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SECTION 01 11 00

SUMMARY OF WORK

PART 1   GENERAL
 
1.1   SUMMARY

The work to be performed under this project consists of providing all 
materials, equipment, labor, and supervision to perform the Refurbishment 
of the Environmental Control System (ECS) at Launch Complex 39, Pad B. The 
project work is located at Kennedy Space Center in Florida. The ECS 
equipment is used to provide a source of dry, temperature-conditioned air 
to space flight vehicles while they are at the Launch Pad 39-B complex.

1.2   WORK COVERED BY CONTRACT DOCUMENTS

1.2.1   Project Description

The work consists of, but is not limited to, the partial demolition of 
existing ECS equipment as described on the contract drawings: 

Mechanical equipment and systems
Electrical equipment and systems
Controls equipment and systems

Also included are the refurbishment of existing equipment and the 
installation of new equipment and systems to form a complete working 
system. The extent of the work is described in the contract drawings and 
within the sections of this specification.

1.2.2   Location

The work shall be located at Launch Complex 39, Pad B at the Kennedy Space 
Center (KSC). The specific area of work is in the ECS room on the first 
floor of the Launch Pad and at the ECS cooling tower located on the north 
end of the parking area just outside of the ECS room and other locations 
within KSC as shown in the contract drawings.

1.3   CONTRACT DRAWINGS/PUBLICATIONS

The following drawings accompany this specification and are a part thereof.

Drawing No. 79K39602 
Sheets 1 through 185

1.4   CONTRACTOR'S SCOPE OF WORK

1.4.1   General
 

The Contractor shall develop detailed shop drawings and procurement 
documents as required for the system refurbishment, and support an 
initial  meeting at the Government's facility prior to the ordering of 
materials or start of any work.
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1.4.2   Demolition

The Contractor shall abate all hazardous materials including asbestos 
containing materials, lead and other RCRA 8 metals in painted coatings, 
and PCB's in painted coatings. Such materials are identified on the 
contract drawings and shall be abated in accordance with this 
specification and local codes and regulations. 

1.4.3   Waste Disposal

a.  The Contractor shall designate and handle salvage items in accordance 
with the Government approved salvage plan. Salvage items are identified 
on the contract drawings. Refer to Special Conditions for Salvage Items.

b.  The Contractor shall dispose of all materials in accordance with this 
specification, contract drawings, and local codes and regulations.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION  (NOT USED)

Not Used.
        -- End of Section --
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SECTION 01 33 00

SUBMITTAL PROCEDURES

PART 1   GENERAL

1.1   DEFINITIONS

1.1.1   Submittal Descriptions (SD)

Submittals requirements are specified in the technical sections.  
Submittals are identified by Submittal Description (SD) numbers and titles 
as follows:

SD-01 Preconstruction Submittals

Submittals which are required prior to issuance of contract notice to 
proceed.

Pre-construction Surveys

Work plan

Quality Control(QC) plan

Environmental protection plan

SD-02 Shop Drawings

Drawings, diagrams and schedules specifically prepared to illustrate 
some portion of the work.

Diagrams and instructions from a manufacturer or fabricator for use in 
producing the product and as aids to the Contractor for integrating the 
product or system into the project.

Drawings prepared by or for the Contractor to show how multiple systems 
and interdisciplinary work will be coordinated.

SD-03 Product Data

Catalog cuts, illustrations, schedules, diagrams, performance charts, 
instructions and brochures illustrating size, physical appearance and 
other characteristics of materials, systems or equipment for some 
portion of the work.  Submittal data shall be clearly marked in red ink 
to indicate options provided, and non-applicable data shall be marked 
out.

Samples of warranty language when the contract requires extended 
product warranties.

SD-04 Samples

Fabricated or unfabricated physical examples of materials, equipment or 
workmanship that illustrate functional and aesthetic characteristics of 
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a material or product and establish standards by which the work can be 
judged.

Color samples from the manufacturer's standard line (or custom color 
samples if specified) to be used in selecting or approving colors for 
the project.

Field samples and mock-ups constructed on the project site establish 
standards by which the ensuring work can be judged.  Includes 
assemblies or portions of assemblies which are to be incorporated into 
the project and those which will be removed at conclusion of the work.

SD-05 Design Data

Design calculations, analyses or other data pertaining to a part of 
work.

SD-06 Test Reports

Report signed by authorized official of testing laboratory that a 
material, product or system identical to the material, product or 
system to be provided has been tested in accordance with specified 
requirements.  (Testing must have been within three years of date of 
contract award for the project.)

Report which includes findings of a test required to be performed by 
the Contractor on an actual portion of the work or prototype prepared 
for the project before shipment to job site.

Report which includes finding of a test made at the job site or on 
sample taken from the job site, on portion of work during or after 
installation.

Investigation reports.

Daily logs and checklists.

Final acceptance test and operational test procedure.

SD-07 Certificates

Statements printed on the manufacturer's letterhead and signed by 
responsible officials of manufacturer of product, system or material 
attesting that product, system or material meets specification 
requirements.  Must be dated after award of project contract and 
clearly name the project.

Document required of Contractor, or of a manufacturer, supplier, 
installer or Subcontractor through Contractor, the purpose of which is 
to further quality of orderly progression of a portion of the work by 
documenting procedures, acceptability of methods or personnel 
qualifications.

SD-08 Manufacturer's Instructions

Preprinted material describing installation of a product, system or 
material, including special notices and (MSDS)concerning impedances, 
hazards and safety precautions.
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SD-09 Manufacturer's Field Reports

Documentation of the testing and verification actions taken by 
manufacturer's representative at the job site, in the vicinity of the 
job site, or on a sample taken from the job site, on a portion of the 
work, during or after installation, to confirm compliance with 
manufacturer's standards or instructions.  The documentation must be 
signed by an authorized official of a testing laboratory or agency and 
must state the test results; and indicate whether the material, 
product, or system has passed or failed the test.

Factory test reports.

SD-10 Operation and Maintenance Data

Data that is furnished by the manufacturer, or the system provider, to 
the equipment operating and maintenance personnel, including 
manufacturer's help and product line documentation necessary to 
maintain and install equipment.  This data is needed by operating and 
maintenance personnel for the safe and efficient operation, maintenance 
and repair of the item.

This data is intended to be incorporated in an operations and 
maintenance manual.

SD-11 Closeout Submittals

Documentation to record compliance with technical or administrative 
requirements or to establish an administrative mechanism.

Special requirements necessary to properly close out a construction 
contract.  For example, Record Drawings and as-built drawings.  Also, 
submittal requirements necessary to properly close out a major phase of 
construction on a multi-phase contract.

1.1.2   Approving Authority

Office or designated person authorized to approve submittal.  Approval of 
components and shop drawings does not relieve Contractor from the 
responsibility of providing a complete, finished, and fully functional 
Environmental Control System which complies with the intent of the contract 
documents.

1.1.3   Work

As used in this section, on- and off-site construction required by contract 
documents, including labor necessary to produce submittals, construction, 
materials, products, equipment, and systems incorporated or to be 
incorporated in such construction.

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with this section.

SD-01 Preconstruction Submittals

Submittal Register; G
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1.3   PREPARATION

1.3.1   Transmittal Form

Transmit submittals from the approved Submittal Register with transmittal 
form standard for project. On the transmittal form identify Contractor, 
indicate date of submittal, and include information prescribed by 
transmittal form and required in paragraph entitled, "Identifying 
Submittals," of this section.

1.3.2   Identifying Submittals

When submittals are provided by a Subcontractor, the Prime Contractor is to 
prepare, review and stamp with Contractor's approval all specified 
submittals prior to submitting for Government approval.

Identify submittals with the following information permanently adhered to 
or noted on each separate component of each submittal and noted on 
transmittal form.  Mark each copy of each submittal identically, with the 
following:

a.  Project title and location.

b.  Construction contract number.

c.  Date of the drawings and revisions.

d.  Name, address, and telephone number of subcontractor, supplier, 
manufacturer and any other subcontractor associated with the submittal.

e.  Section number of the specification section by which submittal is 
required.

f.  Submittal description (SD) number of each component of submittal.

g.  When a resubmission, add alphabetic suffix on submittal description, 
for example, submittal 18 would become 18A, to indicate resubmission.

h.  Product identification and location in project.

1.3.3   Format for SD-02 Shop Drawings

All drawings shall be prepared in electronic format, AutoCAD Release 2012 
or later, and provided in the native file format (.dwg) as well as Adobe .pdf.  
Workstation and HMI graphics shall be prepared using the application 
specific graphic development program.  Drawings shall be submitted in hard 
copy with not less than 2 electronic copies submitted on digital video 
disks (DVD's).

Drawings are not to be less than 8 1/2 by 11 inches nor more than 30 by 42 
inches, except for full size patterns or templates.  Prepare drawings to 
accurate size, with scale indicated, unless other form is required.  
Drawings shall be submitted in hard copy form along with the electronic 
copy required by the contractor and be of a quality to produce clear, 
distinct lines and letters with dark lines on a white background.

Present 11 by 17 inches sized drawings as part of the bound volume for 
submittals required by section.  Present larger drawings in sets.
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Include on each drawing the drawing title, number, date, and revision 
numbers and dates, in addition to information required in paragraph 
entitled, "Identifying Submittals," of this section.

Number drawings in a logical sequence.  Contractors may use their own 
number system.  Each drawing is to bear the number of the submittal in a 
uniform location adjacent to the title block.  Place the Government 
contract number in the margin, immediately below the title block, for each 
drawing.

Reserve a blank space, no smaller than 5 and 1/2 inches wide by 3 inches 
tall on the right hand side of each sheet for the Government disposition 
stamp.

Dimension drawings, except diagrams and schematic drawings; prepare 
drawings demonstrating interface with other trades to scale.  Use the same 
unit of measure for shop drawings as indicated on the contract drawings.  
Identify materials and products for work shown.

Include the nameplate data, size and capacity on drawings.  Also include 
applicable federal, military, industry and technical society publication 
references.

1.3.4   Format of SD-03 Product Data and SD-08 Manufacturer's Instructions

Submit manufacturer's instructions prior to installation  Clearly mark the 
data for the applicable model number being submitted on and cross out data 
that does not apply onproduct data sheets that contain multiple versions.

Present product data submittals for each section as a complete, bound 
volume.  Include table of contents, listing page and catalog item numbers 
for product data.

Indicate, by prominent notation, each product which is being submitted; 
indicate specification section number and paragraph number to which it 
pertains.

Supplement product data with material prepared for project to satisfy 
submittal requirements for which product data does not exist.  Identify 
this material as developed specifically for project, with information and 
format as required for submission of SD-07 Certificates.

Include the manufacturer's name, trade name, place of manufacture, and 
catalog model or number on product data.  Also include applicable federal, 
military, industry and technical society publication references.  Should 
manufacturer's data require supplemental information for clarification, 
submit as specified for SD-07 Certificates.

Where equipment or materials are specified to conform to industry and 
technical society reference standards of the organizations such as American 
National Standards Institute (ANSI), ASTM International (ASTM), National 
Electrical Manufacturer's Association (NEMA), Underwriters Laboratories 
(UL), and Association of Edison Illuminating Companies (AEIC), submit proof 
of such compliance.  The label or listing by the specified organization 
will be acceptable evidence of compliance.  In lieu of the label or 
listing, submit a certificate from an independent testing organization, 
competent to perform testing,submit for approval and add to the Submittal 
Register.  State on the certificate that the item has been tested in 
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accordance with the specified organization's test methods and that the item 
complies with the specified organization's reference standard.

Collect required data submittals for each specific material, product, unit 
of work, or system into a single submittal and marked for choices, options, 
and portions applicable to the submittal.  Mark each copy of the product 
data identically.  Partial submittals will be accepted for expedition of 
construction effort.

1.3.5   Format of SD-04 Samples

Furnish samples in sizes below, unless otherwise specified or unless the 
manufacturer has prepackaged samples of approximately same size as 
specified:

a.  Sample of Equipment or Device:  Full size.

b.  Sample of Materials Less Than 2 by 3 inches:  Built up to 8 1/2 by 11 
inches.

c.  Sample of Materials Exceeding 8 1/2 by 11 inches:  Cut down to 8 1/2 by 
11 inches and adequate to indicate color, texture, and material 
variations.

d.  Sample of Linear Devices or Materials:  10 inch length or length to be 
supplied, if less than 10 inches.  Examples of linear devices or 
materials are conduit and handrails.

e.  Sample of Non-Solid Materials:  Pint.  Examples of non-solid materials 
are sand and paint.

f.  Color Selection Samples:  2 by 4 inches.  Where samples are specified 
for selection of color, finish, pattern, or texture, submit the full 
set of available choices for the material or product specified.  Sizes 
and quantities of samples are to represent their respective standard 
unit.

g.  Sample Panel:  4 by 4 feet.

h.  Sample Installation:  100 square feet.

Samples Showing Range of Variation:  Where variations in color, finish, 
pattern, or texture are unavoidable due to nature of the materials, submit 
sets of samples of not less than three units showing extremes and middle of 
range.  Mark each unit to describe its relation to the range of the 
variation.

Reusable Samples:  Incorporate returned samples into work only if so 
specified or indicated.  Incorporated samples are to be in undamaged 
condition at time of use.

Recording of Sample Installation:  Note and preserve the notation of area 
constituting sample installation but remove notation at final clean up of 
project.

When color, texture or pattern is specified by naming a particular 
manufacturer and style, include one sample of that manufacturer and style, 
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for comparison.

1.3.6   Format of SD-05 Design Data and SD-07 Certificates

Provide design data and certificates on 8 1/2 by 11 inches paper.  Provide 
a bound volume for submittals containing numerous pages.

1.3.7   Format of SD-06 Test Reports and SD-09 Manufacturer's Field Reports

Provide reports on 8 1/2 by 11 inches paper in a complete bound volume.

Indicate by prominent notation, each report in the submittal.  Indicate 
specification number and paragraph number to which it pertains.

1.3.8   Format of SD-10 Operation and Maintenance Data (O&M)

Comply with the requirements specified in Section 01 78 23 OPERATION AND 
MAINTENANCE DATA for O&M Data format.

1.3.9   Format of SD-01 Preconstruction Submittals and SD-11 Closeout 
Submittals

When submittal includes a document which is to be used in project or become 
part of project record, other than as a submittal, do not apply 
Contractor's approval stamp to document, but to a separate sheet 
accompanying document.

1.4   FINAL ACCEPTANCE DATA PACKAGE

Following completion of the project commissioning, provide two (2) copies 
of the Final Acceptance Data Package that includes a copy of each submittal 
that was submitted during the project. Only the final version of each 
submittal is required. Bind all submittals neatly together using 3-ring 
binders. Label each submittal with the submittal number and date of issue. 
Provide one (1) electronic copy in CD format.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION  (NOT USED)

Not Used.

        -- End of Section --
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SECTION 01 42 00

SOURCES FOR REFERENCE PUBLICATIONS

PART 1   GENERAL

1.1   REFERENCES

Various publications are referenced in other sections of the specifications 
to establish requirements for the work.  These references are identified in 
each section by document number, date and title.  The document number used 
in the citation is the number assigned by the standards producing 
organization, (e.g.   ASTM B564 Nickel Alloy Forgings).  However, when the 
standards producing organization has not assigned a number to a document, 
an identifying number has been assigned for reference purposes.

1.2   ORDERING INFORMATION

The addresses of the standards publishing organizations whose documents are 
referenced in other sections of these specifications are listed below, and 
if the source of the publications is different from the address of the 
sponsoring organization, that information is also provided.  Documents 
listed in the specifications with numbers which were not assigned by the 
standards producing organization should be ordered from the source by title 
rather than by number.

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)
38800 Country Club Drive
Farmington Hills, MI  48331
Ph:   248-848-3700
Fax:  248-848-3701
E-mail: bkstore@concrete.org
Internet:  http://www.concrete.org

ACOUSTICAL SOCIETY OF AMERICA (ASA)
2 Huntington Quadrangle, Suite 1NO1
Melville, NY 11747-4502
Ph:   516-576-2360
Fax:  516-576-2377
E-mail:  asa@aip.org
Internet: http://asa.aip.org

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL (AMCA)
30 West University Drive
Arlington Heights, IL  60004-1893
Ph:   847-394-0150
Fax:  847-253-0088
E-mail: amca@amca.org
Internet:  http://www.amca.org

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)
2111 Wilson Blvd, Suite 500
Arlington, VA  22201
Ph:   703-524-8800
Fax:  703-528-3816
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E-mail:  fdietz@ahrinet.org
Internet: http://www.ahrinet.org

AMERICAN HARDBOARD ASSOCIATION (AHA)
1210 West Northwest Highway
Palatine, IL 60067
Ph:   847-934-8800
Fax:  847-934-8803
E-mail:  aha@hardboard.org
Internet:  http://www.hardboard.org

AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA)
2700 Prosperity Ave., Suite 250
Fairfax, VA  22031
Tel:  703-849-8888
Fax:  703-207-3561
E-mail:  infonet@aiha.org
Internet http://www.aiha.org

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)
One East Wacker Drive, Suite 700
Chicago, IL  60601-1802
Ph:   312-670-2400
Fax:  312-670-5403
Publications: 800-644-2400
E-mail: pubs@aisc.org
Internet:  http://www.aisc.org

AMERICAN IRON AND STEEL INSTITUTE (AISI)
1140 Connecticut Avenue, NW, Suite 705
Washington, DC 20036
Ph:   202-452-7100
Fax:  202-463-6577
E-mail:  webmaster@steel.org
Internet:  http://www.steel.org

AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT)
1711 Arlingate Lane
P.O. Box 28518
Columbus, OH  43228-0518
Ph:   800-222-2768; 614-274-6003
Fax:  614-274-6899
E-mail:  webmaster@asnt.org
Internet: http://www.asnt.org

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)
1791 Tullie Circle, NE
Atlanta, GA  30329
Ph:   800-527-4723 or 404-636-8400
Fax:  404-321-5478
E-mail:  ashrae@ashrae.org
Internet:  http://www.ashrae.org

AMERICAN SOCIETY OF SAFETY ENGINEERS (ASSE/SAFE)
1800 East Oakton Street
Des Plaines, IL  60018-2187
Ph:  847-699-2929
Fax:  847-768-3434
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E-mail:  customerservice@asse.org
Internet:  http://www.asse.org

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)
901 Canterbury, Suite A
Westlake, OH  44145
Ph:   440-835-3040
Fax:  440-835-3488
E-mail:  info@asse-plumbing.org
Internet: http://www.asse-plumbing.org

AMERICAN WATER WORKS ASSOCIATION (AWWA)
6666 West Quincy Avenue
Denver, CO  80235
Ph:  800-926-7337 
Fax: 303-347-0804
E-mail:  smorrison@awwa.org
Internet:  http://www.awwa.org

AMERICAN WELDING SOCIETY (AWS)
550 N.W. LeJeune Road
Miami, FL  33126
Ph:   800-443-9353 - 305-443-9353
Fax:  305-443-7559
E-mail:  info@aws.org or customerservice@awspubs.com
Internet: http://www.aws.org

ASME INTERNATIONAL (ASME)
Three Park Avenue, M/S 10E
New York, NY 10016-5990
Ph:   800-854-7179 or 800-843-2763
Fax:  212-591-7674
E-mail:  infocentral@asme.org
Internet:  http://www.asme.org

ASSOCIATED AIR BALANCE COUNCIL (AABC)
1518 K Street, NW
Washington, DC  20005
Ph:   202-737-0202
Fax:  202-638-4833
E-mail:  info@aabc.com
Internet:  http://www.aabchq.com

ASTM INTERNATIONAL (ASTM)
100 Barr Harbor Drive, P.O. Box C700
West Conshohocken, PA  19428-2959
Ph:   610-832-9585
Fax:  610-832-9555
E-mail: service@astm.org
Internet:  http://www.astm.org

BUILDING COMMISSIONING ASSOCIATION (BCA)
1600 NW Compton Drive
Suite 200
Beaverton, OR  97006
Ph:  877-666-2292
Fax: 508-747-2903
E-mail: info@bcxa.org
Internet: http://www.bcxa.org 
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COMPRESSED GAS ASSOCIATION (CGA)
4221 Walney Road, 5th Floor
Chantilly, VA  20151
Ph:   703-788-2700
Fax:  703-961-1831
E-mail:  cga@cganet.com
Internet: http://www.cganet.com

COOLING TECHNOLOGY INSTITUTE (CTI)
2611 FM 1960 West
Suite A-101 
Houston, TX 77068-3730
Ph:   281-583-4087
Fax:  281-537-1721
E-mail:  vmanser@cti.org
Internet: http://www.cti.org

COPPER DEVELOPMENT ASSOCIATION (CDA)
260 Madison Avenue
New York, NY 10016
Ph:   212-251-7200
Fax:  212-251-7234
E-mail:  questions@cda.copper.org
Internet: http://www.copper.org

FLORIDA ADMINISTRATIVE CODE (FAC)
Florida Department of State
RA Gray Building
Mail Station 22
Tallahassee, FL  32399-0250
Ph:   850-245-6270
Fax:  850-245-6282
E-mail:  administrationcode@dos.state.fl.us

FLORIDA STATUTES (FL-STAT)
Division of Legislative Information Services
Room 704 Claude Pepper Building
111 West Madison Street
Tallahassee, FL  32399-1400
Ph:   850-488-8403
E-mail:  stat.rev@leg.state.fl.us

FM GLOBAL (FM)
270 Central Avenue
P.O. Box 7500
Johnston, RI 02919
Ph:   401-275-3000 ext. 1945
Fax:  401-275-3029
E-mail:  servicedesk.myrisk@fmglobal.com
Internet:  http://www.fmglobal.com

HYDRAULIC INSTITUTE (HI)
6 Campus Drive, First Floor North
Parsippany, NJ  07054-4406
Ph:   973-267-9700
Fax:  973-267-9055
E-mail: webmaster@pumps.org
Internet: http://www.pumps.org
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HYDRONICS INSTITUTE DIVISION OF GAMA (HYI)
35 Russo Place
P.O. Box 218
Berkeley Heights, NJ  07922-0218
Ph:   908-464-8200
Fax:  908-464-7818
E-mail: information@gamanet.org
Internet:  http://www.gamanet.org

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
445 Hoes Lane or 2001 L Street, NW. Suite 700
Piscataway, NJ  08855-1331 or Washington, DC 20036-4910 USA
Ph:   732-981-0060 or 800-701-4333
Fax:  732-562-6380
E-mail: onlinesupport@ieee.org or ieeeusa@ieee.org
Internet:  http://www.ieee.org

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)
3050 Centre Ave. Suite 102
Portage, MI 49024
Ph:  269-488-6382
Fax: 269-488-6383
E-mail: neta@netaworld.org
Internet:  http://www.netaworld.org

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)
1, ch. de la Voie-Creuse
Case Postale 56
CH-1211 Geneve 20  Switzerland
Ph:   41-22-749-01-11
Fax:  41-22-733-34-30
E-mail:  central@iso.ch
Internet:  http://www.iso.org

IPC - ASSOCIATION CONNECTING ELECTRONICS INDUSTRIES (IPC)
3000 Lakeside Drive, 309S
Bannockburn, IL  60015
Ph:  847-615-7100
Fax: 847-615-7105
E-mail:  webmaster@ipc.org
Internet:  http://www.ipc.org

JOHN F. KENNEDY SPACE CENTER (KSC)
National Aeronautics and Space Administration
KSC Doc Library - D
Kennedy Space Center, FL  32899
Ph:   321-867-3613

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)
127 Park Street, NE
Vienna, VA  22180
Ph:   703-281-6613
Fax:  703-281-6671
E-mail:  info@mss-hq.com
Internet:  http://www.mss-hq.com
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MIDWEST INSULATION CONTRACTORS ASSOCIATION (MICA)
16712 Elm Circle
Omaha, NE  68130
Ph:   800-747-6422
Fax:  402-330-9702
E-mail:  mica@tconl.com
Internet:  http://www.micainsulation.org

NACE INTERNATIONAL (NACE)
1440 South Creek Drive
Houston, TX  77084-4906
Ph:   281-228-6200
Fax:  281-228-6300
E-mail:  firstservice@nace.org
Internet:  http://www.nace.org

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)
Superintendent of Documents at
U.S. Government Printing Office
732 North Capitol Street, NW
Washington, DC  20401-0001
Ph:  202-783-3238
Fax: 202-512-1800
E-mail:  ContactCenter@gpo.gov
Internet: http://www.nasa.gov or http://www.gpoaccess.gov/help

        
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
1300 North 17th Street, Suite 1752
Rosslyn, VA  22209
Ph:   703-841-3200
Fax:  703-841-5900
Internet:  http://www.nema.org/

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)
8575 Grovemont Circle
Gaithersburg, MD  20877
Ph:   301-977-3698
Fax:  301-977-9589
E-Mail:  elana@nebb.org
Internet:  http://www.nebb.org

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
1 Batterymarch Park
Quincy, MA  02169-7471
Ph:   617-770-3000 or 800-344-3555
Fax:  617-770-0700
E-mail: webmaster@nfpa.org
Internet:  http://www.nfpa.org

NATIONAL INSTITUTE FOR CERTIFICATION IN ENGINEERING TECHNOLOGIES 
(NICET)
1420 King Street
Alexandria, VA  22314-2794
Ph:  888-476-4238 (1-888 IS-NICET)
E-mail: tech@nicet.org
Internet:  http://www.nicet.org

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH)
Mail Stop C-34
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4676 Columbia Parkway
Cincinnati, OH  45226
Ph:  513-533-8611
Fax:  513-533-8285
E-mail: nioshdocket@cdc.gov
Internet:  http://www.cdc.gov/nchs/products.htm

PIPE FABRICATION INSTITUTE (PFI)
511 Avenue of America's, #601
New York, NY 10011
Ph:   514-634-3434
Fax:  514-634-9736
E-mail:  pfi@pfi-institute.org
Internet:  http://www.pfi-institute.org
Canada Office:
655-32nd Ave., Suite 201
Lachine, QC H8T 3G6

PORTLAND ENERGY CONSERVATION, INC.(PECI)
100 SW Main Street
Suite 1600
Portland, OR  97204
Ph:  503-248-4636
Fax: 503-295-0820
Internet: www.peci.org

PRECAST/PRESTRESSED CONCRETE INSTITUTE (PCI)
209 West Jackson Blvd. #500
Chicago, IL  60606
Ph:   312-786-0300
Fax:  312-786-0353
E-mail:  info@pci.org
Internet:  http://www.pci.org

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)
4201 Lafayette Center Drive
Chantilly, VA  20151-1219
Ph:   703-803-2980
Fax:  703-803-3732
E-mail: info@smacna.org 
Internet:  http://www.smacna.org

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)
1200 G St., NW, Suite 800
 Washington, DC 20005
Ph: 202-463-7318

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)
40 24th Street, 6th Floor
Pittsburgh, PA  15222-4656
Ph:  412-281-2331
Fax: 412-281-9992
E-mail:  info@sspc.org
Internet: http://www.sspc.org

UNDERWRITERS LABORATORIES (UL)
2600 N.W. Lake Road
Camas, WA 98607-8542
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Ph:  877-854-3577
Fax: 360-817-6278
E-mail:  CEC.us@us.ul.com
Internet:  http://www.ul.com/
UL Directories available through IHS at http://www.ihs.com

U.S. DEPARTMENT OF DEFENSE (DOD)
Order DOD Documents from:
Room 3A750-The Pentagon
1400 Defense Pentagon
Washington, DC 20301-1400
Ph:  703-571-3343
FAX: 215-697-1462
E-mail: pia@hq.afis.asd.mil
Internet:  http://www.dod.gov
Obtain Military Specifications, Standards and Related Publications 
from:
Acquisition Streamlining and Standardization Information System 
(ASSIST)
Department of Defense Single Stock Point (DODSSP)
Document Automation and Production Service (DAPS)
Building 4/D
700 Robbins Avenue
Philadelphia, PA 19111-5094
Ph:   215-697-6396 - for account/password issues
Internet:  http://assist.daps.dla.mil/online/start/; account 
registration required
Obtain Unified Facilities Criteria (UFC) from:
Whole Building Design Guide (WBDG)
National Institute of Building Sciences (NIBS)
1090 Vermont Avenue NW, Suite 700
Washington, CD 20005
Ph:  202-289-7800
Fax: 202-289-1092
Internet:  http://www.wbdg.org/references/docs_refs.php

U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT (HUD)
451 7th St SW, 
Washington, DC 20410
(202) 708-1420

U.S. GENERAL SERVICES ADMINISTRATION (GSA)
General Services Administration
1800 F Street, NW
Washington, DC 20405
Ph: 202-501-0800
Internet:  www.GSA.gov
Obtain documents from:
Acquisition Streamlining and Standardization Information System 
(ASSIST)
Department of Defense Single Stock Point (DODSSP)
Document Automation and Production Service (DAPS)
Building 4/D
700 Robbins Avenue
Philadelphia, PA 19111-5094
Ph:   215-697-6396 - for account/password issues
Internet:  http://assist.daps.dla.mil/online/start/; account 
registration required
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U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)
8601 Adelphi Road 
College Park, MD 20740-6001
Ph:  866-272-6272
Fax: 301-837-0483
E-mail: contactcenter@gpo.gov
Internet: http://www.archives.gov
Order documents from:
Superintendent of Documents
U.S.Government Printing Office (GPO)
732 North Capitol Street, NW
Washington, DC  20401
Ph:   202-512-1800
Fax:  202-512-2104
E-mail: contactcenter@gpo.gov
Internet:  http://www.gpoaccess.gov 

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION  (NOT USED)

Not Used.

        -- End of Section --
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SECTION 01 57 20.00 10

ENVIRONMENTAL PROTECTION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

FLORIDA ADMINISTRATIVE CODE (FAC)

FAC Chapter 62-710 (2009) Used Oil Management

FAC Chapter 62-730 (2009) Universal Waste Management

FAC Chapter 62-777 (2005) Contaminant Cleanup Target Levels

JOHN F. KENNEDY SPACE CENTER (KSC)

KNPR 8500.1 KSC Environmental Requirements

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

33 CFR 328 Definitions of Waters of the United States

40 CFR 260 Hazardous Waste Management System:  General

40 CFR 261 Identification and Listing of Hazardous 
Waste

40 CFR 262 Standards Applicable to Generators of 
Hazardous Waste

40 CFR 265 Interim Status Standards for Owners and 
Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities

40 CFR 273 Standards For Universal Waste Management

40 CFR 279 Standards for the Management of Used Oil

40 CFR 302 Designation, Reportable Quantities, and 
Notification

40 CFR 355 Emergency Planning and Notification

40 CFR 68 Chemical Accident Prevention Provisions

40 CFR 761 Polychlorinated Biphenyls (PCBs) 
Manufacturing, Processing, Distribution in 
Commerce, and Use Prohibitions
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1.2   DEFINITIONS

1.2.1   Environmental Pollution and Damage

Environmental pollution and damage is the presence of chemical, physical, 
or biological elements or agents which adversely affect human health or 
welfare; unfavorably alter ecological balances of importance to human life; 
affect other species of importance to humankind; or degrade the environment 
aesthetically, culturally and/or historically.

1.2.2   Environmental Protection

Environmental protection is the prevention/control of pollution and habitat 
disruption that may occur to the environment during construction.  The 
control of environmental pollution and damage requires consideration of 
land, water, and air; biological and cultural resources; and includes 
management of visual aesthetics; noise; solid, chemical, gaseous, and 
liquid waste; radiant energy and radioactive material as well as other 
pollutants.

1.2.3   Contractor Generated Hazardous Waste

Contractor generated hazardous waste means materials that, if abandoned or 
disposed of, may meet the definition of a hazardous waste.  These waste 
streams would typically consist of material brought on site by the 
Contractor to execute work, but are not fully consumed during the course of 
construction.  Examples include, but are not limited to, excess paint 
thinners (i.e. methyl ethyl ketone, toluene etc.), waste thinners,excess 
paints, excess solvents, waste solvents, and excess pesticides, and 
contaminated pesticide equipment rinse water.

1.2.4   Land Application for Discharge Water

The term "Land Application" for discharge water implies that the Contractor 
must discharge water at a rate which allows the water to percolate into the 
soil.  No sheeting action, soil erosion, discharge into storm sewers, 
discharge into defined drainage areas, or discharge into the "waters of the 
United States" must occur.  Land Application must be in compliance with all 
applicable Federal, State, and local laws and regulations.

1.2.5   Surface Discharge

The term "Surface Discharge" implies that the water is discharged with 
possible sheeting action and subsequent soil erosion may occur.  Waters 
that are surface discharged may terminate in drainage ditches, storm 
sewers,creeks, and/or "waters of the United States" and would require a 
permit to discharge water from the governing agency.

1.2.6   Waters of the United States

All waters which are under the jurisdiction of the Clean Water Act, as 
defined in 33 CFR 328.

1.2.7   Process Waste Questionnaire (PWQ)

NASA Form 26-551 which is used by the Contractor to describe all hazardous 
and non-hazardous waste streams.
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1.2.8   Technical Response Package (TRP)

Instructions provided by IHA Waste Management Office describing proper 
handling, storage, and disposal of a waste stream.

1.3   GENERAL REQUIREMENTS

Minimize environmental pollution and damage that may occur as the result of 
construction operations.  The environmental resources within the project 
boundaries and those affected outside the limits of permanent work must be 
protected during the entire duration of this contract.  Comply with all 
applicable environmental Federal, State, and local laws and regulations.   
Any delays resulting from failure to comply with environmental laws and 
regulations will be the Contractor's responsibility.

