
4. CWP Rating: 150 psig.
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5. Maximum Operating Temperature: 250 deg F.

PART 3 - EXECUTION

3.1 HYDRONIC SPECIALTIES INSTALLATION

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required 
for system air venting. Air vent ball valves shall be installed on the top of the risers in an 
accessible location. A 1/4" copper tube shall extend from a reducer provided at the high point to 
a point where a bucket can be placed to catch any drops. 

B. Install expansion tanks above the air separator. Install tank fitting in tank and charge tank. Use 
manual vent for initial fill to establish proper water level in tank.
1. Install tank fittings that are shipped loose.

C. Install expansion tanks on the floor. Vent and purge air from hydronic system, and ensure that 
tank is properly charged with air to suit system Project requirements.

END OF SECTION 232116
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SECTION 232123 - HYDRONIC PUMPS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Wet-rotor pumps.

1.3 DEFINITIONS

A. ECM: Electronically commutated motor.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of pump.

1. Include certified performance curves and rated capacities, operating characteristics, 
furnished specialties, final impeller dimensions, and accessories for each type of product 
indicated.

2. Indicate pump's operating point on curves.

B. Shop Drawings: For each pump.

1. Show pump layout and connections.
2. Include setting drawings with templates for installing foundation and anchor bolts and 

other anchorages.
3. Include diagrams for power, signal, and control wiring.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For pumps to include in emergency, operation, and 
maintenance manuals.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application.

2.2 WET-ROTOR PUMPS

A. Manufacturers:
1. Grundfos.
2. Taco.
3. Wilo.
4. Prior approved equal.

B. Source Limitations: Obtain pumps from single source from single manufacturer.

C. Description: Factory-assembled and -tested, wet-rotor pump. Pump and motor to form an 
integral unit with bearings lubricated by the pumped liquid.

D. Pump Construction:

1. Body:  Cast iron.
2. Impeller and shaft:  Type 304 stainless steel.
3. Bearings. Lubricated by the pumped liquid. No petroleum lubricated bearings will be 

accepted.

E. Motor:  Variable speed.

1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by an NRTL, and marked for intended location and use.

2. Comply with NEMA designation, temperature rating, service factor, and efficiency 
requirements for motors specified in Section 230513 "Common Motor Requirements for 
HVAC Equipment."

3. Integral pump motor variable-speed control.
4. ECM.

F. Capacities and Characteristics: As indicated on the Drawings.

G. Electrical Characteristics: As indicated on the Drawings.

2.3 INTEGRAL PUMP MOTOR VARIABLE-SPEED CONTROLLERS

A. Where specified or scheduled, provide pumps with an integral pump motor speed controller.

1. Motor: Operates as constant- or variable-speed pump with speed regulated by an 
integrated variable-speed drive.
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2. Integrated Pump Controller: Supports direct communication with the building 
management system (BMS) with built-in support for the following protocols:  
Modbus RTU.

3. Commissioning and pump set up access to pump controls via the following:

a. A web interface (data exchange).
b. A user interface located on the face of speed controller to adjust modes and mode 

values.
c. An electronic display that reads real-time mode set values, flow, head, speed, and 

power and that locks out unauthorized adjustment of pump.

4. Provide electronics with "Auto" as factory default but slope of the proportional curve will 
automatically match the required system curve, constant pressure control (delta-p/c), 
variable differential pressure control (delta-p/v), constant curve duty (uncontrolled 
pump), and rpm regulation. RPM (speed) regulation can be accomplished by the 
following:

a. Manual (via user interface or HTML).
b. Remote via 0 to 10 V dc.
c. Data protocol communications with the BMS.

5. Pump Electronics: Standard with multiple digital inputs and one external digital output to 
be available for additional mechanical room control and pump status monitoring.

6. Controller: Mounted on or adjacent to the motor. Provide enclosure rated to UL Type 12.
7. Electronically Protected Pumps: Rated for continuous duty and with built-in startup 

circuit. Provide overcurrent, line surge and current limit protection, thermal monitoring, 
heat sink status and over temperature protection.

8. Pump capable of being monitored continuously via integrated Internet link.

2.4 ELECTRONICALLY COMMUTATED MOTOR (ECM)

A. Provide pumps so they are specified or scheduled with ECM.

1. Synchronous, constant torque, ECM with permanent magnet rotor. Rotor magnets to be 
time-stable, nontoxic ceramic magnets (Sr-Fe).

2. Driven by a frequency converter with an integrated power factor correction filter. 
Conventional induction motors will not be acceptable.

3. Each motor with an integrated variable-frequency drive, tested as one unit by 
manufacturer.

4. Motor speed adjustable over full range from 0 rpm to maximum scheduled speed.
5. Variable motor speed to be controlled by a 0- to 10 V-dc or 4- to 20-mA input.
6. Integrated motor protection verified by UL to protect the pump against over-

/undervoltage, overtemperature of motor and/or electronics, overcurrent, locked rotor, 
and dry run (no-load condition).
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine equipment foundations and anchor-bolt locations for compliance with requirements for 
installation tolerances and other conditions affecting performance of the Work.

B. Examine roughing-in for piping systems to verify actual locations of piping connections before 
pump installation.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PUMP INSTALLATION

A. Install pumps to provide access for periodic maintenance including removing motors, impellers, 
couplings, and accessories.

B. Pipe connections shall be made in such a manner so as not to exert any stress on the pump 
housing. Pumps may be suspended direct in the pipes provided pipes can support the weight of 
the pump. 

3.3 PIPING CONNECTIONS

A. Where installing piping adjacent to pump, allow space for service and maintenance.

B. Connect piping to pumps. Install valves that are same size as piping connected to pumps.

3.4 ELECTRICAL CONNECTIONS

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables."

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 
Systems."

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance 
with NFPA 70 and NECA 1.

3.5 CONTROL CONNECTIONS

A. Install control and electrical power wiring to field-mounted control devices.

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power 
Cables."
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3.6 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain hydronic pumps.

END OF SECTION 232123
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SECTION 232513 - WATER TREATMENT FOR CLOSED-LOOP HYDRONIC SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes the following water treatment for closed-loop hydronic systems: 

1. Automatic chemical-feed equipment.
2. Chemicals.

1.3 DEFINITIONS

1.4 ACTION SUBMITTALS

A. Product Data: Include rated capacities, operating characteristics, and furnished specialties and 
accessories for the following products:
1. Chemical solution tanks.
2. Inhibited propylene glycol.

B. Shop Drawings: Chemical-treatment equipment, showing tanks, maintenance space required, 
and piping connections to hydronic systems.

1. Include plans, elevations, sections, and attachment details.
2. Include diagrams for power, signal, and control wiring.

1.5 INFORMATIONAL SUBMITTALS

A. Water-Treatment Program: Written sequence of operation on an annual basis for the application 
equipment required to achieve water quality defined in "Performance Requirements" Article.

B. Water Analysis: Illustrate water quality available at Project site.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For sensors, injection pumps, and controllers to include in 
emergency, operation, and maintenance manuals.
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1.7 QUALITY ASSURANCE

A. HVAC Water-Treatment Service Provider Qualifications: An experienced HVAC water-
treatment service provider, capable of analyzing water qualities, installing water-treatment 
equipment, and applying water treatment as specified in this Section.

PART 2 - PRODUCTS

2.1 GLYCOL CHARGING:

A. Manufacturers:
1. Axiom Industries.
2. Prior approved equal.

B. Description:
1. Chemical-resistant reservoirs fabricated from high-density opaque polyethylene with 

minimum 110 percent containment vessel.
2. Molded cover with recess for mounting pump.
3. Capacity:  55 gal.
4. Plugs into a standard 115V outlet.
5. Fluid level switch shuts the pump off if the storage level gets low.
6. Accumulator tank prevents excessive pump cycling.
7. No direct connection to potable water system.
8. Make-up fluid stored in the feeder tank can be pre-treated.
9. Diverter valve for purging air on initial start-up and manual agitation of solution.
10. Leak detection. 
11. Flexible hose with check valve connection.
12. Provide with low level alarm panel with remote monitoring dry contacts for connection to 

the building DDC system.

2.2 CHEMICALS

A. Chemicals shall be as recommended by water-treatment system manufacturer, compatible with 
piping system components and connected equipment, and able to attain water quality specified 
in "Performance Requirements" Article.

2.3 INHIBITED PROPYLENE GLYCOL

A. Inhibited Propylene Glycol:

1. Propylene glycol with inhibitor additive, to provide freeze protection for heat-transfer 
fluid and corrosion protection for carbon steel, brass, copper, stainless steel, and cast-iron 
piping and fittings.

2. Inhibitor creates a passive layer on all surfaces that contact propylene glycol to prevent 
corrosion and stabilizes fluid pH, to compensate for acids formed from glycol 
degradation.
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3. Concentrated inhibited propylene glycol is to be 95.5 percent propylene glycol by weight 
and 4.5 percent performance additives.

4. Concentrated inhibited propylene glycol is mixed with water in proper proportion to 30% 
glycol. Premixed heat-transfer fluid may be used, or glycol/water mixture may be 
prepared at the time of installation. Use only deionized water for mixing.

5. Provide only propylene glycol that is specifically blended for HVAC application.

PART 3 - EXECUTION

3.1 WATER ANALYSIS

A. Contractor is responsible for replacing any inhibited propylene glycol lost during construction. 
The final solution shall be 30% propylene glycol. The contractor shall measure the percentage 
before and after construction and provide results to the Owner.

3.2 INSTALLATION

A. Install glycol charging equipment on concrete bases, level and plumb. Maintain manufacturer's 
recommended clearances. Arrange units, so controls and devices that require servicing are 
accessible. Anchor chemical tanks and floor-mounting accessories to substrate. Install all 
chemical application equipment within a spill-containment area without floor drain.

3.3 PIPING CONNECTIONS

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

B. Where installing piping adjacent to equipment, allow space for service and maintenance.

C. Make piping connections between HVAC water-treatment equipment and dissimilar-metal 
piping with dielectric fittings. Dielectric fittings are specified in Section 232113 "Hydronic 
Piping."

D. Install shutoff valves on HVAC water-treatment equipment inlet and outlet. 

3.4 ELECTRICAL CONNECTIONS

A. Confirm applicable electrical requirements in electrical Sections for connecting electrical 
equipment.

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 
Systems."

C. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables."



WATER TREATMENT FOR CLOSED-LOOP HYDRONIC SYSTEMS 232513 - 4

3.5 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain HVAC water-treatment 
systems and equipment.

END OF SECTION 232513
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SECTION 233113 - METAL DUCTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Single-wall round ducts and fittings.
2. Sealants and gaskets.
3. Hangers and supports.

B. Related Sections:
1. Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-

mounting access doors and panels, turning vanes, and flexible ducts.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint 
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible" and with performance requirements and 
design criteria indicated in "Duct Schedule" Article.

B. Structural Performance: Duct hangers and supports shall withstand the effects of gravity loads 
and stresses within limits and under conditions described in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible".

C. Duct Dimensions: Unless otherwise indicated, all duct dimensions indicated on Drawings are 
inside clear dimensions and do not include insulation or duct wall thickness.

2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS

A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Ch. 3, "Round, Oval, and Flexible Duct," based on indicated 
static-pressure class unless otherwise indicated.

1. Construct ducts of galvanized sheet steel unless otherwise indicated.
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B. Transverse Joints: Select joint types and fabricate in accordance with SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for 
static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, 
and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible."

C. Longitudinal Seams: Select seam types and fabricate in accordance with SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal 
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible."

1. Fabricate round ducts larger than 90 inches in diameter with butt-welded longitudinal 
seams.

2. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with butt-
welded longitudinal seams.

D. Tees and Laterals: Select types and fabricate in accordance with SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and 
Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible."

E. Spiral Ducts: 
1. UL 181, Class 1, round spiral lockseam duct.
2. Material:  Galvanized steel.
3. Minimum Wall Thickness:

a. 2 to 14 inch diameter: 26 gage.
b. 16 to 26 inch diameter: 24 gage.
c. 28 to 36 inch diameter: 22 gage.

4. Minimum Fittings Wall Thickness:
a. One gage thicker than duct wall listed above.

2.3 SHEET METAL MATERIALS

A. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct 
construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, 
seam marks, roller marks, stains, discolorations, and other imperfections.

B. Galvanized Sheet Steel: Comply with ASTM A653/A653M.

1. Galvanized Coating Designation:  G90.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.
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2.4 SEALANT AND GASKETS

A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and 
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index 
of 50 when tested in accordance with UL 723; certified by an NRTL. Comply with UL 181A.

B. Water-Based Joint and Seam Sealant:

1. Application Method: Brush on.
2. Solids Content: Minimum 65 percent.
3. Shore A Hardness: Minimum 20.
4. Water resistant.
5. Mold and mildew resistant.
6. VOC: Maximum 75 g/L (less water).
7. Maximum Static-Pressure Class: 10 inch wg, positive and negative.
8. Service: Indoor or outdoor.
9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum sheets.

C. Solvent-Based Joint and Seam Sealant:

1. Application Method: Brush on.
2. Base: Synthetic rubber resin.
3. Solvent: Toluene and heptane.
4. Solids Content: Minimum 60 percent.
5. Shore A Hardness: Minimum 60.
6. Water resistant.
7. Mold and mildew resistant.
8. Maximum Static-Pressure Class: 10-inch wg, positive or negative.
9. Service: Indoor or outdoor.
10. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum sheets.

D. Flanged Joint Sealant: Comply with ASTM C920.

1. General: Single-component, acid-curing, silicone, elastomeric.
2. Type: S.
3. Grade: NS.
4. Class: 25.
5. Use: O.

E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.

F. Round Duct Joint O-Ring Seals:

1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be 
rated for10-inch wg static-pressure class, positive or negative.
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2.5 HANGERS AND SUPPORTS

A. Hanger Rods for Noncorrosive Environments: Galvanized-steel rods and nuts.

B. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, 
"Minimum Hanger Sizes for Round Duct."

C. Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A603.

D. Steel Cable End Connections: Galvanized-steel assemblies with brackets, swivel, and bolts 
designed for duct hanger service; with an automatic-locking and clamping device.

E. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 
with duct materials.

F. Trapeze and Riser Supports:

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

PART 3 - EXECUTION

3.1 DUCT INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct 
system. Indicated duct locations, configurations, and arrangements were used to size ducts and 
calculate friction loss for air-handling equipment sizing and for other design considerations. 
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and 
coordination drawings.

B. Install ducts in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" unless otherwise indicated.

C. Install ducts in maximum practical lengths with fewest possible joints.

D. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for 
branch connections.

E. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines.

F. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and 
enclosures.

G. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to 
view, cover the opening between the partition and duct or duct insulation with sheet metal 
flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2 
inches.
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H. Install fire, combination fire/smoke, and smoke dampers where indicated on Drawings and as 
required by code, and by local authorities having jurisdiction. Comply with requirements in 
Section 233300 "Air Duct Accessories" for fire and smoke dampers and specific installation 
requirements of the damper UL listing.

I. Protect duct interiors from moisture, construction debris and dust, and other foreign materials 
both before and after installation.

J. Elbows: Use long-radius elbows wherever they fit.

1. Fabricate 90-degree rectangular mitered elbows to include turning vanes.
2. Fabricate 90-degree round elbows with a minimum of three segments for 12 inches and 

smaller and a minimum of five segments for 14 inches and larger.

K. Branch Connections: Use high efficiency 45° take-offs, unless noted otherwise.

3.2 INSTALLATION OF EXPOSED DUCTWORK

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

B. Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use 
two-part tape sealing system.

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When 
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, 
and treat the welds to remove discoloration caused by welding.

D. Maintain consistency, symmetry, and uniformity in arrangement and fabrication of fittings, 
hangers and supports, duct accessories, and air outlets.

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements.

3.3 DUCTWORK EXPOSED TO WEATHER

A. All external joints are to have secure watertight mechanical connections. Seal all openings to 
provide weatherproof construction.

B. Construct ductwork to resist external loads of wind, snow, ice, and other effects of weather. 
Provide necessary supporting structures.

3.4 DUCT SEALING

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct 
Schedule" Article in accordance with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible."

B. Seal ducts at a minimum to the following seal classes in accordance with SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible":
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3.5 HANGER AND SUPPORT INSTALLATION

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Chapter 5, "Hangers and Supports."

B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners 
appropriate for construction materials to which hangers are being attached.

C. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum 
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports 
within 24 inches of each elbow and within 48 inches of each branch intersection.

D. Hangers Exposed to View: Threaded rod and angle or channel supports.

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, 
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 
feet.

F. Install upper attachments to structures. Select and size upper attachments with pull-out, tension, 
and shear capacities appropriate for supported loads and building materials where used.

3.6 CONNECTIONS

A. Make connections to equipment with flexible connectors complying with Section 233300 "Air 
Duct Accessories."

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
branch, outlet and inlet, and terminal unit connections.

3.7 DUCT SCHEDULE

A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:
1. Fabricate all ducts to achieve SMACNA pressure class, seal class, and leakage class as 

indicated below.

B. Outside Combustion Air Ducts:
1. Outside combustion air ducts to boilers:

a. Pressure Class: Negative 2-inch wg.
b. Minimum SMACNA Seal Class:  B.

C. Elbow Configuration:
1. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible," Figure 3-4, "Round Duct Elbows."
1) Radius-to Diameter Ratio: 1.5.

END OF SECTION 233113
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SECTION 233300 - AIR DUCT ACCESSORIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

B. Section 230923 “Direct-digital control system for HVAC,” for control dampers and actuators.

1.2 SUMMARY

A. Section Includes:
1. Combination fire and smoke dampers.
2. Duct-mounted access doors.
3. Flexible connectors.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: For duct accessories. Include plans, elevations, sections, details and 
attachments to other work.

1. Detail duct accessories fabrication and installation in ducts and other construction. 
Include dimensions, weights, loads, and required clearances; and method of field 
assembly into duct systems and other construction. Include the following:
a. Fire-damper, smoke-damper, combination fire- and smoke-damper, ceiling, and 

corridor damper installations, including sleeves; and duct-mounted access doors 
and remote damper operators.

b. Wiring Diagrams: For power, signal, and control wiring.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For air duct accessories to include in operation and 
maintenance manuals.

PART 2 - PRODUCTS

2.1 COMBINATION FIRE AND SMOKE DAMPERS

A. Manufacturers:
1. Greenheck.
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2. Nailor.
3. Pottorff.
4. Ruskin.
5. Prior approved equal.

B. Type: Dynamic; rated and labeled according to UL 555 and UL 555S.

C. Closing rating in ducts up to 6-inch wg static pressure class and minimum 2000-fpm velocity.

D. Fire Rating:  1-1/2 hours.

E. Frame: Hat-shaped, galvanized sheet steel, with reinforced corners; gauge in accordance with 
UL listing.

F. Heat-Responsive Device:  165 deg F rated, fusible links.

G. Smoke Detector: Integral, factory wired for single-point connection.

H. Blades: Roll-formed, horizontal, galvanized sheet steel; gauge in accordance with UL listing.

I. Leakage:  Class II.

J. Rated pressure and velocity to exceed design airflow conditions.

K. Mounting Sleeve: Factory-installed, galvanized sheet steel; length to suit wall  application; 
gauge in accordance with UL listing.

L. Actuator:
1. Type:  Electric 120 volt, 60 hertz, two-position, fail close.
2. Mounting:  External.
3. Acceptable Manufacturers: Belimo.

M. Accessories:

1. Auxiliary switches for position indication.
2. Test and reset switches, remote mounted. 
3. Retaining angles.

2.2 DUCT-MOUNTED ACCESS DOORS

A. Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels," 
and 7-3, "Access Doors - Round Duct."