This project is located within the boundary of a SWMU (SWMU
#009, LC39B) being investigated by the Remediation Group (867-8415). A SWMU 
designation means a site had historical operations which had the potential 
to impact the environment. A Land Use Control Implementation Plan (LUCIP) 
has been prepared for LC39B. These controls are necessary to prohibit the 
use of groundwater from the site and prohibit residential exposure to soil 
and swale soil present at LC39B. All soil must remain on site in area from 
which it was excavated. Also, there is potential groundwater contamination 
(CVOCs) which would require special handling and disposal. If dewatering 
becomes necessary contact the Remediation Group at 867-8415 for additional 
information.

1.4   SUBCONTRACTORS

Ensure compliance with this section by subcontractors.

1.5   PAYMENT

No separate payment will be made for work covered under this section.  
Payment of fees associated with environmental permits, application, and/or 
notices obtained by the Contractor, and payment of all fines/fees for 
violation or non-compliance with Federal, State, Regional and local laws 
and regulations are the Contractor's responsibility.  All costs associated 
with this section must be included in the contract price.

1.6   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Environmental Protection Plan; G
Process Waste Questionnaire (KSC Form 26-551)
Non-Hazardous Solid Waste Diversion Report

1.7   ENVIRONMENTAL PROTECTION PLAN

Prior to commencing construction activities or delivery of materials to the 
site, submit an Environmental Protection Plan for review and approval by 
the Contracting Officer.  The purpose of the Environmental Protection Plan 
is to present a comprehensive overview of known or potential environmental 
issues which the Contractor must address during construction.  Issues of 
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concern must be defined within the Environmental Protection Plan as 
outlined in this section.  Address each topic at a level of detail 
commensurate with the environmental issue and required construction 
task(s).  Topics or issues which are not identified in this section, but 
are considered necessary, must be identified and discussed after those 
items formally identified in this section.  Prior to submittal of the 
Environmental Protection Plan, meet with the Contracting Officer for the 
purpose of discussing the implementation of the initial Environmental 
Protection Plan; possible subsequent additions and revisions to the plan 
including any reporting requirements; and methods for administration of the 
Contractor's Environmental Plans.  The Environmental Protection Plan must 
be current and maintained onsite by the Contractor.

1.7.1   Compliance

No requirement in this Section will relieve the Contractor of any 
applicable Federal, State, and local environmental protection laws and 
regulations.  During Construction, the Contractor will be responsible for 
identifying, implementing, and submitting for approval any additional 
requirements to be included in the Environmental Protection Plan.

1.7.2   Contents

Include in the environmental protection plan, but not limit it to, the 
following:

a.  Name(s) of person(s) within the Contractor's organization who is(are) 
responsible for ensuring adherence to the Environmental Protection Plan.

b.  Name(s) and qualifications of person(s) responsible for manifesting 
hazardous waste to be removed from the site, if applicable.

c.  Name(s) and qualifications of person(s) responsible for training the 
Contractor's environmental protection personnel.

d.  Description of the Contractor's environmental protection personnel 
training program.

e.  An erosion and sediment control plan which identifies the type and 
location of the erosion and sediment controls to be provided. The plan 
must include monitoring and reporting requirements to assure that the 
control measures are in compliance with the erosion and sediment 
control plan, Federal, State, and local laws and regulations. A Storm 
Water Pollution Prevention Plan (SWPPP) may be substituted for this 
plan.

f.  Work area plan showing the proposed activity in each portion of the 
area and identifying the areas of limited use or nonuse.  Plan should 
include measures for marking the limits of use areas including methods 
for protection of features to be preserved within authorized work areas.

g.  Include a Spill Control plan which specifies the procedures, 
instructions, and reports to be used in the event of an unforeseen 
spill of a substance regulated by 40 CFR 68, 40 CFR 302, 40 CFR 355, 
and/or regulated under State or Local laws and regulations.  The Spill 
Control Plan supplements the requirements of KNPR 8500.1 Rev B.  
Include in this plan, as a minimum:

(1) The name of the individual who will report any spills or hazardous 
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substance releases and who will follow up with complete 
documentation.  This individual will immediately notify the 
Contracting Officer and KSC Environmental Assurance Branch who 
will determine if the release is reportable to local reporting 
channels (including the National Response Center 1-800-424-8802) 
if a reportable quantity is released to the environment.  Include 
in the plan a list of the required reporting channels and 
telephone numbers.

(2) The name and qualifications of the individual who will be 
responsible for implementing and supervising the containment and 
cleanup.

(3) Training requirements for Contractor's personnel and methods of 
accomplishing the training.

(4) A list of materials and equipment to be immediately available at 
the job site, tailored to cleanup work of the potential hazard(s) 
identified.

(5) The names and locations of suppliers of containment materials and 
locations of additional cleanup, restoration, and 
material-placement equipment available in case of an unforeseen 
spill emergency.

(6) The methods and procedures to be used for expeditious contaminant 
cleanup.

h.  A non-hazardous solid waste disposal plan identifying methods and 
locations for solid waste disposal including clearing debris and 
schedules for disposal.

(1) Identify any subcontractors responsible for the transportation and 
disposal of solid waste.  Submit licenses or permits for solid 
waste disposal sites that are not a commercial operating facility.

(2) Evidence of the disposal facility's acceptance of the solid waste 
must be attached to this plan during the construction.  Attach a 
copy of each of the Non-hazardous Solid Waste Diversion Reports to 
the disposal plan.  Submit the report for the previous quarter on 
the first working day after the first quarter that non-hazardous 
solid waste has been disposed and/or diverted (e.g. the first 
working day of January, April, July, and October).

(3) Indicate in the report the total amount of waste generated and 
total amount of waste diverted in cubic yards or tons along with 
the percent that was diverted.

(4) A recycling and solid waste minimization plan with a list of 
measures to reduce consumption of energy and natural resources.  
Detail in the plan the Contractor's actions to comply with and to 
participate in Federal, State, Regional, and local government 
sponsored recycling programs to reduce the volume of solid waste 
at the source.

i.  An air pollution control plan detailing provisions to assure that dust, 
debris, materials, trash, etc., do not become air borne and travel off 
the project site.
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j.  A contaminant prevention plan that: identifies potentially hazardous 
substances to be used on the job site; identifies the intended actions 
to prevent introduction of such materials into the air, water, or 
ground; and details provisions for compliance with Federal, State, and 
local laws and regulations for storage and handling of these 
materials.  In accordance with KNPR 8500.1 Rev B, a copy of the 
Material Safety Data Sheets (MSDS) and the maximum quantity of each 
hazardous material to be onsite at any given time must be included in 
the contaminant prevention plan.  Update the plan as new hazardous 
materials are brought onsite or removed from the site.

k.  A waste water management plan that identifies the methods and 
procedures for management and/or discharge of waste waters which are 
directly derived from construction activities, such as concrete curing 
water, clean-up water, dewatering of ground water, disinfection water, 
hydrostatic test water, and water used in flushing of lines.  If a 
settling/retention pond is required, the plan must include the design 
of the pond including drawings, removal plan, and testing requirements 
for possible pollutants.  If land application will be the method of 
disposal for the waste water, the plan must include a sketch showing 
the location for land application along with a description of the 
pretreatment methods to be implemented.  If surface discharge will be 
the method of disposal, include a copy of the permit and associated 
documents as an attachment prior to discharging the waste water.  If 
disposal is to a sanitary sewer, the plan must include documentation 
that the Waste Water Treatment Plant Operator has approved the flow 
rate, volume, and type of discharge.

l.  A waste management plan that identifies processes, operations and 
safety procedures that are site specific for the location and nature of 
all potentially hazardous and controlled waste, which includes and not 
limited to any chemicals, paints, solvents, aerosol cans, petroleum, 
oil and lubricant (POL) products, lamps ballasts, mercury switches, 
etc. and their containers, as defined in 40 CFR 261, 40 CFR 273, 
40 CFR 279, or 40 CFR 761.

1.7.3   Appendix

Attach to the Environmental Protection Plan, as an appendix, copies of all 
environmental permits, permit application packages, approvals to construct, 
notifications, certifications, reports, and termination documents.

1.8   ENVIRONMENTAL ASSESSMENT OF CONTRACT DEVIATIONS

Any deviations from the drawings,plans and specifications, requested by the 
Contractor and which may have an environmental impact, will be subject to 
approval by the Contracting Officer and may require an extended review, 
processing, and approval time.  The Contracting Officer reserves the right 
to disapprove alternate methods, even if they are more cost effective, if 
the Contracting Officer determines that the proposed alternate method will 
have an adverse environmental impact.

1.9   NOTIFICATION

The Contracting Officer will notify the Contractor in writing of any 
observed noncompliance with Federal, State or local environmental laws or 
regulations, permits, and other elements of the Contractor's Environmental 
Protection plan.  After receipt of such notice, the Contractor will inform 
the Contracting Officer of the proposed corrective action and take such 
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action when approved by the Contracting Officer.  The Contracting Officer 
may issue an order stopping all or part of the work until satisfactory 
corrective action has been taken.  No time extensions will be granted or 
equitable adjustments allowed for any such suspensions.  This is in 
addition to any other actions the Contracting Officer may take under the 
contract, or in accordance with the Federal Acquisition Regulation or 
Federal Law.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION

3.1   LAND RESOURCES

Confine all activities to areas defined by the drawings and 
specifications.  Identify any land resources to be preserved within the 
work area prior to the beginning of any construction.  Do not remove, cut, 
deface, injure, or destroy land resources including trees, shrubs, vines, 
grasses, topsoil, and land forms without approval, except in areas 
indicated on the drawings or specified to be cleared.  Remove stone, soil, 
or other materials displaced into uncleared areas.

3.1.1   Work Area Limits

Mark or fence isolated areas within the general work area which are not to 
be disturbed.

3.1.2   Erosion and Sediment Controls

Providing erosion and sediment control measures in accordance with Federal, 
State, and local laws and regulations is the Contractor's responsibility.  
Select and maintain the erosion and sediment controls such that water 
quality standards are not violated as a result of construction activities.  
The area of bare soil exposed at any one time by construction operations 
should be kept to a minimum.  

Precautions must be made to eliminate or reduce to the greatest extent 
possible any discharge of sediments outside established project
boundaries. This can be accomplished by initiating a proactive erosion 
control BMP. Installation and maintenance of turbidity screens (silt 
fences) and/or floating turbidity booms must be completed prior to initial 
land disturbance where the possibility of sediment discharge could impact 
surrounding stormwater conveyances and other surface waters. The screens 
must be maintained so they remain functional until such time that the newly 
exposed soils are stabilized with sod or natural vegetation.

3.1.3   Contractor Facilities and Work Areas

Temporary movement or relocation of Contractor facilities will be made only 
when approved.  Erosion and sediment controls must be provided for onsite 
spoil areas to prevent sediment from entering nearby waters.  Temporary 
excavation and embankments for plant and/or work areas must be controlled 
to protect adjacent areas.

3.1.4   Threatened and Endangered Species

This project has the potential to impact protected and/or
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threatened and endangered species including the Eastern indigo snake and 
the gopher tortoise. Measures must be taken to minimize impacts to the 
habitat. If indications of activity by any protected species are present in 
the project area, possible impacts must be evaluated and in the case of the 
gopher tortoise, the burrows must be identified and avoided if possible. If 
identified burrows are within the area of construction, relocation of 
animal in question will be required. A Biological Survey must be performed 
prior to commencement of this project. Contact IHA-200,(867-7330) to 
schedule a biological survey two weeks prior to start of work.

3.2   WATER RESOURCES

Monitor all water areas affected by construction activities to prevent 
pollution of surface and ground waters.  Do not apply toxic or hazardous 
chemicals to soil or vegetation unless otherwise indicated.

3.2.1   Wetlands

Do not enter, disturb, destroy, or allow discharge of contaminants into any 
Wetlands.

3.2.2   Surface Prep

Water blasting work must follow the Best Management Practices for Effluent 
from Surface Cleaning/Washing and Water/Wet Blasting Operations at Kennedy 
Space Center (KSC-EPG-W-0074). There should be no discharge to area surface 
waters. All hazardous waste and non-hazardous wastes generated during
painting/blasting operations must be managed, controlled and disposed of 
per KNPR 8500.1 KSC Environmental Requirements.

3.2.3   Discharge

Approval from NASA must be obtained to discharge condensate and chilled or 
hot water including DI water to the sanitary sewer. To receive approval, 
submit a PWQ (as described above) for the wastewater to IHA Waste
Management. Contact TA-A4B, (867-8429) for additional information on this 
requirement.

3.3   AIR RESOURCES

Equipment operation, activities, or processes will be in accordance with 
all Federal and State air emission and performance laws and standards.

3.3.1   Particulates

Dust particles; aerosols and gaseous by-products from construction
activities; and processing and preparation of materials must be controlled at 
all times, including weekends, holidays and hours when work is not in 
progress. Maintain excavations, stockpiles, spoil areas, borrow areas, and 
other work areas all construction aspects within or outside the project 
boundaries free from particulates which would cause the Federal, State, and 
local air pollution standards to be exceeded or which would cause a hazard or 
a nuisance.  Sprinkling, or other methods will be permitted to control
particulates in the work area. Sprinkling, to be efficient, must be
repeated to keep the disturbed area damp at all times. Provide sufficient,
competent equipment available to accomplish these tasks. Perform
particulate control as the work proceeds and whenever a particulate
nuisance or hazard occurs. Comply with all State and local visibility
regulations.
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3.3.2   Burning

Burning is prohibited on the Government premises.

3.4   MATERIALS MANAGEMENT AND WASTE DISPOSAL

Disposal of wastes will be as directed below, unless otherwise specified in 
other sections and/or shown on the drawings.

All hazardous waste and non-hazardous wastes generated on KSC
must be managed, controlled and disposed of per the KSC Waste Management 
requirements outlined in KNPR 8500.1.  A Process Waste Questionnaire (PWQ), 
KSC Form 26-551 along with any supporting documentation (MSDS, product
formulation, lab analyses) must be submitted to the IHA Waste Management 
Office for each waste stream generated.  That office will then generate a 
Technical Response Package (TRP) which will give direction on proper 
handling, storage, and disposal of the waste stream. Please contact IHA 
Waste Management Services at 867-8640 if assistance is required.

3.4.1   Solid Wastes

Solid wastes (excluding clearing debris) shall be placed in containers
which are emptied on a regular schedule. Handling , storage , and disposal
shall be conducted to prevent contamination. Segregation measures shall be
employed so that no hazardous or toxic waste will become co-mingled with
solid waste.

Trash items not requiring special handling, or which cannot be resold or
recycled, shall be disposed of in receptacles slated for disposal in either
the KSC landfill or the Brevard County landfill. The physical dimensions of
the waste shall be within the handling capabilities of the landfill
disposal equipment. The physical dimensions for the landfill handling
capabilities are 8 feet in length x 8 feet in width.

The KSC landfill is an unlined Class III landfill with permit restrictions
and limited capacity. The landfill is opened Tuesdays and Thursdays
between 7:30am to 11:00am and 12:00pm to 3:00pm. Only the following items
listed will be accepted at the landfill:

a.  Asphalt: Asphalt removed from parking lots, driveways, and
roadways.

b.  Blast Media: The blast media must be as free from debris as
possible and determined non-hazardous for acceptance into the KSC
landfill. The Spent Sandblast Media Disposal Form must accompany the 
blast media to the landfill and will be reviewed by the landfill 
operator. Blasting media determined to be hazardous waste must be 
managed as hazardous waste.

c.  Carpeting: Carpet may be disposed of in the KSC landfill.

d.  Concrete: The Contractor shall recycle concrete waste per section 
3.5.2.  For concrete that does not meet the requirements of section 
3.5.2, or if no testing is done, coated concrete goes to the landfill 
as construction/demolition debris. When feasible, painted concrete 
should be segregated from unpainted concrete for placement in the DARCY.
No oil-stained concrete will be accepted at the DARCY. Due to the 
potential for PCB contamination, all removed concrete associated with 
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oil-containing electrical equipment must be disposed through the KSC 
Waste Management Office as regulated PCB waste.

e.  Construction and Demolition Debris: Materials considered not water
soluble and non-hazardous in nature, including but not limited to
steel, brick, glass, concrete, asphalt, pipe, gypsum wallboard and
non-pressure treated lumber. This includes rocks, tree remains and
other vegetative matter, which normally result from land clearing or
development. Scrap metal from demolition projects should be managed
according to guidance provided in this section for recyclable material.

f.  Fiberglass: Fiberglass is accepted.

g.  Glass (except for Light Bulbs or Lamps): Glass is accepted.

h.  Non-Friable Asbestos: Also referred to as a Non-Regulated Asbestos
Containing Materials (NRACM) are handled on a case-by-case basis. KSC
policy allows for the disposal of NRACM only. In order to dispose of
non-friable asbestos, the Contractor shall complete and submit the
KSC/Schwartz Road landfill non-friable asbestos form 28-1024, which can
be obtained from the Contracting Officer or the Contracting Officer's
designee. The form shall be sent to NASA Environmental Assurance
Branch, TA-A4B through the Contracting Officer.

The following scheduling procedures shall be followed before NRAC
wastes are accepted at the landfill:

1)  The waste generator/hauler shall make arrangements with the
landfill operator a minimum of 24 hours before disposal of NRACM
waste and shall inform the operator of the quantity of the waste
and the scheduled date the shipment will arrive at the landfill.

2)  NRACM will be accepted at the landfill with prior arrangement
with the scale house attendant (minimum of 24 hours notification)
Tuesdays or Thursdays during regular landfill hours, but will not
be accepted later than 1400 hours.

i.  Pallets (Unserviceable Wood and Plastics): Pallets that are not
reusable or recyclable are accepted.

j.  PCB Bulk Product Waste: Refer to KNPR 8500.1 Rev B, KSC
Environmental Requirements.

k.  Wood: Miscellaneous non-pressure treated wood items are accepted.

l.  Yard Waste (Vegetation): Vegetation from maintenance activities is
accepted.

The following wastes are not authorized for disposal at the KSC
landfill:

m.  Any waste not permitted by DEP regulations to be disposed of in
a Class III landfill as defined in Rule 62-701.200 (14), FAC.

n.  Putrescible (brown bag) office waste.

o.  Chromated Copper Arsenate (CCA) treated wood.

p.  Liquid or non-liquid polychlorinated biphenyls (PCBs) (with the
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exception of PCB Bulk Product Waste).

q.  Friable Asbestos.

r.  Hazardous wastes as specified by the U.S. Environmental Protection
Agency (EPA); EPA defines hazardous waste as those wastes that exhibit
flammability, corrosivity, reactivity, and/or toxicity characteristics;
(Per EPA's list of hazardous wastes, 40 CFR 261, Subpart D, and most
recent revision thereof).

s.  Biomedical waste.

t.  Liquid wastes, including oil (containerized or non-containerized).

u.  Lead-acid batteries.

v.  Tires, other than "shredded waste tires."

w.  White goods (i.e. appliances).

x.  Unpainted Concrete: Unpainted concrete shall be stockpiled at the 
Diverted Aggregate Reclamation and Collection Yard (DARCY) located at 
the KSC Landfill on Schwartz Road.

3.4.2   Chemicals and Chemical Wastes

Dispense chemicals ensuring no spillage to the ground or water.  Perform 
and document periodic inspections of dispensing areas to identify leakage 
and initiate corrective action.  This documentation will be periodically 
reviewed by the Government.  Collect chemical waste in corrosion resistant, 
compatible containers.  Collection drums must be monitored and removed to a 
staging or storage area when contents are within 6 inches of the top.  
Wastes will be classified, managed, stored, and disposed of in accordance 
with KNPR 8500.1 Rev B, KSC regulations as well as all Federal, State, and 
local laws and regulations.

3.4.3   Waste Water

Disposal of waste water will be as specified below.

a.  Waste water from construction activities, such as onsite material 
processing, concrete curing, foundation and concrete clean-up, 
water used in concrete trucks, forms, etc. will not be allowed to 
enter water ways or to be discharged prior to being treated to 
remove pollutants.  Dispose of the construction related waste 
water per KNPR 8500.1 Rev B and in accordance with all Federal, 
State, Regional and Local laws and regulations.

b.  For discharge of ground water, the Contractor will surface 
discharge in accordance with all KNPR 8500.1 Rev B and all 
Federal, State, and local laws and regulations.

c.  Water generated from the flushing of lines after disinfection or 
disinfection in conjunction with hydrostatic testing will be land 
applied in accordance with all Federal, State, and local laws and 
regulations for land application.
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3.4.4   Contractor Generated Hazardous Wastes/Excess Hazardous Materials

Hazardous and controlled waste shall be managed in accordance with all 
applicable statutes, rules, orders, and regulations which may include but 
are not limited to 40 CFR 260, 40 CFR 261, 40 CFR 262, 40 CFR 273, 
40 CFR 279, 40 CFR 761, and KNPR 8500.1 Rev B. All inorganic zinc (IOZ) 
paint waste shall be segregated from all other hazardous and controlled 
waste and managed in accordance with KNPR 8500.1 Rev B and the associated 
KSC Environmental Fact Sheet. In no case shall the Contractor or the 
Contractor's representative transport hazardous waste from KSC.

The Contractor shall be responsible for identifying processes and
operations and the location and nature of all potentially hazardous and
controlled waste including any chemicals, paints, solvents, aerosol cans,
petroleum, oil and lubricant (POL) products, lamps, mercury switches, etc .
and their containers, as defined in 40 CFR 261, 40 CFR 273, 40 CFR 279, or
40 CFR 761.  The Contractor shall prepare copies of Material Safety Data
Sheets (MSDS) and a completed KSC Form 25-551 Process Waste Questionnaire
(PWQ) for each material which may be generated as a waste and provides
these to the Contracting Officer (CO) thirty (30) days before the start of
the waste generation process. No substances shall be delivered to KSC 
without the appropriate Material Safety Data Sheets. The Contractor shall 
obtain a Technical Response Package (TRP) from the CO within thirty (30) 
days after receipt of PWQ. The TRP will contain a hazard determination and 
analytical, packaging, labeling, and disposal requirements according to 
KNPR 8500.1 (as revised) and will provide site-specific waste management 
requirements to be followed by the Contractor.

The Government will provide DOT-compliant storage containers and labels.
The CO will arrange for the containers to be available at the KSC Supply
Building, M6-744, at the request of the Contractor. The Contractor shall
request storage containers in writing from the CO a minimum of three (3)
days before the required need date. The Contractor shall be responsible for
transporting the containers from Building M6-744 to the project site.

The Contractor shall establish an on-site satellite waste accumulation area
within 50 feet (ft) of and within sight of any point where hazardous or
controlled wastes may be generated. If a satellite accumulation area must
be more than 50 ft from the point of generation, or out of sight of the
generator, the Contractor shall provide a written request to the CO thirty
(30) days before the start of the waste generating process. The CO will
send a notification to the NASA Environmental Assurance Branch, TA-A4B, for
their review and concurrence. The Contractor shall not place the satellite
site in service before receiving written approval of the variance. The
Contractor shall store potential or identified hazardous and/or controlled
wastes in the appropriate properly labeled containers inside the
accumulation area in accordance with KNPR 8500.1 Rev B (as revised).

The Environmental Protection Agency (EPA) has set the following standards
for wastes collected at satellite accumulation areas:

a.  Hazardous wastes at satellite accumulation areas must be collected
in approved containers.

b.  No more than 55 gallons per waste stream of hazardous waste or 1
quart per stream of acutely hazardous wastes may be accumulated.

c.  Containers must be labeled with the words "Hazardous Waste" and
with other words which identify the contents of the drum.
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d.  The waste being placed in the container must be compatible with
the container.

e.  A container holding hazardous waste must always be kept closed
during accumulation except when adding or removing waste.

f.  The site must be equipped with emergency equipment per 40 CFR 265.32.

g.  A written contingency plan must be maintained for the site.

h.  Personnel generating and managing the waste must have hazardous
waste training per 40 CFR 265.16. The Contracting Officer may at any
time during the course of the contract performance period require the
Contractor to provide individual training records for any employee
involved in the performance of this contract, and the contents of the
course or courses completed to satisfy the training requirements.
Attendance at KSC Training Course QG-211 "Hazardous Waste Management"
will satisfy the above training requirements.

If more than 55 gallons per waste stream of hazardous waste are
generated at a satellite accumulation site, documentation, including
the waste type, quantity, locations, and organization responsible for
the waste shall be provided on KSC Form 28-809 "Waste Support Request",
to the Contracting Officer. The Contractor shall fax the waste support
request to the Contracting Officer and KSC Waste Management at fax
867-9390.

If a hazardous/non-hazardous waste determination cannot be made by
process knowledge and no MSDS is available for the waste stream, the
container of waste shall be marked with a Hazardous Waste Determination
In Progress (HWDIP) label until chemical analysis is completed. At the
request of the Contractor, the CO will provide any analytical support
required by the TRP. The CO will arrange for all sampling and testing
of potentially hazardous or controlled waste.

Universal Waste (UW) - The EPA established Universal Waste regulations
to ease the requirements for managing hazardous wastes that can be
recycled. Items which meet the definition of UW can be collected and
managed under requirements found in 40 CFR 273 and FAC Chapter 62-730.
Waste streams currently adopted by the State for management as UW are
batteries, mercury-containing lamps and devices, and certain
pesticides. UW generators are called handlers and must comply with the
following requirements:

i.  Handlers shall manage UW using the PWQ/TRP.

j.  Handlers shall manage UW in a way that prevents releases to the
environment. Non-leaking containers in good condition shall be used if
the UW is damaged or leaking.

k.  Handlers shall use the KSC Universal Waste Label and shall not
accumulate universal wastes for more than six months.

l.  Handlers shall clearly show the length of time that the wastes
have been accumulated by marking or labeling the container with the
earliest date that the waste was generated or received.

m.  Handlers shall be familiar with proper waste handling and
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emergency response procedures. Attendance at the KSC training course
QG-299 "Universal Waste Rule" will satisfy the above.
Used Oil - Any lubricant that has been refined from crude oil (or
synthetic oil) that has been "used," and as a result of such use is
contaminated by physical or chemical impurities shall be considered
Used Oil. Used oil is managed according to regulations established in
40 CFR 279 and FAC Chapter 62-710. The following waste generator
standards shall apply to the management of used oil:

n.  Used oil containers, tanks, and associated piping must be marked
"Used Oil."

o.  Used oil containers, tanks, and associated piping must be in good
condition with no severe rusting, structural defects, deterioration, or
leaks.

p.  Used oil containers must be kept in secondary containment.

q.  Containers storing used oil must be sealed or otherwise protected
from the weather and stored on an oil-impermeable surface such as
polyethylene sheeting, rigid plastic secondary containment, or
epoxy-coated concrete.

Within 48 hours of having waste ready for disposal, the Contractor 
shall contact the CO to have KSC Waste Management pick-up and remove 
hazardous waste. Documentation including the waste type, quantity, 
locations, and organization responsible for the waste will be provided 
on KSC Form 28-809 "Waste Support Request" to KSC Waste Management when 
requesting waste disposal. The Contractor shall fax the waste support 
request to the Contracting Officer and to KSC Waste Management at fax 
867-9390.

3.4.5   Fuel and Lubricants

Storage, fueling and lubrication of equipment and motor vehicles must be 
conducted in a manner that affords the maximum protection against spill and 
evaporation. Manage and store fuel, lubricants and oil in accordance with 
all Federal, State, Regional, and local laws and regulations. Used 
lubricants and used oil to be discarded must be stored in marked 
corrosion-resistant containers and recycled or disposed in accordance with
40 CFR 279, State, and local laws and regulations. Storage of fuel on the 
project site will be in accordance with all Federal, State, and local laws 
and regulations.

3.5   RECYCLING AND WASTE MINIMIZATION

3.5.1   Reuse

First consideration shall be given to salvage for reuse since little or no
re-processing is necessary for this method, and less pollution is created
when items are reused in their original form. Sale or donation of waste
suitable for reuse shall be considered. Salvaged materials, other than
those specified in other sections to be salvaged and reinstalled, shall not
be used in this project.

3.5.2   Recycle

Waste materials not suitable for reuse, but having value as being
recyclable, shall be made available for recycling whenever economically
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feasible. For additional information, please contact the NASA/KSC Recycling
Manager. The Contractor shall participate in State and local government
sponsored recycling programs. The Contractor is further encouraged to
minimize solid waste generation throughout the duration of the project in
accordance with environmental contract clause, Article J-8-21. Concrete
that can be recycled shall be sent to the DARCY. The DARCY can accept
unpainted concrete (free of staining) without analytical testing. DARCY can
also accept painted or coated concrete as long as one of the three
conditions below is met:

-   Total Metal and PCB laboratory analytical results do not exceed 
the Florida Department of Environmental Protection (FDEP) Soil 
Cleanup Target Levels, Residential, as referenced in Table II of 
FAC Chapter 62-777.

-   Paint and coating MSDS indicate products do not contain heavy 
metals or PCBs.

-   Total PCB concentration is less than 50 ppm and the paint/coating
is completely removed from the concrete.

The contractor shall manage all recyclable concrete in accordance with KNPR
8500.1 Rev. B and the DARCY Fact Sheet.

All reclaimed scrap metal, not being recycled by contractor outside of KSC,
must be transported to the Reutilization, Recycling and Marketing Facility 
(RRMF) with a KSC Form 7-49. Please turn these items and the KSC Form 7-49 
into RRMF personnel to ensure the proper disposition of the materials prior 
to leaving the recycling area. For any other information regarding what 
materials can be recycled or other general information regarding recycling 
policies at KSC, please contact the Environmental Management Branch 
(867-8454).

3.5.3   Refrigerant

R-22/Freon (Ozone Depleting Substance (ODS)) is a reportable substance 
under the Toxics Release Inventory (TRI) reporting requirements. 
Precautions must be taken to prevent any accidental release of
refrigerant during the disassembly of existing system and draining of 
lines. Any releases should be reported to the NASA Environmental Assurance 
Branch (867-8455). Refrigerant must be recovered by a certified/trained 
competent person and unit labeled empty prior to delivery to the 
Reutilization, Recycling and Marketing Facility (RRMF)
if the equipment is no longer usable. Usable equipment does not need to be 
drained but must be accompanied by certification that it is not leaking. A 
completed KSC Form 7-49 must be provided to the RRMF when the equipment is 
turned in.

3.6   NON-HAZARDOUS SOLID WASTE DIVERSION REPORT

Maintain an inventory of non-hazardous solid waste diversion and disposal 
of construction and demolition debris. Submit a report to the Contracting 
Officer using KSC Form 7-648 NS (Rev. 04/09) by the end of the year or at 
the close out of the project. Include the following in the report:

a.  Construction and Demolition (C&D) Debris Disposed = _____ in cubic 
yards or tons, as appropriate.

b.  Construction and Demolition (C&D) Debris Recycled = _____ in cubic 
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yards or tons, as appropriate.

c.  Total C&D Debris Generated = _____ in cubic yards or tons, as 
appropriate.

d.  Waste Sent to Waste-To-Energy Incineration Plant (This amount should 
not be included in the recycled amount) = _____ in cubic yards or tons, 
as appropriate.

3.7   BIOLOGICAL RESOURCES

Minimize interference with, disturbance to, and damage to fish, wildlife, 
and plants including their habitat.  The protection of threatened and 
endangered animal and plant species, including their habitat, is the 
Contractor's responsibility in accordance with Federal, State, Regional, 
and local laws and regulations.

3.8   MONITORING WELLS

There is an extensive monitoring well network at LC39B. The Contractor
shall locate all monitoring wells at or adjacent to the project site during
the preconstruction survey described in 1.8 of this Section The Contractor
shall protect and prevent the disturbance of these monitoring wells during 
construction. Disturbance or destruction of any monitoring well during
construction shall be replaced at the Contractors expense. Monitoring wells
shall be replaced in accordance with the St. Johns River Water Management
District, the Florida Department of Environmental Protection and the
Contracting Officer's procedures and requirements.

3.9   PREVIOUSLY USED EQUIPMENT

Clean all previously used construction equipment prior to bringing it onto 
the project site.  Ensure that the equipment is free from soil residuals, 
egg deposits from plant pests, noxious weeds, and plant seeds.  Consult 
with the USDA jurisdictional office for additional cleaning requirements.

3.10   MAINTENANCE OF POLLUTION FACILITIES

Maintain permanent and temporary pollution control facilities and devices 
for the duration of the contract or for that length of time construction 
activities create the particular pollutant.

3.11   TRAINING OF CONTRACTOR PERSONNEL

The Contractor's personnel must be trained in all phases of environmental 
protection and pollution control.  Conduct environmental 
protection/pollution control meetings for all personnel prior to commencing 
construction activities.  Additional meetings must be conducted for new 
personnel and when site conditions change.  Include in the training and 
meeting agenda:  methods of detecting and avoiding pollution; 
familiarization with statutory and contractual pollution standards; 
installation and care of devices, vegetative covers, and instruments 
required for monitoring purposes to ensure adequate and continuous 
environmental protection/pollution control; anticipated hazardous or toxic 
chemicals or wastes, and other regulated contaminants; recognition and 
protection of archaeological sites, artifacts, wetlands, and endangered 
species and their habitat that are known to be in the area.

SECTION 01 57 20.00 10  Page 41



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

3.12   POST CONSTRUCTION CLEANUP

The Contractor will clean up all areas used for construction in accordance 
with Contract Clause: "Cleaning Up".  Unless otherwise instructed in 
writing by the Contracting Officer, obliterate all signs of temporary 
construction facilities such as haul roads, work area, structures, 
foundations of temporary structures, stockpiles of excess or waste 
materials, and other vestiges of construction prior to final acceptance of 
the work.  The disturbed area must be graded, filled and the entire area 
seeded unless otherwise indicated.