1. Door:

a. Double wall, rectangular.
b. Galvanized sheet metal with insulation fill and thickness as indicated for duct 

pressure class.
c. Hinges and Latches: 1-by-1-inch butt or piano hinge and cam latches.
d. Fabricate doors airtight and suitable for duct pressure class.
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2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
3. Number of Hinges and Locks:

a. Access Doors Less Than 12 Inches Square: No hinges and two sash locks.
b. Access Doors up to 18 Inches Square:  Continuous and two sash locks.

2.3 FLEXIBLE CONNECTORS

A. Materials: Flame-retardant or noncombustible fabrics.

B. Coatings and Adhesives: Comply with UL 181, Class 1.

C. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to 
two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or 0.032-inch-thick 
aluminum sheets. Provide metal compatible with connected ducts.

D. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

1. Minimum Weight: 26 oz./sq. yd..
2. Tensile Strength: 480 lbf/inch in the warp and 360 lbf/inch in the filling.
3. Service Temperature: Minus 40 to plus 200 deg F.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous 
Glass Duct Construction Standards," for fibrous-glass ducts.

B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in 
galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and 
aluminum accessories in aluminum ducts.

C. Install combination fire/smoke dampers according to UL listing and per the manufacturer’s 
installation instructions. Install with required perimeter mounting angles, sleeves, breakaway 
duct connections, corrosion resistant springs, bearings, bushings and hinges. Coordinate with 
the electrical contractor for power and fire alarm wiring connections.

D. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining 
accessories and equipment at the following locations:
1. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links. 

Control devices requiring inspection.

E. Access Door Sizes:

1. One-Hand or Inspection Access: 8 by 5 inches.
2. Two-Hand Access: 12 by 6 inches.
3. Head and Hand Access: 18 by 10 inches.
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4. Head and Shoulders Access: 21 by 14 inches.

F. Mark access doors for fire and smoke dampers on outside surface, with minimum 1/2 inch high 
letters reading: FIRE/SMOKE DAMPER, SMOKE DAMPER, OR FIRE DAMPER.

G. Install flexible connectors to connect ducts to equipment.

H. Install duct test holes where required for testing and balancing purposes.

3.2 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Operate dampers to verify full range of movement.
2. Inspect locations of access doors and verify that purpose of access door can be 

performed.
3. Operate fire, smoke, and combination fire and smoke dampers to verify full range of 

movement and verify that proper heat-response device is installed.
4. Inspect turning vanes for proper and secure installation.
5. Operate remote damper operators to verify full range of movement of operator and 

damper.

3.3 DEMONSTRATION

A. Demonstrate re-setting of fire dampers to Owner's representative.

END OF SECTION 233300
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SECTION 233723 - HVAC GRAVITY VENTILATORS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Hooded ventilators.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: For gravity ventilators.

1. Include plans, elevations, sections, details, ventilator attachments to curbs, and curb 
attachments to roof structure.

1.4 COORDINATION

A. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with 
actual equipment provided.

PART 2 - PRODUCTS

2.1 HOODED VENTILATORS

A. Manufacturers:
1. Greenheck.
2. LorenCook.
3. PennBarry.
4. Prior approved equal.

B. Description: Hooded rectangular penthouse for intake air.

C. Source Limitations: Obtain hooded ventilators from single manufacturer.

D. Hood and Base:
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1. Material Type:  Galvanized.
2. Hood Constructed of precision formed, arched panels with interlocking seams.
3. Vertical end panels are fully locked into hood end panels.
4. Base height is standard of 5 inches.
5. Curb cap is six inches larger then throat size.
6. Curb cap has pre-punched mounting holes for installation.

E. Birdscreen:
1. Constructed of ½ inch galvanized mesh.
2. Mounted horizontally across the intake area of the hood.

F. Hood Support:
1. Constructed of galvanized steel and fastened so the hood can either be removed 

completely from the base or hinged open.

G. Roof Curbs: 
1. Galvanized-steel sheet; with mitered and welded corners; 1-1/2-inch-thick, rigid 

fiberglass insulation adhered to inside walls; and 1-1/2-inch wood nailer. Size as required 
to fit roof opening and ventilator base.

2. Curb seal: Rubber seal between fan and the roof curb.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install gravity ventilators level, plumb, and at indicated alignment with adjacent work.

B. Secure gravity ventilators to roof curbs with zinc-plated hardware. Use concealed anchorages 
where possible. 

C. Install gravity ventilators with clearances for service and maintenance.

D. Install perimeter reveals and openings of uniform width for sealants and joint fillers, as 
indicated.

E. Install concealed gaskets, flashings, joint fillers, and insulation as installation progresses. 

F. Label gravity ventilators according to requirements specified in Section 230553 "Identification 
for HVAC Piping and Equipment."

END OF SECTION 233723
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SECTION 235123 - GAS VENTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Listed double-wall vents.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for product.

B. Shop Drawings: For vents.

1. Include plans, elevations, sections, and attachment details.
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection.

3. Detail fabrication and assembly of hangers and seismic restraints.
4. Sizing and pressure drop calculations for the boilers provided for the project. 

Calculations shall be provided at both high and low fire operation.

1.4 QUALITY ASSURANCE

A. Certified Sizing Calculations: Manufacturer shall certify venting system sizing calculations.

PART 2 - PRODUCTS

2.1 LISTED SPECIAL GAS VENTS

A. Manufacturers:
1. Jeremias Exhaust Systems (Basis-of-design).
2. Metal-Fab.
3. Schebler.
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4. Security Chimney.
5. Selkirk Heat-Fab.
6. Prior approved equal.

B. Description: Double-wall metal vents tested according to UL 1738 and rated for 480 deg F 
continuously, with positive or negative flue pressure complying with NFPA 211, for use on a 
Category IV appliance.

C. Construction: Inner shell and outer jacket separated by at least a 1-inch airspace.

D. Inner Shell: UL 1738 Listing approved Type 444, 316L, or AL29-4C stainless steel.

E. Outer Jacket: Type 304 stainless steel.

F. Accessories: 
1. Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof flashings, 

storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated 
from similar materials and designs as vent-pipe straight sections; all listed for same 
assembly.

2. UL listed test port for combustion testing.
3. Individual boiler vent dampers with electric actuators to open/close as the boiler turns 

on/off.

G. BOILER COMBUSTION AIR DUCTS
1. Combustion air ducts shall be round galvanized, sealed, in accordance with Section 

233113 and per the boiler manufacturer’s installation instructions.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and conditions for compliance with requirements for installation tolerances and 
other conditions affecting performance of work.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 APPLICATION

A. Listed Special Gas Vent: Condensing gas appliances.

3.3 INSTALLATION OF LISTED VENTS

A. Comply with minimum clearances from combustibles and minimum termination heights 
according to product listing or NFPA 211, whichever is most stringent.

B. Seal between sections of positive-pressure vents according to manufacturer's written installation 
instructions, using sealants recommended by manufacturer.
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C. Support vents at intervals recommended by manufacturer to support weight of vents and all 
accessories, without exceeding appliance loading.

D. Lap joints in direction of flow.

3.4 CLEANING

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

3.5 WARRANTY

A. The factory-built modular exhaust system shall be warranted against functional failure for 
twenty-five (25) years.

B. Manufacturer shall provide ASHRAE flue sizing calculations, or certificate of vent equivalent 
feet, confirming the inner diameter is in compliance with the appliance manufacturer’s 
installation instructions.

C. Manufacturer shall provide certificate of Code compliance for all required local and national 
Codes for the installation with the scheduled appliances.

END OF SECTION 235123
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SECTION 235216 - CONDENSING BOILERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes packaged, factory-fabricated and -assembled, gas-fired, fire-tube 
condensing boilers, trim, and accessories for heating hot water.

1.3 ACTION SUBMITTALS

A. Product Data:  Include performance data, operating characteristics, furnished specialties, and 
accessories.

B. Shop Drawings:  For boilers, boiler trim, and accessories. 

1. Include plans, elevations, sections, details, and attachments to other work.

2. Wiring Diagrams: Power, signal, and control wiring.

C. Source quality-control test reports:  Indicate and interpret test results for compliance with 
performance requirements before shipping.

D. Field quality-control test reports:  Indicate and interpret test results for compliance with 
performance requirements.

a. Warranty:  Standard warranty specified in this Section.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For boilers to include in emergency, operation, and 
maintenance manuals.

1.5 QUALITY ASSURANCE

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

B. ASME Compliance:  Fabricate and label boilers to comply with ASME Boiler and Pressure 
Vessel Code.
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C. ASHRAE/IESNA 90.1 Compliance:  Boilers shall have minimum efficiency according to "Gas 
and Oil Fired Boilers - Minimum Efficiency Requirements."

D. AHRI Compliance:  Boilers shall be AHRI listed and must meet the minimum efficiency 
specified under AHRI BTS-2000 as defined by Department of Energy in 10 CFR Part 431.

E. ANSI Compliance:  Boilers shall be compliant with ANSI Z21.13 test standards for US and 
Canada.

F. CSA Compliant:  Boilers shall be compliant with CSA certification.

1.6 COORDINATION

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases

1.7 WARRANTY

A. Standard Warranty:  Boilers shall include manufacturer's standard form in which manufacturer 
agrees to repair or replace components of boilers that fail in materials or workmanship within 
specified warranty period.

1. Warranty Period for Fire-Tube Condensing Boilers:

a. Heat Exchanger, Pressure Vessel and Condensation Collection Basin shall carry a 
10 year limited warranty against defects in materials or workmanship and failure 
due to thermal shock.

b. All other components shall carry a one year warranty from date of boiler start up.

PART 2 - PRODUCTS

2.1 CONDENSING BOILERS

A. Manufacturers:
1. Lochivar Crest.
2. Prior approved equal.

B. Construction:
1. Description:  Boiler shall be natural gas fired, fully condensing, and fire tube design.  The 

boiler shall be factory-fabricated, factory-assembled, and factory-tested, fire-tube 
condensing boiler with heat exchanger sealed pressure tight, built on a steel base; 
including insulated jacket; flue-gas vent; combustion-air intake connections; water 
supply, return, and condensate drain connections; and controls. 

2. Heat Exchanger:  The heater exchanger shall bear the ASME “H” stamp for 160 psi 
working pressure and shall be National Board listed.  The heat exchanger shall be 
constructed of a fully welded 316L stainless steel and of fire tube design.  Fire tube shall 
be of the Wave Fire Tube design and capable of transferring 16,000 to 20,000 Btu’s per 
tube.  The heat exchanger shall be designed for a single-pass water flow to limit the water 
side pressure drop.  There shall be no banding material, bolts, gaskets or “O” rings in the 
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heat exchanger design.  Cast iron, aluminum, or condensing copper tube boilers will not 
be accepted.

3. Condensate Collection Basin:  Fully welded 316L stainless steel.  
4. Intake Filter and Dirty Filter Switch:  Boiler shall include an intake air filter with a 

factory installed air pressure switch.  The pressure switch will alert the end user on the 
screen of the boiler that the intake filter is dirty and needs to be changed. 

5. Pressure Vessel:  The pressure vessel shall be in accordance with ASME Section IV 
pressure vessel code.  The pressure vessel shall be designed for a single-pass water flow 
to limit the water side pressure drop.  Pressure drop shall be no greater than 3.2 psi at 180 
gpm.  

6. Burner:  Natural gas, forced draft single burner premix design. The burner shall be high 
temperature stainless steel with a woven Fecralloy outer covering to provide modulating 
firing rates. The burner shall be capable of the stated gas train turndown without loss of 
combustion efficiency.  

7. Blower:  Boiler shall be equipped with a pulse width modulating blower system to 
precisely control the fuel/air mixture to provide modulating boiler firing rates for 
maximum efficiency.  The burner firing sequence of operation shall include pre-purge, 
firing, modulation, and post-purge operation.
a. Motors:  Comply with requirements specified in Division 23 Section "Common 

Motor Requirements for HVAC Equipment."
8. Gas Train:  The boiler shall be supplied with two gas valves designed with negative 

pressure regulation and shall be capable of the following minimum turndowns:

Model Turndown Minimum Input Maximum Input
FB 2501 20:1 125,000 2,500,000

9. Ignition:  Spark ignition with 100 percent main-valve shutoff with electronic flame 
supervision.

10. High Altitude:  Boiler shall operate at altitudes up to 4,500 feet above sea level without 
additional parts or adjustments.  High altitude operation shall be certified at a minimum 
of 4,500 feet above sea level by a third party organization.  High altitude boilers shall be 
certified to 3,000 to 12,000 feet above sea level.  The boilers shall carry a CSA 
certification for high altitude operation up to 12,000 feet.

11. Casing:
a. Jacket:  Heavy gauge primed and painted steel jacket with snap-in closures.
b. Control Compartment Enclosures:  NEMA 250, Type 1A.
c. Insulation:  Minimum ½ inch thick, mineral fiber insulation surrounding the heat 

exchanger.
d. Combustion-Air Connections:  Inlet and vent duct collars.

12. Characteristics and Capacities:
a. Heating Medium:  Hot water.
b. Design Water Pressure Rating:  160 psi working pressure.
c. Safety Relief Valve Setting:  50 psig.

C. Trim:
1. Safety Relief Valve:

a. Size and Capacity:  50 lb. 
b. Description:  Fully enclosed steel spring with adjustable pressure range and 

positive shutoff; factory set and sealed.
2. Pressure Gage:  Minimum 3-1/2 inch diameter.  Gage shall have normal operating 

pressure about 50 percent of full range.
3. Drain Valves:  Minimum NPS 3/4 or nozzle size with hose-end connection.
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4. Condensate Neutralization Kit:  Factory supplied condensate trap with condensate trip 
sensor, high capacity condensate receiver prefilled with appropriate medium

D. Controls:
1. Refer to Division 23 Section "Instrumentation and Control for HVAC."
2. Boiler controls shall feature a standard, factory installed 8” LCD screen display with the 

following standard features:
a. Variable Speed Boiler Pump Control:  Boiler may be programmed to send a 0-10V 

DC output signal to an ECM or VFD boiler pump to maintain a designed 
temperature rise across the heat exchanger.  The boiler shall be able to operate in 
this mode with a minimum temperature rise of 20 degrees F and a maximum 
temperature rise of 60 degrees F.   

b. Password Security:  Boiler shall have a different password security code for the 
User and the Installer to access adjustable parameters.    

c. Outdoor air reset:  Boiler shall calculate the set point using a field installed, factory 
supplied outdoor sensor and an adjustable reset curve.   

d. Pump exercise:  Boiler shall energize any pump it controls for an adjustable time if 
the associated pump has been off for a time period of 24 hours.   

e. Ramp delay:  Boiler may be programmed to limit the firing rate based on six limits 
steps and six time intervals. 

f. Boost function:  Boiler may be programmed to automatically increase the set point 
a fixed number of degrees (adjustable by installer) if the setpoint has been 
continuously active for a set period of time (time adjustable by installer).  This 
process will continue until the space heating demand ends.  

g. Domestic hot water priority:  Boiler shall make the domestic hot water call for heat 
a priority over any space heating call and adjust the boiler setpoint to the domestic 
hot water boiler setpoint.

h. Domestic hot water modulation limiting:  Boiler may be programmed to limit the 
maximum domestic hot water firing rate to match the input rating of the indirect 
tank coil. 

i. Domestic hot water night setback:  Boiler may be programmed to reduce the 
domestic hot water tank set point during a certain time of the day.

j. PC port connection:    Boiler shall have a PC port allowing the connection of PC 
boiler software.

k. Time clock:  Boiler shall have an internal time clock with the ability to time and 
date stamp lock-out codes and maintain records of runtime.

l. Service reminder:  Boiler shall have the ability to display a yellow colored service 
notification screen based upon months of installation, hours of operation, and 
number of boiler cycles.  All notifications are adjustable by the installer.   

m. Three pump control:  Boiler shall have the ability to control the boiler pump, 
system pump and the domestic hot water pump.

n. Anti-cycling control:  Boiler shall have the ability to set a time delay after a 
heating demand is satisfied allowing the boiler to block a new call for heat.  The 
boiler will display an anti-cycling blocking on the screen until the time has elapsed 
or the water temperature drops below the anti-cycling differential parameter.  The 
anti-cycling control parameter is adjustable by the installer.

o. Night setback:  Boiler may be programmed to reduce the space heating 
temperature set point during a certain time of the day.

p. Freeze protection:  Boiler shall turn on the boiler and system pumps when the 
boiler water temperature falls below 45 degrees. When the boiler water 
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temperature falls below 37 degrees the boiler will automatically turn on.  Boiler 
and pumps will turn off when the boiler water temperature rises above 43 degrees.

q. Isolation valve control:  Boiler shall have the ability to control a 2-way motorized 
control valve.  Boiler shall also be able to force a fixed number of valves to always 
be energized regardless of the number of boilers that are firing.

r. BMS integration with 0-10V DC input:  The Control shall allow an option to 
Enable and control set point temperature or control firing rate by sending the boiler 
a 0-10V input signal.

s. Data logging:  Boiler shall have non-volatile data logging memory including last 
10 lockouts, hours running and ignition attempts and should be able to view on 
boiler screen.  

3. The boiler shall have a built in Cascade controller to sequence and rotate lead boiler to 
ensure equal runtime while maintaining modulation of up to 8 boilers of different btu 
inputs without utilization of an external controller.  The factory installed, internal cascade 
controller shall include:
a. Lead lag:  
b. Efficiency optimization:  The Control module shall allow multiple boilers to fire at 

minimum firing rate in lieu of Lead/Lag.
c. Front end loading:
d. Rotation of lead boiler:  The Control module shall change the lead boiler every 

hour for the first 24 hours after initializing the Cascade.  Following that, the leader 
will be changed once every 24 hours.

4. Boiler operating controls shall include the following devices and features:
a. Sequence of Operation:  Factory installed controller to modulate burner firing rate 

to maintain system water temperature in response to call for heat.
b. Sequence of Operation:  Electric, factory-fabricated and factory-installed panel to 

control burner firing rate to reset supply-water temperature inversely with outside-
air temperature.  At 10 deg F outside-air temperature, set supply-water temperature 
at 180 deg F; at 60 deg F outside-air temperature, set supply-water temperature at 
140 deg F.

5. Burner Operating Controls:  To maintain safe operating conditions, burner safety controls 
limit burner operation.
a. High Temperature Limit:  Automatic and manual reset stops burner if operating 

conditions rise above maximum boiler design temperature.  Limit switch to be 
manually reset on the control interface.

b. Low-Water Cutoff Switch:  Electronic probe shall prevent burner operation on low 
water.  Cutoff switch shall be manually reset on the control interface.

c. Blocked Inlet Safety Switch:  Manual-reset pressure switch field mounted on 
boiler combustion-air inlet.

d. High and Low Gas Pressure Switches:  Pressure switches shall prevent burner 
operation on low or high gas pressure.  Pressure switches to be manually reset on 
the control interface.

e. Proof of Closure Valve (FB 6001 only):  Proof of closure valve (POC) shall 
prevent the boiler from firing if the POC valve seat is detected open.  Upon a call 
for heat, once the POC valve seat is proven to be closed, the pre-purge cycle will 
begin and the POC valve will begin to open.

f. Blocked Drain Switch:  Blocked drain switch shall prevent burner operation when 
tripped.  Switch to be manually reset on the control interface.

g. Low air pressure switch:  Pressure switches shall prevent burner operation on low 
air pressure.  Switch to be manually reset on the control interface.



CONDENSING BOILERS 235216 - 6

h. Audible Alarm:  Factory mounted on control panel with silence switch; shall sound 
alarm for any lockout conditions.

E. Building Automation System Interface:  
1. Factory installed Modbus gateway interface to enable building automation system to 

monitor, control, and display boiler status and alarms.
2. LONworks converter to connect to a LONworks building automation system.