        -- End of Section --
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SECTION 01 78 00

CLOSEOUT SUBMITTALS

PART 1   GENERAL

1.1   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Data

As-Built Record of Equipment and Materials; G
As-Built Programming Code and Configuration Settings; G
As-Built SCADA and HMI Graphics Code; G
Warranty Management Plan; G
Copies and Licenses for all Software; G
Warranty Tags
Spare Parts Data

SD-08 Manufacturer's Instructions

Preventative Maintenance
Condition Monitoring (Predictive Testing)
Inspection
Posted Instructions

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals; G

SD-11 Closeout Submittals

Working Record Drawings; G

1.2   PROJECT RECORD DOCUMENTS

1.2.1   Working Record Drawings

Revise 2 sets of paper drawings by red-line process to show the as-built 
conditions during the prosecution of the project.  Keep these working 
as-built marked drawings current on a weekly basis and at least one set 
available on the jobsite at all times.  Changes from the contract plans 
which are made in the work or additional information which might be 
uncovered in the course of construction must be accurately and neatly 
recorded as they occur by means of details and notes. Submit copies of the 
working record drawings at the end of each month. The working as-built 
marked prints and final record (as-built) drawings will be jointly reviewed 
for accuracy and completeness by the Contracting Officer and the Contractor 
prior to submission of each monthly pay estimate.  If the Contractor fails 
to maintain the working and final record drawings as specified herein, the 
Contracting Officer will deduct from the monthly progress payment an amount 
representing the estimated cost of maintaining the record drawings.  This 
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monthly deduction will continue until an agreement can be reached between 
the Contracting Officer and the Contractor regarding the accuracy and 
completeness of updated drawings.  Show on the working record drawings, but 
not limited to, the following information:

 
     a.  The location and dimensions of any changes within the building 

structure.
    
b.  Changes in details of design or additional information obtained from 

working drawings specified to be prepared and/or furnished by the 
Contractor; including but not limited to fabrication, erection, 
installation plans and placing details, pipe sizes, insulation 
material, dimensions of equipment foundations, etc.

 
     c.  Changes or modifications which result from the final inspection.

     d.  Where contract drawings or specifications present options, show only 
the option selected for construction on the final as-built prints.

     e.  Systems designed or enhanced by the Contractor, such as  controls, fire 
alarm, and fire sprinkler systems.

     f.  Modifications (include within change order price the cost to change 
working and final record drawings to reflect modifications) and 
compliance with the following procedures.

(1)  Follow directions in the modification for posting descriptive
 changes.

(2)  Place a Modification Delta at the location of each deletion.

(3)  For new details or sections which are added to a drawing, place a
 Modification Delta by the detail or section title.

(4)  For minor changes, place a Modification Delta by the
 area changed on the drawing (each location).

(5)  For major changes to a drawing, place a Modification
 Delta by the title of the affected plan, section, or detail at  
 each location.

(6)  For changes to schedules or drawings, place a Modification Delta
 either by the schedule heading or by the change in the schedule.

(7)  The Modification Delta size shall be 1/2 inch unless the area
 where the Delta is to be placed is crowded.  Smaller size Delta
 shall be used for crowded areas.

1.2.2   As-Built Record of Equipment and Materials

Furnish one copy of preliminary record of equipment and materials installed 
on the project 15 days prior to final inspection.  This preliminary 
submittal will be reviewed and returned  21 days after final inspection 
with Government comments.  Submit Two sets of final record of equipment and 
materials 15 days after final inspection.  Key the designations to the 
related area depicted on the contract drawings.  List the following data:
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RECORD OF DESIGNATED EQUIPMENT AND MATERIALS DATA

Description Specification 
Section

Manufacturer 
and Catalog, 
Model, and 
Serial Number

Composition 
and Size

Where Used

1.2.2.1   As-Built Programming Code and Configuration Settings

Furnish copies of as-built electronic programming code and configuration 
settings for all hardware.  Two copies on DVD shall be provided.

1.2.2.2   As-Built SCADA and HMI Graphics Code

As-built electronic copies of all SCADA and HMI graphics shall be provided 
in the native format and either an Adobe .pdf or .jpg file.

1.2.2.3   Software

Provide not less than 2 copies and licenses for all software and 
configuration tools. Provide Contractor Provided Verification Software 
(CPVS) 90% and 100% submittals - 2 copies each in the native electronic 
format.

1.2.3   Construction Contract Specifications

Furnish final record (as-built) construction contract specifications, 
including modifications thereto, 30 days after transfer of the completed 
facility.

1.2.4   Real Property Equipment

Furnish a list of installed equipment furnished under this contract.  
Include all information usually listed on manufacturer's name plate.  In 
the "EQUIPMENT-IN-PLACE LIST" include, as applicable, the following for 
each piece of equipment installed:  description of item, location (by room 
number), model number, serial number, capacity, name and address of 
manufacturer, name and address of equipment supplier, condition, spare 
parts list, manufacturer's catalog, and warranty.  Furnish a draft list at 
time of transfer.  Furnish the final list 30 days after transfer of the 
completed facility.

1.3   SPARE PARTS DATA

  Submit two copies of the Spare Parts Data list.

a.  Indicate manufacturer's name, part number, nomenclature, and stock 
level required for maintenance and repair. List those items that may be 
standard to the normal maintenance of the system.

1.4   PREVENTATIVE MAINTENANCE

Submit Preventative Maintenance,  Condition Monitoring (Predictive Testing) 
and Inspection schedules with instructions that state when systems should 
be retested.
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a.  Define the anticipated length of each test, test apparatus, number of 
personnel identified by responsibility, and a testing validation 
procedure permitting the record operation capability requirements 
within the schedule.  Provide a signoff blank for the Contractor and 
Contracting Officer for each test feature; e.g., gpm, rpm, psi.  
Include a remarks column for the testing validation procedure 
referencing operating limits of time, pressure, temperature, volume, 
voltage, current, acceleration, velocity, alignment, calibration, 
adjustments, cleaning, or special system notes.  Delineate procedures 
for preventative maintenance, inspection, adjustment, lubrication and 
cleaning necessary to minimize corrective maintenance and repair.

b.  Repair requirements must inform operators how to check out, 
troubleshoot, repair, and replace components of the system.  Include 
electrical and mechanical schematics and diagrams and diagnostic 
techniques necessary to enable operation and troubleshooting of the 
system after acceptance.

1.5   WARRANTY MANAGEMENT

1.5.1   Warranty Management Plan

Develop a warranty management plan which contains information relevant to 
the clause Warranty of Construction.  At least 30 days before the planned 
pre-warranty conference, submit the warranty management plan.  Include 
within the warranty management plan all required actions and documents to 
assure that the Government receives all warranties to which it is 
entitled.  The plan must be in narrative form and contain sufficient detail 
to render it suitable for use by future maintenance and repair personnel, 
whether tradesmen, or of engineering background, not necessarily familiar 
with this contract.  The term "status" as indicated below must include due 
date and whether item has been submitted or was accomplished.  Warranty 
information made available during the construction phase must be submitted 
to the Contracting Officer for approval prior to each monthly pay 
estimate.  Assemble approved information in a binder and turn over to the 
Government upon acceptance of the work.  The construction warranty period 
will begin on the date of project acceptance and continue for the full 
product warranty period.  A joint 4 month and 9 month warranty inspection 
will be conducted, measured from time of acceptance, by the Contractor, 
Contracting Officer and the Customer Representative.  Include within the 
warranty management plan, but not limited to, the following:

     a.  Roles and responsibilities of all personnel associated with the 
warranty process, including points of contact and telephone numbers 
within the organizations of the Contractors, subContractors, 
manufacturers or suppliers involved.

b.  Furnish with each warranty the name, address, and telephone number of 
each of the guarantor's representatives nearest to the project location.

     c.  Listing and status of delivery of all Certificates of Warranty for 
extended warranty items, to include chillers, pumps, motors, heaters, 
boilers, transformers, and for all commissioned systems such as fire 
protection and alarm systems, sprinkler systems,  etc.

     d.  A list for each warranted equipment, item, feature of construction or 
system indicating:
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(1)  Name of item.
(2)  Model and serial numbers.
(3)  Location where installed.
(4)  Name and phone numbers of manufacturers or suppliers.
(5)  Names, addresses and telephone numbers of sources of spare parts.
(6)  Warranties and terms of warranty.  Include one-year overall

 warranty of construction, including the starting date of warranty
 of construction.  Items which have extended warranties must be
 indicated with separate warranty expiration dates.

(7)  Cross-reference to warranty certificates as applicable.
(8)  Starting point and duration of warranty period.
(9)  Summary of maintenance procedures required to continue the

 warranty in force.
(10) Cross-reference to specific pertinent Operation and Maintenance

 manuals.
(11) Organization, names and phone numbers of persons to call for 

 warranty service.
(12) Typical response time and repair time expected for various 

 warranted equipment.

     e.  Procedure and status of tagging of all equipment covered by extended 
warranties.

     f.  Copies of instructions to be posted near selected pieces of equipment 
where operation is critical for warranty and/or safety reasons.

1.5.2   Pre-Warranty Conference

Prior to contract completion, and at a time designated by the Contracting 
Officer, meet with the Contracting Officer to develop a mutual 
understanding with respect to the requirements of this section.  
Communication procedures for Contractor notification of construction 
warranty defects, priorities with respect to the type of defect, reasonable 
time required for Contractor response, and other details deemed necessary 
by the Contracting Officer for the execution of the construction warranty 
will be established/reviewed at this meeting.  In connection with these 
requirements and at the time of the Contractor's quality control completion 
inspection, furnish the name, telephone number and address of a licensed 
and bonded company which is authorized to initiate and pursue construction 
warranty work action on behalf of the Contractor.  This point of contact 
will be located within the local service area of the warranted 
construction, be continuously available, and be responsive to Government 
inquiry on warranty work action and status.  This requirement does not 
relieve the Contractor of any of its responsibilities in connection with 
other portions of this provision.

1.5.3   Warranty Tags

At the time of installation, tag each warranted item with a durable, oil 
and water resistant tag approved by the Contracting Officer.  Attach each 
tag with a copper wire and spray with a silicone waterproof coating.  Also, 
submit two record copies of the warranty tags showing the layout and 
design.  The date of acceptance and the QC signature must remain blank 
until the project is accepted for beneficial occupancy.  Show the following 
information on the tag.

Type of 
product/material
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Model number

Serial number

Contract number

Warranty period from/to

Inspector's signature

Construction Contractor

Address

Telephone number

Warranty contact

Address

Telephone number

Warranty response time 
priority code
WARNING - PROJECT PERSONNEL TO PERFORM ONLY OPERATIONAL MAINTENANCE 
DURING THE WARRANTY PERIOD.

1.6   COMMISSIONING

All contract requirements for ECS commissioning shall be fully completed 
prior to contract completion in accordance with Section 01 91 00.00 98 
COMMISSIONING.

1.7   OPERATION AND MAINTENANCE MANUALS

Submit 6 copies and 2 electronic copies of the project operation and 
maintenance manuals 30 calendar days prior to testing the system involved.  
Update and resubmit data for final approval no later than 30 calendar days 
prior to contract completion.

1.7.1   Configuration

Operation and Maintenance Manuals must be consistent with the 
manufacturer's standard brochures, schematics, printed instructions, 
general operating procedures, and safety precautions.  Bind information in 
manual format and grouped by technical sections.  Test data must be legible 
and of good quality.  Light-sensitive reproduction techniques are 
acceptable provided finished pages are clear, legible, and not subject to 
fading.  Pages for vendor data and manuals must have 0.3937-inch holes and 
be bound in 3-ring, loose-leaf binders.  Organize data by separate index 
and tabbed sheets, in a loose-leaf binder.  Binder must lie flat with 
printed sheets that are easy to read.  Caution and warning indications must 
be clearly labeled.  Electronic copies shall be in Adobe .pdf format and on 
CD/DVD media, with the disc provided with a permanent adhesive paper or 
plastic label adhered to the disc identifying it as the O&M Manual, 
contract number and in the case of multiple discs, the volume number.  The .pdf 
files shall be organized in the same fashion as the hard copy with sections 
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bookmarked and a table of contents.

1.7.2   Training and Instruction

Submit classroom and field instructions in the operation and maintenance of 
systems equipment where required by the technical provisions.  These 
services must be directed by the Contractor, using the manufacturer's 
factory-trained personnel or qualified representatives.  Contracting 
Officer will be given 14 calendar days written notice of scheduled 
instructional services.  Instructional materials belonging to the 
manufacturer or vendor, such as lists, static exhibits, and visual aids, 
must be made available to the Contracting Officer.

1.8   CLEANUP

Leave premises "broom clean."    Remove temporary labels, stains and 
foreign substances; polish transparent and glossy surfaces.  Clean 
equipment and fixtures to a sanitary condition. Replace filters of 
operating equipment.  Sweep paved areas and rake clean landscaped areas.  
Remove waste and surplus materials, rubbish and construction facilities 
from the site.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION  (NOT USED)

Not Used.

        -- End of Section --
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SECTION 01 78 23

OPERATION AND MAINTENANCE DATA

PART 1   GENERAL

1.1   SUBMISSION OF OPERATION AND MAINTENANCE DATA

Submit Operation and Maintenance (O&M) Data specifically applicable to this 
contract and a complete and concise depiction of the provided equipment, 
product, or system, stressing and enhancing the importance of system 
interactions, troubleshooting, and long-term preventative maintenance and 
operation.  The subcontractors must compile and prepare data and deliver to 
the Contractor prior to the training of Government personnel.  The 
Contractor must compile and prepare aggregate O&M data including clarifying 
and updating the original sequences of operation to as-built conditions.  
Organize and present information in sufficient detail to clearly explain 
O&M requirements at the system, equipment, component, and subassembly 
level.  Include an index preceding each submittal.  Submit in accordance 
with this section and Section 01 33 00 SUBMITTAL PROCEDURES.

1.1.1   Package Quality

Documents must be fully legible.  Poor quality copies and material with 
hole punches obliterating the text or drawings will not be accepted.

1.1.2   Package Content

Data package content shall be as shown in the paragraph titled "Schedule of 
Operation and Maintenance Data Packages."  Comply with the data package 
requirements specified in the individual technical sections, including the 
content of the packages and addressing each product, component, and system 
designated for data package submission.

1.1.3   Changes to Submittals

Manufacturer-originated changes or revisions to submitted data must be 
furnished by the Contractor if a component of an item is so affected 
subsequent to acceptance of the O&M Data.  Submit changes, additions, or 
revisions required by the Contracting Officer for final acceptance of 
submitted data within 30 calendar days of the notification of this change 
requirement.

1.1.4   Review and Approval

The Contractor must review the systems and equipment submittals for 
completeness and applicability.  The Contractor shall verify that the 
systems and equipment provided meet the requirements of the Contract 
documents and design intent, particularly as they relate to functionality,  
maintainability, indoor environmental quality, and local environmental 
impacts.
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1.2   TYPES OF INFORMATION REQUIRED IN O&M DATA PACKAGES

1.2.1   Operating Instructions

Include specific instructions, procedures, and illustrations for the 
following phases of operation for the installed model and features of each 
system:

1.2.1.1   Safety Precautions

List personnel hazards and equipment or product safety precautions for all 
operating conditions.

1.2.1.2   Operator Prestart

Include procedures required to install, set up, and prepare each system for 
use.

1.2.1.3   Startup, Shutdown, and Post-Shutdown Procedures

Provide narrative description for Startup, Shutdown and Post-shutdown 
operating procedures including the control sequence for each procedure.

1.2.1.4   Normal Operations

Provide narrative description of Normal Operating Procedures.  Include 
Control Diagrams with data to explain operation and control of systems and 
specific equipment.

1.2.1.5   Emergency Operations

Include Emergency Procedures for equipment malfunctions to permit a short 
period of continued operation or to shut down the equipment to prevent 
further damage to systems and equipment.  Include Emergency Shutdown 
Instructions for fire, explosion, spills, refrigerant discharge or other 
foreseeable contingencies.  Provide guidance and procedures for emergency 
operation of all utility systems including required valve positions, valve 
locations and zones or portions of systems controlled.

1.2.1.6   Operator Service Requirements

Include instructions for services to be performed by the operator such as 
lubrication, adjustment, inspection, and recording gage readings.

1.2.1.7   Environmental Conditions

Include a list of Environmental Conditions (temperature, humidity, and 
other relevant data) that are best suited for the operation of each 
product, component or system.  Describe conditions under which the item 
equipment should not be allowed to run.

1.2.2   Preventive Maintenance

Include the following information for preventive and scheduled maintenance 
to minimize corrective maintenance and repair for the installed model and 
features of each system.  
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1.2.2.1   Lubrication Data

Include preventative maintenance lubrication data, in addition to 
instructions for lubrication provided under paragraph titled "Operator 
Service Requirements":

a.  A table showing recommended lubricants for specific temperature ranges 
and applications.

b.  Charts with a schematic diagram of the equipment showing lubrication 
points, recommended types and grades of lubricants, and capacities.

c.  A Lubrication Schedule showing service interval frequency.

1.2.2.2   Preventive Maintenance Plan and Schedule

Include manufacturer's schedule for routine preventive maintenance, 
inspections, tests and adjustments required to ensure proper and economical 
operation and to minimize corrective maintenance.  Provide manufacturer's 
projection of preventive maintenance work-hours on a daily, weekly, 
monthly, and annual basis including craft requirements by type of craft.  
For periodic calibrations, provide manufacturer's specified frequency and 
procedures for each separate operation.

1.2.3   Corrective Maintenance (Repair)

Include manufacturer's recommended procedures and instructions for 
correcting problems and making repairs.

1.2.3.1   Troubleshooting Guides and Diagnostic Techniques

Include step-by-step procedures to promptly isolate the cause of typical 
malfunctions.  Describe clearly why the checkout is performed and what 
conditions are to be sought.  Identify tests or inspections and test 
equipment required to determine whether parts and equipment may be reused 
or require replacement.

1.2.3.2   Wiring Diagrams and Control Diagrams

Wiring diagrams and control diagrams shall be point-to-point drawings of 
wiring and control circuits including factory-field interfaces.  Provide a 
complete and accurate depiction of the actual job specific wiring and 
control work.  On diagrams, number electrical and electronic wiring and the 
terminals for each type, identically to actual installation configuration 
and numbering.

1.2.3.3   Maintenance and Repair Procedures

Include instructions and a list of tools required to repair or restore the 
product or equipment to proper condition or operating standards.

1.2.3.4   Removal and Replacement Instructions

Include step-by-step procedures and a list required tools and supplies for 
removal, replacement, disassembly, and assembly of components, assemblies, 
subassemblies, accessories, and attachments.  Provide tolerances, 
dimensions, settings and adjustments required.  Instructions shall include 
a combination of text and illustrations.
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1.2.3.5   Spare Parts and Supply Lists

Include lists of spare parts and supplies required for maintenance and 
repair to ensure continued service or operation without unreasonable 
delays.  Special consideration is required for facilities at remote 
locations.  List spare parts and supplies that have a long lead-time to 
obtain.

1.2.4   Corrective Maintenance Work-Hours

Include manufacturer's projection of corrective maintenance work-hours 
including requirements by type of craft.  Corrective maintenance that 
requires completion or participation of the equipment manufacturer shall be 
identified and tabulated separately.

1.2.5   Appendices

Provide information required below and information not specified in the 
preceding paragraphs but pertinent to the maintenance or operation of the 
product or equipment.  Include the following:

1.2.5.1   Product Submittal Data

Provide a copy of all SD-03 Product Data submittals required in the 
applicable technical sections, and ensure data provided matches the 
installed product exactly in all respects.  Cross out all non-applicable 
information.

1.2.5.2   Manufacturer's Instructions

Provide a copy of all SD-08 Manufacturer's Instructions submittals required 
in the applicable technical sections.

1.2.5.3   O&M Submittal Data

Provide a copy of all SD-10 Operation and Maintenance Data submittals 
required in the applicable technical sections.

1.2.5.4   Parts Identification

Provide identification and coverage for all parts of each component, 
assembly, subassembly, and accessory of the end items subject to 
replacement.  Include special hardware requirements, such as requirement to 
use high-strength bolts and nuts.  Identify parts by make, model, serial 
number, and source of supply to allow reordering without further 
identification.  Provide clear and legible illustrations, drawings, and 
exploded views to enable easy identification of the items.  When 
illustrations omit the part numbers and description, both the illustrations 
and separate listing shall show the index, reference, or key number that 
will cross-reference the illustrated part to the listed part.  Parts shown 
in the listings shall be grouped by components, assemblies, and 
subassemblies in accordance with the manufacturer's standard practice.  
Parts data may cover more than one model or series of equipment, 
components, assemblies, subassemblies, attachments, or accessories, such as 
typically shown in a master parts catalog.

1.2.5.5   Warranty Information

List and explain the various warranties and clearly identify the servicing 
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and technical precautions prescribed by the manufacturers or contract 
documents in order to keep warranties in force.  Include warranty 
information for primary components such as the compressor of air 
conditioning system.

1.2.5.6   Personnel Training Requirements

Provide information available from the manufacturers that is needed for  
use in training designated personnel to properly operate and maintain the 
equipment and systems.

1.2.5.7   Testing Equipment and Special Tool Information

Include information on test equipment required to perform specified tests 
and on special tools needed for the operation, maintenance, and repair of 
components.

1.2.5.8   Testing and Performance Data

Include completed prefunctional checklists, functional performance test 
forms, and monitoring reports.  Include recommended schedule for retesting 
and blank test forms.

1.2.5.9   Contractor Information

Provide a list that includes the name, address, and telephone number of the 
General Contractor and each Subcontractor who installed the product or 
equipment, or system.  For each item, also provide the name address and 
telephone number of the manufacturer's representative and service 
organization that can provide replacements most convenient to the project 
site.  Provide the name, address, and telephone number of the product, 
equipment, and system manufacturers.

1.3   TYPES OF INFORMATION REQUIRED IN CONTROLS O&M DATA PACKAGES

Include Data Package 5 and the following for control systems:

a.  Narrative description on how to perform and apply all functions, 
features, modes, and other operations, including unoccupied operation, 
seasonal changeover, manual operation, and alarms.  Include detailed 
technical manual for programming and customizing control loops and 
algorithms.

b.  Full as-built sequence of operations.

c.  Copies of all checkout tests and calibrations performed by the 
Contractor (not commissioning (Cx) tests).

d.  Full points list.  A listing of equipment or subsystems with the 
following information for each:

(1)  Equipment or subsystem name

(2)  Location

(3)  Equipment ID number

(4)  Reference drawing number
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(5)  I/O point tag number

(6)  I/O point description

(7)  I/O point range

e.  Full print out of all schedules and set points after testing and 
acceptance of the system.

f.  Full as-built print out of software programs.

g.  Electronic File:

(1) Assemble each manual into a composite electronically indexed file 
in PDF format. Provide DVD's or CD's as appropriate, so that each 
one contains all maintenance and record files, and also the 
Project Record Documents and Training Videos, of the entire 
program for this facility.

(2) Name each indexed document file in composite electronic index with 
applicable item name. Include a complete electronically linked 
operation and maintenance directory. 

(3) Link the index to separate files within the composite of files. 
Book mark maintenance and record files, that have a Table of 
Contents, according to the Table of Contents

h.  Marking of all system sensors and thermostats on the as-built floor 
plan and mechanical drawings with their control system designations.

1.4   SCHEDULE OF OPERATION AND MAINTENANCE DATA PACKAGES

Furnish the O&M data packages specified in individual technical sections.  
The required information for each O&M data package is as follows:

1.4.1   Data Package 5

a.  Safety precautions

b.  Operator prestart

c.  Start-up, shutdown, and post-shutdown procedures

d.  Normal operations

e.  Environmental conditions

f.  Preventive maintenance plan and schedule

g.  Troubleshooting guides and diagnostic techniques

h.  Wiring and control diagrams

i.  Maintenance and repair procedures

j.  Removal and replacement instructions

k.  Spare parts and supply list
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l.  Product submittal data

m.  Manufacturer's instructions

n.  O&M submittal data

o.  Parts identification

p.  Testing equipment and special tool information

q.  Warranty information

r.  Testing and performance data

s.  Contractor information

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION  (NOT USED)

Not Used.

        -- End of Section --
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01 91 00.00 98

COMMISSIONING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE GUIDELINE 0 (2005) The Commissioning Process

ASHRAE GUIDELINE 1.1 (2007) HVAC and Refrigeration Technical 
Requirements for the Commissioning Process

BUILDING COMMISSIONING ASSOCIATION (BCA)

BCA 1 (Second Edition) The Building 
Commissioning Handbook

PORTLAND ENERGY CONSERVATION, INC. (PECI)

PEC 1 (V2.05) Model Commissioning Plan and Guide 
Specification

1.2   DEFINITIONS AND ABBREVIATIONS

The following are common abbreviations used in the Specifications and the 
Commissioning Plan:

A/E - Architect and Design Engineers
BAS - Building Automation System
Cx - Commissioning
CxA - Commissioning Agent
Cx Plan - Commissioning Plan document
CC - Controls Contractor (Building Automation System Contractor)
CO - Contracting Officer
EC - Division 26 and 27 Electrical Contractor
FT - Functional Test
GC - General Contractor (prime)
HMI - Human Machine Interface
MC - Division 23 Mechanical Contractor
O&M - Operation and Maintenance
OWS - Operator's Workstation
PT - Performance Test
SOO - Sequence of Operation
Subs - Subcontractors (CC, EC, MC, TAB)

a.  Commissioning (Cx) - Cx is a systematic process of ensuring that all 
building systems perform interactively according to the SOO. This is 
achieved by documenting the SOO, the graphic display of information at 
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the HMI's, and continuing through construction, acceptance, and the 
warranty period with actual verification of performance. The Cx process 
shall encompass and coordinate the separate functions of system 
documentation, control equipment startup, control system calibration, 
performance testing and training.

Cx during the construction phase is intended to achieve the following
specific objectives according to the Contract Documents:

(1) Verify that control equipment and systems are installed according
to the manufacturer's recommendations and to industry accepted 
minimum standards and each point has been checked-out and 
calibrated.

(2) Validate equipment is under control in each mode of operation
according to the SOO.

(3) Verify system graphical display of data at the OWS and HMI
interfaces.

(4) Verify all system alarms, trending, graphing, printing, and
similar functionality as specified in Section 23 09 23.13 20.

The Cx process does not take away from or reduce the responsibility of 
the Contractor to provide a finished and fully functioning project. The 
Contractor is still responsible for performing all performance and 
field tests prior to the start of Cx activities. Cx is essentially a 
third party process of observing and documenting that the control 
equipment and systems operate and perform as intended.

The Cx testing shall be based upon the following reference standards: 
BCA 1; ASHRAE GUIDELINE 1.1; ASHRAE GUIDELINE 0; PEC 1.

b.  Commissioning Agent (CxA) - develops the performance test (PT) 
procedures in a sequential written form, coordinates, oversees and 
documents the actual testing, which is performed by the installing 
Contractor or vendor.  Functional Performance Tests are performed after 
pre-functional checklists and startup are complete. An independent CxA 
will be hired by the Government.

c.  Commissioning Plan - an overall plan developed by the CxA that provides 
the structure, schedule and coordination planning for the CX process.

d.  Deficiency - a condition in the installation or function of a 
component, piece of equipment or system that is not in compliance with 
the Contract Documents, does not perform properly, or is not complying 
with the Project Requirements.

e.  Manual Test - using hand-held instruments, immediate control system 
readouts or direct observation to verify performance (contrasted to 
analyzing monitored data taken over time to make the "observation").

f.  Monitoring - the recording of parameters (flow, current, status, 
pressure, etc.) of equipment operation using data loggers or the 
trending capabilities of control systems.

g.  Pre-functional Checklist  - a list of items to inspect and elementary 
component tests to conduct to verify proper installation of equipment, 
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provided by the CxA to the Contractor.  Pre-functional checklists are 
primarily static inspections and procedures to prepare the equipment or 
system for initial operation (e.g., belt tension, oil levels OK, labels 
affixed, gages in place, sensors calibrated, etc.).  However, some 
pre-functional checklist items entail simple testing of the function of 
a component, a piece of equipment or system (such as measuring the 
voltage imbalance on a three-phase pump motor of a chiller system).  
The word "pre-functional" refers to before functional testing.  
Pre-functional checklists augment and are combined with the 
manufacturer's startup checklist.

h. Performance Test (PT): Test of the dynamic function and SOO of equipment
and systems using both manual (direct observation) and operator 
workstation
and HMI graphical monitoring, trending and control methods. Performance
testing is the dynamic testing of systems (rather than just components)
under full operation (e.g. the chiller pump is tested interactively with
the chiller functions to see if the pump ramps up and down to maintain 
the
differential pressure setpoint). Systems are tested in manual and
automatic modes and the systems are verified to be responding as the
sequences state. The CxA develops the PT procedures in a sequential
written form, coordinates, oversees, and documents the actual testing,
which is performed by the installing contractor or vendor. PT's are
performed after the FT's are complete.

i. Trend Tests: Tests required by the CxA to demonstrate/document the 
dynamic
system response to one or more system variables. Trend tests will be
required in both FT's and PT's.

j.  Seasonal Performance Tests - Functional Performance Test that are 
deferred until the system(s) will experience conditions closer to their 
design conditions.

k.  Warranty Period - warranty period for entire project, including 
equipment components.  Warranty begins at Substantial Completion and 
extends for at least one year, unless specifically noted otherwise in 
the Contract Documents and accepted submittals.

1.2.1   Scope of Commissioning

The following systems will be commissioned. All general references to
equipment in this document refer only to equipment that is to be
commissioned.

a.  Mechanical Systems (Divisions 23):

(1) Cooling Tower/Condenser Water System
(2) Chilled Water System
(3) Air Distribution System

a)  Blowers
b)  Isolation Valves

(4) Temperature/Humidity Control System
a)  Cooling Chambers
b)  Electric Heaters
c)  Boilers/Steam System
d)  Humidifiers

(5) Flow/Pressure Control Valves 
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(6) Variable Frequency Drives
(7) GN2 Pressure Regulating System

b.  Electrical Systems (Division 26):

(1) Power Systems

c.  Communication Systems (Division 27):

(1) Networked Equipment

(2) Computer Controls and HMI

(3) Instrumentation

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Startup Plans; G

Startup Schedule; G

SD-06 Test Reports

Functional Test Plans; G

Startup Checklists; G

Functional Test Forms; G

Field Calibration Checklists; G

SD-09 Manufacturer's Field Reports

Completed Startup Checklists; G

SD-10 Operation and Maintenance Data

Operations and Maintenance Manuals; G

Training Plan; G

1.4   COMMISSIONING AGENT (CxA)

The CxA services will be provided by a Government led team. The Division
1, 23, and 26, Contractors are responsible to execute the Cx process 
according to this specification section.

The CxA shall be the duly appointed representative of the Contracting
Officer.
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1.5   ROLES AND RESPONSIBILITIES

1.5.1   Cx Team

The members of the Cx Team consist of the CxA, the CO, the GC or
Contractor, the A/E, the MC, the EC, the CC, any other installing 
subcontractors or suppliers of equipment. The Government's building or 
plant operator/engineer and users are also members of the CX team.

The Cx responsibilities of the Contractor are provided in this section.
The responsibilities of various other parties on the Cx team will be listed
in the CX plan that will be written by the CxA when construction is near
30-percent complete for informational purposes only.

1.5.2   All Parties

All parties follow the Cx Plan.

All parties attend the Cx kick-off meeting and additional meetings, as 
necessary.

1.5.3   General Contractor

1.5.3.1   Construction and Acceptance Phase

a.  Facilitate the coordination of the Cx work by the CxA, and ensure that 
Cx activities are being scheduled into the master project schedule.

b.  Review the Cx Plan.

c.  Review the test procedures submitted by the CxA.

d.  Provide completed construction checklists to the CxA for
installation verification.

e.  Coordinate the resolution of non-compliance deficiencies
identified in all phases of Cx with the various Contractors.

f.  Coordinate the training of Government personnel.

g.  In each purchase order or subcontract written, include
requirements for Cx tasks and training.

h.  Ensure that all subcontractors execute their Cx responsibilities
according to the Contract Documents and schedule.

i.  Prepare Operations and Maintenance Manuals, according to the Contract 
Documents, including clarifying and updating the original sequences of 
operation to As-Built conditions.

1.5.3.2   Warranty Period

a.  Assist the CxA as necessary in testing and deficiency corrections
required by the specifications.

1.5.4   Division 23 and 26.  Contractors

Include scope to complete Cx requirements for mechanical and electrical
systems in the contract price.
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Ensure cooperation and participation of specialty subcontractors, and
equipment suppliers.

Ensure participation of major equipment manufacturers in appropriate
training and testing activities.

Prepare schedule for mechanical and electrical system Cx related
activities. Include time in the project schedule for equipment startup,
FT's, and PT's. Include time for resolution of deficiencies found during
Functional and Performance tests. Provide for a period of not less than
60-days between Government approval of FT's and issuance of PT's and the
start of FT and PT to allow adequate time for subcontractor review and
incorporation of comments in final FT's and PT's.

Executing the Functional and Performance tests while the CxA witnesses and
documents.

1.5.5   Controls Contractor

Perform calibration of control sensors and devices and Performance
Verification Testing as required under Section TBD prior to the
start of FT's and commissioning PT's.

Include scope for Cx requirements in the contract pricing. The CC will
execute the Functional and Performance testing. Provide up-to-date
sequences, alarms and trend data that has been developed to the CxA for
development of PT's.

Develop FT's for the control system and submit for approval by the
Contracting Officer and CxA.

Review the PT's developed by the CxA to ensure that control system
points are in place to execute the tests. Recommend test revisions to
streamline or improve the test procedures.