F. Electrical Power:
1. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections are 

specified in Division 26 Sections.
2. Single-Point Field Power Connection:  Factory-installed and factory-wired switches, 

motor controllers, transformers, and other electrical devices necessary shall provide a 
single-point field power connection to boiler.

3. Electrical Characteristics:
a. See Drawings.

G. Venting:
1. Exhaust flue for the FB751 – FB 3501 must be Category IV approved stainless steel 

sealed vent material. See Section 235123 “Gas Vents.”  Boilers exhaust vent length must 
be able to extend to 100 equivalent feet.

2. Intake piping for all models must be of approved material as listed in the Installation and 
Operations manual.  Boilers intake pipe length must be able to extend to 100 equivalent 
feet.

3. Boiler venting and intake piping configuration shall be installed per one of the approved 
venting methods shown in the Installation and Operation manual.

4. Boiler shall come standard with a flue sensor to monitor and display flue gas temperature 
on factory provided LCD display.

5. Boilers using common venting must contact the factory for sizing.
6. Refer to manufacturer’s Installation and Operations manual for detailed venting 

instructions and approved manufacturers.

H. Source Quality Control:
1. Burner and Hydrostatic Test:  Factory adjust burner to eliminate excess oxygen, carbon 

dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas and to achieve 
combustion efficiency; perform hydrostatic test.

2. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler 
and Pressure Vessel Code.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes 
and locations, and piping and electrical connections to verify actual locations, sizes, and other 
conditions affecting boiler performance, maintenance, and operations.

1. Final boiler locations indicated on Drawings are approximate.  Determine exact locations 
before roughing-in of piping and electrical connections.
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B. Examine mechanical spaces for suitable conditions where boilers will be installed.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 BOILER INSTALLATION

A. Install gas-fired boilers according to the International Fuel Gas Code.

B. Assemble and install boiler trim.

C. Install electrical devices furnished with boiler but not specified to be factory mounted.

D. Install control wiring to field-mounted electrical devices.

3.3 CONNECTIONS

A. Install boilers level on concrete bases.

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

C. Install piping from equipment drain connection to nearest floor drain.  Piping shall be at least 
full size of connection.  Provide an isolation valve if required.

D. Connect gas piping to boiler gas-train inlet with union.  Piping shall be at least full size of 
equipment connection.  Provide a reducer if required.

E. Connect hot-water piping to supply and return boiler tappings with shutoff valve and union or 
flange at each connection.

F. Install piping from safety relief valves to nearest floor drain.

G. Boiler Venting:

1. Install flue venting kit and combustion-air intake.

2. Connect full size to boiler connections.  Comply with requirements in Division 23 
Section “Gas Vents.”

H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems."

I. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 
and Cables."

3.4 FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.



CONDENSING BOILERS 235216 - 8

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

B. Tests and Inspections:

1. Perform installation and startup checks according to manufacturer's written instructions.  
Complete startup form included with Boiler and return to Manufacturer as described in 
the instructions.

2. Leak Test:  Hydrostatic test.  Repair leaks and retest until no leaks exist.

3. Operational Test:  Start units to confirm proper motor rotation and unit operation.  Adjust 
air-fuel ratio and combustion.

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

a. Check and adjust initial operating set points and high- and low-limit safety set 
points of fuel supply, water level and water temperature.

b. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

C. Performance Tests:

1. Engage a factory-authorized service representative to inspect component assemblies and 
equipment installations, including connections, and to conduct performance testing.

2. Boilers shall comply with performance requirements indicated, as determined by field 
performance tests.  Adjust, modify, or replace equipment to comply.

3. Perform field performance tests to determine capacity and efficiency of boilers.

4. Repeat tests until results comply with requirements indicated.

5. Provide analysis equipment required to determine performance.

6. Provide temporary equipment and system modifications necessary to dissipate the heat 
produced during tests if building systems are not adequate.

7. Notify Architect in advance of test dates.

8. Perform a combustion analysis after installation and adjust gas valve per the Installation 
and Operations manual and note in startup report.

9. Document test results in a report and submit to Architect.

3.5 DEMONSTRATION
1. Engage a factory representative or a factory-authorized service representative for boiler 

startup and to train Owner's maintenance personnel to adjust, operate, and maintain 
boilers.

END OF SECTION 235216
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SECTION 260505 - SELECTIVE DEMOLITION FOR ELECTRICAL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Removal of existing electrical equipment, wiring, and conduit in areas to be remodeled; 

removal of designated construction; dismantling, cutting and alterations for completion of 

the Work. 

2. Disposal of materials. 

3. Storage of removed materials. 

4. Protection of items to remain as indicated on Drawings. 

5. Relocate existing equipment to accommodate construction. 

1.2 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Record actual locations of capped conduits and equipment 

abandoned in place. 

1.3 SCHEDULING 

A. Schedule work to coincide with new construction. 

B. Cease operations immediately when structure appears to be in danger and notify 

Architect/Engineer. Do not resume operations until directed. 

1.4 COORDINATION 

A. Conduct demolition to minimize interference with adjacent and occupied building areas. 

B. Coordinate demolition work with mechanical contractor. 

C. Coordinate and sequence demolition so as not to cause shutdown of operation of surrounding 

areas. 

D. Shut-down Periods: 

1. Arrange timing of shut-down periods of in service panels with Owner. Do not shut down 

any utility without prior written approval. 

2. Keep shut-down period to minimum or use intermittent period as directed by the owner. 

3. Maintain life-safety systems in full operation in occupied facilities, or provide notice 

minimum 3 days in advance. 

E. Identify salvage items in cooperation with Owner. 
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PART 2 - PRODUCTS 

2.1 Not Used 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify wiring and equipment indicated to be demolished serve only abandoned facilities. 

B. Verify termination points for demolished services. 

3.2 PREPARATION 

A. Erect, and maintain temporary safeguards, including warning signs and lights, barricades, and 

similar measures, for protection of the public, Owner, Contractor's employees, and existing 

improvements to remain. 

B. Temporary egress signage and emergency lighting 

3.3 DEMOLITION 

A. Demolition Drawings are based on casual field observation and existing record documents. 

Report discrepancies to Engineer before disturbing existing installation. 

B. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling 

finishes. Cut conduit flush with walls and floors, and patch surfaces. 

C. Remove conduit, wire, boxes, and fastening devices to avoid any interference with new 

installation. 

D. Disconnect electrical systems in walls, floors, and ceilings scheduled for removal. 

E. Reconnect equipment being disturbed by renovation work and required for continue service to 

or nearest available panel. 

F. Disconnect or shut off service to areas where electrical work is to be removed. Remove 

electrical fixtures, equipment, and related switches, outlets, conduit and wiring which are not 

part of final project. 

G. Install temporary wiring and connections to maintain existing systems in service during 

construction. 

H. Perform work on energized equipment or circuits with experienced and trained personnel. 

I. Remove, relocate, and extend existing installations to accommodate new construction. 
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J. Repair adjacent construction and finishes damaged during demolition and extension work. 

K. Remove exposed abandoned grounding and bonding components, fasteners and supports, and 

electrical identification components, including abandoned components above accessible ceiling 

finishes. Cut embedded support elements flush with walls and floors. 

L. Clean and repair existing equipment to remain or to be reinstalled. 

M. Protect and retain power to existing active equipment remaining. 

N. Cap abandoned empty conduit at both ends. 

3.4 EXISTING PANELBOARDS 

A. Ring out circuits in existing panel affected by the Work. Where additional circuits are needed, 

reuse circuits available for reuse. Install new breakers. 

B. Tag unused circuits as spare. 

C. Where existing circuits are indicated to be reused, use sensing measuring devices to verify 

circuits feeding Project area or are not in use. 

D. Remove existing wire no longer in use from panel to equipment. 

E. Provide new updated directories where more than three circuits have been modified or rewired. 

3.5 SALVAGE ITEMS 

A. Remove and protect items indicated to be salvaged and turn over to Owner. 

B. Items of salvageable value may be removed as work progresses. Transport salvaged items from 

site as they are removed. 

3.6 REUSABLE ELECTRICAL EQUIPMENT 

A. Carefully remove equipment, materials, or fixtures which are to be reused. 

B. Disconnect, remove, or relocate existing electrical material and equipment interfering with new 

installation. 

3.7 CLEANING 

A. Remove demolished materials as work progresses. Legally dispose. 

B. Keep workplace neat. 

END OF SECTION 260505 
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes building wire and wiring connectors and connections. 

B. Related Sections: 

1. Section 260553 - Identification for Electrical Systems: Product requirements for wire 

identification. 

1.2 REFERENCES 

A. International Electrical Testing Association: 

1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems. 

B. National Fire Protection Association: 

1. NFPA 70 - National Electrical Code. 

1.3 SYSTEM DESCRIPTION 

A. Product Requirements: Provide products as follows:  

1. Solid conductor for feeders and branch circuits 10 AWG and smaller. 

2. Stranded conductors for control circuits. 

3. Conductor not smaller than 12 AWG for power and lighting circuits. 

4. Conductor not smaller than 16 AWG for control circuits. 

5. Increase wire size in branch circuits to limit voltage drop to a maximum of 3 percent. 

B. Wiring Methods: Provide the following wiring methods: 

1. Concealed Dry Interior Locations: Use only building wire, Type THHN/THWN 

insulation, in raceway. 

2. Exposed Dry Interior Locations: Use only building wire, Type THHN/THWN insulation, 

in raceway. 

1.4 DESIGN REQUIREMENTS 

A. Conductor sizes are based on copper. 
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1.5 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Record actual locations of components and circuits. 

1.6 QUALITY ASSURANCE 

A. Provide wiring materials located in plenums with peak optical density not greater than 0.5, 

average optical density not greater than 0.15, and flame spread not greater than 5 feet (1.5 m) 

when tested in accordance with NFPA 262. 

1.7 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this section with 

minimum three years documented experience. 

1.8 FIELD MEASUREMENTS 

A. Verify field measurements are as indicated on Drawings. 

1.9 COORDINATION 

A. Where wire and cable destination is indicated and routing is not shown, determine routing and 

lengths required. 

B. Wire and cable routing indicated is approximate unless dimensioned. Include wire and cable 

lengths within 10 ft of length shown. 

PART 2 - PRODUCTS 

2.1 BUILDING WIRE 

A. Product Description: Single conductor insulated wire. 

B. Conductor: Copper. 

C. Insulation Voltage Rating: 600 volts. 

D. Insulation Temperature Rating:  75 degrees C. 

E. Insulation Material:  Thermoplastic. 

2.2 WIRING CONNECTORS 

A. Split Bolt Connectors: 
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B. Spring Wire Connectors: 

C. Compression Connectors: 

2.3 TERMINATIONS 

A. Terminal Lugs for Wires 6 AWG and Smaller: Solderless, compression type copper. 

B. Lugs for Wires 4 AWG and Larger: Color keyed, compression type copper, with insulating 

sealing collars. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify interior of building has been protected from weather. 

B. Verify mechanical work likely to damage wire has been completed. 

C. Verify raceway installation is complete and supported. 

3.2 PREPARATION 

A. Completely and thoroughly swab raceway before installing wire. 

3.3 EXISTING WORK 

A. Remove exposed abandoned wire and cable, including abandoned wire and cable above 

accessible ceiling finishes. Patch surfaces where removed cables pass through building finishes. 

B. Disconnect abandoned circuits and remove circuit wire and cable. Remove abandoned boxes 

when wire and cable servicing boxes is abandoned and removed. Install blank cover for 

abandoned boxes not removed. 

C. Provide access to existing wiring connections remaining active and requiring access. Modify 

installation or install access panel. 

D. Extend existing circuits using materials and methods compatible with existing electrical 

installations, or as specified. 

E. Clean and repair existing wire remaining or wire to be reinstalled. 

3.4 INSTALLATION 

A. Route wire to meet Project conditions. 
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B. Neatly train and lace wiring inside boxes, equipment, and panelboards. 

C. Identify and color code wire and cable under provisions of Section 260553. Identify each 

conductor with its circuit number or other designation indicated. 

D. Special Techniques--Building Wire in Raceway: 

1. Pull conductors into raceway at same time. 

2. Install building wire 4 AWG and larger with pulling equipment. 

E. Special Techniques - Wiring Connections: 

1. Clean conductor surfaces before installing lugs and connectors. 

2. Make splices, taps, and terminations to carry full ampacity of conductors with no 

perceptible temperature rise. 

3. Tape uninsulated conductors and connectors with electrical tape to 150 percent of 

insulation rating of conductor. 

4. Install split bolt connectors for copper conductor splices and taps, 6 AWG and larger. 

5. Install solderless pressure connectors with insulating covers for copper conductor splices 

and taps, 8 AWG and smaller. 

6. Install insulated spring wire connectors with plastic caps for copper conductor splices and 

taps, 10 AWG and smaller. 

F. Install terminal lugs on ends of 600 volt wires unless lugs are furnished on connected device, 

such as circuit breakers. 

G. Size lugs in accordance with manufacturer's recommendations terminating wire sizes. Install 2-

hole type lugs to connect wires 4 AWG and larger to copper bus bars. 

H. For terminal lugs fastened together such as on motors, transformers, and other apparatus, or 

when space between studs is small enough that lugs can turn and touch each other, insulate for 

dielectric strength of 2-1/2 times normal potential of circuit. 

3.5 WIRE COLOR 

A. General: 

1. For wire sizes 10 AWG and smaller, install wire colors in accordance with the following: 

a. Black, red, and blue for circuits at 120/208 volts single or three phase. 

b. Orange, brown, and yellow for circuits at 277/480 volts single or three phase. 

2. For wire sizes 8 AWG and larger, identify wire with colored tape at terminals, splices and 

boxes. Colors are as follows: 

a. Black, red, and blue for circuits at 120/208 volts single or three phase. 

b. Orange, brown, and yellow for circuits at 277/480 volts single or three phase. 

B. Neutral Conductors: White. When two or more neutrals are located in one conduit, individually 

identify each with proper circuit number. 
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C. Branch Circuit Conductors: Install three or four wire home runs with each phase uniquely color 

coded. 

D. Feeder Circuit Conductors: Uniquely color code each phase. 

E. Ground Conductors: 

1. For 6 AWG and smaller: Green. 

2. For 4 AWG and larger: Identify with green tape at both ends and visible points including 

junction boxes. 

3.6 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

B. Perform inspections and tests listed in NETA ATS, Section 7.3.1. 

END OF SECTION 260519 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Wire. 

1.2 REFERENCES 

A. National Fire Protection Association: 

1. NFPA 70 - National Electrical Code. 

1.3 PERFORMANCE REQUIREMENTS 

A. Grounding System Resistance:  5 ohms maximum. 

1.4 QUALITY ASSURANCE 

A. Provide grounding materials conforming to requirements of NEC, IEEE 142, and UL labeled. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Accept materials on site in original factory packaging, labeled with manufacturer's 

identification. 

B. Protect from weather and construction traffic, dirt, water, chemical, and mechanical damage, by 

storing in original packaging. 

C. Do not deliver items to project before time of installation. Limit shipment of bulk and multiple-

use materials to quantities needed for immediate installation. 

PART 2 - PRODUCTS 

2.1 WIRE 

A. Grounding Electrode Conductor: Copper conductor insulated. 

B. Bonding Conductor: Copper conductor insulated. 



GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 - 2 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Remove paint, rust, mill oils, surface contaminants at connection points. 

3.2 EXISTING WORK 

A. Modify existing grounding system to maintain continuity to accommodate renovations. 

B. Extend existing grounding system using materials and methods compatible with existing 

electrical installations, or as specified. 

3.3 INSTALLATION 

A. Equipment Grounding Conductor: Install separate, insulated conductor within each feeder and 

branch circuit raceway. Terminate each end on suitable lug, bus, or bushing. 

B. Permanently ground entire light and power system in accordance with NEC, including service 

equipment, distribution panels, lighting panelboards, switch and starter enclosures, motor 

frames, grounding type receptacles, and other exposed non-current carrying metal parts of 

electrical equipment. 

C. Permanently attach equipment and grounding conductors prior to energizing equipment. 

3.4 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

B. Perform ground resistance testing in accordance with IEEE 142. 

C. Perform leakage current tests in accordance with NFPA 99. 

D. Perform continuity testing in accordance with IEEE 142. 

E. When improper grounding is found on receptacles, check receptacles in entire project and 

correct. Perform retest. 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Conduit supports. 

2. Formed steel channel. 

3. Spring steel clips. 

4. Sleeves. 

5. Firestopping relating to electrical work. 

1.2 REFERENCES 

A. ASTM International: 

1. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building 

Materials. 

2. ASTM E119 - Standard Test Methods for Fire Tests of Building Construction and 

Materials. 

3. ASTM E814 - Standard Test Method for Fire Tests of Through-Penetration Fire Stops. 

4. ASTM E1966 - Standard Test Method for Fire-Resistive Joint Systems. 

B. National Fire Protection Association: 

1. NFPA 70 - National Electrical Code. 

C. Underwriters Laboratories Inc.: 

1. UL 263 - Fire Tests of Building Construction and Materials. 

2. UL 723 - Tests for Surface Burning Characteristics of Building Materials. 

3. UL 1479 - Fire Tests of Through-Penetration Firestops. 

4. UL 2079 - Tests for Fire Resistance of Building Joint Systems. 

5. UL - Fire Resistance Directory. 

1.3 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing Products specified in this section with 

minimum three years documented experience. 

B. Installer: Company specializing in performing work of this section with minimum three years 

documented experience. 
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1.4 DELIVERY, STORAGE, AND HANDLING 

A. Accept materials on site in original factory packaging, labeled with manufacturer's 

identification. 

B. Protect from weather and construction traffic, dirt, water, chemical, and mechanical damage, by 

storing in original packaging. 

1.5 ENVIRONMENTAL REQUIREMENTS 

A. Do not apply firestopping materials when temperature of substrate material and ambient air is 

below 60 degrees F. 

B. Maintain this minimum temperature before, during, and for minimum 3 days after installation of 

firestopping materials. 

C. Provide ventilation in areas to receive solvent cured materials. 

PART 2 - PRODUCTS 

2.1 CONDUIT SUPPORTS 

A. Hanger Rods: Threaded high tensile strength galvanized carbon steel with free running threads. 

B. Beam Clamps: Malleable Iron, with tapered hole in base and back to accept either bolt or 

hanger rod. Set screw: hardened steel. 

C. Conduit clamps for trapeze hangers: Galvanized steel, notched to fit trapeze with single bolt to 

tighten. 

D. Conduit clamps - general purpose: One hole malleable iron for surface mounted conduits. 

E. Cable Ties: High strength nylon temperature rated to 185 degrees F. Self locking. 

2.2 FORMED STEEL CHANNEL 

A. Product Description: Galvanized 12 gage thick steel. With holes 1-1/2 inches on center. 

2.3 SPRING STEEL CLIPS 

A. Product Description: Mounting hole and screw closure. 

2.4 SLEEVES 

A. Sleeves for Through Fire Rated and Fire Resistive Floors and Walls, and Fire Proofing: 

Prefabricated fire rated sleeves including seals, UL listed. 



HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 - 3 

B. Stuffing Insulation: Glass fiber type, non-combustible. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify openings are ready to receive sleeves. 

B. Verify openings are ready to receive firestopping. 

3.2 PREPARATION 

A. Clean substrate surfaces of dirt, dust, grease, oil, loose material, or other matter affecting bond 

of firestopping material. 

B. Remove incompatible materials affecting bond. 

C. Install backing materials to arrest liquid material leakage. 

D. Obtain permission from Engineer before using powder-actuated anchors. 

E. Do not drill or cut structural members. 

3.3 INSTALLATION - HANGERS AND SUPPORTS 

A. Anchors and Fasteners: 

1. Steel Structural Elements: Provide beam clamps, spring steel clips, steel ramset fasteners, 

and welded fasteners. 

2. Concrete Surfaces: Provide self-drilling anchors and expansion anchors. 

3. Hollow Masonry, Plaster, and Gypsum Board Partitions: Provide toggle bolts and hollow 

wall fasteners. 

4. Solid Masonry Walls: Provide expansion anchors and preset inserts. 

5. Sheet Metal: Provide sheet metal screws. 

6. Wood Elements: Provide wood screws. 

B. Install conduit and raceway support and spacing in accordance with NEC. 

C. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit. 

D. Install multiple conduit runs on common hangers. 

E. Supports: 

1. Fabricate supports from structural steel or formed steel channel. Install hexagon head 

bolts to present neat appearance with adequate strength and rigidity. Install spring lock 

washers under nuts. 

2. Install surface mounted cabinets and panelboards with minimum of four anchors. 



HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 - 4 

3. In wet and damp locations install steel channel supports to stand cabinets and 

panelboards 1 inch off wall. 

4. Support vertical conduit at every [other] floor. 

3.4 INSTALLATION - FIRESTOPPING 

A. Install material at fire rated construction perimeters and openings containing penetrating 

sleeves, piping, ductwork, conduit and other items, requiring firestopping. 

B. Apply primer where recommended by manufacturer for type of firestopping material and 

substrate involved, and as required for compliance with required fire ratings. 

C. Apply firestopping material in sufficient thickness to achieve required fire and smoke rating,to 

uniform density and texture. 

D.  Remove dam material after firestopping material has cured. 

E. Fire Rated Surface: 

1. Seal opening at floor, wall, as follows: 

a. Install sleeve through opening and extending beyond minimum of 1 inch on both 

sides of building element. 

b. Size sleeve allowing minimum of 1 inch void between sleeve and building 

element. 

c. Pack void with backing material. 

d. Seal ends of sleeve with UL listed fire resistive silicone compound to meet fire 

rating of structure penetrated. 

2. Where conduit, penetrates fire rated surface, install firestopping product in accordance 

with manufacturer's instructions. 

F. Non-Rated Surfaces: 

1. Seal opening through non-fire rated wall, floor, as follows: 

a. Install sleeve through opening and extending beyond minimum of 1 inch on both 

sides of building element. 

b. Size sleeve allowing minimum of 1 inch void between sleeve and building 

element. 

c. Install type of firestopping material recommended by manufacturer. 

3.5 INSTALLATION - SLEEVES 

A. Conduit penetrations not required to be watertight: Sleeve and fill with silicon foam. 

B. Set sleeves in position in forms. Provide reinforcing around sleeves. 

C. Size sleeves large enough to allow for movement due to expansion and contraction. Provide for 

continuous insulation wrapping. 
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D. Extend sleeves through floors 1 inch above finished floor level. Caulk sleeves. 

E. Where conduit or raceway penetrates floor, ceiling, or wall, close off space between conduit or 

raceway and adjacent work with stuffing insulation and caulk airtight. Provide close fitting 

metal collar or escutcheon covers at both sides of penetration. 

3.6 FIELD QUALITY CONTROL 

A. Inspect installed firestopping for compliance with specifications and submitted schedule. 

3.7 CLEANING 

A. Clean adjacent surfaces of firestopping materials. 

3.8 PROTECTION OF FINISHED WORK 

A. Protect adjacent surfaces from damage by material installation. 

END OF SECTION 260529 
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SECTION 260533 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes conduit, outlet boxes, pull and junction boxes. 

B. Related Sections: 

1. Section 260526 - Grounding and Bonding for Electrical Systems. 

2. Section 260529 - Hangers and Supports for Electrical Systems. 

3. Section 262726 - Wiring Devices. 

1.2 REFERENCES 

A. American National Standards Institute: 

1. ANSI C80.3 - Specification for Electrical Metallic Tubing, Zinc Coated. 

B. National Electrical Manufacturers Association: 

1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

2. NEMA OS 1 - Sheet Steel Outlet Boxes, Device Boxes, Covers, and Box Supports. 

1.3 SYSTEM DESCRIPTION 

A. Raceway and boxes located as indicated on Drawings, and at other locations required for 

splices, taps, wire pulling, equipment connections, and compliance with regulatory 

requirements. Raceway and boxes are shown in approximate locations unless dimensioned. 

Provide raceway to complete wiring system. 

B. Exposed Dry Locations: Provide, electrical metallic tubing. Provide sheet-metal boxes. Provide 

flush mounting outlet box in finished areas. Provide hinged enclosure for large pull boxes. 

1.4 DESIGN REQUIREMENTS 

A. Minimum Raceway Size:  1/2 inch unless otherwise specified. 

1.5 CLOSEOUT SUBMITTALS 

A. Project Record Documents: 

1. Record actual locations and mounting heights of outlet, pull, and junction boxes. 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Protect conduit from corrosion and entrance of debris by storing above grade. Provide 

appropriate covering. 

1.7 COORDINATION 

A. Coordinate installation of outlet boxes for equipment connected under Section 260503. 

B. Coordinate mounting heights, orientation and locations of outlets mounted above counters, 

benches, and backsplashes. 

PART 2 - PRODUCTS 

2.1 FLEXIBLE METAL CONDUIT 

A. Product Description: Interlocked steel construction. 

B. Fittings: NEMA FB 1. 

2.2 LIQUIDTIGHT FLEXIBLE METAL CONDUIT 

A. Product Description: Interlocked steel construction with PVC jacket. 

B. Fittings: NEMA FB 1. 

2.3 ELECTRICAL METALLIC TUBING (EMT) 

A. Product Description: ANSI C80.3; galvanized tubing. 

B. Fittings and Conduit Bodies: NEMA FB 1; steel, type. 

2.4 OUTLET BOXES 

A. Sheet Metal Outlet Boxes: NEMA OS 1, galvanized steel. 

B. Wall Plates for Finished Areas: As specified in Section 262726. 

C. Wall Plates for Unfinished Areas: Furnish gasketed cover. 

2.5 PULL AND JUNCTION BOXES 

A. Sheet Metal Boxes: NEMA OS 1, galvanized steel. 

B. Hinged Enclosures: As specified in Section 262716. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify outlet locations and routing and termination locations of raceway prior to rough-in. 

3.2 EXISTING WORK 

A. Remove exposed abandoned raceway, including abandoned raceway above accessible ceiling 

finishes. Cut raceway flush with walls and floors, and patch surfaces. 

B. Remove concealed abandoned raceway to its source. 

C. Disconnect abandoned outlets and remove devices. Remove abandoned outlets when raceway is 

abandoned and removed. Install blank cover for abandoned outlets not removed. 

D. Maintain access to existing boxes and other installations remaining active and requiring access. 

Modify installation or provide access panel. 

E. Extend existing raceway and box installations using materials and methods compatible with 

existing electrical installations, or as specified. 

F. Clean and repair existing raceway and boxes to remain or to be reinstalled. 

3.3 INSTALLATION 

A. Ground and bond raceway and boxes in accordance with Section 260526. 

B. Fasten raceway and box supports to structure and finishes in accordance with Section 260529. 

C. Identify raceway and boxes in accordance with Section 260553. 

D. Arrange raceway and boxes to maintain headroom and present neat appearance. 

3.4 INSTALLATION - RACEWAY 

A. Raceway routing is shown in approximate locations unless dimensioned. Route to complete 

wiring system. 

B. Arrange raceway supports to prevent misalignment during wiring installation. 

C. Support raceway using coated steel or malleable iron straps, lay-in adjustable hangers, clevis 

hangers, and split hangers. 

D. Group related raceway; support using conduit rack. Construct rack using steel channel specified 

in Section 260529; provide space on each for 25 percent additional raceways. 
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E. Do not support raceway with wire or perforated pipe straps. Remove wire used for temporary 

supports 

F. Do not attach raceway to ceiling support wires or other piping systems. 

G. Construct wireway supports from steel channel specified in Section 260529. 

H. Route exposed raceway parallel and perpendicular to walls. 

I. Route raceway installed above accessible ceilings parallel and perpendicular to walls. 

J. Maintain clearance between raceway and piping for maintenance purposes. 

K. Maintain 12 inch clearance between raceway and surfaces with temperatures exceeding 104 

degrees F. 

L. Cut conduit square using saw or pipe cutter; de-burr cut ends. 

M. Bring conduit to shoulder of fittings; fasten securely. 

N. Install no more than equivalent of three 90 degree bends between boxes. Install conduit bodies 

to make sharp changes in direction, as around beams.  

O. Avoid moisture traps; install junction box with drain fitting at low points in conduit system. 

P. Install fittings to accommodate expansion and deflection where raceway crosses seismic, 

control and expansion joints. 

Q. Install suitable caps to protect installed conduit against entrance of dirt and moisture. 

3.5 INSTALLATION - BOXES 

A. Install wall mounted boxes at elevations to accommodate mounting heights as indicated on 

Drawings. 

B. Adjust box location up to 10 feet prior to rough-in to accommodate intended purpose. 

C. Orient boxes to accommodate wiring devices oriented as specified in Section 262726. 

D. Install pull boxes and junction boxes above accessible ceilings and in unfinished areas only. 

E. In Accessible Ceiling Areas: Install outlet and junction boxes no more than 6 inches from 

ceiling access panel or from removable recessed luminaire. 

F. Do not fasten boxes to ceiling support wires or other piping systems. 

G. Support boxes independently of conduit. 

H. Install gang box where more than one device is mounted together. Do not use sectional box. 

I. Install gang box with plaster ring for single device outlets. 
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3.6 ADJUSTING 

A. Install knockout closures in unused openings in boxes. 

3.7 CLEANING 

A. Clean interior of boxes to remove dust, debris, and other material. 

B. Clean exposed surfaces and restore finish. 

END OF SECTION 260533 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Nameplates. 

2. Wire markers. 

1.2 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Record actual locations of tagged devices; include tag numbers. 

1.3 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing Products specified in this section with 

minimum three years documented experience. 

B. Installer: Company specializing in performing Work of this section with minimum three years 

documented experience. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Accept identification products on site in original containers. Inspect for damage. 

B. Accept materials on site in original factory packaging, labeled with manufacturer's 

identification, including product density and thickness. 

C. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical 

damage, by storing in original wrapping. 

1.5 ENVIRONMENTAL REQUIREMENTS 

A. Install nameplates only when ambient temperature and humidity conditions for adhesive are 

within range recommended by manufacturer. 
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PART 2 - PRODUCTS 

2.1 NAMEPLATES 

A. Product Description: Laminated three-layer plastic with engraved black letters on white 

contrasting background color. 

B. Letter Size:  

1. 1/8 inch high letters for identifying individual equipment and loads. 

2. 1/4 inch high letters for identifying grouped equipment and loads. 

C. Minimum nameplate thickness:  1/8 inch. 

2.2 WIRE MARKERS 

A. Description: Split sleeve type wire markers. 

B. Legend: 

1. Power and Lighting Circuits: Branch circuit or feeder number as indicated on Drawings. 

2. Control Circuits: Control wire number as indicated on schematic and interconnection 

diagrams. 

PART 3 - EXECUTION 

3.1 PREPARATION 

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

3.2 EXISTING WORK 

A. Install identification on existing equipment to remain in accordance with this section. 

B. Install identification on unmarked existing equipment. 

C. Replace lost nameplates. 

3.3 INSTALLATION 

A. Nameplate Installation: 

1. Install nameplate parallel to equipment lines. 

2. Install nameplate for each electrical distribution and control equipment enclosure with 

corrosive-resistant mechanical fasteners, or adhesive. 
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3. Install nameplates for each control panel and major control components located outside 

panel with corrosive-resistant mechanical fasteners, or adhesive. 

4. Secure nameplate to equipment front using screws, rivets, or adhesive. 

5. Install nameplates for the following: 

a. Panelboards. 

b. Transformers. 

c. Disconnects. 

B. Wire Marker Installation: 

1. Install wire marker for each conductor at panelboard gutters, pull boxes, outlet and 

junction boxes, and each load connection. 

END OF SECTION 260553 
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SECTION 262200 - LOW-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Two-winding transformers. 

B. Related Requirements: 

1. Section 260526 - Grounding and Bonding for Electrical Systems. 

2. Section 260529 - Hangers and Supports for Electrical Systems. 

3. Section 260533 - Raceway and Boxes for Electrical Systems. 

4. Section 260553 - Identification for Electrical Systems. 

1.2 REFERENCE STANDARDS 

A. National Electrical Manufacturers Association: 

1. NEMA ST 1 - Specialty Transformers (Except General Purpose Type). 

2. NEMA ST 20 - Dry Type Transformers for General Applications. 

B. International Electrical Testing Association: 

1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems. 

1.3 SUBMITTALS 

A. Product Data: Submit outline and support point dimensions of enclosures and accessories, unit 

weight, voltage, kVA, and impedance ratings and characteristics, tap configurations, insulation 

system type, and rated temperature rise. 

1.4 CLOSEOUT SUBMITTALS 

A. Record Documentation: Record actual locations of transformers. 

1.5 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this section with 

minimum three years documented experience. 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store in clean, dry space. Maintain factory wrapping or provide additional canvas or plastic 

cover to protect units from dirt, water, construction debris, and traffic. 

B. Handle in accordance with manufacturer's written instructions. Lift only with lugs provided. 

Handle carefully to avoid damage to transformer internal components, enclosure, and finish. 

PART 2 - PRODUCTS 

2.1 TWO-WINDING TRANSFORMERS 

A. Description: NEMA ST 20, factory-assembled, air-cooled, dry type transformers, ratings as 

indicated on Drawings. 

B. Operation: 

1. Primary Voltage:  480 volts, 3 phase. 

2. Secondary Voltage:  208Y/120 volts, 3 phase. 

3. Insulation system and average winding temperature rise for rated kVA as follows: 

4. 16-500 kVA: Class 220 with 150 degrees C rise. 

5. Case temperature: Do not exceed 35 degrees C rise above ambient at warmest point at 

full load. 

6. Winding Taps: 

a. Transformers 15 kVA and Larger: NEMA ST 20. 

7. Sound Levels:  NEMA ST 20. 

8. Mounting: 

a. 16-75 kVA: Suitable for floor mounting. 

C. Materials: 

1. Ground core and coil assembly to enclosure by means of visible flexible copper 

grounding strap. 

2. Coil Conductors: Continuous copper windings with terminations brazed or welded. 

3. Enclosure: NEMA ST 20, Type 1. Furnish lifting eyes or brackets. 

D. Fabrication: 

1. Isolate core and coil from enclosure using vibration-absorbing mounts. 

2. Nameplate: Include transformer connection data and overload capacity based on rated 

allowable temperature rise. 

2.2 SOURCE QUALITY CONTROL 

A. Production test each unit according to NEMA ST20. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Provide concrete pad. 

3.2 INSTALLATION 

A. Set transformer plumb and level. 

B. Use flexible conduit, in accordance with Section 260533, 2 feet minimum length, for 

connections to transformer case. Make conduit connections to side panel of enclosure. 

C. Support transformers in accordance with Section 260529. 

1. Mount floor-mounted transformers on vibration isolating pads suitable for isolating 

transformer noise from building structure. 

D. Provide seismic restraints. 

E. Install grounding and bonding in accordance with Section 260526. 

3.3 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

B. Perform inspections and tests listed in NETA ATS, Section 7.2.1. 

3.4 ADJUSTING 

A. Measure primary and secondary voltages and make appropriate tap adjustments. 

END OF SECTION 262200 
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SECTION 262416 - PANELBOARDS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Distribution and branch circuit panelboards. 

B. Related Requirements: 

1. Section 260526 - Grounding and Bonding for Electrical Systems. 

2. Section 260553 - Identification for Electrical Systems. 

1.2 REFERENCE STANDARDS 

A. Institute of Electrical and Electronics Engineers: 

1. IEEE C62.41 - Recommended Practice on Surge Voltages in Low-Voltage AC Power 

Circuits. 

B. National Electrical Manufacturers Association: 

1. NEMA PB 1 - Panelboards. 

2. NEMA PB 1.1 - General Instructions for Proper Installation, Operation, and Maintenance 

of Panelboards Rated 600 Volts or Less. 

C. International Electrical Testing Association: 

1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems. 

D. National Fire Protection Association: 

1. NFPA 70 - National Electrical Code. 

E. UL: 

1. UL 50 - Cabinets and Boxes 

2. UL 67 - Safety for Panelboards. 

3. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker 

Enclosures. 

1.3 SUBMITTALS 

A. Product Data: Submit catalog data showing specified features of standard products. 
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B. Shop Drawings: Indicate outline and support point dimensions, voltage, main bus ampacity, 

integrated short circuit ampere rating, circuit breaker, and fusible switch arrangement and sizes. 

1.4 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Record actual locations of panelboards and record actual circuiting 

arrangements. 

B. Operation and Maintenance Data: Submit spare parts listing, source and current prices of 

replacement parts and supplies, and recommended maintenance procedures and intervals. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Extra Stock Materials: 

1. Furnish two of each panelboard key. Panelboards keyed alike. 

1.6 QUALITY ASSURANCE 

A. Qualifications 

1. Manufacturer: Company specializing in manufacturing products specified in this Section 

with minimum three years' documented experience. 

PART 2 - PRODUCTS 

2.1 BRANCH CIRCUIT PANELBOARDS 

A. Manufacturers: 

1. GE. 

2. No substitutions permitted. 

B. Description: NEMA PB1, circuit breaker type, lighting and appliance branch circuit panelboard. 

C. Materials: 

1. Panelboard Bus:  Copper, current carrying components, ratings as indicated on Drawings. 

Furnish copper ground bus in each panelboard. 

2. Minimum Integrated Short Circuit Rating:  10,000 A rms symmetrical for 240 V 

panelboards; 14,000 S rms symmetrical for 480 V panelboards. 

3. Molded Case Circuit Breakers: UL 489, bolt-on type thermal magnetic trip circuit 

breakers, with common trip handle for all poles. Do not use tandem circuit breakers. 

4. Enclosure: NEMA PB 1, Type 1. 

5. Cabinet Box: 6 inches deep, 20 inches wide for 240 V and less panelboards, 20 inches 

wide for 480 V panelboards. 

http://www.specagent.com/LookUp/?ulid=8518&mf=04&src=wd
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D. Cabinet Front:  Surface cabinet front with concealed trim clamps, concealed hinge, metal 

directory frame, and flush lock keyed alike. Finishes: 

1. Finish in manufacturer's standard gray enamel. 

PART 3 - EXECUTION 

3.1 DEMOLITION 

A. Maintain access to existing panelboard remaining active and requiring access. Modify 

installation or provide access panel. 

3.2 INSTALLATION 

A. Install panelboards according to NEMA PB 1.1. 

B. Install panelboards plumb. 

C. Height: 6 feet to top of panelboard; install panelboards taller than 6 feet with bottom no more 

than 4 inches above floor. 

D. Install filler plates for unused spaces in panelboards. 

E. Provide typed circuit directory for each branch circuit panelboard. Revise directory to reflect 

circuiting changes to balance phase loads. Identify each circuit as to its clear, evident and 

specific purpose of use. 

F. Install engraved plastic nameplates according to Section 260553. 

G. Ground and bond panelboard enclosure according to Section 260526. Connect equipment 

ground bars of panels according to NFPA 70. 