Demonstrate control system performance to CxA during the
Functional and Performance tests including all modes of system operation
and explanation/definition of variable names for each piece of equipment
and each system.

Establish trend logs and graphs as directed by the CxA both prior to, and
during testing to demonstrate the system is operating per the sequences of
operation and PID loops are stable and operate without hysteresis.

Provide controls system technician and programmer, intimately familiar with
the system, for use during execution of the Functional and Performance
testing.

1.5.6   Tasks

The following responsibility matrix outlines the major tasks of the Cx
process and the parties responsible to carry out the tasks. In general,
the CxA writes the tests and documents the test results. The Contractor's
are responsible to execute the tests. The CC is typically responsible for
the majority of the Division 23 test execution.

                                                  Responsibility
Task/Action                CxA       CO        GC       EC&MC     CC_____
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Cx Kick-off Meeting        Lead      Att.      Att.     Att.      Att.
- Early to mid const.
phase

Write PreFunctional        Write               Rev.     Rev.      Rev.
checklists

Write FUNCTIONAL tests     Review    Review    Write    Write     Write
(FT)                       Approve   Approve   Refine   Refine    Refine    

Write PERFORMANCE
tests (PT)                 Write

Review and refine PT's     Refine              Rev.     Rev.      Rev.

CxA visit site to        
review process             Observed

Equipment STARTUP
and Check Out.             Review    Obs.      Perform  Perform   Perform

Functional Tests - also    Obs.,     Obs.      Sched.   Part.     Exe.
see Ref 23 09 23.13 20     Doc.
                           APPRV    APPRV

PERFORMANCE Tests          Obs.,     Obs.      Sched.   Part.     Exe.
                           Doc.
                           APPRV    APPRV

Deficiency List            Write               Verify   Corr.     Corr.
                                               Compl.

Final Cx Report            Write

Note: Att. - Attend; Rev. - Review; Obs. - Observation; Doc. -
Documentation; Sched. - Schedule; Part. - Participate; Exe. - Execute; Corr.
- Correct; Compl. - Compliance; APPRV - Approve

1.6   COMMISSIONING PROCESS

Environmental Control System (ECS) and Controls.

The following narrative provides a brief overview of the typical Cx tasks
during construction and the general order in which they occur.

Cx during construction begins with a kick-off meeting conducted by the CxA
where the Cx process is reviewed with the Cx team members.

Additional site visits and meetings will be required throughout
construction, scheduled by the CxA with necessary parties attending, to
plan, scope, coordinate, schedule future activities, resolve issues and
verify installation.

Equipment documentation is submitted to the CxA during normal submittals,
including detailed startup procedures.

The subcontractors develop startup plans and startup
documentation/checklists to be completed, during the startup process.
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Proposed startup checklists shall be prepared by the MC, CC and EC as
appropriate to the system and be submitted for approval.

The MC, CC and EC subcontractors develop Functional Tests (FT) to be
performed after startup. Proposed Functional Test Plans and Functional Test 
Forms shall be submitted for approval.

The CxA uses submittals and shop drawings to develop specific equipment and
system PT procedures.  The GC, MC, CC and EC review the PT's and provide
comments regarding any concerns regarding their responsibilities to perform
the PT's and offer suggestions as to how they may be conducted. After
input from the GC, MC, CC and EC, final PT's are written and distributed.

The subcontractors, under their own direction, perform startup and initial
checkout. The subcontractors shall provide documentation/checklists from
the startup process to the CxA.

The FT procedures are executed by the MC, CC and ECSubs under the
observation of, and documented by the CxA. The Subs resolve FT
deficiencies prior to performance testing. Selected PT's may be revised by
the CxA based upon the FT results.

The PT procedures are executed by the Subs under the observation of, and
documented by the CxA. The Subs resolve any deficiencies.

Items of non-compliance in material, installation or setup are corrected at
the subcontractor's expense and the system re-tested.

The CxA reviews the O&M documentation for completeness.

Cx is completed before Substantial Completion.

The CxA reviews the training provided by the subcontractors and verifies
that it was completed.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Complete Environmental Control System as described on contract drawings.  
Includes but not limited to blowers, chillers, cooling towers, pumps, 
boilers, heaters and control devices.

2.2   TEST EQUIPMENT

Ensure instrumentation used for testing meets the following standards:

a.  Sufficient quality and accuracy to test and measure system performance 
within the tolerances required to determine adequate performance.

b.  Calibrated on the manufacturer's recommended intervals with calibration 
tags permanently affixed to the instrument being used.

c.  Maintained in good repair and operating condition throughout the 
duration of use on this project.

The Contractor shall provide all standard testing equipment required for 
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performing startup and initial checkout and required FT,  PT and final 
commissioning for the system.  Datalogging equipment or software required 
to test equipment will be provided by the Contractor, and not become the 
property of the Government.

The Contractor shall provide all instrumentation required to demonstrate
Input/Output has been properly calibrated. The same instrumentation used 
for the
calibration shall be employed for the calibration verification. All
testing equipment shall be of sufficient quality and accuracy to test
and/or measure system performance with the tolerances specified in the
Specifications. If not otherwise noted, the following minimum requirements
apply: Temperature sensors and digital thermometers shall have a certified
calibration within the past year to an accuracy of 0.5 degrees F and a
resolution of + or - 0.1 degrees F. Pressure sensors shall have an
accuracy of + or - 2.0 percent of the value range being measured (not full
range of meter) and have been calibrated within the last year. All
equipment shall be calibrated according to the manufacturer's recommended
intervals and when dropped or damaged. Calibration tags shall be affixed
or certificates readily available. Flow meters shall be calibrated using
an ultrasonic flow meter attached to the pipe surface. For insulated
piping this will require removal and replacement/patching of insulation and
jacketing at no additional cost to the Government.

2.3   STARTUP/PRE-FUNCTIONAL CHECKLISTS

Coordinate startup plans and documentation formats, including 
pre-functional checklists to be completed during the startup process.  
Manufacturer's startup checklists and other technical documentation 
guidelines can be used as the basis for pre-functional checklists.

PART 3   EXECUTION

3.1   COMMISSIONING PLAN

The purposes of the Cx Plan is to provide direction for the Cx Process
during construction. This includes providing resolution for issues and
details that cannot or were not fully developed during design (such as
scheduling, participation of various parties of this particular project,
actual lines of reporting and approvals, coordination, etc.). The CxA will
submit a preliminary Cx Plan to the Cx Team for review near 30 percent
construction progress. The preliminary Cx Plan will include the following:

a. Brief overview of the Cx process.

b. List of all systems to be commissioned.

c. Identification of the Cx Team and its responsibilities.

d. Overview of the Cx process.

e. Indicate expected work products.

f. Schedule indicating key commissioning process milestones.

3.2   EQUIPMENT STARTUP AND PRE-FUNCTIONAL TESTING

Prior to equipment startup, FT's shall have been submitted and
approved. After the equipment and controls are installed and powered, the
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contractor shall perform a formal startup procedure. Startup checklists
are completed by the contractors to ensure equipment and systems are
installed, tested, and fully operational prior to proceeding with
Functional and Performance Testing. Each item of equipment and control
panel is required to have a startup form filled out by the Contractor. No
sampling strategies are allowed. Proper equipment startup must be
successfully completed prior to Functional and Performance testing of that
system.

The CxA will provide pre-functional checklists as defined in 1.2.g.  The 
Contractor shall conduct the pre-functional test in conjunction with the 
manufacturer's standard startup test procedures.

The Contractor shall submit a Startup Plan and Startup Schedule for startup 
and submit the project specific equipment startup checklists. The CxA shall 
review and approve the startup checklists prior to the contractor 
performing equipment startup.

The Contractor shall submit completed startup checklists to the
CxA for record documentation.  

Startup checklists must be submitted for all control panels.

3.3   TEST METHODS

Functional and performance testing and verification may be achieved by
manual testing and/or by monitoring the performance and analyzing the 
results using the control systems trend log capabilities. The CxA will 
determine which method is most appropriate.

Setup: Each function and test shall be performed under conditions that
simulate actual conditions as close as is practically possible. The
subcontractor executing the test shall provide all necessary materials,
system modifications, etc. to produce the necessary flows, pressures,
temperatures, etc. necessary to execute the test according to the specified
conditions. At completion of the test, the subcontractor shall return all
affected building equipment and systems, due to these temporary
modifications, to their pre-test condition.

Sampling: Each control point and sequence shall be functionally and
performance tested; a sampling strategy will not be allowed.

3.4   FUNCTIONAL TESTING

Before the FT's are performed, the Contractors must have completed
equipment startup procedures, either on their own or with the
manufacturer's representative and sensor calibration. Completed startup
sheets shall have been submitted and approved.

Equipment and systems shall have been tested, adjusted and balanced (TAB)
in accordance with Specification Section 23 05 93, TESTING, ADJUSTING, AND
BALANCING FOR HVAC. Functional testing shall not commence until SD-06 TAB
reports required under Section 23 05 93 have been submitted and approved.

The functional tests for individual items of equipment shall include major
headings to include, but not limited to documentation, general
installation, and that specific mechanical, electrical and controls work is
in-place, directly related to the item of equipment.  
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The wiring of each control loop shall have been physically verified from 
the field device terminals to the controller.

Cable, conductor, terminal board and terminal designations shall have been
verified and marked off as such on a copy of the loop diagram or equivalent
schematic or wiring diagram. Verification should be by signal tracing,
continuity verification, or "ringing out". Tags and labels placed during
construction should not be considered adequate verification.

Objectives and Scope: The objective of Functional Testing is to
demonstrate that each item of equipment is operating properly and each
control point is visible at HMI's and OWS, output points are manually
commandable, and system inputs are registering properly and obtaining data
within the parameters which are expected (i.e. if a pump is running, the
status input indicates a run state). Each control loop should be verified
by injection of an appropriate pressure, voltage, or current signal. Use
actual signals where available.

(1) Closely observe controllers, recorders, alarm and trip
units, remote setpoints, ratio systems, and other control
components. Make corrections as required. Following any
corrections, retest the loop as before.

(2) Stroke all control valves, cylinders, drives and connecting
linkages from the local control station and from the control room
operator interface.

(3) Check all interlocks to the maximum extent possible. In
addition to any other as-recorded documents, record all setpoint
and calibration changes on all system documentation.

All analog loops should be tuned for optimum response using a closed-loop
tuning method and the resulting gain, reset and rate recorded on the loop
checkout sheet. During the testing process, areas of deficient operation
or performance shall be identified to be corrected.

The functional testing called for in Section 40 95 00 ECS CONTROLS AND 
INSTRUMENTATION shall be coordinated with the testing
as spelled out in the above paragraphs. The Contractor will be required to
demonstrate all points are properly calibrated, wiring physically verified,
signal traced and identified, sensors reading properly, controlled devices
responding properly, points are visible at the HMI/operator work stations
graphics, and alarms and setpoints established.

3.5   PERFORMANCE TESTING

The CxA will write, observe and approve the PT's. Before the overall
system performance can be tested (PT), it is necessary to ensure that each
"component" of the system be tested (FT) and deficiencies resolved to prove
that it is set up and adjusted to work within intended ranges.

To coordinate with project phasing, each work element shall be tested
independently, then any interrelated work will be tested as a complete
system.

Each component, subsystem, and system shall be tested to demonstrate 
performance requirements can be met over the full operating envelope. The 
performance of each individual purge duct shall be demonstrated over the 
entire flow, temperature, and humidity ranges to demonstrate that 
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sufficient capacity and control exists. Testing of multiple purge ducts can 
occur simultaneously. During system performance testing, allow the system 
to stabilize at each test condition and then hold at set point for a 
minimum of 30 minutes.

In addition, a complete system capacity test shall be conducted where all 
purge ducts are tested simultaneously. These tests shall demonstrate 
performance at all corners of the operating envelope to demonstrate that 
sufficient capacity and control exists - for example, all purges at maximum 
temperature/maximum flow, minimum temperature/maximum flow, and minimum 
temperature/minimum flow. Hold each condition for a minimum of 4 hours.

The complete system capacity tests shall be conducted at Summer Design Day 
ambient conditions (96degF DB, 85 degF WB) and Winter Design Day ambient 
conditions (30.2degF, saturated). Seasonal scheduling will be required.

Objectives and Scope: The objective of Performance Testing is to
demonstrate that each system is operating according to the Contract
Documents with respect to the SOO in each mode of operation. During the
testing process, areas of deficient performance are identified to be
corrected by the Contractors, and changes to the SOO associated with
improving the operation, functioning, and efficiency of the systems shall
be provided as part of this effort. In general, each system should be
operated through all modes of operation (on, auto, off at both part- and
full-load) where there is a specified system response. Verifying each
sequence in the sequences of operation is required. Proper responses to
such modes and conditions as power failure, no flow, equipment failure,
etc., shall also be tested. Any changes made to the SOO shall be 
documented in writing by the Contractor. In addition, when changes are
made in the PLC programming to correct operation or make operational
enhancements, a full assessment as to how these changes may affect other
tested sequences shall be conducted. 

The purpose of any given specific PT is to verify and document compliance
with the stated criteria of acceptance given on the test form. The PT
procedures will be written in simple pass/fail format.

Development of Test Procedures: The CxA will develop specific test
procedures and forms to verify and document proper operation of each piece
of equipment and system. Prior to execution, the CxA will provide a copy
of the test procedures to the Contractors who shall review and comment on 
the tests for
feasibility, safety, equipment and warranty protection.

Specific test forms will be developed by the CxA during the Construction
Phase and will include (but not be limited to) the following information:

a.  System and equipment or component name(s).

b.  Sequence(s) tested.

c.  Special cautions, alarm limits, etc.

d.  Specific step-by-step procedures to execute the test in a clear,
sequential, and repeatable format.

e.  Acceptance criteria of proper performance with a Yes/No check box
to allow for clearly marking whether or not proper performance of each
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part of the test was achieved.

f.  A section for comments.

3.6   DOCUMENTATION

Equipment Startup Checklists. The Contractor shall use a checklist type
form during the startup of each piece of equipment and submit to the CxA
when complete. The startup checklists will be included in the Cx Book as
a record that the equipment was started up and operating per the
manufacturer's requirements.

Calibration: The Contractor shall submit field calibration checklists
documenting calibration for each sensor. It shall include as a minimum a
description of the sensor, its tag/description used within the PLC system,
model number, range, value of the sensor reading, measured value and the
calibration instrument used.

Functional Tests: The Contractor will provide functional test forms for 
each piece of equipment. The forms will be filled out by hand during the 
on-site tests.  The forms will be included in the Cx Book. If the systems 
fail the test, a deficiency list will be prepared for the Contractor, 
outlining the failure. After the Contractors have addressed the deficiency, 
the CxA (or Contractor's with Contracting Officer) will execute the FT's 
again.

Performance Tests: The CxA will provide a performance test for each piece
of equipment or system. The forms will be filled out by hand during the
on-site tests. The pass/fail criteria will be included on the PT forms.
If the systems fail the test, a deficiency list will be prepared for the
Contractor, outlining the failure. After the Contractors have addressed
the deficiency, the CxA (or Contractor's with Contracting Officer) will
execute the PT's again.

Deficiency List: The CxA will document any non-conformance deficiencies
observed during site visits, or during tests. The deficiency list will be
addressed during re-test and provided with successful final test report.

Final Cx Report: The CxA will prepare a final report summarizing the Cx
activities, the FT's, the PT's, and observed deficiencies. The final
report will be submitted to the Government.

Cx Book: The CxA will manage the Cx Book. The Cx Book is a 3-ring binder
containing all Cx related documents such as letters, memos, equipment
startup checklists, FT forms, PT forms, final Cx Report, etc.

3.7   NON-CONFORMANCE

The CxA will record the results of the Functional and Performance Tests.
All deficiencies, non-conformance issues, or test failures will be noted
and reported to the Contractor's in a deficiency list or in a punch-list
format.

Corrections of minor deficiencies identified may be made during the tests
as coordinated by NASA with the CxA and the contractor. In such cases, the 
deficiency and resolution
will be documented on the procedure form.

Re-Testing:
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a.  If a Functional or Performance Test fails, corrections shall be
made to the deficient equipment or systems by the Contractors. The
systems will be re-tested until they pass the Tests.

b.  Any required re-testing by any Contractor shall not be considered
a justified reason for a claim of delay or for a time extension by the
Prime Contractor.

3.8   DEFICIENCIES AND RE-TESTING

The CxA documents the results of each test. (Corrections of minor
installation or sequence of operation deficiencies are made during tests at
the discretion of CxA).

Deficiencies/non-conformance issues not corrected during testing are
reported to the Contractors for corrective action. Upon completion, a
request is made by the Contractors to CxA for re-test.

3.9   DEFERRED TESTING

Schedule, coordinate, observe, and document additional testing for seasonal 
variation in operations and control strategies during the opposite season 
to verify performance of the ECS and controls.  Complete testing during the 
warranty period to fully test all sequences of operation.

Unforeseen Deferred Tests: In the event contractor cannot perform work per 
approved schdule, the Government will issue down days per Special 
Conditions.

3.10   EQUIPMENT AND SYSTEM SCHEDULE

Commission the following equipment and ancillary systems in this project.

System Equipment Check

Environmental Control 
System

Cooling Tower/Condenser 
Water System
Chilled Water System

Air Distribution Systems

Temperature Control 
Systems

Flow/Pressure Control 
Valves

Humidity Control Systems

Variable Frequency Drives

GN2 Pressure Regulating 
System

Electrical Systems
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System Equipment Check

Control Systems

3.11   MEETINGS

3.11.1   Kick-Off Meeting

A Cx kick-off meeting is planned and conducted by the CxA near 30 percent
construction progress. The CxA will distribute a preliminary Cx Plan. In
attendance are the respective representatives of the GC, CxA, CO, A/E, MC,
EC, and CC. At the meeting, Cx parties are introduced and the Cx process
reviewed, management and reporting lines determined. The flow of documents
is also being discussed. The Cx Plan is reviewed, process questions are
addressed, lines of reporting and communications determined, and the work
products list discussed. Also covered are the general list of each party's
responsibilities, who is responsible to develop the startup checklist for
each piece of equipment and the proposed Cx schedule. The outcome of the
meeting is increased understanding by all parties of the Cx process and
their respective responsibilities. The meeting provides the CxA additional
information needed to finalize the Cx Plan.

3.11.2   Progress Meetings

Progress meetings will be planned and conducted by the CxA at appropriate
intervals as construction progresses. These meetings will cover
coordination, deficiency resolution, and planning issues with Divisions 1,
23 and 26,  Contractors. The CxA will plan these meetings in
conjunction with regular project meetings to minimize unnecessary travel
time.

3.12   PROJECT COMPLETION SCHEDULE

Refer to Special Conditions for Scheduling. The Contractor is required to 
submit a project schedule for approval at start and provide monthly updates 
with progress pay request. Tests shall be shown on approved schedule. Late 
changes may be addressed in Two Week Look Ahead Schedules, updates and 
status meetings.

The Cx Functional and Performance tests are executed at the end of the
project. It is possible
to execute some tests, on completed systems, prior to final project
completion. In general, the Cx tests are scheduled for AFTER the controls
contractor has completed the graphics in the building automation system.

FT's shall be scheduled through the Contracting Officer and will commence
once the Contractor has completed startup and calibration. When
uncovered, deficiencies will be documented by the Cx for correction by the
Contractor. Once the Contractor remedies the deficiencies, FT's will be
rescheduled. Once FT's are successfully completed, PT's can be scheduled
through the Contracting Officer.
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3.13   O&M MANUALS

The specific content and format requirements for the standard O&M Manuals
are detailed in Section 01 78 23.

CxA Review and Approval: Prior to 85 percent progress, the CxA will
review the O&M manuals, documentation and redline As-Builts for systems
that were commissioned to verify compliance with the specifications. The
CxA will communicate deficiencies in the manuals to the CM, CO, or A/E, as
requested. Upon a successful review of the corrections, the CxA recommends
approval and acceptance of these sections of the O&M manuals to the CM, CO, 
or A/E. The CxA also reviews each equipment warranty and verifies that all
requirements to keep the warranty valid are clearly stated.

3.14   OPERATIONAL AND MAINTENANCE TRAINING AND ORIENTATION

The GC shall be responsible for training, including coordination and
scheduling, and ultimately for ensuring that training is completed.

The CxA will be responsible for overseeing and approving the content and
adequacy of the training of Government personnel for commissioned equipment.

The GC and CxA shall interview the facility manager and lead engineer to
determine the special needs and areas where training will be most
valuable. The CO, GC, and CxA shall decide how rigorous the training
should be for each piece of commissioned equipment. The GC shall
communicate the results to the subcontractors and vendors who have training
responsibilities.

In addition to these general requirements, the specific training
requirements of Government personnel by subcontractors and vendors are
specified elsewhere in this document.

The GC develops an overall training plan, and coordinates and schedules
with the CM and CxA, the overall training for the commissioned systems.

The CxA recommends approval of the training to the CO using a standard
form. The CO also signs the approval form.

       -- End of Section --
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SECTION 02 41 00

DEMOLITION

PART 1   GENERAL

1.1   REFERENCES
 
The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI Guideline K (2009) Guideline for Containers for 
Recovered Non-Flammable Fluorocarbon 
Refrigerants

AMERICAN SOCIETY OF SAFETY ENGINEERS (ASSE/SAFE)

ASSE/SAFE A10.6 (2006) Safety Requirements for Demolition 
Operations

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.1200 Hazard Communication

29 CFR 1926.1127 Cadmium

29 CFR 1926.62 Lead

40 CFR 61 National Emission Standards for Hazardous 
Air Pollutants

40 CFR 82 Protection of Stratospheric Ozone

1.2   PROJECT DESCRIPTION

1.2.1   Demolition Plan

Prepare a Demolition Plan and submit proposed salvage, demolition, and 
removal procedures for approval before work is started.  Include in the 
plan procedures for careful removal and disposition of materials specified 
to be salvaged, coordination with other work in progress,  a detailed 
description of methods and equipment to be used for each operation and of 
the sequence of operations.  Coordinate with Waste Management Plan.  
Provide procedures for safe conduct of the work.   Plan shall be approved 
by Contracting Officer prior to work beginning.

1.2.2   General Requirements

Do not begin demolition until authorization is received from the 
Contracting Officer.  Once submittals are approved, contractor may proceed. 
Remove rubbish and debris from the project site; do not allow accumulations 
inside or outside the building(s). The work includes demolition, salvage of 
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identified items and materials, and removal of resulting rubbish and 
debris.  Remove rubbish and debris from Government property daily, unless 
otherwise directed.  Store materials that cannot be removed daily in areas 
specified by the Contracting Officer. Refer to Special Conditions. 
Contractor will be provided with lay-down area and work clear area.  In the 
interest of occupational safety and health, perform the work in accordance 
with Section 23, Demolition, and other applicable Sections.

1.3   ITEMS TO REMAIN IN PLACE

Take necessary precautions to avoid damage to existing items to remain in 
place, to be reused, or to remain the property of the Government.  Repair 
or replace damaged items as approved by the Contracting Officer.  
Coordinate the work of this section with all other work indicated.  
Construct and maintain bracing and supports as required.  Ensure that 
structural elements are not overloaded.  Increase structural supports or 
add new supports as may be required as a result of any cutting, removal, 
deconstruction, or demolition work performed under this contract.  Do not 
overload structural elements.  Provide new supports and reinforcement for 
existing construction weakened by demolition, deconstruction, or removal 
work.  Repairs, reinforcement, or structural replacement require approval 
by the Contracting Officer prior to performing such work.

1.3.1   Existing Construction Limits and Protection

Do not disturb existing construction beyond the extent indicated or 
necessary for installation of new construction.  Provide protective 
measures to control accumulation and migration of dust and dirt in all work 
areas.  Remove snow,dust, dirt, and debris from work areas daily.

1.3.2   Utility Service

Maintain existing utilities indicated to stay in service and protect 
against damage during demolition and deconstruction operations.  Prior to 
start of work, utilities serving each area of alteration or removal will be 
shut off by the Government and disconnected and sealed by the Contractor.

1.3.3   Facilities

Protect electrical and mechanical services and utilities.  Where removal of 
existing utilities is specified or indicated, provide approved barricades, 
temporary covering of exposed areas, and temporary services or connections 
for electrical and mechanical utilities.  Ensure that no elements 
determined to be unstable are left unsupported and place and secure 
bracing, shoring, or lateral supports as may be required as a result of any 
cutting, removal, deconstruction, or demolition work performed under this 
contract.

1.4   BURNING

The use of burning at the project site for the disposal of refuse and 
debris will not be permitted.

1.5   PHASING/SEQUENCING OF WORK

Work shall be phased, sequenced and executed to prevent to the extent 
possible outages of the adjacent Pad 39-B systems.
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1.6   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Existing Conditions Documentation; G

SD-07 Certificates

Demolition Plan; G

Notification; G

1.7   QUALITY ASSURANCE

Submit timely notification of demolition projects to Federal, State, 
regional, and local authorities in accordance with 40 CFR 61, Subpart M.  
Notify the Contracting Officer in writing 10 working days prior to the 
commencement of work in accordance with 40 CFR 61, Subpart M.  Comply with 
federal, state, and local hauling and disposal regulations.  In addition to 
the requirements of the "Contract Clauses," conform to the safety 
requirements contained in ASSE/SAFE A10.6.  Comply with the Environmental 
Protection Agency requirements specified.  Use of explosives will not be 
permitted.

1.7.1   Dust and Debris Control

Prevent the spread of dust and debris to occupied portions of the building 
and avoid the creation of a nuisance or hazard in the surrounding area.  Do 
not use water if it results in hazardous or objectionable conditions such 
as, but not limited to, ice, flooding, or pollution.

1.8   PROTECTION OF PERSONNEL

Before, during and after the demolition work continuously evaluate the 
condition of the equipment being demolished and take immediate action to 
protect all personnel working in and around the project site.

1.9   RELOCATIONS

Perform the removal and reinstallation of relocated items as indicated with 
workmen skilled in the trades involved.  Repair or replace items to be 
relocated which are damaged by the Contractor  with new undamaged items as 
approved by the Contracting Officer.

1.10   EXISTING CONDITIONS DOCUMENTATION

Before beginning any demolition or deconstruction work, survey the site and 
examine the drawings and specifications to determine the extent of the 
work.  Record existing conditions the Contracting Officer showing the 
condition of structures and other systems adjacent to areas of alteration 
or removal.  Photographs will be acceptable as a record of existing 
conditions.  Include in the record the elevation of the top of foundation 
walls, finish floor elevations, possible conflicting electrical conduits, 
plumbing lines, alarms systems, the location and extent of existing cracks 
and other damage and description of surface conditions that exist prior to 
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before starting work.  It is the Contractor's responsibility to verify and 
document all required outages which will be required during the course of 
work, and to note these outages on the record document.  Submit survey 
results.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION

3.1   EXISTING SYSTEMS TO BE REMOVED

Inspect and evaluate existing equipment and systems onsite for reuse.  
Existing construction scheduled to be removed for reuse shall be 
disassembled.  Dismantled and removed materials are to be separated, set 
aside, and prepared as specified, and stored or delivered to a collection 
point for reuse, remanufacture, recycling, or other disposal, as 
specified.  Materials shall be designated for reuse onsite whenever 
possible.

3.1.1   Utilities and Related Equipment

3.1.1.1   General Requirements

Do not interrupt existing utilities serving occupied or used facilities, 
except when authorized in writing by the Contracting Officer.  Do not 
interrupt existing utilities serving facilities occupied and used by the 
Government except when approved in writing and then only after temporary 
utility services have been approved and provided.  Do not begin demolition  
work until all utility disconnections have been made.  Shut off and cap 
utilities for future use, as indicated. Refer to Special Conditions. 
Contractor shall schedule outages per project schedule and coordinate with 
site managers.

3.1.2   Miscellaneous Metal

Recycle scrap metal as part of demolition and deconstruction operations.  
Provide separate containers to collect scrap metal and transport to a scrap 
metal collection or recycling facility, in accordance with the Waste 
Management Plan.

3.1.3   Patching

Where removals leave holes and damaged surfaces exposed in the finished 
work, patch and repair these holes and damaged surfaces to match adjacent 
finished surfaces, using on-site materials when available.  Where new work 
is to be applied to existing surfaces, perform removals and patching in a 
manner to produce surfaces suitable for receiving new work.  Finished 
surfaces of patched area shall be flush with the adjacent existing surface 
and shall match the existing adjacent surface as closely as possible as to 
texture and finish.  Patching shall be as specified and indicated, and 
shall include:

a.  Concrete and Masonry: Completely fill holes and depressions, caused by 
previous physical damage or left as a result of removals in existing 
masonry walls to remain, with an approved masonry patching material, 
applied in accordance with the manufacturer's printed instructions.
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b.  Where adjacent surfaces are coated, prime and paint surfaces to match 
surrounding.

3.1.4   Air Conditioning Equipment

Remove air conditioning, refrigeration, and other equipment containing 
refrigerants without releasing chlorofluorocarbon refrigerants (R-22) to 
the atmosphere in accordance with the Clean Air Act Amendment of 1990. 
Recover all refrigerants prior to removing air conditioning, refrigeration, 
and other  equipment containing refrigerants and dispose of in accordance 
with the paragraph entitled "Disposal of Ozone Depleting Substance (ODS)." 
Turn in salvaged Class I ODS refrigerants as specified in paragraph, 
"Salvaged Materials and Equipment."

3.1.5   Mechanical Equipment and Fixtures

Disconnect mechanical hardware at the nearest connection to existing 
services to remain, unless otherwise noted.  Disconnect mechanical 
equipment and fixtures at fittings.  Remove service valves attached to the 
unit.  Salvage each item of equipment and fixtures as a whole unit; listed, 
indexed, tagged, and stored.  Salvage each unit with its normal operating 
auxiliary equipment.  Transport salvaged equipment and fixtures, including 
motors and machines, to a designated storage area as directed by the 
Contracting Officer.  Do not remove equipment until approved.

3.1.5.1   Piping

Disconnect piping at unions, flanges and valves, and fittings as required 
to reduce the pipe into straight lengths for practical storage.  Store 
salvaged piping according to size and type.  If the piping that remains can 
become pressurized due to upstream valve failure, end caps, blind flanges, 
or other types of plugs or fittings with a pressure gage and bleed valve 
shall be attached to the open end of the pipe to ensure positive leak 
control.  Classify piping not designated for salvage, or not reusable, as 
scrap metal.

3.1.5.2   Ducts

Classify removed duct work as scrap metal.

3.1.6   Electrical Equipment and Fixtures

Salvage motors, motor controllers, and operating and control equipment that 
are attached to the driven equipment.  Salvage wiring systems and 
components.  Box loose items and tag for identification.  Disconnect 
primary, secondary, control, communication, and signal circuits at the 
point of attachment to their distribution system.

3.1.6.1   Electrical Devices

Remove and salvage switches, switchgear, transformers, conductors including 
wire and nonmetallic sheathed and flexible armored cable, regulators, 
meters, instruments, plates, circuit breakers, panelboards, outlet boxes, 
and similar items.  Box and tag these items for identification according to 
type and size.

3.1.6.2   Wiring Ducts or Troughs

Remove and salvage wiring ducts or troughs.  Dismantle plug-in ducts and 
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wiring troughs into unit lengths.  Remove plug-in or disconnecting devices 
from the busway and store separately.

3.1.6.3   Conduit and Miscellaneous Items

Salvage conduit except where embedded in concrete or masonry.  Consider 
corroded, bent, or damaged conduit as scrap metal.  Sort straight and 
undamaged lengths of conduit according to size and type.  Classify 
supports, knobs, tubes, cleats, and straps as debris to be removed and 
disposed.

3.1.7   Paint Disturbance/Removal

This project will involve the disturbance/removal of paint coatings.  Paint 
coatings have been sampled and analyzed for RCRA 8 metals and PCBs.  
Findings are noted on the project drawings.

If the Contractor cannot determine if a paint coating contains hazardous 
materials by reviewing the contract drawings or other previous analysis, 
NASA will  sample and analyze the coatings for the 8 RCRA hazardous metals 
(Ag, As, Ba, Cd, Cr, Hg, Pb, and Se) and PCBs. The requirements established 
in OSHA standards 29 CFR 1910.1200, 29 CFR 1926.62, and 29 CFR 1926.1127 
for lead and cadmium respectively, must be complied with if PCBs, and lead 
or cadmium are present. If the coatings contain heavy metals or PCBs, a 
control zone and personal protective equipment requirements established in 
the lead standard shall be complied with to prevent exposure to workers and 
adjacent unprotected areas. The sampling analysis will dictate the level of 
PPE required and the handling/disposal
requirements. If you have questions about PPE requirements call IHA-022, at 
867-1210. Paint chips, rust, debris, blast media, etc. generated during 
preparation of metal, fiberglass, or concrete surfaces and/or 
deconstruction will be contained and disposed of according to waste 
management guidelines given in Specification Section 01 57 20.00 10 
ENVIRONMENTAL PROTECTION.

Recycling of painted materials:
Painted non oil-filled electrical equipment and other painted materials may 
go to the KSC Reutilization, Recycling, and Marketing Facility (RRMF) or 
taken off KSC for salvage by a contractor if PCBs are <50 ppm. Oil-filled 
and grease or oil-contacted equipment with PCB concentrations <50 ppm in 
the oil and in the paint on the equipment may go to the contractor or the 
RRMF for reuse. There is no requirement for TCLP analysis on items to be 
reused.