3.3 FIELD QUALITY CONTROL 

A. Inspect and test according to NETA ATS, except Section 4. 

B. Perform circuit breaker inspections and tests listed in NETA ATS, Section 7.6. 

C. Perform switch inspections and tests listed in NETA ATS, Section 7.5. 

D. Perform controller inspections and tests listed in NETA ATS, Section 7.16.1. 

3.4 ADJUSTING 

A. Measure steady state load currents at each panelboard feeder; rearrange circuits in panelboard to 

balance phase loads to within 20 percent of each other. Maintain proper phasing for multi-wire 

branch circuits. 
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3.5 CLEANING 

A. Clean existing panelboards to remain or to be reinstalled. 

END OF SECTION 262416 
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SECTION 262726 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes wall receptacles; device plates and box covers. 

1.2 REFERENCES 

A. National Electrical Manufacturers Association: 

1. NEMA WD 1 - General Requirements for Wiring Devices. 

2. NEMA WD 6 - Wiring Devices-Dimensional Requirements. 

1.3 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this section with 

minimum three years documented experience. 

PART 2 - PRODUCTS 

2.1 RECEPTACLES 

A. Product Description: NEMA WD 1, Heavy-duty general use receptacle. 

B. Device Body:  Brown plastic. 

C. Configuration: NEMA WD 6, type as indicated on Drawings. 

D. Convenience Receptacle: Type 5-20. 

E. GFCI Receptacle: Convenience receptacle with integral ground fault circuit interrupter to meet 

regulatory requirements. 

2.2 WALL PLATES 

A. Decorative Cover Plate: Brown nylon, smooth. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify outlet boxes are installed at proper height. 

B. Verify branch circuit wiring installation is completed, tested, and ready for connection to wiring 

devices. 

3.2 PREPARATION 

A. Clean debris from outlet boxes. 

3.3 EXISTING WORK 

A. Disconnect and remove abandoned wiring devices. 

B. Modify installation to maintain access to existing wiring devices to remain active. 

C. Clean and repair existing wiring devices to remain or to be reinstalled. 

3.4 INSTALLATION 

A. Install devices plumb and level. 

B. Install receptacles with grounding pole on bottom. 

C. Connect wiring device grounding terminal to outlet box with bonding jumper and branch circuit 

equipment grounding conductor. 

D. Connect wiring devices by wrapping solid conductor around screw terminal.  

E. Install galvanized steel plates on outlet boxes and junction boxes in unfinished areas, above 

accessible ceilings, and on surface mounted outlets. 

3.5 INTERFACE WITH OTHER PRODUCTS 

A. Coordinate locations of outlet boxes provided under Section 260533 to obtain mounting heights 

as indicated on drawings. 

B. Install convenience receptacle 24 inches above finished floor. 

3.6 FIELD QUALITY CONTROL 

A. Inspect each wiring device for defects. 



WIRING DEVICES 262726 - 3 

B. Verify each receptacle device is energized. 

C. Test each receptacle device for proper polarity. 

D. Test each GFCI receptacle device for proper operation. 

3.7 ADJUSTING 

A. Adjust devices and wall plates to be flush and level. 

3.8 CLEANING 

A. Clean exposed surfaces to remove splatters and restore finish. 

END OF SECTION 262726 
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SECTION 262813 - FUSES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Fuses. 

1.2 REFERENCE STANDARDS 

A. National Electrical Manufacturers Association: 

1. NEMA FU 1 - Low Voltage Cartridge Fuses. 

1.3 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Record actual sizes, ratings, and locations of fuses. 

1.4 MAINTENANCE MATERIALS 

A. Extra Materials: 

1. Furnish three spare fuses of each Class, size, and rating installed. 

1.5 QUALITY ASSURANCE 

A. Qualifications: 

1. Manufacturer: Company specializing in manufacturing products specified in this section 

with minimum three years documented experience. 

PART 2 - PRODUCTS 

2.1 DESIGN REQUIREMENTS 

A. Select fuses to provide appropriate levels of short circuit and overcurrent protection for the 

following components: wire, cable, bus structures, and other equipment. Design system to 

maintain component damage within acceptable levels during faults. 
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B. Select fuses to coordinate with time current characteristics of other overcurrent protective 

elements, including other fuses, circuit breakers, and protective relays. Design system to 

maintain operation of device closest to fault operates. 

2.2 FUES PERFORMANCE REQUIREMENTS 

A. Motor Branch Circuits: Class RK1 (time delay). 

2.3 FUSES 

A. Dimensions and Performance: NEMA FU 1, Class as specified or as indicated on Drawings. 

B. Voltage: Rating suitable for circuit phase-to-phase voltage. 

2.4 CLASS RK5 FUSES 

A. Dimensions and Performance: NEMA FU 1. 

B. Voltage: Rating suitable for circuit phase-to-phase voltage. 

PART 3 - EXECUTION 

3.1 DOMOLITION 

A. Remove fuses from abandoned circuits. 

B. Maintain access to existing fuses and other installations remaining active and requiring access. 

Modify installation or provide access panel. 

3.2 INSTALLATION 

A. Install fuse with label oriented so manufacturer, type, and size are easily read. 

END OF SECTION 262813 
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SECTION 262816 - ENCLOSED SWITCHES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Fusible. 

B. Related Requirements: 

1. Section 260529 - Hangers and Supports for Electrical Systems. 

2. Section 260553 - Identification for Electrical Systems. 

3. Section 262813 - Fuses. 

1.2 REFERENCE STANDARDS 

A. National Electrical Manufacturers Association: 

1. NEMA FU 1 - Low Voltage Cartridge Fuses. 

2. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 

Maximum). 

B. International Electrical Testing Association: 

1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems. 

1.3 SUBMITTALS 

A. Product Data: Submit switch ratings and enclosure dimensions. 

1.4 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Record actual locations of enclosed switches and ratings of installed 

fuses. 

1.5 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this section with 

minimum three years documented experience. 
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PART 2 - PRODUCTS 

2.1 FUSIBLE SWITCH ASSEMBLIES 

A. Manufacturers: 

1. GE. 

B. Description: NEMA KS 1, Type HD, enclosed load interrupter knife switch. Handle lockable in 

OFF position. 

C. Operation: 

1. Switch Ratings 

a. Switch Rating: Horsepower rated for AC or DC as indicated on Drawings. 

b. Short Circuit Current Rating: UL listed for 200,000 rms symmetrical amperes 

when used with or protected by Class R fuses (30-600 ampere switches employing 

appropriate fuse rejection schemes).. 

D. Materials: 

1. Fuse clips: Designed to accommodate NEMA FU 1, Class R fuses. 

2. Enclosure: NEMA KS 1, to meet conditions. Fabricate enclosure from steel finished with 

manufacturer's standard gray enamel. 

a. Interior Dry Locations: Type 1. 

3. Furnish switches with entirely copper current carrying parts. 

PART 3 - EXECUTION 

3.1 DEMOLITION 

A. Disconnect and remove abandoned enclosed switches. 

B. Maintain access to existing enclosed switches and other installations remaining active and 

requiring access.  

3.2 INSTALLATION 

A. Install enclosed switches where indicated. 

B. Install enclosed switches plumb. Provide supports in accordance with Section 260529. 

C. Height: 5 feet to operating handle. 

D. Install fuses for fusible disconnect switches. Refer to Section 262813 for product requirements. 

http://www.specagent.com/LookUp/?ulid=8558&mf=04&src=wd
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E. Install engraved plastic nameplates in accordance with Section 260553. Engrave nameplates 

with the equipment served and the panel and circuit number supplying the switch. 

F. Apply adhesive tag on inside door of each fused switch indicating NEMA fuse class and size 

installed. 

3.3 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

B. Perform inspections and tests listed in NETA ATS, Section 7.5. 

END OF SECTION 262816 
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SECTION 265100 - INTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes interior luminaires, lamps, ballasts, and accessories. 

B. Related Sections: 

1. Section 260526 - Grounding and Bonding for Electrical Systems. 

2. Section 260533 - Raceway and Boxes for Electrical Systems. 

1.2 SUBMITTALS 

A. Shop Drawings: Indicate dimensions and components for each luminaire not standard product 

of manufacturer. 

1.3 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this section with 

minimum three years documented experience. 

PART 2 - PRODUCTS 

2.1 INTERIOR LUMINAIRES 

A. Product Description: Complete interior luminaire assemblies, with features, options, and 

accessories as scheduled. 

2.2 LED FIXTURES 

A. See lighting legend on plans 

PART 3 - EXECUTION 

3.1 EXISTING WORK 

A. Disconnect and remove abandoned luminaires, lamps, and accessories. 

B. Extend existing interior luminaire installations using materials and methods compatible with 

existing installations, or as specified. 
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3.2 INSTALLATION 

A. Install suspended luminaires using chain support. Install pendant length required to suspend 

luminaire at indicated height. 

B. Install accessories furnished with each luminaire. 

C. Connect luminaires to branch circuit outlets provided under Section 260533 using flexible 

conduit. 

D. Make wiring connections to branch circuit using building wire with insulation suitable for 

temperature conditions within luminaire. 

E. Ground and bond interior luminaires in accordance with Section 260526. 

3.3 FIELD QUALITY CONTROL 

A. Operate each luminaire after installation and connection. Inspect for proper connection and 

operation. 

3.4 CLEANING 

A. Remove dirt and debris from enclosures. 

B. Clean photometric control surfaces as recommended by manufacturer. 

C. Clean finishes and touch up damage. 

3.5 PROTECTION OF FINISHED WORK 

A. Replace luminaires having failed lamps at Substantial Completion. 

END OF SECTION 265100 
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	011000 fl - summary of work
	PART 1 GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.
	B. For this Section and all Specification Sections of the Project Manual, the above stated paragraph shall be deemed to also include all of Division 00, Bidding Requirements and Contract Conditions, and Owner’s boilerplate documents, as indexed in the Project Manual.

	1.2 PROJECT SUMMARY
	A. The project consists of replacing the existing three GasMaster hot water boilers and single boiler pump with three new condensing boilers and three boiler pumps. The new boiler system will also consist of a new air/dirt separator, expansions tank, boiler venting, and temperature controls.
	B. Part of the heating water piping will be replaced and reinsulated inside the boiler room. The existing gas and domestic water piping will be modified for the new boiler layout.
	C. The new boilers will be tied into the existing building DDC system.
	D. Miscellaneous roof and wall cutting and patching are required for the project. If the mechanical contractor is the prime bidding contractor, they shall employ a licensed general type contractor and qualified roofing contractor for this work.

	1.3 CONTRACT DESCRIPTION
	A. Project will be constructed under a single general construction contract.

	1.4 OWNER OCCUPANCY OF THE SITE
	A. General:  Owner will be occupying the project site and buildings for the duration of the project, including the following areas:
	B. Contractor shall coordinate all work to allow Owner full access to the project site.
	C. Emergency Building Exits During Construction: Keep all exits required by code open during construction period.
	D. Contractor shall maintain site utilities in service to the local utility companies and Owner’s on-site utilities, and the Owner’s buildings and facilities on the project site at all times, unless approved otherwise by the Owner.
	E. Storage and parking on the project site will be at the approval of the Owner.

	1.5 WORK SEQUENCE
	A. Contractor shall submit a schedule for completion of the work within a Final Completion Date determined by the Owner. The schedule shall be submitted for review by the Engineer and approval by the Owner. The schedule shall be updated during construction at the beginning of each month and sent to the Engineer for review/approval. Substantial Completion shall be 14 days before the Final Completion Date.
	B. The contractor shall submit a plan to perform the work described above and the plan shall be coordinated and approved by the Engineer and Owner.
	C. Coordination with the Owner is very important in order to keep the disruption to the building at a minimum.
	D. The Contractor shall cover and protect the existing furniture, equipment, etc. in spaces during construction as specified on the Drawings. Contractor shall clean all spaces of work at the end of each day.

	1.6 INSTRUCTIONS TO BIDDERS
	A. EXAMINATION OF SITE: Prior to submittal of a proposal, each bidder shall make and will be deemed to have made, a thorough examination of the site related to the work and all conditions existing thereon.
	B. EXAMINATION OF CONTRACT DOCUMENTS: Before submitting proposals, bidders shall carefully examine the complete Contract Documents, including the drawings and specifications, and shall bring any discrepancies to the attention of the Engineer.
	C. CONDITIONS OF THE WORK: Each bidder shall inform himself fully of the condition of the project and the employment of labor thereon. Failure to do so will not relieve a successful bidder of his obligation to furnish all material and labor necessary to carry out the provisions of the Contract.
	D. LAWS AND REGULATIONS: The bidders attention is directed to the fact that all applicable State laws, municipal ordinances, and rules and regulations of all authorities having jurisdiction over construction of the project shall apply to the Contract throughout, and they will be deemed to be included in the Contract the same as though herein written out in full.
	E. INTERPRETATION OF CONTRACT DOCUMENTS: If a person contemplating the submission of a proposal for the proposed Contract is in doubt as to the meaning of any part of the drawings and project manual, or other proposed Contract Documents, or should errors, omissions or discrepancies in or between drawings and specifications exist or appear to exist, he shall submit to the Engineer a request for interpretation or clarification of the Contract Documents. Such request shall be made in writing and shall be transmitted by email and will be addressed by addendum duly issued, and a copy of such addendum will be mailed or emailed to each person receiving a set of documents. Interpretations, corrections, clarifications or changes of the Contract Documents made by any other means except by Addendum shall not be binding and Bidders shall not rely on them.  Failure of a bidder to receive any such addendum or interpretation shall not relieve such bidder from obligation under his bid as submitted. The sole test for the validity of any clarification or interpretation of the Contract Documents shall be its appearance in an Addendum to the Contract Documents.  The Owner will not be responsible for any other explanation or interpretation of the Contract Documents.
	F. INSURANCE REQUIREMENTS:  Provide the types and minimum insurance limits required by the Owner’s contract requirements.

	1.7 WORK UNDER OTHER CONTRACTS
	A. Separate Contract:  Owner has not awarded any separate contracts for other construction operations at Project site at the time of the bid opening.  Owner reserves the right to do so if deemed necessary, either on the Project site or adjacent to the Project site.
	B. Cooperate fully with separate contractors so work on those contracts may be carried out smoothly, without interfering with or delaying work under this Contract.

	1.8 ENGINEER’S SERVICES PERFORMED FOR THE OWNER
	A. The engineer’s services to be provided pursuant to the Owner/Engineer’s Agreement are being performed solely for the benefit of the Owner, and no benefit is meant to be conferred upon any person or entity not a party to such Agreement, and no such person or entity should rely upon this Engineer’s performance of those services to the Owner; and no claim against the Engineer shall accrue to any Contractor, Subcontractor, Sub-subcontractor, consultant, architect, supplier, fabricator, manufacturer, tenant, surety, or any third party as a result of this Agreement or the performance or nonperformance of engineering services on this project.
	B. The parties noted in the preceding Subparagraph accept the terms noted and accept such terms as binding on one and all.


	PART 2 PRODUCTS - Not Used
	PART 3 EXECUTION - Not Used

	013300 fl - submittal procedures
	014000 fl - quality requirements
	016000 fl - product requirements
	017000 fl - execution and closeout requirements
	PART 1 GENERAL
	1.1 SECTION INCLUDES
	A. Closeout procedures.
	B. Starting of systems.
	C. Demonstration and instructions.
	D. Testing, adjusting, and balancing.
	E. Project record documents.
	F. Operation and maintenance data.
	G. Product warranties and product bonds.
	H. Examination.
	I. Preparation.
	J. Execution.
	K. Cutting and patching.
	L. Protecting installed construction.
	M. Final cleaning.
	A. Closeout procedures.
	B. Starting of systems.
	C. Demonstration and instructions.
	D. Testing, adjusting, and balancing.
	E. Project record documents.
	F. Operation and maintenance data.
	G. Product warranties and product bonds.
	H. Examination.
	I. Preparation.
	J. Execution.
	K. Cutting and patching.
	L. Protecting installed construction.
	M. Final cleaning.
	A. Closeout procedures.
	B. Starting of systems.
	C. Demonstration and instructions.
	D. Testing, adjusting, and balancing.
	E. Project record documents.
	F. Operation and maintenance data.
	G. Product warranties and product bonds.
	H. Examination.
	I. Preparation.
	J. Execution.
	K. Cutting and patching.
	L. Protecting installed construction.
	M. Final cleaning.

	1.2 CLOSEOUT PROCEDURES
	A. Prerequisites to Substantial Completion: Complete following items before requesting Certification of Substantial Completion, either for entire Work or for portions of Work:
	B. Substantial Completion Inspection:
	C. Prerequisites for Final Completion: Complete following items before requesting final acceptance and final payment.
	D. Final Completion Inspection:
	A. Prerequisites to Substantial Completion: Complete following items before requesting Certification of Substantial Completion, either for entire Work or for portions of Work:
	B. Substantial Completion Inspection:
	C. Prerequisites for Final Completion: Complete following items before requesting final acceptance and final payment.
	D. Final Completion Inspection:
	A. Prerequisites to Substantial Completion: Complete following items before requesting Certification of Substantial Completion, either for entire Work or for portions of Work:

	1.3 STARTING OF SYSTEMS
	A. Coordinate schedule for startup of various equipment and systems.
	B. Notify Engineer/Owner seven days prior to startup of each item.
	C. Verify that each piece of equipment or system has been checked for proper lubrication, drive rotation, belt tension, control sequence, and for conditions which may cause damage.
	D. Verify that tests, meter readings, and electrical characteristics agree with those required by equipment or system manufacturer.
	E. Verify that wiring and support components for equipment are complete and tested.
	F. Execute startup under supervision of manufacturer's representative or Contractors' personnel according to manufacturer's instructions.
	G. When specified in individual Specification Sections, require manufacturer to provide authorized representative who will be present at Site to inspect, check, and approve equipment or system installation prior to startup and will supervise placing equipment or system in operation. Manufacturer start-up forms shall be included in the final O&M manuals.
	A. Coordinate schedule for startup of various equipment and systems.
	B. Notify Engineer/Owner seven days prior to startup of each item.
	C. Verify that each piece of equipment or system has been checked for proper lubrication, drive rotation, belt tension, control sequence, and for conditions which may cause damage.
	D. Verify that tests, meter readings, and electrical characteristics agree with those required by equipment or system manufacturer.
	E. Verify that wiring and support components for equipment are complete and tested.
	F. Execute startup under supervision of manufacturer's representative or Contractors' personnel according to manufacturer's instructions.
	G. When specified in individual Specification Sections, require manufacturer to provide authorized representative who will be present at Site to inspect, check, and approve equipment or system installation prior to startup and will supervise placing equipment or system in operation. Manufacturer start-up forms shall be included in the final O&M manuals.

	1.4 DEMONSTRATION AND INSTRUCTIONS
	A. Demonstrate operation and maintenance of products to Owner's personnel two weeks prior to date of final inspection.
	B. Use operation and maintenance manuals as basis for instruction. Review contents of manual with Owner's personnel in detail to explain all aspects of operation and maintenance.
	C. Demonstrate startup, operation, control, adjustment, troubleshooting, servicing, maintenance, and shutdown of each item of equipment at agreed time, at equipment location.
	D. Prepare and insert additional data in operations and maintenance manuals when need for additional data becomes apparent during instruction.
	E. Required instruction time for each item of equipment and system is specified in individual Specification Sections.
	A. Demonstrate operation and maintenance of products to Owner's personnel two weeks prior to date of final inspection.
	B. Use operation and maintenance manuals as basis for instruction. Review contents of manual with Owner's personnel in detail to explain all aspects of operation and maintenance.
	C. Demonstrate startup, operation, control, adjustment, troubleshooting, servicing, maintenance, and shutdown of each item of equipment at agreed time, at equipment location.
	D. Prepare and insert additional data in operations and maintenance manuals when need for additional data becomes apparent during instruction.
	E. Required instruction time for each item of equipment and system is specified in individual Specification Sections.