Disposal of painted materials:
Painted construction and demolition waste items will be accepted at the KSC 
Class III Landfill without PCB or TCLP analysis. Construction and 
demolition debris that has not been tested for PCBs or has been found to 
contain PCBs >50 ppm shall be delivered to the KSC landfill for disposal.  
Such equipment must be managed according to PCB bulk product waste storage 
regulations until disposal in the landfill. This includes covering the 
materials and storing them on an impermeable surface for protection against 
precipitation and prevention of soil contamination.  See Specification 
Section 02 84 33 REMOVAL AND DISPOSAL OF POLYCHLORINATED BIPHENYLS (PCBs).
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3.2   DISPOSITION OF MATERIAL

3.2.1   Reuse of Materials and Equipment

Remove and store materials and equipment that are listed in the Demolition  
Plan to be reused or relocated to prevent damage, and reinstall as the work 
progresses.

3.2.2   Salvaged Materials and Equipment

Remove materials and equipment that are specified in the contract drawings 
to be removed by the Contractor and that are to remain the property of the 
Government, and deliver to a storage site, as directed .

a.  Salvage items and material to the maximum extent possible.

b.  Store all materials salvaged for the Contractor as approved by the 
Contracting Officer and remove from Government property before 
completion of the contract.  On site sales of salvaged material is 
prohibited.

c.  Remove salvaged items to remain the property of the Government in a 
manner to prevent damage, and packed or crated to protect the items 
from damage while in storage or during shipment.  Items damaged during 
removal or storage must be repaired or replaced to match existing 
items.  Properly identify the contents of containers.  Deliver items 
reserved as property of the Government to the storage areas as directed. 
Identify storage site on drawings.

d.  Remove and capture all Class I ODS refrigerants in accordance with the 
Clean Air Act Amendment of 1990.

3.2.3   Disposal of Ozone Depleting Substance (ODS)

Class I and Class II ODS are defined in Section, 602(a) and (b), of The 
Clean Air Act.  Prevent discharge of Class I and Class II ODS to the 
atmosphere.  Place recovered ODS in cylinders meeting AHRI Guideline K 
suitable for the type ODS (filled to no more than 80 percent capacity) and 
provide appropriate labeling.  Recovered ODS shall be removed from 
Government property and disposed of in accordance with 40 CFR 82.  
Products, equipment and appliances containing ODS in a sealed, 
self-contained system (e.g. residential refrigerators and window air 
conditioners) shall be disposed of in accordance with 40 CFR 82.  

3.2.3.1   Special Instructions

No more than one type of ODS is permitted in each container.  A 
warning/hazardous label shall be applied to the containers in accordance 
with Department of Transportation regulations.  All cylinders including but 
not limited to fire extinguishers, spheres, or canisters containing an ODS 
shall have a tag with the following information:

a.  Activity name and unit identification code

b.  Activity point of contact and phone number

c.  Type of ODS and pounds of ODS contained

d.  Date of shipment
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3.2.4   Unsalvageable and Non-Recyclable Material

Dispose of non-hazardous unsalvageable and non-recyclable noncombustible 
material in the disposal area located at the KSC landfill located on 
Schwartz Road.

3.3   CLEANUP

Remove debris and rubbish.  Remove and transport the debris in a manner 
that prevents spillage on streets or adjacent areas.  Apply local 
regulations regarding hauling and disposal.

3.4   DISPOSAL OF REMOVED MATERIALS

3.4.1   Regulation of Removed Materials

Dispose of debris, rubbish, scrap, and other nonsalvageable materials 
resulting from removal operations with all applicable federal, state and 
local regulations as contractually specified in the Waste Management Plan.  
Storage of removed materials on the project site is prohibited.

3.4.2   Burning on Government Property

Burning of materials  will not be permitted on Government property.

3.4.3   Removal from Government Property

The Contractor shall not remove hazardous wastes from KSC property.  All 
hazardous wastes shall be properly packaged and labeled by the Contractor 
per the PWQ/TRP process.  Hazardous waste containers will be picked up and 
properly disposed of by the IHA Waste Management Group.

       -- End of Section --
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SECTION 02 82 13.00 98

ASBESTOS ABATEMENT

PART 1   GENERAL

1.1   SUMMARY

This section specifies the asbestos abatement requirements and the 
Contractor's applicable asbestos procedures, which include:

a.  Removal or encapsulation of materials containing asbestos

b.  Construction, alteration, repair, maintenance, or renovation of 
structures, substrates, or portions thereof, that contain asbestos

c.  Asbestos spill/emergency cleanup

d.  Transportation

e.  Disposal

f.  Storage

g.  Containment of and housekeeping activities involving asbestos or 
products containing asbestos, on the site or location at which 
construction activities are performed

Under OSHA, Asbestos Abatement work is categorized into four classes:

Class I Work:  Activities involving the removal of Thermal System 
Insulation (TSI) and surfacing Asbestos Containing Materials (ACM) and 
Presumed Asbestos Containing Material (PACM).

Class II Work:  Activities involving the removal of ACM is not TSI or 
surfacing material.  This includes wallboard, floor tile and sheeting, 
roofing, siding, shingles, and construction mastics.

Class III Work:  Repair and Maintenance operations, where ACM, 
including TSI and surfacing ACM and PCM, is likely to be disturbed.

Class IV Work:  Maintenance and custodial activities during which 
employees contact but do not disturb ACM or PACM and activities to 
clean up dust, waste, and debris from Class I,II, and III activities.

Conduct abatement work in accordance with the Class I, II, III, or IV 
Methods of Compliance as required by 29 CFR 1910, 29 CFR 1926, 
40 CFR 61-SUBPART M, 49 CFR 171, 49 CFR 172, FAC CHAPTER 62-257, and 
FL-STAT 469.  Submit all required training certifications prior to 
commencement of work, and experience of Contractor's "Competent Person," 
Supervisor, and workers.

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
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basic designation only.

COMPRESSED GAS ASSOCIATION (CGA)

CGA G-7.1 (2011) Commodity Specification for Air; 
5th Edition

FLORIDA ADMINISTRATIVE CODE (FAC)

FAC CHAPTER 62-257 (2008) Florida Administrative Code, 
Asbestos Program

FLORIDA STATUTES (FL-STAT)

FL-STAT 469 (2010) Asbestos Abatement

JOHN F. KENNEDY SPACE CENTER (KSC)

KNPR 8500.1 KSC Environmental Requirements

KNPR 1840.19 KSC Industrial Hygiene Programs

KNPR 8715.3 KSC Safety Practices Procedural 
Requirements

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH)

NIOSH 7400 (1994) Standard Test Method for Asbestos 
and Other Fibers by PCM

NIOSH 2003-154 (2003; 4th Ed; Supple 3) NIOSH Manual of 
Analytical Methods

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910 Occupational Safety and Health Standards

29 CFR 1926 Safety and Health Regulations for 
Construction

40 CFR 61-SUBPART M National Emission Standard for Asbestos

40 CFR 763 Asbestos

49 CFR 171 General Information, Regulations, and 
Definitions

49 CFR 172 Hazardous Materials Table, Special 
Provisions, Hazardous Materials 
Communications, Emergency Response 
Information, and Training Requirements

1.3   DEFINITIONS

FLAC - Florida Licensed Asbestos Consultant as defined within the 
FL-STAT 469 ASBESTOS ABATEMENT.

IH - Contractor's independent Industrial Hygienist.  This person is 
responsible for the oversight, approval of the abatement procedures and the 
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health, safety, and welfare of those who it effects.

1.4   ADMINISTRATIVE REQUIREMENTS

1.4.1   Licenses And Permits

Submit a copy of asbestos consultant's license to the Contracts 
Administrator.  Ensure that the FLAC possesses a current license and 
complies with all Federal, State and Local Regulations.  Only those 
consultants who are certified and licensed by DBPR are permitted to perform 
Asbestos Surveys or abatement specifications and plans as per Florida 
Statute 469.

Also submit a copy of Asbestos Contractor's License.  Possession of a 
current asbestos contractor's license is mandatory, as well as securing all 
necessary licenses and permits associated with asbestos removal, 
transportation, and disposal as may be required by Federal, State, and 
local regulations.  Only those Contractors who are certified and licensed 
by the State of Florida DBPR will be permitted to perform asbestos 
abatement activities at Kennedy Space Center.

Obtain and submit a copy of waste disposal permit and all disposal shipping 
manifests and tickets as they are obtained.

1.4.2   Certificates

Submit the following certificates:

a.  Certification of participation (documentation showing current and 2 
previous consecutive PAT test round results) in a proficiency 
analytical test (PAT) program such as or equivalent to the American 
Industrial Hygiene Association PAT or Asbestos Analytical Registry 
(AAR) accreditation certificate and Interlab QA/QC Program 
participation for the independent air monitoring agency selected by the 
Contractor before starting work.

b.  Training Certifications and accreditation certificates for the 
independent air monitoring agency's on-site personnel and a copy of 
independent air monitoring agency's Quality Control Program.

c.  Certification documents by the Contractor verifying that employees have 
been provided current respirator fit test, training, and medical 
examinations in compliance with 29 CFR 1926.

1.4.3   Material Safety Data Sheets (MSDS)

Submit Material Safety Data Sheets (MSDS) as required for materials to be 
used on the specified project.

1.4.4   Notification

When applicable, submit Florida Department of Environmental Protection 
(DEP) "Notice of Demolition or Asbestos Renovation" (DEP Form 
62-257.900(1)) to DEP District Office.  A copy of the notification is to be 
provided to the Government as part of the Implementation Plan.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
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submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Asbestos Consultant's License; G

Asbestos Contractor's License; G

Training Certifications; G

Implementation Plan; G

Air Monitoring Plan; G

Written (OSHA Compliant) Respiratory Protection Plan; G

Work Schedule; G

Notification of Demolition/Renovation; G

SD-06 Test Reports

Initial Exposure Assessments; G

Work Site Entry Logs; G

Waste Shipment Record (WSR); G

SD-07 Certificates

Training Certifications; G

Proficiency Analytical Test; G

SD-08 Manufacturer's Instructions

Material Safety Data Sheets; G

SD-11 Closeout Submittals

Notification of Demolition/Renovation; G

Waste Disposal Permit; G

Disposal Shipping Manifests and Tickets; G

Daily Site Inspection Logs; G

Negative Pressure Logs; G

OSHA Compliance Inspection Records; G

Air Monitoring Reports; G

Independent Monitoring Data; G

Calibration Records; G

SECTION 02 82 13.00 98  Page 92



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

Waste Stream Inventory; G

1.6   IMPLEMENTATION PLAN

Prepare and submit a detailed, written Implementation Plan created, signed 
and sealed by a FLAC to the Government for approval, prior to the start of 
work, that includes the following:

a.  Coordination drawings, in .DWG or .DGN electronic format, including 
site specific drawings of proposed work areas, clean room/change areas, 
mini-enclosures, shower, equipment room, waste loading/staging areas, 
locations of High Efficiency Particulate Air (HEPA) filtered negative 
pressure devices and exhaust points, work areas, emergency egress, and 
areas to be modified.

b.  Detailed drawings for asbestos abatement systems consisting of 
fabrication and assembly drawings for all parts of the work in 
sufficient detail to enable the Government to check conformity with the 
requirements of the contract documents.

c.  A copy of the applicable DEP Notification of Demolition/Renovation (DEP 
Form 62-257.900(1)).

d.  Plan of action, including proposed procedures to be used in complying 
with the requirements of this specification, 29 CFR 1926, and other 
applicable regulatory requirements, sequence of asbestos abatement 
work, the interfaces of trades involved in the performance of work, 
posting of licenses, permits, etc., methods to be used to assure the 
safety of building occupants and visitors to the site, disposal plan 
including location of approved disposal site, a detailed description of 
the methods employed to control pollution, and a detailed work 
schedule.  Expand upon the method for removal of ACM, the use of 
portable HEPA ventilation systems, closing out of the buildings HVAC 
system, method of removal to prohibit visible emissions in the work 
area, and packaging of removed debris.

e.  Details of the decontamination areas and procedures, locations of 
staging areas, posting of warning signs, and details of negative air 
system to be used in the work area.

f.  Sketch(s) or drawing(s) of complete contract area(s) showing the shower 
room, clean room, drum staging area, decontamination and containment 
areas, the negative air system, and exits.  Indicate designation of the 
"Competent Person" (CP), and Site Supervisor.

g.  Include a contingency plan for emergencies including fire, accident, 
power failure, heating or cooling, negative air system failure, 
respirator supplied air system failure, or any other event that may 
require modification of the work area isolation procedures.  Include in 
the plan specific procedures for decontamination or work area 
isolation, safe exiting, and the need for medical attention in the 
event of an emergency.

1.6.1   Air Monitoring Plan

Provide a written Air Monitoring Plan to be prepared under the direction of 
and signed/stamped by a Certified Industrial Hygienist (C.I.H.) or FLAC 
specifying the air monitoring criteria and an action plan for 
implementation by the Competent Person.  Identify in the plan the Competent 
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Person to be on site at all times (unless otherwise authorized by the 
Contracts Administrator) during asbestos abatement operations.  The FLAC or 
his/her representative/competent person is responsible for ensuring 
applicable regulatory compliance during all phases of the asbestos 
abatement activities.  The competent person has the authority to stop work 
for unsafe conditions and for not adhering to applicable regulations.  
Provide a qualified back-up person in the event that the Competent Person 
is absent from job site.

Provide certification that the Contractor, his staff, and abatement workers 
(including Supervisors) have attended and successfully completed (an) 
asbestos abatement course(s) including refresher courses as set forth in 
FL-STAT 469 and in accordance with 29 CFR 1926 and 40 CFR 763.

Provide a written (OSHA compliant) Respiratory Protection Plan in 
accordance with 29 CFR 1910 including training in the care, use, and 
maintenance of respirators and fit test certification.

Provide a written description of respiratory equipment (name, type, model 
number) and protective clothing provided to the abatement workers.

1.6.2   Personnel Examination

Provide documentation that all personnel assigned to the abatement project 
have been examined annually by a physician.  Submit the physician's written 
opinion containing the results of the employee's medical examination in 
compliance with 29 CFR 1926.  Establish, maintain, and make readily 
available for review all work site entry logs of all personnel entering and 
leaving the regulated work area by the on-site competent person indicating 
the date and time of entry and egress.

1.6.3   Additional Procedures

Submit any additional procedures (fall protection, confined space, etc.) 
and policies that are in effect to ensure worker safety and environmental, 
KNPR 8500.1, KNPR 8715.3 requirements are met.

1.7   AIR MONITORING REPORTS

Obtain the services of an independent Air Monitoring Agency accredited by 
the American Industrial Hygiene Association (AIHA), for analysis of 
airborne asbestos concentration levels and submittal of Independent 
Monitoring Data taken during the abatement.  Provide a copy of the 
monitoring agency's Quality Control Program to Contracts Administrator 
prior to commencement of the abatement activities.  Ensure the individual 
performing the on-site air monitoring meets the requirements as set forth 
in FL-STAT 469 and 40 CFR 763, and performs sample collections in 
accordance with the approved Air Monitoring Plan.

Perform all Air Monitoring under the direction of the FLAC using an 
independent Air Monitoring Contractor, in compliance with Florida Statute 
469 requirements.

Calibrate pumps before and after each air sample and submit calibration 
records to the Government.

Submit daily Air Monitoring Reports.  Include in the Air Monitoring Report 
the following information for each sample:
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a.  Sample identification, Sample location

b.  Employee Name, Social Security Number

c.  Description of task being monitored

d.  Exposure level results in (f/cc)

e.  Monitoring instrument identification number

f.  Pre-calibration, post calibration, and average flow rate of each sample

g.  Sample date, start and stop times

h.  Type of protective devices worn (if any)

i.  Project identification number, Facility number and name

j.  Sampling and Analytical Methods used

k.  Contact name and company, and name of individual performing the sampling

1.7.1   Air Sample Analytical Method

Airborne fiber sampling and analytical procedures are to be analyzed by 
Phase Contrast Microscopy (PCM) in accordance with 29 CFR 1926 and 
NIOSH 2003-154 7400 method.

1.7.2   Air Sampling Rate, Volumes and Frequency

Conduct daily monitoring utilizing sample rates, volumes and frequency in 
accordance with 29 CFR 1926 and retain for final submittal at closeout.  
The minimum number of samples or sample volumes may not be less than those 
specified below:

    Type of Sample            Volume   Minimum No. Samples   Location

    Prior to set-up           1200L            2           Regulated Area
    (within 24 hrs)

    Personal, During work      400L            2           Personal B.Z.

    Area samples, Adjacent    1200L            2           Regulated Area
    to work area

    Area samples at Negative  1200L            1           In area of outlets
    Air Unit Exhaust

1.8   WORKER PROTECTION

Perform Initial Exposure Assessments and Employee Exposure Monitoring in 
accordance with 29 CFR 1926, part 1926.1101, with input and approval of the 
FLAC.

Select and provide respiratory protection to employees and ensure they are 
utilized in accordance with 29 CFR 1926.

Submit the Work schedule indicating the work days, hours, and the number of 
workers per shift.  Include a bar chart to identify the individual 
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milestones through to the completion of the project (i.e., number of days 
to complete work site preparation, number of days to complete ACM removal, 
number of days to complete final cleaning and lockdown, etc.).

Submit the OSHA compliance inspection records as part of the closeout 
documents.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION

3.1   GENERAL - ASBESTOS CONTAINING MATERIAL

This is a regulated substance that can no longer be used in construction 
materials. Asbestos was incorporated into many building products and most 
commonly found in floor tiles, roofing materials, caulking compounds, and 
insulation media.  If asbestos will be disturbed, regulations from 
FAC CHAPTER 62-257 must be followed and notification to the NASA 
Environmental Assurance Branch (IHA-200, 867-3586) is required for any 
regulated asbestos removal in order that annual reporting requirements are 
fulfilled.  If less than 260 linear feet, or less than 160 square feet of 
regulated asbestos containing material (RACM) is to be removed, there are 
no fee or reporting requirements to the FDEP, unless there is demolition of 
any load-supporting structural member.  If the removal trips these 
thresholds, or is greater than 1 cubic meter, or 35 cubic feet, regulations 
require notification to FDEP. 

The "Notice of Asbestos Renovation or Demolition" (DEP Form Number 
62-257.900(1)) can be found on the FDEP website under "Asbestos 
Notification" at: http://www.dep.state.fl.us/air/forms.htm.  The Permitting 
and Compliance Group within TA-B1B Environmental Assurance Branch must be 
copied on all reports submitted to FDEP.  For asbestos disposal, IHA Waste 
Management can supply directions on proper handling, storage, and disposal 
of the waste stream though the Process Waste Questionnaire/Technical 
Response Package (PWQ/TRP) process.  Please contact IHA Waste Management 
Services at 867-8642 for assistance.  NOTE: Friable asbestos/RACM is not 
authorized for disposal at the KSC Landfill.

3.2   TEMPORARY UTILITIES AND SERVICES

The Government will make available at the work site, water at hose bibs and 
120 Volt AC at receptacles for the Contractor's use.  Provide water proof 
safety lighting where necessary for safe, adequate illumination.

Ensure all electrical equipment to be used inside the work areas is powered 
from an Underwriters Laboratory (UL) approved Ground Fault Circuit 
Interrupter (GFCI).  Do not exceed the manufacturers limits per GFCI.  Make 
all necessary connections and restore the site connections to their 
original condition or better, prior to project completion.

Ensure all energized or pressurized systems inside the work area have been 
locked out, tagged out or otherwise rendered safe.

Provide temporary water from the existing building water source to control 
the generation of airborne dust, to allow for area, personnel, and 
equipment decontamination, and to supply decontamination unit needs.  Also 
provide a backflow preventer at the source.
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Provide temporary sanitary drainage piping to the decontamination unit sump 
and to the shower unit at a minimum slope of 2.0 percent, and temporary 
drainage piping to waste water pump and existing drain in accordance with 
local standards and as approved by the Contracts Administrator.

3.3   WORK AREA PREPARATION

The Government will re-arrange equipment and storage areas to the extent of 
providing a direct and unobstructed path to the work area(s).  During ACM 
removal, confine equipment and employees to the designated work area(s).

Unless otherwise directed by the Contracts Administrator, the Contractor is 
to establish and maintain a 25-foot access control barrier zone(s) around 
the designated work area(s).  Interference with the functional operation of 
the building occupants outside these areas is not permitted.

Ensure all building supply and return air ducts from the mechanical system 
are isolated to eliminate air flow into or out of containment area(s).

3.3.1   Pre-Cleaning

Shut down HVAC systems and seal all critical barriers prior to initiating 
pre-cleaning actions.  Seal, with 6 mil minimum thickness plastic sheeting, 
all openings, including but not limited to, windows, corridors, doorways, 
elevator openings, skylights, ducts, grilles, diffusers, and any other 
penetrations between the contaminated work areas and uncontaminated areas.

Pre-clean all movable objects identified as contaminated by the Contracts 
Administrator or his/her representative within the work area using a HEPA 
filtered vacuum and wet cleaning methods as appropriate.  Remove these 
objects after cleaning and store in a protected area.

Pre-clean all surfaces in the work area using HEPA filtered vacuums and/or 
wet cleaning methods as appropriate.  Methods that would raise dust, such 
as dry sweeping or vacuuming with equipment not equipped with HEPA filters, 
are PROHIBITED.  Pay detailed attention to machinery or areas behind 
grilles and gratings.

Do not remove or otherwise disturb asbestos containing building materials 
during the pre-cleaning phase.

3.3.2   Work Area(s) Notification

Inform all other Contractors and personnel on the site of the abatement 
work of the nature of the Contractor's work with ACM and/or PACM, of the 
existence of and requirements pertaining to regulated areas, and the 
measures taken to ensure that employees of such other Contractor employers 
are not exposed to asbestos in accordance with 29 CFR 1926.

Use industry controls and work practice methods in accordance with 
29 CFR 1926.  Ensure daily site inspection logs are posted at the jobsite 
by the on-site competent person.

Use flame resistant, 6 mil polyethylene sheeting when constructing Negative 
Pressure Enclosures (NPE) or decontamination areas.
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3.4   WASTE LOAD-OUT UNIT

Establish a waste load-out unit to provide for interim secure storage.  
Include an equipment room for storage of asbestos-contaminated items 
(drums, tools, equipment).  Decontaminate all equipment and waste 
containers  prior to being taken out of the work area(s).

All asbestos-containing waste material is to be sealed in leak-tight 
disposal containers.  Thoroughly wet all waste within the disposal 
containers.  Maintain proper labeling protocols for all running and final 
inventory of filled disposable containers.

3.5   SIGNS AND MARKINGS

Post signs prior to commencing asbestos work as required in 29 CFR 1926.  
Post signs at the perimeter of the asbestos work areas, along the route of 
the temporary waste material holding (Drum Staging) area, and at all 
entrances to asbestos work areas.  Ensure signs are conspicuous and legible.

Post telephone numbers and locations of emergency services including, but 
not limited to, fire, ambulance, doctor, and hospital, at the regulated 
area.

Post one copy of all permits at the work site perimeter in a accessible 
location outside the regulated area.

Post one copy of the Abatement Contractors current license at the work site 
perimeter in a accessible location outside the regulated area.

Post hazard communication notification signs in accordance with KNPR 1840.19
requirements.

3.6   NEGATIVE AIR SYSTEM

Construct Negative Pressure Enclosures (NPE's) as required by 29 CFR 1926.

Duct each of the negative air units through the containment barrier walls 
to the outside of the work area(s).  When the building is occupied, ensure 
that the ducts exhaust into the outside air; otherwise, they may exhaust 
into an area of the building beyond the critical barriers.  Never exhaust 
the units into the work area(s).

Provide each unit with temporary back-up electrical power (120 Volt AC) in 
the event of power failures or outages.

3.6.1   Testing

Design the negative air system to provide a minimum of four (4) air changes 
per hour and test before any work is begun.  After the work area has been 
prepared, the decontamination unit set up, and the negative air units(s) 
installed, test the system.  Prior to beginning abatement activities, an 
Asbestos Abatement Pre-Work Inspection checklist (KSC Form 28-1230NS) will 
be completed by the Contractor's competent person to verify the adequacy of 
the containment system and work area.  Once activated, ensure the negative 
air exhaust unit(s)  remain in operation until final clearance air 
monitoring has been performed and the KSC IH has approved their 
shutdown/removal.  Maintain daily negative pressure logs for review by the 
FLAC and submit as part of the closeout documents.
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Install a differential pressure meter or manometer to continuously measure 
pressure differential between inside and outside the work area for all 
Class I activities which utilize a NPE.  Maintain a minimum pressure 
differential of 0.02 inch of water column.

3.7   RESPIRATORY PROTECTION

Instruct and train each worker involved in asbestos abatement in proper 
respirator use and care.  Fit all respirators by approved qualitative or 
quantitative test.  Use respiratory protection appropriate for the fiber 
level encountered in the Work Area and as specified herein, or as required 
for other situations encountered.

3.7.1   Air Quality for Supplied Air Respiratory Systems

The Contractor is to provide air used for breathing in Type "C" supplied 
air respiratory systems that meets or exceeds CGA G-7.1, standards for 
Grade D air.

3.8   REMOVAL OF ASBESTOS

Use industry controls and work practices for all operations in accordance 
with 29 CFR 1926 Methods of Compliance for Class I, II, III, or IV asbestos 
work.  The FLAC or his/her representative are responsible for these 
practices.

Ensure all Class I, II, III and IV work is supervised by an on site 
Competent Person at all times that work is in progress.

Following removal of contaminated items and asbestos material, seal the 
edges of adjacent surfaces, which were exposed when asbestos was removed, 
with an asbestos bridging sealant/encapsulant.

3.9   DAILY HOUSEKEEPING

Maintain a clean work area in accordance with 29 CFR 1926.  Perform the 
following housekeeping functions at the end of each shift or prior to 
leaving the work site unattended:

a.  Prepare contaminated waste for disposal by packaging the waste and 
removing it from the work area.

b.  HEPA vacuum the work area.

c.  Visually inspect polyethylene in the work area and other high traffic 
areas.

3.10   CLEANING PROCEDURES

Clean the work area at the end of each day's abatement activities.  
Designate a separate, secured area within the work area for storage of 
debris until it can be properly disposed.  Secure the work area after 
termination of the work day to prevent entry.  Regularly dispose and 
replace disposable supplies, such as mop heads, sponges, and rags.  Clean 
all equipment by HEPA vacuuming and wet wiping.

Clean all work areas in which abatement operations have been completed, 
starting at the ceiling and working down to the floors, by HEPA vacuuming 
and wet wiping.  Prior to removal of worksite access controls and 
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re-occupancy inspection by the Government, and upon satisfactory final 
clearance air sampling, and removal of polyethylene sheeting, perform a 
final cleaning (wet wipe) of all surfaces within the work area.

3.11   INSPECTION

Do not commence removal of asbestos materials prior to satisfactory  
concurrence by the Contractor's competent person to proceed on the Asbestos 
Abatement Pre-Work Inspection (checklist KSC Form 28-1230NS).

3.11.1   Initial Inspection

The Contractor and the independent IH will conduct a walk-through of the 
work area prior to beginning the abatement work to review existing 
conditions and ensure safe and practical conditions for the work to be 
implemented.  Any damage to structures, surfaces, and equipment, which 
could be misconstrued as damage resulting from work, is to be documented by 
the Contractor and immediately submitted to the Contracts Administrator.

Perform background sampling for work areas in accordance with 29 CFR 1926 
prior to beginning the abatement work.

3.11.2   Daily Inspection

Maintain a work site entry log of all personnel who enter the regulated 
work area.  Through continuous surveillance and inspections of the 
worksite, ensure the integrity of containment, proper function of the 
negative pressure system, and posting of signs and labels.  Also ensure, 
through frequent inspections during each work shift, that negative pressure 
is maintained, appropriate work practices are followed, appropriate 
protective clothing and equipment are used, and worker decontamination 
procedures are being followed.

Ensure that critical barriers and negative pressure enclosures remain 
effectively sealed and taped.  Take immediate action to remedy defects 
immediately upon discovery.  Details of the inspections are to be included 
in the Contractor's daily inspection log and posted in an accessible 
location outside the regulated area.

Provide updated copies of the Air Monitoring Reports, daily site inspection 
logs and waste stream inventory to the Contracts Administrator at the end 
of each week of the abatement work.

NASA/Kennedy Space Center reserves the right to conduct periodic 
inspections and air monitoring in the work area(s).  If the work area is 
unsafe as determined by the Contracts Administrator for KSC IH, the 
Contracts Administrator, will require the Contractor to stop work until the 
unsafe conditions are corrected.

3.11.3   Final Inspection

The thoroughness of asbestos removal is to be evaluated by visually 
inspecting the affected surfaces for residual asbestos material and 
accumulated dust followed by air sampling.  Evidence of residual asbestos 
or asbestos debris on any adjacent surfaces upon completion of the work is 
not acceptable.

Upon completion of the work, conduct a thorough visual inspection of the 
work area  by the Abatement Contractor and by the Contractor's competent 
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person to ensure no residual asbestos material, dust or debris remains.  
Document final inspections on the Asbestos Abatement Clearance Inspection 
Checklist (KSC Form 28-1231NS), and provide copies to the Contracting 
Officer.

If applicable, final aggressive air sampling is to be performed by the KSC 
IH for each NPE work area after completion of a satisfactory visual 
inspection.  The clearance criteria is 0.01 fibers per cubic centimeter 
(f/cc) of air as determined by PCM.  Satisfactory fiber counts from all 
final samples are to be less than 0.01 f/cc.  If any of the final air 
samples contain greater than 0.01 f/cc, repeat the final cleaning operation 
and re-test the area until satisfactory clearance levels are obtained.

Collect five (5) PCM final air samples for the first 5,000 square feet of 
containment plus one (1) additional PCM final air sample for each 
additional 5,000 square feet or one (1) air sample per room, whichever is 
greater.  The number of final air samples may be reduced for small 
enclosures of less than approximately 2500 square feet.  In no case may 
fewer than two (2) final samples be collected for any enclosure.

Ensure clearance air sample volumes meet the minimum volumes as indicated 
for analysis by NIOSH 7400 method.

3.12   ASBESTOS WASTE AND CONTAMINATED MATERIALS

3.12.1   Removal of Asbestos Waste Materials

For purposes of this paragraph, asbestos waste materials are defined as 
those materials which contain or have been contaminated by asbestos and are 
not planned to be encapsulated and remain at the job site.  They are 
primarily removed asbestos, disposable clothing and safety equipment, 
polyethylene sheeting, contaminated amended water, vacuum cleaner contents, 
and filtration media.

Contain all asbestos waste material in two (2) 6 mil polyethylene disposal 
bags, or two (2) 6 mil disposal bags and a sealed leak-tight container such 
as, but not limited to, a steel or fiberboard drum.  Pack the asbestos 
waste material while still wet.  Clean the external surface of the waste 
containers by HEPA vacuuming and wet wiping before moving from the work 
area.  Protect the interior of truck or dumpster with two layers of 
polyethylene sheeting.

3.12.1.1   Waste Inventory

Maintain Waste Inventory records of all generated waste drums or containers 
indicating the location and approximate quantity of material in each 
container.  Clearly label and mark all disposal containers, dumpsters, and 
trucks, in accordance with 40 CFR 61-SUBPART M, 29 CFR 1910 of OSHA's 
Hazard Communications Standard, and 49 CFR 171 and 49 CFR 172, Hazardous 
Substances.

Provide conspicuous, legible labels, affixed to plastic bags and drums 
indicating the name of the waste generator and the location (facility name 
and number) where the waste was generated.

For non-friable asbestos that will be disposed at the KSC/Schwartz Road 
Landfill, provide a completed landfill disposal verification form (KSC Form 
28-1064NS) send to Contracts Administration.  NOTE:  Regulated ACM is not 
permitted for disposal at KSC/Schwartz Road Landfill.
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Provide a Waste Shipment Record (WSR) to the waste site owner in accordance 
with the instructions in 40 CFR 61-SUBPART M.

3.12.2   Work Area Disposal

After final inspection has been completed and the work area is released for 
occupancy, shut off and remove the Negative Air System units.  Unseal all 
entrances and exits.  Dispose of all plastic sheeting, tape, and any other 
trash and debris, except for critical barriers, in sealable plastic bags, 
or in drums and moved to the staging area.  After final wet wipe of the 
work area and satisfactory clearance air sampling, dismantle critical 
barriers and the decontamination unit.

3.12.3   Decontamination Area And Support Area Disposal

Dismantle the decontamination area after the work area is released by the 
KSC IH for re-occupancy.  Vacuum all surfaces of the decontamination unit 
before it is disassembled.

3.13   WASTE TRANSPORTATION AND DISPOSAL

Transport and dispose of asbestos waste in full compliance with 
40 CFR 61-SUBPART M, SUBPART A, 49 CFR 171 and 49 CFR 172.

3.14   ASBESTOS ABATEMENT NOTICE AND CHECKLIST

An Asbestos Abatement Pre-Work Inspection form (KSC Form 28-1230NS) and an 
Asbestos Abatement Clearance Checklist (KSC Form 28-1231NS) will be 
provided by the Contractor's competent person.  Send copies to the 
Contracts Administrator upon satisfactory completion of the work.  Notify 
KSC IH and the Contracts Administrator at least three days prior to the 
planned commencement of work.  Coordinate and schedule all Pre-Work and 
Clearance Site inspections with KSC IH.  The completed forms are to be used 
to establish approval of the containment, work practices and final 
acceptance/re-occupancy of the work area(s).

3.15   FINAL ACCEPTANCE

3.15.1   Closeout Submittals

Within 10 days after the completion of work, submit to the Contracts 
Administrator a written summary and copies of the following items:

a.  Notification of Demolition/Renovation

b.  Waste Disposal Permit

c.  Disposal Shipping Manifests and Tickets

d.  Daily Site Inspection Logs

e.  Negative Pressure Logs

f.  OSHA Compliance Inspection Records

g.  Air Monitoring Reports

h.  Independent Monitoring Data
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i.  Calibration Records

j.  Waste Stream Inventory

The work will not be considered complete until the asbestos materials 
identified herein have been abated, the areas cleaned, satisfactory 
clearance air monitoring completed, all asbestos contaminated waste has 
been properly disposed of, and all project close out documents have been 
received and approved by the Contracts Administrator.

        -- End of Section --
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SECTION 02 82 33.13 20

REMOVAL/CONTROL AND DISPOSAL OF PAINT WITH LEAD

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA)

AIHA Z88.6 (2006) Respiratory Protection - Respirator 
Use-Physical Qualifications for Personnel

U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT (HUD)

HUD 6780 (1995; Errata Aug 1996;Rev Ch. 7 - 1997) 
Guidelines for the Evaluation and Control 
of Lead-Based Paint Hazards in Housing

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1926.103 Respiratory Protection

29 CFR 1926.21 Safety Training and Education

29 CFR 1926.33 Access to Employee Exposure and Medical 
Records

29 CFR 1926.55 Gases, Vapors, Fumes, Dusts, and Mists

29 CFR 1926.59 Hazard Communication

29 CFR 1926.62 Lead

29 CFR 1926.65 Hazardous Waste Operations and Emergency 
Response

40 CFR 260 Hazardous Waste Management System:  General

40 CFR 261 Identification and Listing of Hazardous 
Waste

40 CFR 262 Standards Applicable to Generators of 
Hazardous Waste

40 CFR 263 Standards Applicable to Transporters of 
Hazardous Waste

40 CFR 264 Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage, and 
Disposal Facilities
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40 CFR 265 Interim Status Standards for Owners and 
Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities

40 CFR 268 Land Disposal Restrictions

40 CFR 745 Lead-Based Paint Poisoning Prevention in 
Certain Residential Structures

49 CFR 172 Hazardous Materials Table, Special 
Provisions, Hazardous Materials 
Communications, Emergency Response 
Information, and Training Requirements

49 CFR 178 Specifications for Packagings

UNDERWRITERS LABORATORIES (UL)

UL 586 (2009) Standard for High-Efficiency 
Particulate, Air Filter Units

1.2   DEFINITIONS

1.2.1   Abatement

"Abatement" means any set of measures designed to permanently eliminate 
lead-based paint hazards in accordance with standards established by 
appropriate Federal agencies. Such term includes:

a. The removal of lead-based paint and lead-contaminated dust. and

b. All preparation, cleanup, disposal, and post-abatement clearance testing 
activities associated with such measures.

1.2.2   Action Level

Employee exposure, without regard to use of respirators, to an airborne 
concentration of lead of 30 micrograms per cubic meter of air averaged over 
an 8 hour period in a work environment.

1.2.3   Area Sampling

Sampling of lead concentrations within the lead control area and inside the 
physical boundaries, which is representative of the airborne lead 
concentrations but is not collected in the breathing zone of personnel.

1.2.4   Competent Person (CP)

As used in this section, refers to a person employed by the Contractor who 
is trained in the recognition and control of lead hazards in accordance 
with current federal, State, and local regulations. A Certified Industrial 
Hygienist (CIH) certified for comprehensive practice by the American Board 
of Industrial Hygiene or a Certified Safety Professional (CSP) certified by 
the Board of Certified Safety Professionals is the best choice.

1.2.5   Contaminated Room

Refers to a room for removal of contaminated personal protective equipment 
(PPE).
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1.2.6   Decontamination Shower Facility

That facility that encompasses a clean clothing storage room, and a 
contaminated clothing storage and disposal rooms, with a shower facility in 
between.

1.2.7   Deleading

Activities conducted by a person who offers to eliminate lead-based paint 
or lead-based paint hazards.

1.2.8   Eight-Hour Time Weighted Average (TWA)

Airborne concentration of lead to which an employee is exposed, averaged 
over an 8 hour workday as indicated in 29 CFR 1926.62.

1.2.9   High Efficiency Particulate Air (HEPA) Filter Equipment

HEPA filtered vacuuming equipment with a UL 586 filter system capable of 
collecting and retaining lead-contaminated paint dust. A high efficiency 
particulate filter means 99.97 percent efficient against 0.3 micron or 
larger size particles.

1.2.10   Lead

Metallic lead, inorganic lead compounds, and organic lead soaps.

1.2.11   Lead-Based Paint (LBP)

Paint or other surface coating that contains lead in excess of 1.0 
milligrams per centimeter squared or 0.5 percent by weight.

1.2.12   Lead-Based Paint Hazard (LBP Hazard)

Any condition that causes exposure to lead from lead-contaminated dust, 
lead-contaminated soil, lead-based paint that is deteriorated or present in 
accessible surfaces, friction surfaces, or impact surfaces that would 
result in adverse human health effects.

1.2.13   Lead Control Area

A system to prevent the spread of lead dust, paint chips or debris to 
adjacent areas that may include temporary containment, floor or ground 
cover protection, physical boundaries, and warning signs to prevent 
unauthorized entry of personnel. HEPA filtered local exhaust equipment may 
be used as engineering controls to further reduce personnel exposures or 
building/outdoor environmental contamination.

1.2.14   Lead Permissible Exposure Limit (PEL)

Fifty micrograms per cubic meter of air as an 8 hour time weighted average 
as determined by 29 CFR 1926.62. If an employee is exposed for more than 
eight hours in a workday, the PEL shall be determined by the following 
formula:

PEL (micrograms/cubic meter of air) = 400/No. hrs worked per day
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1.2.15   Personal Sampling

Sampling of airborne lead concentrations within the breathing zone of an 
employee to determine the 8 hour time weighted average concentration in 
accordance with 29 CFR 1926.62. Samples shall be representative of the 
employees' work tasks. Breathing zone shall be considered an area within a 
hemisphere, forward of the shoulders, with a radius of 6 to 9 inches and 
centered at the nose or mouth of an employee.

1.2.16   Physical Boundary

Area physically roped or partitioned off around an enclosed lead control 
area to limit unauthorized entry of personnel. As used in this section, 
"inside boundary" shall mean the same as "outside lead control area but 
inside the physical boundary."

1.3   DESCRIPTION

1.3.1   Description of Work

Remove/control lead-based / paint with lead, located on the ECS equipment 
and piping and as indicated on the drawings.

Paint with lead is present on some of the ECS process piping and some ECS 
equipment as described in the project drawings. For equipment or materials 
being removed from service, the preferred method of disposal is to remove 
that equipment/material intact without disturbing the painted coating. For 
long sections of piping or other equipment where cutting is necessary for 
size reduction, first remove the paint in the areas that will be cut. 
Follow the methods described in this specification for containing and 
collecting the dust and debris during the paint removal process.

For removal of paint with lead from equipment that is being reused or 
refurbished, completely remove the paint down to bare metal using one of 
the approved methods listed in this section.

1.3.2   Coordination with Other Work

The contractor shall coordinate with work being performed in adjacent 
areas. Coordination procedures shall be explained in the Removal/Control 
Plan and shall describe how the Contractor will prevent lead exposure to 
other contractors and/or Government personnel performing work unrelated to 
lead activities.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-03 Product Data

Vacuum Filters; G

Respirators; G

SD-06 Test Reports
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Sampling Results; G

SD-07 Certificates

Qualifications of CP; G

Testing Laboratory qualifications; G

Training Certification of workers and supervisors; G

Notification of the Commencement of LBP Hazard Abatement; G

Lead-based paint/paint with lead removal/control plan including CP 
approval (signature, date, and certification number); G

Respiratory Protection Program; G

Hazard Communication Program; G

Lead Waste Management Plan; G

Clearance Certification; G

SD-11 Closeout Submittals

Certification of Medical Examinations; G

DD Form 1348-1; G

Employee Training Certification; G

1.5   QUALITY ASSURANCE

1.5.1   Qualifications

1.5.1.1   Qualifications of CP

Submit name, address, and telephone number of the CP selected to perform 
responsibilities specified in paragraph entitled "Competent Person (CP) 
Responsibilities." Provide previous experience of the CP. Submit proper 
documentation that the CP is trained and licensed in accordance with 
Federal, State, and local laws.

1.5.1.2   Training Certification

Submit a certificate for each employee and supervisor, signed and dated by 
the authorized training provider meeting 40 CFR 745 (Subpart L) 
requirements, stating that the employee or supervisor has received the 
required lead training and is certified to perform or supervise deleading 
or lead removal.  

1.5.1.3   Testing Laboratory

Submit the name, address, and telephone number of the testing laboratory 
selected to perform the air and wipe sampling, testing, and reporting of 
airborne concentrations of lead. Use a laboratory accredited under the EPA 
National Lead Laboratory Accreditation Program (NLLAP) by either the 
American Association for Laboratory Accreditation (A2LA) or the American 
Industrial Hygiene Association (AIHA) and that is successfully 
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participating in the Environmental Lead Proficiency Analytical Testing 
(ELPAT) program to perform sample analysis. Laboratories selected to 
perform blood lead analysis shall be OSHA approved.

1.5.2   Requirements

1.5.2.1   Competent Person (CP) Responsibilities

a. Verify training meets all federal, State, and local requirements.

b. Review and approve lead-based paint/paint with lead removal/control plan 
for conformance to the applicable standards.  Ensure work is performed 
in strict accordance with specifications at all times.

c. Continuously inspect lead-based paint removal/control work for 
conformance with the approved plan.

d. Perform air and wipe sampling.

e. Control work to prevent hazardous exposure to human beings and to the 
environment at all times.

f. Certify the conditions of the work as called for elsewhere in this 
specification.

1.5.2.2   Lead-Based Paint/Paint with Lead Removal/Control Plan (LBP/PWL R/CP)

Submit a detailed job-specific plan of the work procedures to be used in 
the removal/control of LBP/PWL. The plan shall include a sketch showing the 
location, size, and details of lead control areas, location and details of 
decontamination facilities, viewing ports, and mechanical ventilation 
system. Include a description of equipment and materials, controls and job 
responsibilities for each activity from which lead is emitted. Include in 
the plan, eating, drinking, smoking and sanitary procedures, interface of 
trades, sequencing of lead related work, collected waste water and paint 
debris disposal plan, air sampling plan, respirators, personal protective 
equipment, and a detailed description of the method of containment of the 
operation to ensure that lead is not released outside the lead control 
area. Include site preparation, cleanup and clearance procedures. Include 
occupational and environmental sampling, training, sampling methodology, 
frequency, duration of sampling, and qualifications of sampling personnel 
in the air sampling portion of the plan.  Include a description of 
arrangements made among contractors on multi-contractor worksites to inform 
affected employees and to clarify responsibilities to control exposures.

1.5.2.3   Occupational and Environmental Assessment Data Report

If initial monitoring is necessary, submit occupational and environmental 
sampling results to the Contracting Officer within three working days of 
collection, signed by the testing laboratory employee performing the 
analysis, the employee that performed the sampling, and the CP.

In order to reduce the full implementation of 29 CFR 1926.62, the 
Contractor shall provide documentation.  Submit a report that supports the 
determination to reduce full implementation of the requirements of 
29 CFR 1926.62 and supporting the Lead Removal/Control Plan.

a.  The initial monitoring shall represent each job classification, or if 
working conditions are similar to previous jobs by the same employer, 
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provide previously collected exposure data that can be used to estimate 
worker exposures per 29 CFR 1926.62. The data shall represent the 
worker's regular daily exposure to lead for stated work.

b. Submit worker exposure data gathered during the task based trigger 
operations of 29 CFR 1926.62 with a complete process description. This 
includes manual demolition, manual scraping, manual sanding, heat gun, 
power tool cleaning, rivet busting, cleanup of dry expendable 
abrasives, abrasive blast enclosure removal, abrasive blasting, 
welding, cutting and torch burning where lead containing coatings are 
present.

c. The initial assessment shall determine the requirement for further 
monitoring and the need to fully implement the control and protective 
requirements including the lead compliance plan per 29 CFR 1926.62.

1.5.2.4   Medical Examinations

Initial medical surveillance as required by 29 CFR 1926.62 shall be made 
available to all employees exposed to lead at any time (1 day) above the 
action level. Full medical surveillance shall be made available to all 
employees on an annual basis who are or may be exposed to lead in excess of 
the action level for more than 30 days a year or as required by 
29 CFR 1926.62. Adequate records shall show that employees meet the medical 
surveillance requirements of 29 CFR 1926.33, 29 CFR 1926.62, and 
29 CFR 1926.103. Maintain complete and accurate medical records of 
employees for a period of at least 30 years or for the duration of 
employment plus 30 years, whichever is longer.

1.5.2.5   Training

Train each employee performing paint removal, disposal, and air sampling 
operations prior to the time of initial job assignment and annually 
thereafter, in accordance with 29 CFR 1926.21, 29 CFR 1926.62, and State 
and local regulations where appropriate.

1.5.2.6   Respiratory Protection Program

a. Provide each employee required to wear a respirator a respirator fit 
test at the time of initial fitting and at least annually thereafter as 
required by 29 CFR 1926.62.

b. Establish and implement a respiratory protection program as required by 
AIHA Z88.6, 29 CFR 1926.103, 29 CFR 1926.62, and 29 CFR 1926.55.

1.5.2.7   Hazard Communication Program

Establish and implement a Hazard Communication Program as required by 29
CFR 1926.59.

1.5.2.8   Lead Waste Management Plan

The Lead Waste Management Plan shall comply with applicable requirements of 
federal, State, and local hazardous waste regulations and address:

a. Identification and classification of hazardous wastes associated with 
the work.

b. Estimated quantities of wastes to be generated and disposed of.
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c. Names and qualifications of each contractor that will be transporting, 
storing, treating, and disposing of the wastes. Include the facility 
location and a 24-hour point of contact. Furnish two copies of proof of 
State and local hazardous waste permits and  Transporter Number.

d. Names and qualifications (experience and training) of personnel who will 
be working on-site with hazardous wastes.

e. List of waste handling equipment to be used in performing the work, to 
include cleaning, volume reduction, and transport equipment.

f. Spill prevention, containment, and cleanup contingency measures 
including a health and safety plan to be implemented in accordance with 
29 CFR 1926.65.

g. Work plan and schedule for waste containment, removal and disposal. 
Wastes shall be cleaned up and containerized daily. Proper containment 
of the waste includes using acceptable waste containers (e.g., 
55-gallon drums) as well as proper marking/labeling of the containers.

h. Unit cost for waste disposal according to this plan.

1.5.2.9   Environmental, Safety and Health Compliance

In addition to the detailed requirements of this specification, comply with 
laws, ordinances, rules, and regulations of Federal, State, and local 
authorities regarding removing, handling, storing, transporting, and 
disposing of lead waste materials. Comply with the applicable requirements 
of the current issue of 29 CFR 1926.62. Submit matters regarding 
interpretation of standards to the Contracting Officer for resolution 
before starting work. Where specification requirements and the referenced 
documents vary, the most stringent requirement shall apply. 

Licensing and certification in the State of FL is required.

1.5.3   Pre-Construction Conference

Along with the CP, meet with the Contracting Officer's Technical 
Representative (COTR) to discuss in detail the lead waste management plan 
and the lead-based paint/paint with lead removal/control plan, including 
work procedures and precautions for the removal plan.

1.6   EQUIPMENT

1.6.1   Respirators

Furnish appropriate respirators approved by the National Institute for 
Occupational Safety and Health (NIOSH), Department of Health and Human 
Services, for use in atmospheres containing lead dust. Respirators shall 
comply with the requirements of 29 CFR 1926.62.

1.6.2   Special Protective Clothing

Furnish personnel who will be exposed to lead-contaminated dust with proper 
protective whole body clothing, head covering, gloves, and foot coverings 
as required by 29 CFR 1926.62. Furnish proper disposable plastic or rubber 
gloves to protect hands. Reduce the level of protection only after 
obtaining approval from the CP.
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1.6.3   Rental Equipment Notification

If rental equipment is to be used during lead-based paint handling and 
disposal, notify the rental agency in writing concerning the intended use 
of the equipment. Furnish a copy of the written notification to the 
Contracting Officer.

1.6.4   Vacuum Filters

UL 586 labeled HEPA filters.

1.6.5   Equipment for Government Personnel

Furnish the Contracting Officer's Technical Representative with two  
complete sets of personal protective equipment (PPE) daily, as required 
herein, for entry into and inspection of the paint removal work within the 
lead controlled area. Personal protective equipment shall include 
disposable whole body covering, including appropriate foot, head, and hand 
protection. PPE shall remain the property of the Contractor. The Government 
will provide respiratory protection for the Contracting Officer.

1.7   PROJECT/SITE CONDITIONS

1.7.1   Protection of Existing Work to Remain

Perform paint removal work without damage or contamination of adjacent 
areas. Where existing work is damaged or contaminated, restore work to its 
original condition or better.

PART 2   PRODUCTS

"NOT USED"

PART 3   EXECUTION

3.1   PREPARATION

3.1.1   Protection

3.1.1.1   Notification

a. Notify the Contracting Officer's Technical Representative 20 days prior 
to the start of any paint removal work.

b. Notification of the Commencement of LBP Hazard Abatement

Submit a copy of the notification of the commencement of LBP hazard 
abatement to the Contracting officer's Technical Representative and add to 
submittal register.

3.1.1.2   Boundary Requirements

a. Provide physical boundaries around the lead control area by roping off 
the area designated in the work plan or providing curtains, portable 
partitions or other enclosures to ensure that lead will not escape 
outside the lead control area.

b. Warning Signs - Provide warning signs at approaches to lead control 
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areas. Locate signs at such a distance that personnel may read the sign 
and take the necessary precautions before entering the area. Signs 
shall comply with the requirements of 29 CFR 1926.62.

3.1.1.3   Heating, Ventilating and Air Conditioning (HVAC) Systems

Shut down, lock out, and isolate HVAC systems that supply, exhaust, or pass 
through the lead control areas. Seal intake and exhaust vents in the lead 
control area with 6 mil plastic sheet and tape. Seal seams in HVAC 
components that pass through the lead control area.

3.1.1.4   Decontamination Shower Facility

Provide clean and contaminated change rooms and shower facilities in 
accordance with this specification and 29 CFR 1926.62.

3.1.1.5   Eye Wash Station

Where eyes may be exposed to injurious corrosive materials, suitable 
facilities for quick drenching or flushing of the eyes shall be provided 
within the work area.

3.1.1.6   Mechanical Ventilation System

a. Use adequate ventilation to control personnel exposure to lead in 
accordance with 29 CFR 1926.62.

b. To the extent feasible, use local exhaust ventilation connected to HEPA 
filters or other collection systems, approved by the CP. Local exhaust 
ventilation systems shall be evaluated and maintained in accordance 
with 29 CFR 1926.62.

c. Vent local exhaust outside the building only and away from building 
ventilation intakes.

d. Use locally exhausted, power actuated, paint removal tools.

3.1.1.7   Personnel Protection

Personnel shall wear and use protective clothing and equipment as specified 
herein. Eating, smoking, or drinking or application of cosmetics is not 
permitted in the lead control area. No one will be permitted in the lead 
control area unless they have been appropriately trained and provided with 
protective equipment.

3.2   ERECTION

3.2.1   Lead Control Area Requirements

Establish a lead control area by situating critical barriers and physical 
boundaries around the area or structure where LBP/PWL removal/control 
operations will be performed.

3.3   APPLICATION

3.3.1   Work Procedures

Perform removal of lead-based paint in accordance with approved lead-based 
paint/paint with lead removal/control plan. Use procedures and equipment 
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required to limit occupational and environmental exposure to lead when 
lead-based paint is removed in accordance with 29 CFR 1926.62. Dispose of 
removed paint chips and associated waste in compliance with Environmental 
Protection Agency (EPA), State, and local requirements.

3.3.2   Lead-Based Paint Removal/Control/Deleading

Manual or power sanding of interior and exterior surfaces is not permitted 
unless tools are equipped with HEPA attachments or wet methods.  The dry 
sanding or grinding of surfaces that contain lead is prohibited. Provide 
methodology for LBP removal/control in work plan. Remove paint within the 
areas designated on the drawings in order to completely expose the 
substrate. Take whatever precautions necessary to minimize damage to the 
underlying substrate.

For lead paint removal from metal surfaces, use one of the following 
approved methods:

a.   Vacuum blasting (preferred)

b.   Abrasive blasting (requires use of HEPA exhaust control or wet methods 
of dust control.

c.   Chemical stripping (outdoor only)

The following methods are prohibited

a.   Open flame burning or torching

b.   Dry sanding or grinding - machine or manual

c.   Thermal stripping (heat gun)

Provide methodology for LBP/PWL removal and processes to minimize 
contamination of work areas outside the control area with lead-contaminated 
dust or other lead-contaminated debris/waste and to ensure that unprotected 
personnel are not exposed to hazardous concentrations of lead. Describe 
this LBP/PWL removal/control process in the LBP/PWL R/CP. 

3.3.2.1   Indoor Paint Removal

Perform manual, mechanical, or chemical paint removal in lead control areas 
using enclosures, barriers, or containments and powered locally exhausted 
paint removal tools. Collect residue for disposal in accordance with 
federal, State, and local requirements.

3.3.2.2   Outdoor Paint Removal

Perform outdoor removal as indicated in federal, State, and local 
regulations and in the LBP/CPR/CP. The worksite preparation (barriers or 
containments) shall be job dependent and presented in the LBP/PWL R/CP.

3.3.3   Personnel Exiting Procedures

Whenever personnel exit the lead-controlled area, they shall perform the 
following procedures and shall not leave the work place wearing any 
clothing or equipment worn during the work day:

a. Vacuum themselves off.
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b. Remove protective clothing in the contaminated change room, and place 
them in an approved impermeable disposal bag.

c. Shower.

d. Change to clean clothes prior to leaving the physical boundary 
designated around the lead control area.

3.4   FIELD QUALITY CONTROL

3.4.1   Tests

3.4.1.1   Air and Wipe Sampling

Air sample for lead in accordance with 29 CFR 1926.62 and as specified 
herein. Air and wipe sampling shall be directed or performed by the CP.

a. The CP shall be on the job site directing the air and non-clearance wipe 
sampling and inspecting the lead-based paint removal/control work to 
ensure that the requirements of the contract have been satisfied during 
the entire lead-based paint removal operation.

b. Collect personal air samples on employees who are expected to have the 
greatest risk of exposure as determined by the CP. In addition, collect 
air samples on at least 25 percent of the work crew or a minimum of two 
employees, whichever is greater, during each work shift.

c. Submit results of air samples, within 72 hours after the air samples are 
taken. 

3.4.1.2   Air Sampling During Paint Removal Work

Conduct area air sampling daily, on each shift in which lead-based paint 
removal operations are performed, in areas immediately adjacent to the lead 
control area. Sufficient area monitoring shall be conducted to ensure 
unprotected personnel are not exposed at or above 30 micrograms per cubic 
meter of air. If 30 micrograms per cubic meter of air is reached or 
exceeded, stop work, correct the conditions(s) causing the increased 
levels. Notify the Contracting Officer immediately. Determine if 
condition(s) require any further change in work methods. Removal work shall 
resume only after the CP and the Contracting Officer give approval. For 
outdoor operations, at least one sample on each shift shall be taken on the 
downwind side of the lead control area.

3.4.1.3   Sampling After Paint Removal/Control

After the visual inspection, collect wipe samples according to the HUD 
protocol contained in HUD 6780 to determine the lead content of settled 
dust and dirt in micrograms per square meter foot of surface area.

3.4.1.4   Testing of Removed Paint and Used Abrasive

Test removed paint and used abrasive in accordance with 40 CFR 261 for 
hazardous waste.
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3.5   CLEANING AND DISPOSAL

3.5.1   Cleanup

Maintain surfaces of the lead control area free of accumulations of paint 
chips and dust. Restrict the spread of dust and debris; keep waste from 
being distributed over the work area. Do not dry sweep or use compressed 
air to clean up the area. At the end of each shift and when the paint 
removal operation has been completed, clean the area of visible lead paint 
contamination by vacuuming with a HEPA filtered vacuum cleaner, wet mopping 
the area and wet wiping the area as indicated by the CP. Reclean areas 
showing dust or residual paint chips or debris. After visible dust, chips 
and debris is removed, wet wipe and HEPA vacuum all surfaces in the work 
area. If adjacent areas become contaminated at any time during the work, 
clean, visually inspect, and then wipe sample all contaminated areas. The 
CP shall then certify in writing that the area has been cleaned of lead 
contamination before restarting work.

3.5.1.1   Clearance Certification

The CP shall certify in writing that air samples collected outside the lead 
control area during paint removal operations are less than 30 micrograms 
per cubic meter of air; the respiratory protection used for the employees 
was adequate; the work procedures were performed in accordance with 
29 CFR 1926.62 and 40 CFR 745; and that there were no visible accumulations 
of material and dust containing lead left in the work site. Do not remove 
the lead control area or roped off boundary and warning signs prior to the 
Contracting Officer's acknowledgement of receipt of the CP certification.

Certify surface wipe samples are not significantly greater than the initial 
surface loading determined prior to work.
For exterior paint removal/control work, soil samples taken at the exterior 
of the work site shall be used to determine if soil lead levels had 
increased at a statistically significant level (significant at the 95 
percent confidence limit) from the soil lead levels prior to the work. If 
soil lead levels do show a statistically significant increase or is above 
any applicable Federal or State standard for lead in soil, the soil shall 
be remediated back to the pre-work level.

Clear the lead control area in industrial facilities of all visible dust 
and debris.

3.5.2   Disposal

3.5.2.1   Disposal of Lead Waste

Dispose of lead waste in accordance with SECTION 01 57 20.00 10 
ENVIRONMENTAL PROTECTION.

a. Collect lead-contaminated waste, scrap, debris, bags, containers, 
equipment, and lead-contaminated clothing that may produce airborne 
concentrations of lead particles. Label the containers in accordance 
with 29 CFR 1926.62 and 40 CFR 262. Dispose of lead-contaminated waste 
material at the hazardous material landfill on Kennedy Space Center.

b. Place waste materials in U.S. Department of Transportation (49 CFR 178) 
approved 55 gallon drums. Properly label each drum to identify the type 
of waste (49 CFR 172) and the date the drum was filled. For hazardous 
waste, the collection drum requires marking/labeling in accordance with 
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40 CFR 262 during the accumulation/collection timeframe.  The 
Contracting Officer or an authorized representative will assign an area 
for interim storage of waste-containing drums. Do not store hazardous 
waste drums in interim storage longer than 90 calendar days from the 
date affixed to each drum.

c. Handle, transport, and dispose lead or lead-contaminated material 
classified as hazardous waste in accordance with 40 CFR 260, 40 CFR 261, 
40 CFR 262, 40 CFR 263, 40 CFR 264, and 40 CFR 265. Comply with land 
disposal restriction notification requirements as required by 40 CFR 268.

3.5.2.2   DD FORM 1348-1

Prepare DD Form 1348-1 Turn-in Document (TID), which will accompany the 
lead containing waste to the landfill site. Ensure that a responsible 
person from the activity that owns the lead containing waste signs the DD 
Form 1348-1.

3.5.3   Payment for Hazardous Waste

Payment for disposal of hazardous and non-hazardous waste will not be made 
until a completed DD form 1348-1 has been furnished to the contracting 
Officer.

        -- End of Section --
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SECTION 02 84 33

REMOVAL AND DISPOSAL OF POLYCHLORINATED BIPHENYLS (PCBs)

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.1000 Air Contaminants

29 CFR 1910.145 Accident Prevention Signs and Tags

40 CFR 761 Polychlorinated Biphenyls (PCBs) 
Manufacturing, Processing, Distribution in 
Commerce, and Use Prohibitions

49 CFR 178 Specifications for Packagings

1.2   REQUIREMENTS

The work includes the removal and disposal of equipment and piping coated 
with paint that contains PCBs at levels in excess of EPA regulatory 
limits.  This equipment and piping is identified in the contract drawings.  
Most equipment can be removed and disposed without disturbing the paint.  
Some piping will require cutting.  Special care will be required to contain 
paint dust during cutting.  Perform work in accordance with 40 CFR 761 and 
the requirements specified herein.

1.3   DEFINITIONS

1.3.1   PCBs

PCBs as used in this specification shall mean the same as PCBs, PCB 
Article, PCB Article Container, PCB Container, PCB Equipment, PCB Item, PCB 
Transformer, PCB-Contaminated Electrical Equipment, as defined in 40 CFR 761, 
Section 3, Definitions.

1.3.2   Spill

Spill means both intentional and unintentional spills, leaks, and other 
uncontrolled discharges when the release results in any quantity of PCBs 
running off or about to run off the external surface of the equipment or 
other PCB source, as well as the contamination resulting from those 
releases.

1.4   QUALITY ASSURANCE

1.4.1   Training

Instruct employees on the dangers of PCB exposure, on respirator use, 
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decontamination, and applicable OSHA and EPA regulations.

1.4.2   Certified Industrial Hygienist (CIH)

Obtain the services of an industrial hygienist certified by the American 
Board of Industrial Hygiene to certify training, review and approve the PCB 
removal plan, including determination of the need for personnel protective 
equipment (PPE) in performing PCB removal work.

1.4.3   Regulation Documents

Maintain at all times one copy each at the office and one copy each in view 
at the job site 29 CFR 1910.1000, 40 CFR 761, and Contractor work practices 
for removal, storage and disposal of PCBs.

1.4.4   Surveillance Personnel

Surveillance personnel may enter PCB control areas for brief periods of 
time provided they wear disposable polyethylene gloves and disposal 
polyethylene foot covers, as a minimum.  Additional protective equipment 
may be required if respiratory hazard is involved or if skin contact with 
PCB is involved.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-07 Certificates

Training certification; G

Qualifications of CIH; G

PCB removal work plan; G

PCB disposal plan; G

Notification; G

Transporter certification; G

1.6   EQUIPMENT

1.6.1   Special Clothing

Work clothes shall consist of PPE as required by OSHA regulations, 
including, but not limited to the following:

a.  Disposable coveralls

b.  Gloves (Disposable rubber gloves may be worn under these)

c.  Disposable foot covers (polyethylene)

d.  Chemical safety goggles
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e.  Half mask cartridge respirator.

1.6.2   Special Clothing for Government Personnel

Provide PPE specified in paragraph entitled "Special Clothing" to the 
Contracting Officer as required for inspection of the work.

1.7   QUALITY ASSURANCE

1.7.1   Training Certification

Submit certificates, prior to the start of work but after the main 
abatement submittals, signed and dated by the CIH and by each employee 
stating that the employee has received training.  Certificates shall be 
organized by individual worker, not grouped by type of certificates.

1.7.2   Qualifications of CIH

Submit the name, address, and telephone number of the Industrial Hygienist 
selected to perform the duties in paragraph entitled "Certified Industrial 
Hygienist."  Submit proper documentation that the Industrial Hygienist is 
certified, including certification number and date of 
certification/recertification.

1.7.3   PCB Removal Work Plan

Submit a detailed job-specific plan of the work procedures to be used in 
the removal of PCB-containing materials, not to be combined with other 
hazardous abatement plans.  Provide a Table of Contents for each abatement 
submittal which shall follow the sequence of requirements in the contract.  
The plan shall include a sketch showing the location, size, and details of 
PCB control areas.  Include in the plan, eating, drinking, smoking and 
restroom procedures, interface of trades, sequencing of PCB related work, 
PCB disposal plan, respirators, protective equipment, and a detailed 
description of the method of containment of the operation to ensure that 
PCB contamination is not spread or carried outside of the control area.  
Include provisions to ensure that airborne PCB concentrations of 3.10 E-08 
pound per cubic feet of air are not exceeded outside of the PCB control 
area.  Include air sampling, training and strategy, sampling methodology, 
frequency, duration of sampling, and qualifications of air monitoring 
personnel in the air sampling portion of the plan. Obtain approval of the 
plan prior to the start of PCB removal work.

1.7.4   PCB Disposal Plan

Submit a PCB Disposal Plan within 45 calendar days after award of contract 
for Contracting Officer's approval.  The PCB Disposal Plan shall comply 
with applicable requirements of Federal, State, and local PCB waste 
regulations and address:

a.  Identification of PCB wastes associated with the work.

b.  Estimated quantities of wastes to be generated and disposed of.

c.  Names and qualifications of each contractor that will be transporting, 
storing, treating, and disposing of the wastes.  Include the facility 
location and a 24-hour point of contact.  Furnish two copies of EPA, 
State and local PCB waste permits and EPA Identification numbers.
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d.  Names and qualifications (experience and training) of personnel who 
will be working on-site with PCB wastes.

e.  List of waste handling equipment to be used in performing the work, to 
include cleaning, volume reduction, and transport equipment.

f.  Work plan and schedule for PCB waste containment, removal and disposal. 
Wastes shall be cleaned up and containerized daily.

1.7.5   Notification

Notify the Contracting Officer 20 days prior to the start of PCB removal 
work.

1.7.6   Transporter Certification

Notification to EPA of their PCB waste activities and EPA ID Numbers.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION

3.1   PROTECTION

3.1.1   Decontamination Room, Clean Room and Shower Facilities

a.  Provide material and labor for construction of a decontamination room, 
a clean room, and shower facilities.  Provide rooms with doors and 
attach to the exit ways of PCB work areas.  Rooms shall be of 
sufficient size to accommodate the Contractor's operation within.  
Existing facilities with water closets, urinals, wash basins and 
showers may be used if available to the Contractor.  Provide separate 
clothing lockers or containers in each room to prevent contamination of 
street and work clothes.

b.  Remove PCB-contaminated PPE in the decontamination room.  Workers shall 
then proceed to showers.  Workers shall shower before lunch and at the 
end of each day's work.  Hot water, towels, soap, and hygienic 
conditions are the responsibility of the Contractor.