	1.5 TESTING, ADJUSTING, AND BALANCING
	A. Independent firm will perform services specified in Section 230593 - Testing, Adjusting, and Balancing for HVAC.
	B. Reports will be submitted by independent firm to Engineer indicating observations and results of tests and indicating compliance or noncompliance with requirements of Contract Documents.
	A. Independent firm will perform services specified in Section 230593 - Testing, Adjusting, and Balancing for HVAC.
	B. Reports will be submitted by independent firm to Engineer indicating observations and results of tests and indicating compliance or noncompliance with requirements of Contract Documents.

	1.1 SECTION INCLUDES
	1.2 CLOSEOUT PROCEDURES
	1.6 PROJECT RECORD DOCUMENTS
	A. Maintain on Site one set of the following record documents; record actual revisions to the Work:
	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, not less than weekly.
	E. Specifications: Legibly mark and record, at each product Section, description of actual products installed, including the following:
	F. Record Drawings: Legibly mark each item to record actual construction as follows:
	G. Submit marked-up paper copy documents and PDF electronic files to Engineer before Substantial Completion.
	A. Maintain on Site one set of the following record documents; record actual revisions to the Work:
	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, not less than weekly.
	E. Specifications: Legibly mark and record, at each product Section, description of actual products installed, including the following:
	F. Record Drawings: Legibly mark each item to record actual construction as follows:
	G. Submit marked-up paper copy documents and PDF electronic files to Engineer before Substantial Completion.

	1.7 OPERATION AND MAINTENANCE DATA
	A. Submit in PDF composite electronic indexed file.
	B. Submit data bound in 8-1/2 x 11-inch text pages, (1) D side ring binders with durable plastic covers.
	C. Prepare binder cover with printed title "OPERATION AND MAINTENANCE INSTRUCTIONS," title of Project, and subject matter of binder when multiple binders are required.
	D. Internally subdivide binder contents with permanent page dividers, logically organized as described below; with tab titling clearly printed under reinforced laminated plastic tabs.
	E. Drawings: Provide with reinforced punched binder tab. Bind in with text; fold larger drawings to size of text pages.
	F. Contents: Prepare table of contents for each volume, with each product or system description identified, typed on white paper, in three parts as follows:
	A. Submit in PDF composite electronic indexed file.
	B. Submit data bound in 8-1/2 x 11-inch text pages, (1) D side ring binders with durable plastic covers.
	C. Prepare binder cover with printed title "OPERATION AND MAINTENANCE INSTRUCTIONS," title of Project, and subject matter of binder when multiple binders are required.
	D. Internally subdivide binder contents with permanent page dividers, logically organized as described below; with tab titling clearly printed under reinforced laminated plastic tabs.

	1.3 STARTING OF SYSTEMS
	1.4 DEMONSTRATION AND INSTRUCTIONS
	1.5 TESTING, ADJUSTING, AND BALANCING
	1.1 SECTION INCLUDES
	1.2 CLOSEOUT PROCEDURES
	1.6 PROJECT RECORD DOCUMENTS
	1.7 OPERATION AND MAINTENANCE DATA

	PART 1 GENERAL
	PART 2 PRODUCTS - Not Used
	PART 3 EXECUTION
	3.1 EXAMINATION
	A. Verify that existing Site conditions and substrate surfaces are acceptable for subsequent Work. Beginning new 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. Verify that utility services are available with correct characteristics and in correct locations.

	3.2 PREPARATION
	A. Clean substrate surfaces prior to applying next material or substance according to manufacturer's instructions.
	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 new material or substance in contact or bond.

	3.3 EXECUTION
	A. Comply with manufacturer's installation instructions, performing each step in sequence. Maintain one set of manufacturer's installation instructions at Project Site during installation and until completion of construction.
	B. When manufacturer's installation instructions conflict with Contract Documents, request clarification from Architect/Engineer before proceeding.
	C. Verify that field measurements are as indicated on approved Shop Drawings or as instructed by manufacturer.
	D. Secure products in place with positive anchorage devices designed and sized to withstand stresses, vibration, physical distortion, or disfigurement.
	E. Allow for expansion of materials and building movement.
	F. Climatic Conditions and Project Status: Install each unit of Work under conditions to ensure best possible results in coordination with entire Project.
	G. Mounting Heights: Where not indicated, mount individual units of Work at industry recognized standard mounting heights for particular application indicated.
	H. Adjust operating products and equipment to ensure smooth and unhindered operation.
	I. Clean and perform maintenance on installed Work as frequently as necessary through remainder of construction period.  Lubricate operable components as recommended by manufacturer.

	3.4 CUTTING AND PATCHING
	A. Employ skilled and experienced installers to perform cutting and patching. See Section 017310.

	3.5 PROTECTING INSTALLED CONSTRUCTION
	A. Protect installed Work and provide special protection where specified in individual Specification Sections.
	B. Provide temporary and removable protection for installed products. Control activity in immediate Work area to prevent damage.
	C. Provide protective coverings at walls, projections, jambs, sills, and soffits of openings.
	D. Use durable sheet materials to protect finished floors, stairs, and other surfaces from traffic, dirt, wear, damage, or movement of heavy objects.
	E. Prohibit traffic or storage upon waterproofed or roofed surfaces. When traffic or activity is necessary, obtain recommendations for protection from waterproofing or roofing material manufacturer.
	F. Prohibit traffic from landscaped areas.

	3.6 FINAL CLEANING
	A. Execute final cleaning prior to final Project assessment.
	B. Clean interior and exterior surfaces exposed to view; remove temporary labels, stains, and foreign substances; polish transparent and glossy surfaces.
	C. Clean equipment to sanitary condition with appropriate cleaning materials.
	D. Clean debris from roofs, gutters, downspouts, and drainage systems.
	E. Clean Site; sweep paved areas, rake clean landscaped surfaces.
	F. Remove waste and surplus materials, rubbish, and construction facilities from Site.


	PART 1 GENERAL

	017310 fl - cutting and patching
	230519 fl - meters and gages for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 LIQUID-IN-GLASS THERMOMETERS
	A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers:

	2.2 THERMOWELLS
	A. Thermowells:

	2.3 DIAL-TYPE PRESSURE GAGES
	A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:

	2.4 GAGE ATTACHMENTS
	A. Snubbers: ASME B40.100, brass; with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads and piston-type surge-dampening device. Include extension for use on insulated piping.
	B. Valves:  Brass ball valve, brass or stainless-steel needle valve, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads.

	2.5 TEST PLUGS
	A. Description: Test-station fitting made for insertion in piping tee fitting.
	B. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include extended stem on units to be installed in insulated piping.
	C. Thread Size:  NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread.
	D. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.
	E. Core Inserts: Neoprene.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install thermowells with socket extending and in vertical position in piping tees.
	B. Install thermowells of sizes required to match thermometer connectors. Include bushings if required to match sizes.
	C. Install thermowells with extension on insulated piping.
	D. Fill thermowells with heat-transfer medium.
	E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.
	F. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the most readable position.
	G. Install valve and snubber in piping for each pressure gage for fluids (except steam).
	H. Provide thermometers and gages with scale ranges selected according to service the largest appropriate scale.
	I. Install thermometers in the following locations:
	J. Install pressure gages in the following locations:

	3.2 ADJUSTING
	A. After installation, calibrate meters according to manufacturer's written instructions.
	B. Adjust faces of gages to proper angle for best visibility.



	230523 fl - general-duty valves for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of valve.

	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:

	1.5 QUALITYASSURANCE

	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	C. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	D. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	E. Valve Sizes: Same as upstream piping unless otherwise indicated.
	F. Valves in Insulated Piping:
	G. Valve Bypass and Drain Connections: MSS SP-45.

	2.2 BALL VALVES
	A. Manufacturers:
	B. Ball Valves, 2 inches and smaller:

	2.3 BUTTERFLY VALVES
	A. Manufacturers:
	B. Hydronic, 2-1/2 inches and larger:

	2.4 CHECK VALVES
	A. Manufacturers:
	B. Bronze Lift Check Valves, 2” and smaller:
	C. Bronze Swing Check Valves, 2” and smaller:
	D. Iron Swing Check Valves with Metal Seats, 2-1/2” and larger:
	E. Iron Silent Check Valves, 2-1/2” and larger:

	2.5 MANUAL BALANCING VALVES
	A. Manufacturers:
	B. 2 inches and Smaller: Valve shall be Venturi type with a throttle valve with a memory stop on the downstream side of the venture. Valve body shall be brass. The ball valve shall be bronze blowout proof stem, virgin Teflon seats, brass stem, EPDM O-ring and Teflon steam seals and steel handle. All ball valves shall conform to MSS-SP-110 standard. Ratings: 600 psig at 250 degrees F.
	C. 2-1/2” and Larger:  Valve shall be Venturi type with a throttle valve with a memory stop on the downstream side of the venture. Valve body shall be steel and shall be flanged. The full lug type butterfly valve shall be ductile iron with stainless steel stem, nylon bearings, and aluminum bronze disc. All ball valves shall conform to MSS-SP-110 standard. Ratings: 240 psig at 250 degrees F.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install check valves for proper direction of flow and as follows:
	F. Install 3/4 inch ball valves with cap for drains at main shut-off valves, low points of piping, bases of vertical risers, and at equipment.
	G. Install valves with clearance for installation of insulation and allowing access.
	H. Refer to Section 230529 for pipe hangers.
	I. Refer to Section 230700 for insulation requirements for valves.
	J. For installation of valves in hot water piping systems refer to Section 232113.
	K. For installation of valves in natural gas systems refer to Section 231123.

	3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	B. Install shutoff and drain valves at locations indicated on Drawings in accordance with this Section.
	C. Install ball or butterfly valves for shut-off and to isolate equipment, part of systems, or vertical risers.
	D. Install manual balancing valves for throttling, bypass, or manual flow control services. Manual balancing valves shall not be used for shut-off or isolation. Install separate shutoff valves downstream of balancing valves where shut-off or isolation is required.
	E. Install spring loaded check valves on discharge of water pumps.
	F. Install ball or plug valves in natural gas systems for shut-off service.



	230529 fl - hangers and supports for hvac piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS:
	A. Pipe Hangers and Supports:

	2.2 PERFORMANCE REQUIREMENTS
	A. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand the effects of gravity loads and stresses within limits.

	2.3 METAL PIPE HANGERS AND SUPPORTS
	A. Carbon-Steel Pipe Hangers and Supports:
	B. Copper Pipe and Tube Hangers:

	2.4 METAL FRAMING SYSTEMS
	A. MFMA Manufacturer Metal Framing Systems:

	2.5 THERMAL-HANGER SHIELD INSERTS
	A. Insulation-Insert Material for Cold Piping:  ASTM C552, Type II cellular glass with 100-psi minimum compressive strength and vapor barrier.
	B. Insulation-Insert Material for Hot Piping:  Water-repellent-treated, ASTM C533, Type I calcium silicate with 100-psi minimum compressive strength.
	C. Insert and shield shall cover entire circumference of pipe.
	D. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air temperature.

	2.6 MATERIALS
	A. Aluminum: ASTM B221.
	B. Carbon Steel: ASTM A1011/A1011M.
	C. Structural Steel: ASTM A36/A36M, carbon-steel plates, shapes, and bars; galvanized.
	D. Stainless Steel: ASTM A240/A240M.
	E. Threaded Rods: Continuously threaded. Zinc-plated or galvanized steel for indoor applications and stainless steel for outdoor applications. Mating nuts and washers of similar materials as rods.
	F. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.


	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT INSTALLATION
	A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, and attachments as required to properly support piping from the building structure.
	B. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support together on field-assembled strut systems.
	C. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
	D. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
	E. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	F. Install lateral bracing with pipe hangers and supports to prevent swaying.
	G. Install building attachments within concrete slabs or attach to structural steel. Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger and at changes in direction of piping.
	H. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	I. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.
	J. Insulated Piping:

	3.2 ADJUSTING
	A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods.

	3.3 HANGER AND SUPPORT SCHEDULE
	A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use carbon-steel pipe hangers and supports metal trapeze pipe hangers and metal framing systems and attachments for general service applications.
	F. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
	G. Use padded hangers for piping that is subject to scratching.
	H. Use thermal-hanger shield inserts for insulated piping and tubing.
	I. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	L. Building Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	N. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not specified in piping system Sections.
	O. Comply with MFMA-103 for metal framing system selections and applications that are not specified in piping system Sections.



	230553 fl - identification for hvac piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed content for each label.
	C. Valve numbering scheme.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Manufacturers:
	B. Plastic Labels for Equipment:
	C. Label Content: Include equipment's Drawing designation or unique equipment number

	2.2 PIPE LABELS
	A. Manufacturers:
	B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service, and showing flow direction according to ASME A13.1.
	C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
	D. Pipe Label Contents: Include identification of piping service using same designations or abbreviations as used on Drawings; also include pipe size and an arrow indicating flow direction.

	2.3 VALVE TAGS
	A. Manufacturers:
	B. Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
	C. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), and variations for identification. Mark valves for emergency shutoff and similar special uses.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 GENERAL INSTALLATION REQUIREMENTS
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.

	3.3 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.
	C. Identify control panels with equipment labels.

	3.4 PIPE LABEL INSTALLATION
	A. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	B. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including pipes where flow is allowed in both directions.
	C. Pipe Label Schedule:

	3.5 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves, valves within factory-fabricated equipment units, faucets, convenience and lawn-watering hose connections, and HVAC terminal devices and similar roughing-in connections of end-use fixtures and units. List tagged valves in a valve schedule.
	B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following subparagraphs:



	230593 fl - testing, adjusting, and balancing for hvac
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. AABC: Associated Air Balance Council.
	B. BAS: Building automation systems.
	C. NEBB: National Environmental Balancing Bureau.
	D. TAB: Testing, adjusting, and balancing.
	E. TABB: Testing, Adjusting, and Balancing Bureau.
	F. TAB Specialist: An independent entity meeting qualifications to perform TAB work.

	1.4 ACTION SUBMITTALS
	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: Submit documentation that the TAB specialist and this Project's TAB team members meet the qualifications specified in "Quality Assurance" Article.
	B. Examination Report: Submit a summary report of the examination review required in "Examination" Article.
	C. Certified TAB reports.
	D. Instrument calibration reports, to include the following:

	1.6 QUALITY ASSURANCE
	A. TAB Specialists Qualifications: Certified by AABC.
	B. TAB Specialists Qualifications: Certified by NEBB or TABB.
	C. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in ASHRAE 111, Section 4, "Instrumentation."
	D. Pre-Approved TAB Contractors:

	1.7 FIELD CONDITIONS
	A. Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems designs that may preclude proper TAB of systems and equipment.
	B. Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify that locations of these balancing devices are applicable for intended purpose and are accessible.
	C. Examine the approved submittals for HVAC systems and equipment.
	D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine equipment performance data including pump curves.
	F. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	G. Examine test reports specified in individual system and equipment Sections.
	H. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, filters are clean, and equipment with functioning controls is ready for operation.
	I. Examine strainers. Verify that startup screens have been replaced by permanent screens with indicated perforations.
	J. Examine system pumps to ensure absence of entrained air in the suction piping.
	K. Examine operating safety interlocks and controls on HVAC equipment.
	L. Report deficiencies discovered before and during performance of TAB procedures. Observe and record system reactions to changes in conditions. Record default set points if different from indicated values.

	3.2 PREPARATION
	A. Prepare a TAB plan that includes the following:
	B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness for TAB work. Include, at a minimum, the following:

	3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC's "National Standards for Total System Balance", ASHRAE 111, or NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in this Section.
	B. Cut insulation for installation of test probes to the minimum extent necessary for TAB procedures.
	C. Mark equipment and balancing devices, including valve position indicators, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
	D. Take and report testing and balancing measurements in inch-pound (IP) units.

	3.4 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS
	A. Prepare test reports for pumps and boilers. Obtain approved submittals and manufacturer-recommended testing procedures. Crosscheck the summation of required flow rates with pump design flow rate.
	B. In addition to requirements in "Preparation" Article, prepare hydronic systems for testing and balancing as follows:

	3.5 PROCEDURES FOR  HYDRONIC SYSTEMS
	A. Adjust pumps to deliver total design gpm.
	B. Adjust flow-measuring devices installed in mains and branches to design water flows.
	C. Verify that memory stops have been set.

	3.6 PROCEDURES FOR MOTORS
	A. Motors 1/2 HP and Larger: Test at final balanced conditions and record the following data:

	3.7 PROCEDURES FOR BOILERS
	A. Hydronic Boilers:

	3.8 TOLERANCES
	A. Set HVAC system's airflow rates and water flow rates within the following tolerances:

	3.9 FINAL REPORT
	A. General: Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.
	B. General Report Data: In addition to form titles and entries, include the following data:
	C. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and include the following:
	D. Instrument Calibration Reports:

	3.10 VERIFICATION OF TAB REPORT
	A. Engineer may randomly select measurements, documented in the final report, to be rechecked. TAB contractor shall make instruments available to the engineer to verify measurements.
	B. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."



	230713 fl - duct insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following duct services:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory- and field-applied if any).

	1.4 QUALITY ASSURANCE
	A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E84, by a testing agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.6 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with duct Installer for duct insulation application. Establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum Insulation Schedule.”
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C871.
	D. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	E. Glass-Fiber Blanket Insulation: Glass fibers bonded with a thermosetting resin. Comply with ASTM C553, Type II and ASTM C1290, Type II with factory-applied FSK jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

	2.2 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.

	2.3 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications. When factory-applied jackets are indicated, comply with the following:

	2.4 TAPES
	A. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C1136.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of ducts and fittings.
	B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of duct system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Keep insulation materials dry during application and finishing.
	G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	H. Install insulation with least number of joints practical.
	I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	K. Install insulation with factory-applied jackets as follows:
	L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	M. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	N. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.

	3.4 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Blanket Insulation Installation on Ducts: Secure with adhesive and insulation pins.

	3.5 DUCT INSULATION SCHEDULE, GENERAL
	A. Ducts Requiring Insulation:

	3.6 INDOOR DUCT INSULATION SCHEDULE
	A. Exposed, round outdoor combustion air ducts for the boilers insulation shall be the following:



	230719 fl - hvac piping insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulation for HVAC piping systems.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product. Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).

	1.4 QUALITY ASSURANCE
	A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products in accordance with ASTM E84, by a testing agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.6 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application. Establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.

	1.7 SCHEDULING
	A. Schedule insulation application after pressure testing. Insulation application may begin on segments that have satisfactory test results.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come into contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested in accordance with ASTM C871.
	D. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	E. Calcium Silicate: Preformed Pipe Sections: Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous calcium silicate with a non-asbestos fibrous reinforcement. Comply with ASTM C533, Type I.
	F. Mineral-Fiber, Preformed Pipe: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C547.

	2.2 INSULATING CEMENTS
	A. Mineral-Fiber Insulating Cement: Comply with ASTM C195.
	B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C449.

	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.

	2.4 MASTICS AND COATINGS
	A. Materials shall be compatible with insulation materials, jackets, and substrates.

	2.5 SEALANTS
	A. Materials shall be as recommended by the insulation manufacturer and shall be compatible with insulation materials, jackets, and substrates.

	2.6 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications. When factory-applied jackets are indicated, comply with the following:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping, including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses required for each item of pipe system, as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during storage, application, and finishing. Replace insulation materials that get wet.
	H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	M. Cut insulation in a manner to avoid compressing insulation more than 25 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches in similar fashion to butt joints.
	P. For above-ambient services, do not install insulation to the following:

	3.4 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials, except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, Mechanical Couplings, and Unions:
	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape insulation at these connections by tapering it to and around the connection with insulating cement and finish with finishing cement, mastic, and flashing sealant.
	D. Install removable insulation covers. Installation shall conform to the following:

	3.5 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Insulation Installation on Straight Pipes and Tubes:
	B. Insulation Installation on Pipe Flanges:
	C. Insulation Installation on Pipe Fittings and Elbows:
	D. Insulation Installation on Valves and Pipe Specialties:

	3.6 PIPING INSULATION SCHEDULE, GENERAL
	A. Insulation conductivity and thickness per pipe size shall comply with schedules in this Section or with requirements of authorities having jurisdiction, whichever is more stringent.
	B. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range. If more than one material is listed for a piping system, selection from materials listed is Contractor's option.

	3.7 INDOOR PIPING INSULATION SCHEDULE
	A. Heating-Hot-Water Supply and Return, 200 Deg F and Below:
	B. Domestic Cold Water Fill:



	230923 fl - direct-digital control system for hvac
	PART 1 GENERAL
	1.1 RELATED DOCUMENTS
	A. Temperature Control Drawings which include the Sequences of Operation, Points Lists, and Control Schematics.
	B. All controls work shall comply with the Poudre School District Technical Control Specifications. The contractor shall obtain a copy prior to the bid and notify the engineer of any conflicts or discrepancies. Where a conflict occurs, the contractor shall include in their bid the more stringent (highest cost) requirement.

	1.2 DESCRIPTION
	A. Work Included:

	1.3 WIRING
	A. All wiring shall comply with the National Electric Code (latest edition), local codes and the Electrical Division of these specifications.
	B. All control interlocks and wiring done at the factory, and 120 volt power circuits to each control panel or control panels shall be wired by the Temperature Control Contractor, except control junction box shown on the plans and schedules.  Power circuits shall be provided under the Electrical Division for control panels. The TCC is responsible for engaging the Electrical Contractor for this work.
	C. If more 120 volt power circuits are required than shown on the drawings due to additional equipment required by the BAS Contractor, the cost of additional power circuits shall be the responsibility of the BAS Contractor.

	1.4 SUBMITTALS
	A. The BAS Contractor shall submit shop drawings of all components of the BAS System including all equipment, control panels, and wiring diagrams.  Work shall not begin until acceptance of submittals has been obtained from the Engineer.  Field wiring and installation of control components may begin prior to completion of the DDC System software, provided this portion has been accepted by the Engineer.  Upon review and acceptance of the submittals, the BAS Contractor shall disperse the required information to all other trades involved in the work managed by the BAS system.
	B. Shop drawings shall be submitted on reproducible 11"x17" sheets.  These shall be corrected to "record" conditions at the end of the job and included with the mechanical "Record Drawings.”
	C. Shop drawings shall consist of engineering data on each control system component, control diagrams, wiring diagrams, damper schedule, automatic valve schedule with CVs, flows and pressure drop, sequence of operation, piping diagrams for all valves, control panels and panel layouts, installation and calibration instructions.  Shop drawings shall include sufficient product information to determine compliance to these specifications.  Control diagrams shall include:
	D. Final DDC programming will be developed as part of the system shop drawing review, during system startup and during final evaluation and set up of the project. The BAS Contractor must anticipate and provide at no additional cost some software changes required by the Engineer, Owner, or commissioning agent to bring the control system in line with optimum performance and energy efficiency.
	E. Operational and Maintenance Data:  Submit the following (1-hard copy and 1-PDF copy):

	1.5 ADJUSTABILITY
	A. All control components shall be completely adjustable, so that setpoints may be easily changed.  All setpoints in the temperature control system shall be adjustable without the addition or modification of controls. Adjustable set point indicated in the “Sequence of Operation” shall be adjustable through the graphics screen without having to modify the programming.

	1.6 DEMONSTRATION, TRAINING AND COMPLETION
	A. Upon completion of the installation the BAS Contractor shall provide a complete system instruction and training to the owner's operating personnel.  The training session(s) shall be conducted at the building in (1) session of (4) hours.  Two copies of the Record Drawings and Operation and Maintenance manuals shall be provided at the training session.
	B. The BAS Contractor shall submit a letter certifying completion of all temperature control work including training prior to final payment.

	1.7 WARRANTY
	A. The control system shall be warranted to be free from defects in workmanship and material for the period of one year.  The BAS contractor shall make all necessary repairs, adjustments and replacement at no cost to the owner during the warranty period.
	B. BAS contractor shall provide a verification check of all controls within a few weeks of the end of the warranty period.  Recalibrate, readjust (after discussing any new setpoints with the Owner) and repair all faulty equipment.


	PART 2 PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS AND INSTALLERS
	A. All controls shall be of the approved manufacturers.  It is recognized that packaged equipment comes with other names or controls and that some functions are accomplished with other named components.  This specification does not intend to prohibit this practice.
	B. The BAS contractor is responsible for pre-assembling and installing panels and all hardware with his own employees, proving the system and training the Owner in its proper function and maintenance.  BAS contractor may subcontract wiring, conduit placement, but shall make all wiring terminations and be responsible for his subcontractor's work.
	C. Acceptable manufacturers and installers are listed below:
	Manufacturer      Installer
	Schneider Electric     LONG Building Technologies

	2.2 LOW VOLTAGE POWER AND WIRING
	A. All control devices and panels containing low voltage power sources shall inherently comply with NEC Class 2 requirements (current limiting), or shall be supplied with branch circuit fusing to limit control circuit current to NEC Class 2.  All control transformers shall be of the inherent current limiting type, or shall be installed with primary disconnect and overload protection. All transformers shall be mounted in control panels at locations shown on the drawings.
	B. Shielded Cable:  Twisted shielded cable shall be used where called for and where required to properly protect the DDC system from false signals and electrical noise.  Shielding shall be fine braided tinned copper (90% coverage) or aluminum foil (100% coverage).
	C. All wiring and cables shall be plenum rated.
	D. Minimum Requirements
	E. Wiring shall follow a color scheme which shall be consistent throughout the entire project. Provide the color scheme in the shop drawings.

	2.3 SENSORS
	A. Electronic temperature sensors shall be Thermistor or platinum RTD. Resistance change versus temperature shall be linear over the range of the application.
	B. Sensor Accuracy:
	C. Outside air sensors shall be suitable for outdoor use.  Install sensors with shield and located where unaffected by the sun. Approved manufacturers: Mamac 205 F.
	D. Liquid sensors shall be provided with separable wells.

	2.4 TRANSMITTERS
	A. Transmitter output signal shall be directly proportional and linearized over the full range of the transmitter.  The output shall be industry standard 0-10V, or 4-20ma.  The transmitter shall be selected to match the applied control loop such that the setpoint falls approximately in the center of its range.  Electronic transmitters shall comply with the accuracy and repeatability requirements specified for sensors.

	2.5 ACTUATORS
	A. Electronic Actuator (for dampers and valves)
	B. When multiple damper sections are used, use one operator per section (at least one operator for each 30 square feet of damper or for each length greater than 48"). "Ganging" sections together through linkages and one actuator is not acceptable.
	C. Size all damper actuators to be used in air handling systems for 3000 fpm damper velocity and maximum static pressure difference producible by system. Units shall be factory only serviceable and shall carry a 2 year unconditional warranty.
	D. When application (see Sequence of Operation) requires normally open or normally closed damper position, actuator must have spring return. Non-mechanical forms of fail-safe operation are not acceptable.
	E. Actuators providing control by temperature change of media within actuator are not acceptable.
	F. Direct coupled actuators are permitted.
	G. Size all valve actuators to be able to close valve tight against 150% of maximum available pumping head operating pressure.
	H. When application (see Sequence of Operation) requires normally open or normally closed valve position, actuator must have spring return. Non-mechanical forms of fail-safe operation are not acceptable.

	2.6 DAMPERS
	A. Manufacturers:
	B. Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified Ratings Seal for both air performance and air leakage.
	C. Frames:
	D. Blades:
	E. Blade Axles: 1/2-inch-diameter; plated steel; blade-linkage hardware of zinc-plated steel and brass; ends sealed against blade bearings.
	F. Bearings:

	2.7 WELLS
	A. Metal to be compatible with the pipe it is to be installed in.

	2.8 CURRENT SENSOR
	A. Current sensor of the induction type shall be located between the motor starter and the motor on one leg of the motor wiring.  Power for the sensor shall be induced from the monitored load.  Sensor shall be capable of detecting belt, bearing or coupling loss.  An adjustable trip set point of ±1% on a range suitable for the monitored load shall be provided along with an LED for sensor output status.  The sensor shall be a normally open switch and shall produce a 0.1 amp signal when closed.  Provide with an adjustable mounting bracket for installation in motor starter cabinet.

	2.9 SAFETY CONTROLS
	A. Emergency-Stop Switches: Emergency-stop switches shall be normally closed, mushroom head push button with hinged plastic cover, located where shown on plans or where directed by the authority having jurisdiction.  Switch function and system con�trolled shall be clearly identified at switch location.

	2.10 SMOKE DETECTORS
	A. Smoke detectors to be provided under Electric Division 26.


	PART 3 EXECUTION
	3.1 ACCESSIBILITY
	A. Install all control devices in "Readily Accessible" locations as defined by Chapter 1, Article 100, Part A of the National Electric Code.

	3.2 CONTROL PANELS
	A. Provide and install local control panels for each Mechanical System. Group these together into one panel when multiple systems are located in one equipment room.
	B. The panels shall be totally enclosed with hinged door and containing associated control components such as controllers, relays, switches, microprocessor, communication interface, override timers, etc.  Panel to meet NEMA 1 requirements with proper bracing for rigid wall mounting.
	C. Mark each control device on the panel with engraved plastic laminate nameplates describing its function and cross-referencing it to control diagrams. See Section 230553.  Mark items within panel plainly and permanently as to its identification on the control drawings.
	D. Each electrical wire shall be labeled at each end and terminate at a bulkhead, terminal strips, or control instrument. All wires and tubes shall be organized in a bundle or wire mold rack and tied.  Terminal shall be numbered to match control diagrams.

	3.3 WIRING OF CONTROL DEVICES BY OTHERS
	A. Control devices carrying full load current furnished by Mechanical and wired by Electrical shall be located at the device being controlled, unless shown on the drawings or mutual agreement is made between the contractors with no change in the contract price.

	3.4 WIRING
	A. Installation of wiring, cable, conduit, etc. shall conform to Division 26.  In case of conflict between this Division and Division 26, the most stringent requirements shall be met.
	B. All wiring shall be installed in a neat and workmanlike manner, parallel to building lines and suspended neatly from the overhead structure (do not lay wiring on top of ceiling tiles).
	C. All wiring shall be run in metal conduit (flexible conduit shall be limited to 3 foot lengths maximum).  Exceptions:
	D. Communication Circuits:  Cable shall not be installed closer than six feet from high power transformers or run parallel within six feet of electrical high power cables.  Care shall be taken to route the cable as far from interference generating devices as possible.
	E. Splices:  Splices in shielded cables shall consist of terminations and the use of shielded cable couplers which maintain the integrity of the shielding.  Terminations shall be in accessible locations.
	F. Grounding
	G. Temperature control wiring shall not be run in conduit with power wiring.  Analog or communication wiring shall not be run in the same conduit which has highly inductive loads such as contactors or coils.

	3.5 IDENTIFICATION AND DIAGRAMS
	A. Identification:  Tag or color-code all tubing and wiring at each end and necessary junction points and match the tagging numbers or color- coding shown on the control drawings.
	B. Provide control diagrams laminated between rigid plastic mounted on a supporting back board for each system control panel.  Mount the diagrams near the control panels or where directed.  Identify all devices on the diagrams with the same terminology used for the nameplates.  Diagram shall be a permanent as-built drawing.

	3.6 SENSORS
	A. Sensors shall be installed to be readily accessible and to permit quick and easy replacement. Flush mount with metal covers suitable for painting to match finished surface.
	B. Install liquid temperature sensors inside of pipe wells with an appropriate heat transfer compound inside the well.
	C. Provide wind dampening "Weatherhead" on each atmospheric pressure sensing point.  Locate above wind eddies carried by the building structure and roof equipment.

	3.7 PRESSURE CONTROLS
	A. Static and differential pressure controllers and indicators shall be transmitter and panel mounted receiver controller type, unless specified otherwise.

	3.8 CURRENT SENSOR
	A. Current sensor shall be mounted in the starter cabinet of the controlled equipment.  After controlled equipment has received factory start-up, provide adjustment on current sensor set point.  For controlled equipment which operates with varying current draw (e.g. heating water pumps in systems with two-and three-way valves) set point shall be made so that the full operating range of the current draw does not cause spurious trips of the status point.  If necessary, install the sensor with multiple wraps of power wiring through the sensor to amplify the change in current in order to detect belt, bearing or coupling loss.

	3.9 RELATED WORK IN OTHER SECTIONS.
	A. Coordinate all work performed under Division 23 Mechanical including:

	3.10 COMPLETION SERVICES
	A. Point Validation:  Upon the completion of the installation, completely validate the proper operation and labeling of all input and output points. Validation shall be done by physically effecting the I/O points while the person on the other end observes for proper response.  Contractor shall include validation certification in O & M manuals.  Adjust all thermostats, valves, dampers, etc. provided.  Final adjustment shall be performed dynamically on operating system(s).
	B. Demonstrations:  At the completion of the work, instruct the Owner's operating personnel and demonstrate to the Engineer the proper operation of the control systems.  The BAS Contractor shall provide system instruction to the Owner as specified earlier in this Section.  Explain the operation of the control system, the function of each component, the programming procedure, maintenance procedures and cautions, and be prepared to answer questions from the operating staff.  In addition, be available for telephone consultation during the warranty period to answer questions from the operating staff concerning the control equipment, such consultation shall be at no cost to the Owner.  Include a full and detailed explanation on how the system is programmed initially so all parties fully understand the form and function of the control system.  Prior to the instruction period, the Owner will furnish the names of those individuals for whom training will be provided.

	3.11 SEQUENCE OF CONTROL AND SYSTEM POINT REQUIREMENTS
	A. See drawings for Control Sequences and minimum point requirements.  If more points are required to provide the sequences specified, it is the BAS Contractor's responsibility to furnish the additional equipment necessary to perform these sequences.
	B. The TCC shall work with the Owner to setup minimum alarms, trends, and schedules for the entire system. Train the Owner how to manipulate, add/delete, and change the alarms, trends, and schedules.
	C. The TCC shall set up the system to contact the Owner’s designated personnel to alert them when critical alarms occur. Coordinate with the Owner on how to transmit the alarms (text message and/or email). Train the Owner on how to add/delete alarm notifications and how to add/delete personnel.



	231123 fl - facility natural-gas piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied spaces and mechanical equipment rooms.
	B. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of the following:

	1.5 INFORMATIONAL SUBMITTALS
	A. Welding certificates.
	B. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Project Record Documents: Record actual locations of valves, piping system, and system components.

	1.7 QUALITY ASSURANCE
	A. Steel Support Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.

	1.8 DELIVERY, STORAGE, AND HANDLING
	A. Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas piping according to requirements of authorities having jurisdiction.
	B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
	C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging coating, and protect from direct sunlight.

	1.9 PROJECT CONDITIONS
	A. Perform site survey and verify existing utility locations.
	B. Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide purging and startup of natural-gas supply according to requirements indicated:

	1.10 COORDINATION
	A. Coordinate sizes and locations of concrete bases with actual equipment provided.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Minimum Operating-Pressure Ratings:
	B. Natural-Gas System Pressure within Mechanical Room: 2 psig upstream of regulator, less than 14” w.c. downstream of regulator.

	2.2 PIPES, TUBES, AND FITTINGS
	A. Steel Pipe: ASTM A53/A53M, black steel, Schedule 40, Type E or S, Grade B.

	2.3 JOINING MATERIALS
	A. Joint Compound and Tape: Suitable for natural gas.
	B. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.

	2.4 MANUAL GAS SHUTOFF VALVES
	A. See "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve type is applied in various services.
	B. General Requirements for Metallic Valves, NPS 2 and Smaller: Comply with ASME B16.33.
	C. General Requirements for Metallic Valves, NPS 2-1/2 and Larger: Comply with ASME B16.38.
	D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110.
	E. Cast-Iron, Lubricated Plug Valves: MSS SP-78.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for natural-gas piping system to verify actual locations of piping connections before equipment installation.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Close equipment shutoff valves before turning off natural gas to premises or piping section.
	B. Inspect natural-gas piping according to the International Fuel Gas Code to determine that natural-gas utilization devices are turned off in piping section affected.
	C. Comply with the International Fuel Gas Code requirements for prevention of accidental ignition.

	3.3 INDOOR PIPING INSTALLATION
	A. Comply with the International Fuel Gas Code for installation and purging of natural-gas piping.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and other design considerations. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during progress of construction, to allow for mechanical installations.
	D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	G. Do not run piping above electrical panels. Carefully coordinate with the electrical contractor for panel locations prior to the start of work.
	H. Locate valves for easy access.
	I. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.
	J. Install piping free of sags and bends.
	K. Install fittings for changes in direction and branch connections.
	L. Verify final equipment locations for roughing-in.
	M. Comply with requirements in Sections specifying gas-fired appliances and equipment for roughing-in requirements.
	N. Drips and Sediment Traps: Install drips at points where condensate may collect. Locate where accessible to permit cleaning and emptying. Do not install where condensate is subject to freezing.
	O. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side down.
	P. Connect branch piping from top or side of horizontal piping.
	Q. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each piece of equipment. Unions are not required at flanged connections.
	R. Do not use natural-gas piping as grounding electrode.

	3.4 VALVE INSTALLATION
	A. Install manual gas shutoff valve for each gas appliance.

	3.5 PIPING JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Threaded Joints:
	D. Welded Joints:

	3.6 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Install hangers for steel piping, with maximum horizontal spacing and minimum rod diameters, to comply with MSS-58, locally enforced codes, and authorities having jurisdiction requirements, whichever are most stringent.

	3.7 CONNECTIONS
	A. Install piping adjacent to appliances to allow service and maintenance of appliances.
	B. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within 72 inches of each gas-fired appliance and equipment. Install union between valve and appliances or equipment.
	C. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as practical to inlet of each appliance.

	3.8 LABELING AND IDENTIFYING
	A. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for piping and valve identification.

	3.9 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. Natural-gas piping will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.10 INDOOR PIPING SCHEDULE
	A. Aboveground, distribution piping shall be one of the following:

	3.11 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE
	A. Distribution piping valves for pipe sizes NPS 2 and smaller shall be one of the following:
	B. Distribution piping valves for pipe sizes NPS 2-1/2 and larger shall be one of the following:



	232113 fl - hydronic piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes pipe and fitting materials and joining methods for the following:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of the following:

	1.4 INFORMATIONAL SUBMITTALS
	A. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications:
	B. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	C. Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code: Section IX.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Hydronic piping components and installation shall be capable of withstanding the following minimum working pressure and temperature unless otherwise indicated:

	2.2 COPPER TUBE AND FITTINGS
	A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.
	B. Fittings: ASME B16.22 solder wrought copper.

	2.3 STEEL PIPE AND FITTINGS
	A. Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; welded and seamless, Grade B, and wall thickness as indicated in "Piping Applications" Article.
	B. Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.
	C. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	D. Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe in which they are installed.

	2.4 JOINING MATERIALS
	A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents.
	B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to ASTM B 813 and as approved by the manufacturer.
	D. Brazing Filler Metals: Silver brazing material equal to Harris Stay Silver with minimum 5% silver content or equal. The only exception is when connecting to equipment that could be damaged by excessive heat.
	E. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.

	2.5 DIELECTRIC FITTINGS
	A. General Requirements: Assembly of copper alloy and ferrous materials with separating nonconductive insulating material. Include end connections compatible with pipes to be joined.
	B. Use dielectric nipples or flanges where copper or brass piping is connected to ferrous piping or equipment.
	C. Dielectric unions are not allowed.