3.1.2   PCB Control Area

Isolate PCB control area by physical boundaries to prevent unauthorized 
entry of personnel.  Food, drink and smoking materials shall not be 
permitted in areas where PCBs are handled or PCB items are stored.

3.1.3   Personnel Protection

Workers shall wear and use PPE, as recommended by the Industrial Hygienist, 
upon entering a PCB control area.  If PPE is not required per the CIH, 
specify in the PCB removal work plan.

3.1.4   Footwear

Work footwear shall remain inside work area until completion of the job.
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3.1.5   Permissible Exposure Limits (PEL)

PEL for PCBs is 3.1 E-08 lb/cubic foot on an 8-hour time weighted average 
basis.

3.1.6   Special Hazards

a.  PCBs shall not be exposed to open flames or other high temperature 
sources since toxic decomposition by-products may be produced.

b.  PCBs shall not be heated to temperatures of 135 degrees F or higher 
without Contracting Officer's concurrence.

3.1.7   PCB Caution Label

40 CFR 761, Subpart C.  Affix labels to PCB waste containers and other 
PCB-contaminated items.  Provide label with sufficient print size to be 
clearly legible, with bold print on a contrasting background, displaying 
the following:  CAUTION:  Contains PCBs (Polychlorinated Biphenyls).

3.1.8   PCB Caution Sign

29 CFR 1910.145.  Provide signs at approaches to PCB control areas.  Locate 
signs at such a distance that personnel may read the sign and take the 
necessary precautions before entering the area.

3.2   WORK PROCEDURE

Furnish labor, materials, services, and equipment necessary for the 
complete removal of PCBs located at the site as indicated or specified in 
accordance with local, State, or Federal regulations.  Package and mark PCB 
as required by EPA and DOT regulations and dispose of off Government 
property in accordance with EPA, DOT, and local regulations at a permitted 
site.

3.2.1   No Smoking

Smoking is not permitted within 50 feet of the PCB control area.  Provide 
"No Smoking" signs as directed by the Contracting Officer.

3.2.2   Work Operations

Ensure that work operations or processes involving PCB or PCB-contaminated 
materials are conducted in accordance with 40 CFR 761 and the applicable 
requirements of this section, including but not limited to:

a.  Obtaining advance approval of PCB storage sites.

b.  Notifying Contracting Officer prior to commencing the operation.

c.  Containing airborne paint particles generated from cutting materials 
with PCB-containing paint.

d.  Maintaining an access log of employees working in a PCB control area 
and providing a copy to the Contracting Officer upon completion of the 
operation.

e.  Inspecting PCB and PCB-contaminated items and waste containers for 
leaks and forwarding copies of inspection reports to the Contracting 
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Officer.

f.  Maintaining inspection, inventory and spill records.

3.3   PCB REMOVAL

Select PCB removal procedure to minimize contamination of work areas with 
PCB or other PCB-contaminated debris/waste.  Handle PCBs such that no skin 
contact occurs.  PCB removal process should be described in the work plan.

3.3.1   Control Area

Establish a PCB control area around the PCB item as specified in paragraph 
entitled "PCB Control Area."  Only personnel briefed on the elements in the 
paragraph entitled "Training" and on the handling precautions shall be 
allowed into the area.

3.3.2   Exhaust Ventilation

If used, exhaust ventilation for PCB operations shall discharge to the 
outside and away from personnel.

3.3.3   Temperatures

As feasible, handle PCBs at ambient temperatures and not at elevated 
temperatures.

3.3.4   Solvent Cleaning

Clean contaminated tools, containers, etc., after use by rinsing three 
times with an appropriate solvent or by wiping down three times with a 
solvent wetted rag.  Suggested solvents are stoddard solvent or hexane.

3.3.5   Evacuation Procedures

Procedures shall be written for evacuation of injured workers.  Aid for a 
seriously injured worker shall not be delayed for reasons of 
decontamination.

3.4   STORAGE FOR DISPOSAL

3.4.1   Storage Containers for PCBs

49 CFR 178.  Store nonliquid PCB mixtures, articles, or equipment in DOT 
Specification 5, 5B, or 17C containers with removable heads.

3.4.2   Waste Containers

Label with the following:

a.  "Solid Waste Polychlorinated Biphenyls"

b.  The PCB Caution Label, paragraph entitled "PCB Caution Label"

c.  The date the item was placed in storage and the name of the cognizant 
activity/building.
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3.4.3   PCB Articles and PCB-Contaminated Items

Label with items b. through c. above.

3.4.4   Approval of Storage Site

Obtain in advance Contracting Officer approval using the following criteria 
without exception.

a.  Adequate roof and walls to prevent rainwater from reaching the stored 
PCBs.

b.  An adequate floor which has continuous curbing with a minimum 6 inch 
high curb.  Such floor and curbing shall provide a containment volume 
equal to at least two times the internal volume of the largest PCB 
article or PCB container stored therein or 25 percent of the total 
internal volume of all PCB equipment or containers stored therein, 
whichever is greater.

c.  No drain valves, floor drains, expansion joints, sewer lines, or other 
openings that would permit liquids to flow from the curbed area.

d.  Floors and curbing constructed of continuous smooth and impervious 
materials such as portland cement, concrete or steel to prevent or 
minimize penetrations of PCBs.

e.  Not located at a site which is below the 100-year flood water elevation.

f.  Each storage site shall be posted with the PCB Caution Sign, paragraph 
entitled "PCB Caution Sign."

3.5   CLEANUP

Maintain surfaces of the PCB control area free of accumulations of PCBs.  
Restrict the spread of dust and debris; keep waste from being distributed 
over work area.

Do not remove the PCB control area and warning signs prior to the 
Contracting Officer's approval.  Reclean areas showing residual PCBs.

3.6   DISPOSAL

If PCB concentration of paint on the equipment is <50 ppm, and PCBs in the 
oil are <50 ppm, the equipment and oil may go to the contractor or RRMF for
reuse. Oil-filled and grease or oil-contacted equipment is not accepted at 
the KSC landfill. Non-oil filled equipment with >50 ppm PCBs on the painted 
surfaces may go to the KSC landfill for disposal. PCBs have been regularly 
detected in various building materials (such as paints, coatings, caulk, 
mastic, window glazing, etc.) across KSC and CCAFS.  Construction and 
demolition debris that has not been tested for PCBs or has been found to 
contain PCBs >50 ppm will be accepted at the KSC landfill but must be 
managed according to PCB bulk product waste storage regulations until
disposal in the landfill. This includes covering the materials and storing 
them on an impermeable surface for protection against precipitation and 
prevention of soil contamination. In addition to window caulking, paint 
coatings, and electrical equipment, transformer concrete pads and other 
surrounding materials may contain PCB contamination. To determine if 
surrounding media and/or surfaces to be disturbed/disposed of have been 
contaminated by past actions with oils containing PCBs, contact IHA Waste 
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Management. They will determine the applicable regulatory requirements and
guidance for the proper management of the waste PCB materials.  Please 
follow the PWQ/TRP process for waste disposal. All concrete associated with 
oil-containing electrical equipment must be disposed through IHA Waste
Management as regulated PCB waste.  Contact IHA Waste Management Services 
at 867-8642 for assistance.

3.6.1   Disposal by the Government

Load and haul PCBs to the hazardous material landfill on Kennedy Space 
Center.

3.6.1.1   DD Form 1348-1

Prepare DD Form 1348-1 Turn-in Document (TID), which will accompany the 
PCBs to the landfill site.  Ensure that a responsible person from the 
activity that owns the PCBs signs the DD Form 1348-1.

3.6.1.2   Payment Upon Furnishing DD Form 1348-1

Payment will not be made until a completed DD Form 1348-1 has been 
furnished to the Contracting Officer.

        -- End of Section --
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SECTION 03 30 53

MISCELLANEOUS CAST-IN-PLACE CONCRETE

PART 1   GENERAL

1.1   SUMMARY

Perform all work in accordance with ACI MCP SET Parts 2 and 3.

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)

ACI MCP SET (2013) Manual of Concrete Practice

ASTM INTERNATIONAL (ASTM)

ASTM A185/A185M (2007) Standard Specification for Steel 
Welded Wire Reinforcement, Plain, for 
Concrete

ASTM C143/C143M (2012) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C150/C150M (2012) Standard Specification for Portland 
Cement

ASTM C171 (2007) Standard Specification for Sheet 
Materials for Curing Concrete

ASTM C172/C172M (2010) Standard Practice for Sampling 
Freshly Mixed Concrete

ASTM C231/C231M (2010) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C260/C260M (2010a) Standard Specification for 
Air-Entraining Admixtures for Concrete

ASTM C309 (2011) Standard Specification for Liquid 
Membrane-Forming Compounds for Curing 
Concrete

ASTM C31/C31M (2012) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C33/C33M (2013) Standard Specification for Concrete 
Aggregates
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ASTM C39/C39M (2012) Standard Test Method for 
Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C618 (2012a) Standard Specification for Coal 
Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete

ASTM C685/C685M (2011) Concrete Made by Volumetric 
Batching and Continuous Mixing

ASTM C94/C94M (2013) Standard Specification for 
Ready-Mixed Concrete

ASTM D75/D75M (2009) Standard Practice for Sampling 
Aggregates

1.3   SYSTEM DESCRIPTION

Obtain samples of aggregates at the point of batching in accordance with 
ASTM D75/D75M.  Sample concrete in accordance with ASTM C172/C172M.  
Determine slump and air content in accordance with ASTM C143/C143M and 
ASTM C231/C231M, respectively, when cylinders are molded.  Prepare, cure, 
and transport compression test specimens in accordance with ASTM C31/C31M.  
Test compression test specimens in accordance with ASTM C39/C39M.  Take 
samples for strength tests not less than once each shift in which concrete 
is produced from each class of concrete required.  Provide a minimum of 
three specimens from each sample; two to be tested at 28 days (90 days if 
pozzolan is used) for acceptance, and one will be tested at 7 days for 
information.

1.3.1   Strength

Acceptance test results are the average strengths of two specimens tested 
at 28 days (90 days if pozzolan is used).  The strength of the concrete is 
considered satisfactory so long as the average of three consecutive 
acceptance test results equal or exceed the specified compressive strength, 
f'c, and no individual acceptance test result falls below f'c by more than 
500 psi.

1.3.2   Construction Tolerances

Apply a Class "C" finish to all surfaces except those specified to receive 
a Class "D" finish.  Apply a Class "D" finish  to all post-construction 
surfaces which will be permanently concealed.  Surface requirements for the 
classes of finish required are as specified in Part 4 of ACI MCP SET.

1.3.3   Concrete Mixture Proportions

Concrete mixture proportions are the responsibility of the Contractor.  
Mixture proportions shall include the dry weights of cementitious 
material(s); the nominal maximum size of the coarse aggregate; the specific 
gravities, absorptions, and saturated surface-dry weights of fine and 
coarse aggregates; the quantities, types, and names of admixtures; and 
quantity of water per cubic yard of concrete.  Provide materials included 
in the mixture proportions of the same type and from the same source as 
will be used on the project.  Specified compressive strength f'c shall be 
4,000 psi at 28 days (90 days if pozzolan is used).  The maximum nominal 
size coarse aggregate is 3/4 inch, in accordance with ACI MCP SET Part 3.  
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The air content shall be between 4.5 and 7.5 percent with a slump between 2 
and 5 inches.  The maximum water cement ratio is 0.50.  Submit the 
applicable test reports and mixture proportions that will produce concrete 
of the quality required, ten days prior to placement of concrete.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Installation Drawings; G

SD-03 Product Data

Air-Entraining Admixture; G
Batching and Mixing Equipment; G
Ready-Mix Concrete; G
Mix Design Data; G
Fly Ash; G

SD-06 Test Reports

Aggregates; G
Concrete Mixture Proportions; G

SD-07 Certificates

Cementitious Materials

1.5   QUALITY ASSURANCE

Indicate specific locations of Concrete Placement, Forms, Steel 
Reinforcement Accessories on installation drawings and include, but not be 
limited to, square feet of concrete placements, thicknesses and widths, 
plan dimensions, and arrangement of cast-in-place concrete section.

PART 2   PRODUCTS

2.1   MATERIALS

Submit manufacturer's literature from suppliers which demonstrates 
compliance with applicable specifications for the specified materials.

2.1.1   Cementitious Materials

Submit Manufacturer's certificates of compliance, accompanied by mill test 
reports, attesting that the concrete materials meet the requirements of the 
specifications.

2.1.1.1   Portland Cement

ASTM C150/C150M, Type I, II.
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2.1.1.2   Pozzolan

Provide pozzolan that conforms to ASTM C618, Class C or F, including 
requirements of Tables 1A and 2A.

2.1.2   Aggregates

Fine and coarse aggregates shall meet the quality and grading requirements 
of ASTM C33/C33M Class Designations 4M or better.

2.1.3   Admixtures

Admixtures to be used, when required or approved, shall comply with the 
appropriate specification listed.  Retest chemical admixtures that have 
been in storage at the project site, for longer than 6 months or that have 
been subjected to freezing, at the expense of the Contractor at the request 
of the Contracting Officer and will be rejected if test results are not 
satisfactory.

2.1.3.1   Air-Entraining Admixture

Provide air-entraining admixture that meets the requirements of 
ASTM C260/C260M.

2.1.4   Water

Use fresh, clean, potable water for mixing and curing, free from injurious 
amounts of oil, acid, salt, or alkali.

2.1.5   Reinforcing Steel

Welded steel wire fabric shall conform to the requirements of 
ASTM A185/A185M.  Details of reinforcement not shown shall be in accordance 
with ACI MCP SET Part 3, Chapters 7 and 12.

2.1.6   Formwork

The design and engineering of the formwork as well as its construction, 
will be the responsibility of the Contractor.  Submit formwork design prior 
to the first concrete placement.

2.1.7   Form Coatings

Coat forms, for exposed surfaces, with a nonstaining form oil to be applied 
shortly before concrete is placed.

2.2   READY-MIX CONCRETE

a.  Concrete shall be ready-mix concrete with mix design data 
conforming to ACI MCP SET Part 2.  Bill of Lading for each ready-mix 
concrete delivery shall be in accordance with ASTM C94/C94M.

b.  Concrete elements:  4000 psi minimum compressive strength.

c.  Slump:   1 to 4 inch according to ASTM C143/C143M and ACI MCP SET 
Part 1.

d.  Portland Cement conforming to ASTM C150/C150M, Type 1.
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e.  Use one brand and type of cement for formed concrete having 
exposed-to-view finished surfaces.

f.  Fly Ash is required as an supplementary cementitious material and 
shall conform to ASTM C618, Class C or F with 4 percent maximum loss on 
ignition and 35 percent maximum cement replacement by weight.  

2.3   STEEL REINFORCEMENT

2.3.1   Welded Wire Fabric

Provide welded wire fabric conforming to ASTM A185/A185M.

2.4   FORMS

Forms shall be of wood, steel, or other approved material and conform to 
ACI MCP SET, Parts 2 and 3.

Provide form release conforming to ACI MCP SET, Part 4.

PART 3   EXECUTION

3.1   PREPARATION

Prepare construction joints to expose coarse aggregate.  The surface shall 
be clean, damp, and free of laitance.  Construct ramps and walkways, as 
necessary, to allow safe and expeditious access for concrete and workmen.  
Remove snow, ice, standing or flowing water, loose particles, debris, and 
foreign matter.   Ensure spare vibrators are available.  The entire 
preparation shall be accepted by the Government prior to placing.

3.1.1   Embedded Items

Secure reinforcement in place after joints, anchors, and other embedded 
items have been positioned.  Arrange internal ties so that when the forms 
are removed the metal part of the tie is not less than 2 inches from 
concrete surfaces permanently exposed to view or exposed to water on the 
finished structures.  Embedded items shall be free of oil and other foreign 
matters such as loose coatings or rust, paint, and scale.  The embedding of 
wood in concrete is not permitted.  All equipment needed to place, 
consolidate, protect, and cure the concrete shall be at the placement site 
and in good operating condition.

3.1.2   Formwork Installation

Forms shall be properly aligned, adequately supported, and mortar-tight.  
Provide smooth form surfaces, free from irregularities, dents, sags, or 
holes when used for permanently exposed faces.  Chamfer all exposed joints 
and edges , unless otherwise indicated.

3.1.3   Production of Concrete

3.1.3.1   Ready-Mixed Concrete

Provide ready-mixed concrete conforming to ASTM C94/C94M except as 
otherwise specified.
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3.1.3.2   Concrete Made by Volumetric Batching and Continuous Mixing

Concrete made by volumetric batching and continuous mixing shall conform to 
ASTM C685/C685M.

3.1.3.3   Batching and Mixing Equipment

The Contractor has the option of using an on-site batching and mixing 
facility.  The facility shall provide sufficient batching and mixing 
equipment capacity to prevent cold joints.  Submit the method of measuring 
materials, batching operation, and mixer for review, and manufacturer's 
data for batching and mixing equipment demonstrating compliance with the 
applicable specifications. Provide an Onsite Plant conforming to the 
requirements of either ASTM C94/C94M or ASTM C685/C685M.

3.2   FORM REMOVAL

Do not remove forms before 24 hours after concrete placement, except as 
otherwise specifically authorized.  Do not remove supporting forms and 
shoring until the concrete has cured for at least 5 days.  When conditions 
require longer curing periods, forms shall remain in place.

3.3   FINISHING

3.3.1   Temperature Requirement

Do not finish or repair concrete when either the concrete or the ambient 
temperature is below 50 degrees F.

3.3.2   Finishing Unformed Surfaces

Float finish all unformed surfaces, that are not to be covered by 
additional concrete or backfill, to elevations shown, unless otherwise 
specified.  Surfaces to receive additional concrete or backfill shall be 
brought to the elevations shown and left as a true and regular surface.  
Slope exterior surfaces for drainage unless otherwise shown.  Carefully 
make joints with a jointing tool.  Finish unformed surfaces to a tolerance 
of 3/8 inch for a float finish and 5/16 inch for a trowel finish as 
determined by a 10 foot straightedge placed on surfaces shown on the 
drawings to be level or having a constant slope.  Do not perform finishing 
while there is excess moisture or bleeding water on the surface.  No water 
or cement is to be added to the surface during finishing.

3.3.2.1   Float Finish

Provide float finished surfaces, screeded and darbied or bullfloated to 
eliminate the ridges and to fill in the voids left by the screed.  In 
addition, the darby or bullfloat shall fill all surface voids and only 
slightly embed the coarse aggregate below the surface of the fresh 
concrete.  When the water sheen disappears and the concrete supports a 
person's weight without deep imprint, complete floating.  Floating shall 
embed large aggregates just beneath the surface, remove slight 
imperfections, humps, and voids to produce a plane surface, compact the 
concrete, and consolidate mortar at the surface.

3.4   CURING AND PROTECTION

Beginning immediately after placement, and continuing for at least 7 days, 
except for concrete made with Type III cement, at least 3 days, cure and 
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protect all concrete from premature drying, extremes in temperature, rapid 
temperature change, freezing, mechanical damage, and exposure to rain or 
flowing water.  Provide all materials and equipment needed for adequate 
curing and protection at the site of the placement prior to the start of 
concrete placement.  Accomplish moisture preservation of moisture for 
concrete surfaces not in contact with forms by one of the following methods:

a.  Continuous sprinkling or ponding.

b.  Application of absorptive mats or fabrics kept continuously wet.

c.  Application of sand kept continuously wet.

d.  Application of impervious sheet material conforming to ASTM C171.

e.  Application of membrane-forming curing compound conforming to 
ASTM C309, Type 1-D, on surfaces permanently exposed to view.  
Accomplish Type 2 on other surfaces in accordance with manufacturer's 
instructions.

Accomplish the preservation of moisture for concrete surfaces placed 
against wooden forms by keeping the forms continuously wet for 7 days , 
except for concrete made with Type III cement, for 3 days.  If forms are 
removed prior to end of the required curing period, use other curing 
methods for the balance of the curing period.  Do not perform protection 
removal if the temperature of the air in contact with the concrete may drop 
more than 60 degrees F within a 24 hour period.

3.5   TESTS AND INSPECTIONS

3.5.1   Placing

Do not permit placing to begin until the availability of an adequate number 
of acceptable vibrators, which are in working order and have competent 
operators, has been verified.  Do not continue placing if any pile is 
inadequately consolidated.

3.6   FORM WORK

Form work shall conform to ACI MCP SET Parts 2 through 5.

3.6.1   Preparation of Form Surfaces

Forms shall be true to line and grade, mortar-tight, and sufficiently rigid 
to prevent objectionable deformation under load.  Form surfaces for 
permanently exposed faces shall be smooth, free from irregularities, dents, 
sags, or holes.  Chamfer exposed joints and exposed edges.  Arrange 
internal ties so that when the forms are removed, the form ties are not 
less than 2 inches from concrete surfaces permanently exposed to view or 
exposed to water on the finished structure.

3.6.2   Form Coating

Coat forms, for exposed surfaces, with a nonstaining form release coating 
applied shortly before concrete is placed, before the steel case is added 
to avoid contaminating the reinforcing steel. Forms for unexposed surfaces 
may be wetted in lieu of coating immediately before the placing of 
concrete, except that in freezing weather form release coating shall be 
used.
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3.6.3   Removal of Forms

Remove forms carefully to prevent damage to the concrete.  Do not remove 
forms before the expiration of the minimum time indicated below:

Foundation and walls (2 feet thick and under)    24 hours

3.7   STEEL REINFORCING

Reinforcement shall be free from loose, flaky rust and scale, and free from 
oil, grease, or other coating which might destroy or reduce the 
reinforcement's bond with the concrete.

3.7.1   Fabrication

Shop fabricate steel reinforcement in accordance with ACI MCP SET Parts 2 
and 3.  Shop details and bending shall be in accordance with ACI MCP SET 
Parts 2 and 3.

3.7.2   Supports

Secure reinforcement in place by the use of metal or concrete supports, 
spacers, or ties.

3.8   FIELD TESTING

  Test Slump on site for each design mix in accordance with 
ASTM C143/C143M.

       -- End of Section --
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SECTION 03 45 33

PRECAST PRESTRESSED STRUCTURAL CONCRETE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)

ACI 304R (2000; R 2009) Guide for Measuring, 
Mixing, Transporting, and Placing Concrete

ACI 305R (2010) Guide to Hot Weather Concreting

ACI 306.1 (1990; R 2002) Standard Specification for 
Cold Weather Concreting

ACI 309R (2005) Guide for Consolidation of Concrete

ACI 318 (2011; Errata 2011; Errata 2012) Building 
Code Requirements for Structural Concrete 
and Commentary

AMERICAN HARDBOARD ASSOCIATION (AHA)

AHA A135.4 (1995; R 2004) Basic Hardboard

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2012; Errata 2011) Structural Welding 
Code - Steel

AWS D1.4/D1.4M (2011) Structural Welding Code - 
Reinforcing Steel

ASTM INTERNATIONAL (ASTM)

ASTM A185/A185M (2007) Standard Specification for Steel 
Welded Wire Reinforcement, Plain, for 
Concrete

ASTM A36/A36M (2012) Standard Specification for Carbon 
Structural Steel

ASTM A416/A416M (2012) Standard Specification for Steel 
Strand, Uncoated Seven-Wire for 
Prestressed Concrete

ASTM A421/A421M (2010) Standard Specification for Uncoated 
Stress-Relieved Steel Wire for Prestressed 
Concrete
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ASTM A496/A496M (2007) Standard Specification for Steel 
Wire, Deformed, for Concrete Reinforcement

ASTM A497/A497M (2007) Standard Specification for Steel 
Welded Wire Reinforcement, Deformed, for 
Concrete

ASTM A615/A615M (2012) Standard Specification for Deformed 
and Plain Carbon-Steel Bars for Concrete 
Reinforcement

ASTM A722/A722M (2012) Standard Specification for Uncoated 
High-Strength Steel Bar for Prestressing 
Concrete

ASTM A82/A82M (2007) Standard Specification for Steel 
Wire, Plain, for Concrete Reinforcement

ASTM C1069 (2009) Standard Test Method for Specific 
Surface Area of Alumina or Quartz by 
Nitrogen Adsorption

ASTM C1107/C1107M (2011) Standard Specification for Packaged 
Dry, Hydraulic-Cement Grout (Nonshrink)

ASTM C1218/C1218M (1999; R 2008) Standard Specification for 
Water-Soluble Chloride in Mortar and 
Concrete

ASTM C1240 (2012) Standard Specification for Silica 
Fume Used in Cementitious Mixtures

ASTM C1260 (2007) Standard Test Method for Potential 
Alkali Reactivity of Aggregates 
(Mortar-Bar Method)

ASTM C150/C150M (2012) Standard Specification for Portland 
Cement

ASTM C260/C260M (2010a) Standard Specification for 
Air-Entraining Admixtures for Concrete

ASTM C311/C311M (2013) Sampling and Testing Fly Ash or 
Natural Pozzolans for Use as a Mineral 
Admixture in Portland-Cement Concrete

ASTM C33/C33M (2013) Standard Specification for Concrete 
Aggregates

ASTM C430 (2008) Fineness of Hydraulic Cement by the 
45-Micrometer (No.  325) Sieve

ASTM C494/C494M (2013) Standard Specification for Chemical 
Admixtures for Concrete

ASTM C595/C595M (2013) Standard Specification for Blended 
Hydraulic Cements
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ASTM C618 (2012a) Standard Specification for Coal 
Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete

ASTM C94/C94M (2013) Standard Specification for 
Ready-Mixed Concrete

ASTM C989/C989M (2012a) Standard Specification for Slag 
Cement for Use in Concrete and Mortars

PRECAST/PRESTRESSED CONCRETE INSTITUTE (PCI)

PCI MNL-116 (1999) Manual for Quality Control for 
Plants and Production of Structural 
Precast Concrete Products, 4th Edition

PCI MNL-120 (2010) PCI Design Handbook - Precast and 
Prestressed Concrete, 6th Edition

1.2   SYSTEM DESCRIPTION

The work includes the provision of precast non-prestressed concrete herein 
referred to as precast members and precast, prestressed concrete herein 
referred to as prestressed members. Precast and Prestressed members shall 
be the product of a manufacturer specializing in the production of precast 
prestressed concrete members. 

1.2.1   Design Requirements

Design precast prestressed members in accordance with ACI 318 and the 
PCI MNL-120.  Design precast prestressed members (including connections) 
for the design load conditions and spans indicated, and handling and 
erection stresses, and for additional loads imposed by openings and 
supports of the work of other trades.  Design precast prestressed members 
for handling without cracking in accordance with the PCI MNL-120.  Concrete 
toppings shall not be used in establishing the design strength of the 
precast prestressed members.

1.2.1.1   Loads

Loadings for members and connections shall include all dead load, live 
load, applicable lateral loads such as wind and earthquake, applicable 
construction loads such as handling, erection loads, and other applicable 
loads.

1.2.1.2   Drawing and Design Calculation Information

Submit drawings and design calculations indicating complete information for 
the fabrication, handling, and erection of the precast prestressed member.  
Drawings shall not be reproductions of contract drawings.  Design 
calculations(including connections) shall be made by a registered 
professional engineer experienced in the design of precast prestressed 
concrete members and register in the state where the project is located, 
and submitted for approval prior to fabrication.  The drawings (drawings of 
precast members and/or drawings of precast prestressed concrete members
)shall indicate, as a minimum, the following information:

a.  Plans, elevations and other drawing views showing the following:
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(1)  Member piece marks locating and defining products furnished by 
the manufacturer.

(2)  Location and size of openings that cut prestressing strands or 
require the location of prestressing strands to miss field cut 
openings.

(3)  Relationships to adjacent material.

(4)  Joints and openings between members and between members and other 
construction.

(5)  Location of field installed anchors.

(6)  Erection sequences and handling requirements

(7)  Areas receiving toppings and magnitude of topping thickness.  
Identify areas where topping is an integral part of the structural 
capacity of the precast members

(8)  Lifting and erection inserts

b.  Elevations, sections and other details for each member showing the 
following:

(1)   Connections between members and connections between members and 
other construction.

(2)   Connections for work of other trades and cast-in items and their 
relation to other trades.

(3)   Dimensioned size and shape for each member with quantities, 
position and other details of reinforcing steel, anchors, inserts 
and other embedded items.

(4)   Lifting, erection and other handling devices and inserts.

(5)   Surface finishes of each member.

(6)   Estimated cambers

c.  Magnitude, schedule and sequence of tensioning and detensioning 
prestressing strands.

d.  Strength properties for concrete, steel and other materials.

e.  Methods for storage and transportation.

f.  Description of loose, cast-in and field hardware.

g.  All dead, live, handling, erection and other applicable loads used in 
the design.

1.3   MODIFICATION TO REFERENCE

In the ACI publications, the advisory provisions shall be considered to be 
mandatory, as though the word "shall" has been substituted for "should" 
wherever it appears; reference to the "Building Official," the "Structural 
Engineer" and the "Architect/Engineer" shall be interpreted to mean the 
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Contracting Officer.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Drawings of precast members; G

Drawings of precast prestressed concrete members; G

SD-03 Product Data

Anchorage and lifting inserts and devices; G

Bearing pads; G

SD-05 Design Data

Precast Prestressed concrete members design calculations; G, 

Concrete mix design

SD-06 Test Reports

Contractor-furnished mix design

Submit copies of laboratory test reports showing that the mix has 
been successfully tested to produce concrete with the properties 
specified and that mix will be suitable for the job conditions.  
The laboratory test reports shall include mill test and all other 
test for cement, silica fume, aggregates, and admixtures.  Provide 
maximum nominal aggregate size, gradation analysis, percentage 
retained and passing sieve, and a graph of percentage retained 
versus sieve size.  Test reports shall be submitted along with the 
concrete mix design.  Obtain approval before concrete placement.

Cement

Pozzolan

Air-Entraining Admixture

Water-Reducing Admixture

Accelerating Admixture

Aggregates

Submit test results for aggregates in accordance with ASTM C1260 
for potential alkali-silica reactions.

SD-07 Certificates
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Quality control procedures

Submit quality control procedures established in accordance with 
PCI MNL-116 by the precast manufacturer.

1.5   QUALITY ASSURANCE

1.5.1   Qualifications

1.5.1.1   Manufacturer Qualifications

PCI MNL-116.  Plants shall be certified by the PCI Plant Certification 
Program for Category C3 work.  At the Contracting Officer's option, PCI 
Plant quality control program records shall be available for review.

PCI MNL-116.   Where panels are manufactured by specialists in plants not 
currently enrolled in the PCI "Quality Control Program," provide a product 
quality control system in accordance with PCI MNL-116 and perform concrete 
and aggregate quality control testing using an approved, independent 
commercial testing laboratory.  Submit test results to the Contracting 
Officer.

1.5.1.2   Designer Qualifications

The designer shall be a registered professional engineer experienced in the 
design of precast prestressed concrete.

1.5.1.3   Erector Qualifications

The erector shall be regularly engaged for at least three years in the 
erection of precast prestressed structural concrete similar to the 
requirements of this project.

1.5.1.4   Welding Qualifications

Provide AWS D1.1/D1.1M qualified welders who are currently certified at 
contract award date and have maintained their certificates over the past 
year.

1.5.2   Regulatory Requirements

Provide precast prestressed members in conformance with ACI 318 and 
AWS D1.4/D1.4M. 

1.5.3   Concrete Mix Design

Thirty days minimum prior to concrete placement, submit a mix design for 
each strength and type of concrete.  Submit a complete list of materials 
including type; brand; source and amount of cement, fly ash, pozzolans, 
silica fume, ground slag, and admixtures, and applicable reference 
specification.  Provide mix proportion data using at least three different 
water-cement ratios for each class and type of concrete required.  If 
source material changes, resubmit mix proportion data using revised source 
material.  No material shall be provided unless proven by trial mix studies 
to meet the requirements of this specification, unless otherwise approved 
in writing by the Contracting Officer.  The submittal shall clearly 
indicate where each mix design will be used when more than one mix design 
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is submitted.  Submit additional data regarding concrete aggregates if the 
source of aggregates changes.

1.5.4   Certificates: Record Requirement

ASTM C94/C94M.  Submit mandatory batch ticket information for each load of 
ready-mixed concrete.

1.6   DELIVERY, STORAGE, AND HANDLING

1.6.1   Transportation

1.6.1.1   Transporting Members

In transporting members by truck, railroad car, or barge, provision shall 
be made for supporting the members as described above, except battens can 
be continuous over more than one stack of units, with adequate bracing to 
ensure their maintaining the vertical position and damping of dangerous 
vibrations.  Trucks with double bolsters are satisfactory provided the 
members are fully seated on the outer bolsters at not more than 3 feetor 
the depth of the member from the end and the inner bolster is not more than 
8 feet from the end of the member or the designated pickup point.  Adequate 
padding material shall be provided between tie chains or cables to preclude 
chipping of concrete.

1.6.1.2   Lateral Deflection or Vibration

Any noticeable indication of lateral deflection or vibration during 
transportation shall be corrected by rigid bracing between members or by 
means of lateral trussing.

1.6.2   Storage

1.6.2.1   Storage Areas

Storage areas for precast prestressed members shall be stabilized, and 
suitable foundations shall be provided, so differential settlement or 
twisting of members will not occur.

1.6.2.2   Stacked members

Stacked members shall be separated and supported by battens placed across 
the full width of each bearing point.  Battens shall be arranged in 
vertical planes at a distance not greater than the depth of the member from 
designated pickup points.  Battens shall not be continuous over more than 
one stack of precast units.  Stacking of members shall be such that lifting 
devices will be accessible and undamaged.  The upper members of a stacked 
tier shall not be used as storage areas for shorter members or equipment.