	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS
	A. Hot-water heating piping, aboveground, NPS 2 and smaller, shall be the following:
	B. Hot-water heating piping, aboveground, NPS 2-1/2 and larger, shall be any of the following:
	C. Makeup-water piping installed aboveground shall be the following:
	D. Equipment Drain and Overflow Piping:

	3.2 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Do not run piping above electrical panels. Carefully coordinate with the electrical contractor for panel locations prior to the start of work.
	F. Install piping to permit valve servicing.
	G. Install piping at indicated slopes.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Install piping to allow application of insulation.
	K. Select system components with pressure rating equal to or greater than system operating pressure.
	L. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	M. Install drains, consisting of a tee fitting, NPS 3/4 hose end ball valve with brass cap, at low points in piping system mains and elsewhere as required for system drainage.
	N. Install piping at a uniform grade of 0.2 percent upward in direction of flow.
	O. Reduce pipe sizes using eccentric reducer fitting installed with level side up.
	P. Install branch connections to mains using a tee fittings in main pipe, with the branch connected to the bottom of the main pipe. For up-feed risers, connect the branch to the top of the main pipe.
	Q. Install valves according to Section 230523.
	R. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	S. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere as indicated.
	T. Install shutoff valve immediately upstream of each dielectric fitting. Dielectric unions are not allowed.
	U. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for identifying piping.

	3.3 DIELECTRIC FITTING INSTALLATION
	A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
	B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric nipples.
	C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges.

	3.4 INSTALLATION OF HANGERS AND SUPPORTS
	A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and Equipment" for hangers, supports, and anchor devices.
	B. Install the following pipe attachments:
	C. Install hangers for copper tubing and steel piping, with maximum horizontal spacing and minimum rod diameters, to comply with MSS-58, locally enforced codes, and authorities having jurisdiction requirements, whichever are most stringent.
	D. Support horizontal piping within 12 inches of each fitting and coupling.
	E. Support vertical runs of copper tubing and steel piping to comply with MSS-58, locally enforced codes, and authorities having jurisdiction requirements, whichever are most stringent.

	3.5 PIPE JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. If copper pipe is found not reamed at any one location, contractor may be required to disassemble all piping to verify reaming at the sole cost of the contractor.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

	3.6 TERMINAL EQUIPMENT CONNECTIONS
	A. Sizes for supply and return piping connections shall be the same as or larger than equipment connections.
	B. Install control valves in accessible locations close to connected equipment. Control valves not to be used as isolation valves.
	C. Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply with requirements in Section 230519 "Meters and Gages for HVAC Piping."

	3.7 CHEMICAL TREATMENT
	A. Fill systems that have glycol solutions with the following concentrations:

	3.8 FIELD QUALITY CONTROL
	A. Prepare hydronic piping according to ASME B31.9 and as follows:
	B. Perform the following tests on hydronic piping:
	C. Perform the following before operating the system:



	232116 fl - hydronic piping specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product:


	PART 2 -  PRODUCTS
	2.1 AIR-CONTROL DEVICES
	A. Manual Air Vents:
	B. Bladder-Type ASME Expansion Tanks:
	C. Magnetic Air and Dirt Separators:

	2.2 STRAINERS
	A. Y-Pattern Strainers:

	2.3 CONNECTORS
	A. Stainless-Steel Bellow, Flexible Connectors:


	PART 3 -  EXECUTION
	3.1 HYDRONIC SPECIALTIES INSTALLATION
	A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required for system air venting. Air vent ball valves shall be installed on the top of the risers in an accessible location. A 1/4" copper tube shall extend from a reducer provided at the high point to a point where a bucket can be placed to catch any drops.
	B. Install expansion tanks above the air separator. Install tank fitting in tank and charge tank. Use manual vent for initial fill to establish proper water level in tank.
	C. Install expansion tanks on the floor. Vent and purge air from hydronic system, and ensure that tank is properly charged with air to suit system Project requirements.



	232123 fl - hydronic pumps
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. ECM: Electronically commutated motor.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of pump.
	B. Shop Drawings: For each pump.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For pumps to include in emergency, operation, and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.2 WET-ROTOR PUMPS
	A. Manufacturers:
	B. Source Limitations: Obtain pumps from single source from single manufacturer.
	C. Description: Factory-assembled and -tested, wet-rotor pump. Pump and motor to form an integral unit with bearings lubricated by the pumped liquid.
	D. Pump Construction:
	E. Motor:  Variable speed.
	F. Capacities and Characteristics: As indicated on the Drawings.
	G. Electrical Characteristics: As indicated on the Drawings.

	2.3 INTEGRAL PUMP MOTOR VARIABLE-SPEED CONTROLLERS
	A. Where specified or scheduled, provide pumps with an integral pump motor speed controller.

	2.4 ELECTRONICALLY COMMUTATED MOTOR (ECM)
	A. Provide pumps so they are specified or scheduled with ECM.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine equipment foundations and anchor-bolt locations for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for piping systems to verify actual locations of piping connections before pump installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PUMP INSTALLATION
	A. Install pumps to provide access for periodic maintenance including removing motors, impellers, couplings, and accessories.
	B. Pipe connections shall be made in such a manner so as not to exert any stress on the pump housing. Pumps may be suspended direct in the pipes provided pipes can support the weight of the pump.

	3.3 PIPING CONNECTIONS
	A. Where installing piping adjacent to pump, allow space for service and maintenance.
	B. Connect piping to pumps. Install valves that are same size as piping connected to pumps.

	3.4 ELECTRICAL CONNECTIONS
	A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical Systems."
	C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance with NFPA 70 and NECA 1.

	3.5 CONTROL CONNECTIONS
	A. Install control and electrical power wiring to field-mounted control devices.
	B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power Cables."

	3.6 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain hydronic pumps.



	232513 fl - water treatment for closed-loop hydronic systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes the following water treatment for closed-loop hydronic systems:

	1.3 DEFINITIONS
	1.4 ACTION SUBMITTALS
	A. Product Data: Include rated capacities, operating characteristics, and furnished specialties and accessories for the following products:
	B. Shop Drawings: Chemical-treatment equipment, showing tanks, maintenance space required, and piping connections to hydronic systems.

	1.5 INFORMATIONAL SUBMITTALS
	A. Water-Treatment Program: Written sequence of operation on an annual basis for the application equipment required to achieve water quality defined in "Performance Requirements" Article.
	B. Water Analysis: Illustrate water quality available at Project site.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For sensors, injection pumps, and controllers to include in emergency, operation, and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. HVAC Water-Treatment Service Provider Qualifications: An experienced HVAC water-treatment service provider, capable of analyzing water qualities, installing water-treatment equipment, and applying water treatment as specified in this Section.


	PART 2 -  PRODUCTS
	2.1 GLYCOL CHARGING:
	A. Manufacturers:
	B. Description:

	2.2 CHEMICALS
	A. Chemicals shall be as recommended by water-treatment system manufacturer, compatible with piping system components and connected equipment, and able to attain water quality specified in "Performance Requirements" Article.

	2.3 INHIBITED PROPYLENE GLYCOL
	A. Inhibited Propylene Glycol:


	PART 3 -  EXECUTION
	3.1 WATER ANALYSIS
	A. Contractor is responsible for replacing any inhibited propylene glycol lost during construction. The final solution shall be 30% propylene glycol. The contractor shall measure the percentage before and after construction and provide results to the Owner.

	3.2 INSTALLATION
	A. Install glycol charging equipment on concrete bases, level and plumb. Maintain manufacturer's recommended clearances. Arrange units, so controls and devices that require servicing are accessible. Anchor chemical tanks and floor-mounting accessories to substrate. Install all chemical application equipment within a spill-containment area without floor drain.

	3.3 PIPING CONNECTIONS
	A. Piping installation requirement are specified in other Sections. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Where installing piping adjacent to equipment, allow space for service and maintenance.
	C. Make piping connections between HVAC water-treatment equipment and dissimilar-metal piping with dielectric fittings. Dielectric fittings are specified in Section 232113 "Hydronic Piping."
	D. Install shutoff valves on HVAC water-treatment equipment inlet and outlet.

	3.4 ELECTRICAL CONNECTIONS
	A. Confirm applicable electrical requirements in electrical Sections for connecting electrical equipment.
	B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical Systems."
	C. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

	3.5 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain HVAC water-treatment systems and equipment.



	233113 fl - metal ducts
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and with performance requirements and design criteria indicated in "Duct Schedule" Article.
	B. Structural Performance: Duct hangers and supports shall withstand the effects of gravity loads and stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible".
	C. Duct Dimensions: Unless otherwise indicated, all duct dimensions indicated on Drawings are inside clear dimensions and do not include insulation or duct wall thickness.

	2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS
	A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Ch. 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise indicated.
	B. Transverse Joints: Select joint types and fabricate in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	C. Longitudinal Seams: Select seam types and fabricate in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	D. Tees and Laterals: Select types and fabricate in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	E. Spiral Ducts:

	2.3 SHEET METAL MATERIALS
	A. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
	B. Galvanized Sheet Steel: Comply with ASTM A653/A653M.

	2.4 SEALANT AND GASKETS
	A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested in accordance with UL 723; certified by an NRTL. Comply with UL 181A.
	B. Water-Based Joint and Seam Sealant:
	C. Solvent-Based Joint and Seam Sealant:
	D. Flanged Joint Sealant: Comply with ASTM C920.
	E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
	F. Round Duct Joint O-Ring Seals:

	2.5 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments: Galvanized-steel rods and nuts.
	B. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."
	C. Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A603.
	D. Steel Cable End Connections: Galvanized-steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
	E. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	F. Trapeze and Riser Supports:


	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system. Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling equipment sizing and for other design considerations. Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and coordination drawings.
	B. Install ducts in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
	C. Install ducts in maximum practical lengths with fewest possible joints.
	D. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
	E. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
	F. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
	G. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2 inches.
	H. Install fire, combination fire/smoke, and smoke dampers where indicated on Drawings and as required by code, and by local authorities having jurisdiction. Comply with requirements in Section 233300 "Air Duct Accessories" for fire and smoke dampers and specific installation requirements of the damper UL listing.
	I. Protect duct interiors from moisture, construction debris and dust, and other foreign materials both before and after installation.
	J. Elbows: Use long-radius elbows wherever they fit.
	K. Branch Connections: Use high efficiency 45° take-offs, unless noted otherwise.

	3.2 INSTALLATION OF EXPOSED DUCTWORK
	A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
	B. Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use two-part tape sealing system.
	C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, and treat the welds to remove discoloration caused by welding.
	D. Maintain consistency, symmetry, and uniformity in arrangement and fabrication of fittings, hangers and supports, duct accessories, and air outlets.
	E. Repair or replace damaged sections and finished work that does not comply with these requirements.

	3.3 DUCTWORK EXPOSED TO WEATHER
	A. All external joints are to have secure watertight mechanical connections. Seal all openings to provide weatherproof construction.
	B. Construct ductwork to resist external loads of wind, snow, ice, and other effects of weather. Provide necessary supporting structures.

	3.4 DUCT SEALING
	A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" Article in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	B. Seal ducts at a minimum to the following seal classes in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible":

	3.5 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "Hangers and Supports."
	B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
	C. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within 24 inches of each elbow and within 48 inches of each branch intersection.
	D. Hangers Exposed to View: Threaded rod and angle or channel supports.
	E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet.
	F. Install upper attachments to structures. Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	3.6 CONNECTIONS
	A. Make connections to equipment with flexible connectors complying with Section 233300 "Air Duct Accessories."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

	3.7 DUCT SCHEDULE
	A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:
	B. Outside Combustion Air Ducts:
	C. Elbow Configuration:



	233300 fl - air duct accessories
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
	B. Section 230923 “Direct-digital control system for HVAC,” for control dampers and actuators.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For duct accessories. Include plans, elevations, sections, details and attachments to other work.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For air duct accessories to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 COMBINATION FIRE AND SMOKE DAMPERS
	A. Manufacturers:
	B. Type: Dynamic; rated and labeled according to UL 555 and UL 555S.
	C. Closing rating in ducts up to 6-inch wg static pressure class and minimum 2000-fpm velocity.
	D. Fire Rating:  1-1/2 hours.
	E. Frame: Hat-shaped, galvanized sheet steel, with reinforced corners; gauge in accordance with UL listing.
	F. Heat-Responsive Device:  165 deg F rated, fusible links.
	G. Smoke Detector: Integral, factory wired for single-point connection.
	H. Blades: Roll-formed, horizontal, galvanized sheet steel; gauge in accordance with UL listing.
	I. Leakage:  Class II.
	J. Rated pressure and velocity to exceed design airflow conditions.
	K. Mounting Sleeve: Factory-installed, galvanized sheet steel; length to suit wall  application; gauge in accordance with UL listing.
	L. Actuator:
	M. Accessories:

	2.2 DUCT-MOUNTED ACCESS DOORS
	A. Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels," and 7-3, "Access Doors - Round Duct."

	2.3 FLEXIBLE CONNECTORS
	A. Materials: Flame-retardant or noncombustible fabrics.
	B. Coatings and Adhesives: Comply with UL 181, Class 1.
	C. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or 0.032-inch-thick aluminum sheets. Provide metal compatible with connected ducts.
	D. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.
	B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.
	C. Install combination fire/smoke dampers according to UL listing and per the manufacturer’s installation instructions. Install with required perimeter mounting angles, sleeves, breakaway duct connections, corrosion resistant springs, bearings, bushings and hinges. Coordinate with the electrical contractor for power and fire alarm wiring connections.
	D. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining accessories and equipment at the following locations:
	E. Access Door Sizes:
	F. Mark access doors for fire and smoke dampers on outside surface, with minimum 1/2 inch high letters reading: FIRE/SMOKE DAMPER, SMOKE DAMPER, OR FIRE DAMPER.
	G. Install flexible connectors to connect ducts to equipment.
	H. Install duct test holes where required for testing and balancing purposes.

	3.2 FIELD QUALITY CONTROL
	A. Tests and Inspections:

	3.3 DEMONSTRATION
	A. Demonstrate re-setting of fire dampers to Owner's representative.



	233723 fl - hvac gravity ventilators
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For gravity ventilators.

	1.4 COORDINATION
	A. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual equipment provided.


	PART 2 -  PRODUCTS
	2.1 HOODED VENTILATORS
	A. Manufacturers:
	B. Description: Hooded rectangular penthouse for intake air.
	C. Source Limitations: Obtain hooded ventilators from single manufacturer.
	D. Hood and Base:
	E. Birdscreen:
	F. Hood Support:
	G. Roof Curbs:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install gravity ventilators level, plumb, and at indicated alignment with adjacent work.
	B. Secure gravity ventilators to roof curbs with zinc-plated hardware. Use concealed anchorages where possible.
	C. Install gravity ventilators with clearances for service and maintenance.
	D. Install perimeter reveals and openings of uniform width for sealants and joint fillers, as indicated.
	E. Install concealed gaskets, flashings, joint fillers, and insulation as installation progresses.
	F. Label gravity ventilators according to requirements specified in Section 230553 "Identification for HVAC Piping and Equipment."



	235123 fl - gas vents
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For vents.

	1.4 QUALITY ASSURANCE
	A. Certified Sizing Calculations: Manufacturer shall certify venting system sizing calculations.


	PART 2 -  PRODUCTS
	2.1 LISTED SPECIAL GAS VENTS
	A. Manufacturers:
	B. Description: Double-wall metal vents tested according to UL 1738 and rated for 480 deg F continuously, with positive or negative flue pressure complying with NFPA 211, for use on a Category IV appliance.
	C. Construction: Inner shell and outer jacket separated by at least a 1-inch airspace.
	D. Inner Shell: UL 1738 Listing approved Type 444, 316L, or AL29-4C stainless steel.
	E. Outer Jacket: Type 304 stainless steel.
	F. Accessories:
	G. BOILER COMBUSTION AIR DUCTS


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 APPLICATION
	A. Listed Special Gas Vent: Condensing gas appliances.

	3.3 INSTALLATION OF LISTED VENTS
	A. Comply with minimum clearances from combustibles and minimum termination heights according to product listing or NFPA 211, whichever is most stringent.
	B. Seal between sections of positive-pressure vents according to manufacturer's written installation instructions, using sealants recommended by manufacturer.
	C. Support vents at intervals recommended by manufacturer to support weight of vents and all accessories, without exceeding appliance loading.
	D. Lap joints in direction of flow.

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

	3.5 WARRANTY
	A. The factory-built modular exhaust system shall be warranted against functional failure for twenty-five (25) years.
	B. Manufacturer shall provide ASHRAE flue sizing calculations, or certificate of vent equivalent feet, confirming the inner diameter is in compliance with the appliance manufacturer’s installation instructions.
	C. Manufacturer shall provide certificate of Code compliance for all required local and national Codes for the installation with the scheduled appliances.



	235216 fl - condensing boilers
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes packaged, factory-fabricated and -assembled, gas-fired, fire-tube condensing boilers, trim, and accessories for heating hot water.

	1.3 ACTION SUBMITTALS
	A. Product Data:  Include performance data, operating characteristics, furnished specialties, and accessories.
	B. Shop Drawings:  For boilers, boiler trim, and accessories.
	C. Source quality-control test reports:  Indicate and interpret test results for compliance with performance requirements before shipping.
	D. Field quality-control test reports:  Indicate and interpret test results for compliance with performance requirements.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For boilers to include in emergency, operation, and maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. ASME Compliance:  Fabricate and label boilers to comply with ASME Boiler and Pressure Vessel Code.
	C. ASHRAE/IESNA 90.1 Compliance:  Boilers shall have minimum efficiency according to "Gas and Oil Fired Boilers - Minimum Efficiency Requirements."
	D. AHRI Compliance:  Boilers shall be AHRI listed and must meet the minimum efficiency specified under AHRI BTS-2000 as defined by Department of Energy in 10 CFR Part 431.
	E. ANSI Compliance:  Boilers shall be compliant with ANSI Z21.13 test standards for US and Canada.
	F. CSA Compliant:  Boilers shall be compliant with CSA certification.

	1.6 COORDINATION
	A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases

	1.7 WARRANTY
	A. Standard Warranty:  Boilers shall include manufacturer's standard form in which manufacturer agrees to repair or replace components of boilers that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 CONDENSING BOILERS
	A. Manufacturers:
	B. Construction:
	C. Trim:
	D. Controls:
	E. Building Automation System Interface:
	F. Electrical Power:
	G. Venting:
	H. Source Quality Control:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, and piping and electrical connections to verify actual locations, sizes, and other conditions affecting boiler performance, maintenance, and operations.
	B. Examine mechanical spaces for suitable conditions where boilers will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 BOILER INSTALLATION
	A. Install gas-fired boilers according to the International Fuel Gas Code.
	B. Assemble and install boiler trim.
	C. Install electrical devices furnished with boiler but not specified to be factory mounted.
	D. Install control wiring to field-mounted electrical devices.

	3.3 CONNECTIONS
	A. Install boilers level on concrete bases.
	B. Install piping adjacent to boiler to allow service and maintenance.
	C. Install piping from equipment drain connection to nearest floor drain.  Piping shall be at least full size of connection.  Provide an isolation valve if required.
	D. Connect gas piping to boiler gas-train inlet with union.  Piping shall be at least full size of equipment connection.  Provide a reducer if required.
	E. Connect hot-water piping to supply and return boiler tappings with shutoff valve and union or flange at each connection.
	F. Install piping from safety relief valves to nearest floor drain.
	G. Boiler Venting:
	H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	I. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	B. Tests and Inspections:
	C. Performance Tests:

	3.5 DEMONSTRATION
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