1.6.3   Handling of Members

The location of pickup points for handling of the members and details of 
the pickup devices shall be shown in shop drawings.  Members shall be 
handled only by means of approved devices at designated locations.  Members 
shall be maintained in an upright position at all times and picked up and 
supported as shown in approved shop drawings.
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PART 2   PRODUCTS

2.1   CONTRACTOR-FURNISHED MIX DESIGN

ACI 318.  The minimum compressive strength of concrete at 28 days shall be 
5000 psi, unless otherwise indicated.  Add air-entraining admixtures at the 
mixer to produce between 4 and 6 percent air by volume.  For marine 
exposure, ensure a dense concrete free of shrinkage cracks, with a minimum 
degree of permeability.  The maximum water cement ratio shall be 0.40.

2.2   MATERIALS

2.2.1   Cement

ASTM C150/C150M, Type I, II, or III with a maximum alkali content of 0.40 
percent ASTM C595/C595M Type IP(MS) or IS(MS) blended cement, except as 
modified herein.  The blended cement shall consist of a mixture of 
ASTM C150/C150M cement (with alkali content exceeding 0.40 percent) and one 
of the following materials:  ASTM C618 pozzolan or fly ash, or 
ASTM C989/C989M ground iron blast furnace slag.  The pozzolan/fly ash 
content shall not be less than 25 percent nor exceed 40 percent by weight 
of the total cementitious material. The ground iron blast-furnace slag 
shall not exceed 50 percent by weight of total cementitious material.  If 
no satisfactory test results are available (made within the past six 
months) to prove that the cement alkali content is less than 0.40 percent, 
then it shall be assumed that the cement contains greater than 0.40 percent 
alkali.  Cement certificates shall include test results in accordance with 
ASTM C150/C150M, including equivalent alkalies indicated in the optional 
chemical requirements.  

2.2.1.1   Fly Ash and Pozzolan

ASTM C618, Type N, F, or C, except that the maximum calcium oxide content 
shall be 8.0 percent, the maximum available alkalies shall be 1.5 percent, 
and the maximum allowable loss on ignition shall be 6 percent for Type N 
and F.  Class C shall not be used with reactive aggregates.

2.2.1.2   Ground Iron Blast-Furnace Slag

ASTM C989/C989M, Grade 100 or 120.

2.2.1.3   Silica Fume

ASTM C1240, provide silica fume that is a by-product of silicon or 
ferrosilicon production.  Provide 10 percent by weight of the total 
cementitious material.

Silica fume may be furnished as a dry, densified material or as a slurry. 
Silica fume, unprocessed, or before processing into a slurry or a densified 
material, shall conform to the following requirements:

a.  Silicon dioxide content:  85-percent minimum, test method 
ASTM C311/C311M.

b.  Loss on ignition:  6.0-percent maximum, test method ASTM C311/C311M.

c.  Surface area, nitrogen adsorption, 15,000 m2/kg minimum, test 
method ASTM C1069.
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d.  Oversize, percent retained on 45-micrometer sieve: 5-percent 
maximum, test method ASTM C430.

The Contractor shall provide at his expense the services of a 
manufacturer's technical representative, experienced in mixture 
proportioning, placement procedures, and curing of concrete containing 
silica fume.  The manufacturer's representative shall be available for 
consultation by both the Contractor and the Government during mixture 
proportioning, planning, and production of silica-fume concrete and shall 
be on site immediately prior to and during at least the first placement of 
concrete containing silica fume and at other times, if directed.

2.2.2   Water

Water shall be fresh, clean, and potable; free from injurious amounts of 
oils, acids, alkalis, salts, organic materials, or other substances 
deleterious to concrete, ACI 318.

2.2.3   Aggregates

2.2.3.1   Aggregates Selection

ASTM C33/C33M, Size 7 Obtain aggregates for exposed concrete surfaces from 
one source. Aggregates shall not contain any substance which may be 
deleteriously reactive with the alkalies in the cement, nor in an amount 
sufficient to cause excessive expansion of concrete. Prior to fabrication, 
submit certified test reports for the following tests specified in 
ASTM C33/C33M:

a.  Grading

b.  Amount of material finer than No. 200 sieve

c.  Organic impurities

d.  Soundness

e.  Clay lumps and friable particles

f.  Coal and lignite

g.  Weight of slag

h.  Abrasion of coarse aggregate

i.  Fineness modulus

j.  Reactive aggregates

k.  Freezing and thawing

2.2.3.2   Alkali-Silica Reactivity

Evaluate and test fine and coarse aggregates to be used in all concrete for 
alkali-aggregate reactivity in accordance with ASTM C1260.  Test both 
coarse aggregate size groups if from different sources.  Evaluate the fine 
and coarse aggregates separately and in combination, which matches the 
Contractor's proposed mix design proportioning.  Test results of the 
combination must have a measured expansion equal to or less than 0.08 
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percent at 16 days after casting.  

a. Utilize the Contractor's proposed low alkali portland cement and 
Class F fly ash or Class N pozzolan in combination with the proposed 
aggregate percentage for the test proportioning.  Use Class F fly ash 
or Class N pozzolan in the range of 25 percent to 40 percent of the 
total cementitious material by mass.  Determine the quantity that will 
meet all the requirements of these specifications and that will lower 
the expansion equal to or less than 0.08 percent at 16 days after 
casting.  Class C fly ash shall not be used with reactive aggregates.

b. Utilize the Contractor's proposed low alkali portland cement and 
ground granulated blast furnace (GGBF) slag in combination with the 
proposed aggregate percentage for the test proportioning.  Use GGBF 
slag in the range of 40 percent to 50 percent of the total cementitious 
material by mass.  Determine the quantity that will meet all the 
requirements of these specifications and that will lower the expansion 
equal to or less than 0.08 percent at 16 days.

If any of the above options does not lower the expansion to less than 0.08 
percent at 16 days after casting, reject the aggregate(s) and submit new 
aggregate sources for retesting.  Submit the results of testing to the 
Contracting Officer for evaluation and acceptance.

2.2.4   Grout

2.2.4.1   Nonshrink Grout

ASTM C1107/C1107M.

2.2.4.2   Cementitious Grout

Shall be a mixture of portland cement, sand, and water.  Proportion one 
part cement to approximately 2.5 parts sand, with the amount of water based 
on placement method.  Provide air entrainment for grout exposed to the 
weather.

2.2.5   Admixtures

2.2.5.1   Air-Entraining

ASTM C260/C260M.

2.2.5.2   Accelerating

ASTM C494/C494M, Type C or E.

2.2.5.3   Water Reducing

ASTM C494/C494M, Type A, E, or F.

2.2.6   Reinforcement

2.2.6.1   Reinforcing Bars

ASTM A615/A615M, Grade 60; .

SECTION 03 45 33  Page 151



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

2.2.6.2   Wire

ASTM A82/A82M or ASTM A496/A496M.

2.2.6.3   Welded Wire Fabric

ASTM A185/A185M or ASTM A497/A497M.

2.2.7   Prestressing Strands

Uncoated, 7-wire strand stressed relieved, ASTM A416/A416M, Grade 250 or 
270, strand diameter as required by design.

Single wire stressed relieved, ASTM A421/A421M for low relaxation wire.

High-strength steel bars shall conform to ASTM A722/A722M, Type I or II, 
meeting all supplementary requirements.

2.2.8   Metal Accessories

2.2.8.1   Structural Steel

ASTM A36/A36M.

2.2.9   Bearing Pads

2.2.9.1   Hardboard (Interior Only)

AHA A135.4, class as specified by the precast manufacturer.

2.2.10   Grout

2.2.10.1   Cementitious Grout

Shall be a mixture of portland cement, sand, and water.  Proportion one 
part cement to approximately 2.5 parts sand, with the amount of water based 
on placement method.  Provide air entrainment for grout exposed to the 
weather.

2.2.10.2   Nonshrink Grout

Nonshrink grout shall conform to ASTM C1107/C1107M and shall be a 
commercial formulation suitable for the application proposed.

2.3   PRODUCTION QUALITY CONTROL PROCEDURES

PCI MNL-116 unless specified otherwise.

2.3.1   Forms

Brace forms to prevent deformation.  Forms shall produce a smooth, dense 
surface.  Chamfer exposed edges of columns and beams 3/4 inch, unless 
otherwise indicated.  Provide threaded or snap-off type form ties.

2.3.2   Reinforcement Placement

 ACI 318 for placement and splicing.  Reinforcement may be preassembled 
before placement in forms.  Provide exposed connecting bars, or other 
approved connection methods, between precast prestressed and cast-in-place 
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construction.  Remove any excess mortar that adheres to the exposed 
connections.

2.3.3   Concrete

2.3.3.1   Concrete Mixing

ASTM C94/C94M.  Mixing operations shall produce batch-to-batch uniformity 
of strength, consistency, and appearance.

2.3.3.2   Concrete Placing

ACI 304R, ACI 305R for hot weather concreting, ACI 306.1 for cold weather 
concreting, and ACI 309R, unless otherwise specified.

2.3.3.3   Concrete Curing

Commence curing immediately following the initial set and completion of 
surface finishing.  Provide curing procedures to keep the temperature of 
the concrete between 50 and 190 degrees F.  When accelerated curing is 
used, apply heat at controlled rate and uniformly along the casting beds. 
Monitor temperatures at various points in a product line in different casts.

2.3.4   Prestressing

Do not transfer prestressing forces during detensioning until the concrete 
has reached a minimum compressive strength of 3500 psi, unless a higher 
strength is required by the Contractor furnished design.

2.3.5   Surface Finish

Repairs located in a bearing area shall be approved by the Contracting 
Officer prior to repairs.   Precast prestressed members containing hairline 
cracks which are visible and are less than 0.01 inches in width, may be 
accepted, except that cracks larger than 0.005 inches in width for surfaces 
exposed to the weather shall be repaired.  Defects that involve more than 
36 square inches of concrete shall be grounds for rejection.  Any precast 
prestressed member that is structurally impaired or contains honeycombed 
section deep enough to expose stressing tendons or reinforcing shall be 
rejected.  Defects shall be repaired or rejected as specified in paragraph 
"Defects."

2.3.5.1   Unformed Surfaces

Provide a floated finish.

2.3.6   Acceptance/Rejection of Defects

2.3.6.1   Minor Defects

All honeycombed areas, chipped corners, air pockets over 1/4 inch in 
diameter, and other minor defects involve less than 36 square inches of 
concrete shall be repaired.  Form offsets of fins over 1/8 inch shall be 
ground smooth.  All unsound concrete shall be removed from defective areas 
prior to repairing.  All surfaces permanently exposed to view shall be 
repaired by a blend of portland cement and white cement properly 
proportioned so that the final color when cured will be the same as 
adjacent concrete.
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2.3.6.2   Major Defects

Major defects are those which involve more than 36 square inches of 
concrete or expose stressing tendons or reinforcing steel.  If one or more 
major defects appear in a member, it shall be rejected.  Cracks of a width 
of more than 0.01 inch shall be cause for rejection of the member.

2.4   TESTS, INSPECTIONS, AND VERIFICATIONS

2.4.1   Chloride Ion Concentration Test

Sampling and determination of water soluble chloride ion content in 
accordance with ASTM C1218/C1218M.  Maximum water soluble chloride ion 
concentrations in hardened concrete at ages from 28 to 42 days contributed 
from the ingredients including water, aggregates, cementitious materials, 
and admixtures shall not exceed 0.06 percent by weight of cement.

2.4.2   Factory Inspection

At the option of the Contracting Officer, precast prestressed units may be 
inspected by the Contracting Officer precast prestressed units shall be 
inspected by the QC Representative prior to being transported to the job 
site.  The Contractor shall give notice 14 days prior to the time the units 
will be available for plant inspection.  Neither the exercise nor waiver of 
inspection at the plant will affect the Government's right to enforce 
contractual provisions after units are transported or erected.

PART 3   EXECUTION

3.1   EXAMINATION

Prior to erection, and again after installation, precast prestressed 
members shall be checked for damage, such as cracking, spalling, and 
honeycombing.  As directed by the Contracting Officer, precast prestressed 
members that do not meet the surface finish requirements specified in Part 
2 in paragraph entitled "Surface Finish" shall be repaired, or removed and 
replaced with new precast prestressed members.

3.2   ERECTION

Precast prestresed members shall be erected after the concrete has attained 
the specified compressive strength, unless otherwise approved by the 
precast prestressing manufacturer.   Erect in accordance with the approved 
shop drawings.  PCI MNL-116 and PCI MNL-120 (Chapter 8), for tolerances.  
Provide a 1:500 tolerance, if no tolerance is specified. Brace precast 
prestressed members, unless design calculations submitted with the shop 
drawings indicate bracing is not required.  Follow the manufacturer's 
recommendations for maximum construction loads.  Place precast prestressed 
members level, plumb, square, and true within tolerances.  Align member 
ends.

3.3   BEARING SURFACES

Shall be flat, free of irregularities, and properly sized.  Size bearing 
surfaces to provide for the indicated clearances between the precast 
prestressed member and adjacent precast prestressed members or adjoining 
field placed surfaces.  Correct bearing surface irregularities with 
nonshrink grout.  Provide bearing pads where indicated or required.  Do not 
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use hardboard bearing pads in exterior locations.  Place precast 
prestressed members at right angles to the bearing surface, unless 
indicated otherwise, and draw-up tight without forcing or distortion, with 
sides plumb.

3.4   ANCHORAGE

Provide anchorage for fastening work in place.  Conceal fasteners where 
practicable.  Make threaded connections up tight and nick threads to 
prevent loosening.

3.5   WELDING

AWS D1.4/D1.4M for welding connections and reinforcing splices.  Do not 
weld prestressing strands.  Protect the concrete and other reinforcing from 
heat during welding.  Weld continuously along the entire area of contact.  
Grind smooth visible welds in the finished installation.  Welding of 
epoxy-coated reinforcing is not allowed.

3.6   OPENINGS

Holes or cuts requiring reinforcing  prestressing steel to be cut, which 
are not indicated on the approved shop drawing, shall only be made with the 
approval of the Contracting Officer and the precast manufacturer.  Drill 
holes less than 12 inches in diameter with a diamond tipped core drill.

3.7   GROUTING

Clean and fill keyways between precast prestressed members, and other 
indicated areas, solidly with nonshrink grout or cementitious grout. 
Provide reinforcing where indicated.  Remove excess grout before hardening.

3.8   SEALANTS

Provide as indicated and as specified in Section 07 92 00 JOINT SEALANTS.

        -- End of Section --
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SECTION 05 05 23

WELDING, STRUCTURAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 360 (2010) Specification for Structural Steel 
Buildings

AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT)

ASNT SNT-TC-1A (2011; Text Correction 2013) Recommended 
Practice for Personnel Qualification and 
Certification in Nondestructive Testing

AMERICAN WELDING SOCIETY (AWS)

AWS A2.4 (2012) Standard Symbols for Welding, 
Brazing and Nondestructive Examination

AWS D1.1/D1.1M (2012; Errata 2011) Structural Welding 
Code - Steel

AWS D1.2/D1.2M (2008) Structural Welding Code - Aluminum

AWS D1.3/D1.3M (2008; Errata 2008) Structural Welding 
Code - Sheet Steel

AWS D1.4/D1.4M (2011) Structural Welding Code - 
Reinforcing Steel

AWS Z49.1 (2012) Safety in Welding and Cutting and 
Allied Processes

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)

NASA-STD-5004A (2003) Welding of Aerospace and Ground 
Support Equipment and Related Non 
Conventional Facilities

1.2   WELD CLASSIFICATION

The classification defined in the following paragraph shall be used.

1.2.1   Class B Inspection

Applicable to those welds where failure would reduce the overall efficiency 
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of the system, but loss of system, hazard to personnel, or significant cost 
or loss in schedule would not be experienced. .

1.3   SYSTEM DESCRIPTION

Conform the design of welded connections to AISC 360,  Material with welds 
will not be accepted unless the welding is specified or indicated on the 
drawings or otherwise approved.  Perform welding as specified in this 
section, except where additional requirements are shown on the drawings or 
are specified in other sections.  Do not commence welding until welding 
procedures, inspectors, nondestructive testing personnel, welders, welding 
operators, and tackers have been qualified and the submittals approved by 
the Contracting Officer.  Perform all testing at or near the work site.  
Each Contractor performing welding shall maintain records of the test 
results obtained in welding procedure, welder, welding operator, and tacker 
performance qualifications.

1.3.1   Pre-erection Conference

Hold a pre-erection conference prior to the start of the field welding, to 
bring all affected parties together and to gain a naturally clear 
understanding of the project and the Welding Procedure Specifications (WPS) 
(which the Contractor shall develop and submit for all welding, including 
welding done using pre-qualified procedures).  Mandatory attendance is 
required by all Contractor's welding production and inspection personnel 
and appropriate Government personnel.  Include as items for discussion:  
responsibilities of various parties; welding procedures and processes to be 
followed; welding sequence (both within a joint and joint sequence within 
the building); inspection requirements and procedures, both visual and 
ultrasonic; welding schedule; fabrication of mock-up model; and other items 
deemed necessary by the attendees.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Data

Welding Procedure Qualifications; G
Welder, Welding Operator, and Tacker Qualification
Inspector Qualification
Previous Qualifications
Pre-qualified Procedures

SD-06 Test Reports

Quality Control
Nondestructive Examination

SD-07 Certificates

Certified Welding Procedure Specifications (WPS)

Certified Procedure Qualification Records (PQR)
Certified Welder Performance Qualifications (WPQ)
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1.5   QUALITY ASSURANCE

Except for pre-qualified (in accordance with AWS D1.1/D1.1M) and previously 
qualified procedures, each Contractor performing welding shall record in 
detail and qualify the welding procedure specification for any welding 
procedure followed in the fabrication of weldments.  Conform welding 
procedure qualifications to AWS D1.1/D1.1M and to the specifications in 
this section.  Submit for approval copies of the welding procedure 
specification and the results of the procedure qualification test records 
for each type of welding which requires procedure qualification and the 
welder, welding operator, or tacker qualification test records..  Approval 
of any procedure, however, does not relieve the Contractor of the sole 
responsibility for producing a finished structure meeting all the specified 
requirements.  Submit this information on the forms in Annex M of 
AWS D1.1/D1.1M.  Individually identify and clearly reference on the detail 
drawings and erection drawings all welding procedure specifications, or 
suitably key them to the contract drawings.  In case of conflict between 
this specification and AWS D1.1/D1.1M, this specification governs.

1.5.1   General Requirements

To perform this work provide an organization certified in the following:  
American Institute of Steel Construction (AISC) Quality Certification 
Program Category I Conventional Steel Structures.

a.  For Structural Projects, provide documentation of the following:

(1) Component Thickness 1/8 inch and greater:  Qualification documents 
(WPS, PQR, and WPQ) in accordance with AWS D1.1/D1.1M.

(2) Component Thickness Less than 1/8 inch:  Qualification documents 
(WPS, PQR, and WPQ) in accordance with AWS D1.3/D1.3M.

(3) Reinforcing Steel:  Qualification documents (WPS, PWR, and WPQ) in 
accordance with AWS D1.4/D1.4M.

b.  For other applications, provide documentation of the following:

(1) Submit for approval to the Contracting Officer two 2 copies of 
Certified Welding Procedure Specifications (WPS), and Certified 
Procedure Qualification Records (PQR) within fifteen 15 calendar 
days after receipt of Notice to Proceed.

(2) Submit for approval to the Contracting Officer two 2 copies of 
Certified Welder Performance Qualifications (WPQ)and Certified 
Brazer Performance Qualifications (BPQ) within fifteen 15 calendar 
days prior to any employee welding on the project material.

1.5.2   Previous Qualifications

Welding procedures previously qualified by test may be accepted for this 
contract without re-qualification, upon receipt of the test results, if the 
following conditions are met:

a.  Testing was performed by an approved testing laboratory, technical 
consultant, or the Contractor's approved quality control organization.

b.  The qualified welding procedure conforms to the requirements of this 

SECTION 05 05 23  Page 159



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

specification and is applicable to welding conditions encountered under 
this contract.

c.  The welder, welding operator, and tacker qualification tests conform to 
the requirements of this specification and are applicable to welding 
conditions encountered under this contract.

1.5.3   Pre-qualified Procedures

Welding procedures which are considered pre-qualified as specified in 
AWS D1.1/D1.1M will be accepted without further qualification.  Submit for 
approval a listing or an annotated drawing to indicate the joints not 
pre-qualified.  Procedure qualification is mandatory for these joints.  
Qualify the welding procedures and welders by tests prescribed in the 
applicable code or specification not withstanding the fact the code or 
specification may allow pre-qualified procedures.

1.5.4   Retests

If welding procedure fails to meet the requirements of AWS D1.1/D1.1M, 
revise and re-qualify the procedure specification, or at the Contractor's 
option, welding procedure may be retested in accordance with AWS D1.1/D1.1M.  
If the welding procedure is qualified through retesting, submit all test 
results, including those of test welds that failed to meet the 
requirements, with the welding procedure.

1.5.5   Welder, Welding Operator, and Tacker Qualification

Each welder, welding operator, and tacker assigned to work on this contract 
shall be qualified in accordance with the applicable requirements of 
AWS D1.1/D1.1M and as specified in this section.  Welders, welding 
operators, and tackers who make acceptable procedure qualification test 
welds will be considered qualified for the welding procedure used.

1.5.5.1   Previous Personnel Qualifications

At the discretion of the Contracting Officer, welders, welding operators, 
and tackers qualified by test within the previous 6 months may be accepted 
for this contract without re-qualification if all the following conditions 
are met:

a.  Copies of the welding procedure specifications, the procedure 
qualification test records, and the welder, welding operator, and 
tacker qualification test records are submitted and approved in 
accordance with the specified requirements for detail drawings.

b.  Testing was performed by an approved testing laboratory, technical 
consultant, or the Contractor's approved quality control organization.

c.  The previously qualified welding procedure conforms to the requirements 
of this specification and is applicable to welding conditions 
encountered under this contract.

d.  The welder, welding operator, and tacker qualification tests conform to 
the requirements of this specification and are applicable to welding 
conditions encountered under this contract.

SECTION 05 05 23  Page 160



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

1.5.5.2   Certificates

Before assigning any welder, welding operator, or tacker to work under this 
contract, submit the names of the welders, welding operators, and tackers 
to be employed, and certification that each individual is qualified as 
specified.  State in the certification the type of welding and positions 
for which the welder, welding operator, or tacker is qualified, the code 
and procedure under which the individual is qualified, the date qualified, 
and the name of the firm and person certifying the qualification tests.  
Keep the certification current, on file, and furnish 3 copies.

1.5.5.3   Renewal of Qualification

Re-qualification of a welder or welding operator is required under any of 
the following conditions:

a.  It has been more than 6 months since the welder or welding operator has 
used the specific welding process for which he is qualified.

b.  There is specific reason to question the welder or welding operator's 
ability to make welds that meet the requirements of these 
specifications.

c.  The welder or welding operator was qualified by an employer other than 
those firms performing work under this contract, and a qualification 
test has not been taken within the past 12 months.  Submit as evidence 
of conformance all records showing periods of employment, name of 
employer where welder, or welding operator, was last employed, and the 
process for which qualified.

d.  A tacker who passes the qualification test is considered eligible to 
perform tack welding indefinitely in the positions and with the 
processes for which he/she is qualified, unless there is some specific 
reason to question the tacker's ability.  In such a case, the tacker is 
required to pass the prescribed tack welding test.

1.5.6   Inspector Qualification

Inspector qualifications shall be in accordance with AWS D1.1/D1.1M.  
Qualify all nondestructive testing personnel in accordance with the 
requirements of ASNT SNT-TC-1A for Levels I or II in the applicable 
nondestructive testing method.  The inspector may be supported by assistant 
welding inspectors who are not qualified to ASNT SNT-TC-1A, and assistant 
inspectors may perform specific inspection functions under the supervision 
of the qualified inspector.

1.5.7   Symbols and Safety

Symbols shall be in accordance with AWS A2.4, unless otherwise indicated.  
Safe welding practices and safety precautions during welding shall conform 
to AWS Z49.1.

PART 2   PRODUCTS

2.1   WELDING EQUIPMENT AND MATERIALS

Provide all welding equipment, electrodes, welding wire, and fluxes capable 
of producing satisfactory welds when used by a qualified welder or welding 
operator performing qualified welding procedures.  All welding equipment 
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and materials shall comply with the applicable requirements of 
AWS D1.1/D1.1M.

PART 3   EXECUTION

3.1   WELDING OPERATIONS

3.1.1   Requirements

Conform workmanship and techniques for welded construction to the 
requirements of AWS D1.1/D1.1M and AISC 360.  When AWS D1.1/D1.1M and the 
AISC 360 specification conflict, the requirements of AWS D1.1/D1.1M govern.

3.1.2   Identification

Identify all welds in one of the following ways:

a.  Submit written records to indicate the location of welds made by each 
welder, welding operator, or tacker.

b.  Identify all work performed by each welder, welding operator, or tacker 
with an assigned number, letter, or symbol to identify welds made by 
that individual.  The Contracting Officer may require welders, welding 
operators, and tackers to apply their symbol next to the weld by means 
of rubber stamp, felt-tipped marker with waterproof ink, or other 
methods that do not cause an indentation in the metal.  Place the 
identification mark for seam welds adjacent to the weld at 3 foot 
intervals.  Identification with die stamps or electric etchers is not 
allowed.

3.2   QUALITY CONTROL

Perform testing using an approved inspection or testing laboratory or 
technical consultant; or if approved, the Contractor's inspection and 
testing personnel may be used instead of the commercial inspection or 
testing laboratory or technical consultant.  Conform procedures and 
techniques for inspection with applicable requirements of AWS D1.1/D1.1M.  
Submit a quality assurance plan and records of tests and inspections.

3.3   STANDARDS OF ACCEPTANCE

Conform dimensional tolerances for welded construction, details of welds, 
and quality of welds with the applicable requirements of AWS D1.1/D1.1M and 
the contract drawings.   

3.3.1   Nondestructive Examination

The welding is subject to inspection.  Inspection and tests do not relieve 
the Contractor of the responsibility to furnish weldments of satisfactory 
quality.  When materials or workmanship do not conform to the specification 
requirements, the Government reserves the right to reject material or 
workmanship or both at any time before final acceptance of the structure 
containing the weldment.  Submit all records of nondestructive examination 
in accordance with paragraph "Acceptance Requirements". 

3.3.2   Class B Inspection

All Class B inspections as per NASA-STD-5004A shall require either 100 
percent magnetic particle (MT) or 100 percent penetrant testing (PT) in 
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accordance with AWS D1.1/D1.1M, AWS D1.2/D1.2M, or AWS D1.3/D1.3M as 
applicable. When multipass welds are subjected to a Class B inspection, the 
root pass, final pass and each 13-mm (0.5-inch) interval of thickness shall 
be so inspected. In addition to the normal interpass cleaning requirements 
for multipass welds, all liquid penetrant materials and/or metal particles 
shall be removed after each inspection.

3.4   GOVERNMENT INSPECTION AND TESTING

In addition to the inspection and tests performed by the Contractor for 
quality control, the Government will perform inspection and testing for 
acceptance to the extent determined by the Contracting Officer.  The costs 
of such inspection and testing will be borne by the Contractor if 
unsatisfactory welds are discovered, or by the Government if the welds are 
satisfactory.  The work may be performed by the Government's own forces or 
under a separate contract for inspection and testing.  The Government 
reserves the right to perform supplemental nondestructive and destructive 
tests to determine compliance with paragraph STANDARDS OF ACCEPTANCE.

3.5   CORRECTIONS AND REPAIRS

If inspection or testing indicates defects in the weld joints, repair 
defective welds using a qualified welder or welding operator as 
applicable.  Conduct corrections in accordance with the requirements of 
AWS D1.1/D1.1M and the specifications.  Repair all defects in accordance 
with the approved procedures.  Repair defects discovered between passes 
before additional weld material is deposited.  Wherever a defect is removed 
and repair by welding is not required, blend the affected area into the 
surrounding surface to eliminate sharp notches, crevices, or corners.  
After a defect is thought to have been removed, and before re-welding, 
examine the area by suitable methods to ensure that the defect has been 
eliminated.  Repaired welds shall meet the inspection requirements for the 
original welds.  Any indication of a defect is regarded as a defect, unless 
re-evaluation by nondestructive methods or by surface conditioning shows 
that no unacceptable defect is present.

       -- End of Section --
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SECTION 05 12 00

STRUCTURAL STEEL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 325 (2011) Steel Construction Manual

AISC 326 (2009) Detailing for Steel Construction

AISC 360 (2010) Specification for Structural Steel 
Buildings

ASME INTERNATIONAL (ASME)

ASME B46.1 (2009) Surface Texture, Surface Roughness, 
Waviness and Lay

ASTM INTERNATIONAL (ASTM)

ASTM A108 (2007) Standard Specification for Steel 
Bar, Carbon and Alloy, Cold-Finished

ASTM A123/A123M (2012) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A153/A153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A193/A193M (2012a) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service and 
Other Special Purpose Applications

ASTM A307 (2012) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A325 (2010) Standard Specification for 
Structural Bolts, Steel, Heat Treated, 
120/105 ksi Minimum Tensile Strength

ASTM A36/A36M (2012) Standard Specification for Carbon 
Structural Steel

ASTM A490 (2012) Standard Specification for 
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Structural Bolts, Alloy Steel, Heat 
Treated, 150 ksi Minimum Tensile Strength

ASTM A500/A500M (2010a) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 
Steel Structural Tubing in Rounds and 
Shapes

ASTM A501 (2007) Standard Specification for 
Hot-Formed Welded and Seamless Carbon 
Steel Structural Tubing

ASTM A563 (2007a) Standard Specification for Carbon 
and Alloy Steel Nuts

ASTM A668/A668M (2004; R 2009) Standard Specification for 
Steel Forgings, Carbon and Alloy, for 
General Industrial Use

ASTM A992/A992M (2011) Standard Specification for 
Structural Steel Shapes

ASTM C1107/C1107M (2011) Standard Specification for Packaged 
Dry, Hydraulic-Cement Grout (Nonshrink)

ASTM C827/C827M (2010) Change in Height at Early Ages of 
Cylindrical Specimens from Cementitious 
Mixtures

ASTM F436 (2011) Hardened Steel Washers

ASTM F844 (2007a) Washers, Steel, Plain (Flat), 
Unhardened for General Use

1.2   SYSTEM DESCRIPTION

Provide the structural steel system, including shop primer, galvanizing, 
complete and ready for use.  Structural steel systems including design, 
materials, installation, workmanship, fabrication, assembly, erection, 
inspection, quality control, and testing shall be provided in accordance 
with AISC 360  except as modified in this contract.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Erection Plan, including description of temporary supports; G
Fabrication drawings including description of connections; G

SD-03 Product Data
Non-Shrink Grout
Include test report for Class B primer.
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SD-06 Test Reports
Bolts, nuts, and washers

Supply the certified manufacturer's mill reports which clearly 
show the applicable ASTM mechanical and chemical requirements 
together with the actual test results for the supplied fasteners.

SD-07 Certificates

Steel

Bolts, nuts, and washers

1.4   AISC QUALITY CERTIFICATION

Work shall be fabricated in an AISC certified Category STD fabrication 
plant.

1.5   QUALITY ASSURANCE

1.5.1   Drawing Requirements

Submit fabrication drawings for approval prior to fabrication.  Prepare in 
accordance with AISC 326 and AISC 325.  Fabrication drawings shall not be 
reproductions of contract drawings.  Sign and seal fabrication drawings by 
a professional engineer registered in the State where the project is 
located.  Include complete information for the fabrication and erection of 
the structure's components, including the location, type, and size of 
bolts, welds, member sizes and lengths, connection details, blocks, copes, 
and cuts.  Shoring and temporary bracing shall be designed and sealed by a 
registered professional engineer and submitted for record purposes, with 
calculations, as part of the drawings.  Member substitutions of details 
shown on the contract drawings shall be clearly highlighted on the 
fabrication drawings.  Explain the reasons for any deviations from the 
contract drawings.

1.5.2   Certifications

1.5.2.1   Erection Plan

Submit for record purposes.  Indicate the sequence of erection, temporary 
shoring and bracing.

1.5.2.2   Welding Procedures and Qualifications

See Specification Section 05 05 23.

PART 2   PRODUCTS

2.1   STEEL

2.1.1   Structural Steel

ASTM A36/A36M.
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2.1.2   Structural Shapes for Use in Building Framing

Wide flange shapes, ASTM A992/A992M.

Angles, ASTM A36/A36M

2.1.3   Structural Steel Tubing

ASTM A500/A500M, Grade B; ASTM A501, Grade B.

2.2   BOLTS, NUTS, AND WASHERS

Provide the following unless indicated otherwise. All fasteners shall be 
hot dipped galvanized.

2.2.1   Structural Steel 

All bolts, nuts and washers shall be hot dipped galvanized. Threads to be 
clean of galvanization for ease of field installation.

2.2.1.1   Bolts

ASTM A307, Grade A;  ASTM A325, Type 1.  The bolt heads and the nuts of the 
supplied fasteners must be marked with the manufacturer's identification 
mark, the strength grade and type specified by ASTM specifications.

2.2.1.2   Nuts

ASTM A563, Grade and Style for applicable ASTM bolt standard recommended.

2.2.1.3   Washers

ASTM F844 washers for ASTM A307 bolts, and ASTM F436 washers for ASTM A325 
and ASTM A490 bolts.

2.2.2   High-Strength Structural Steel and Structural Steel Tubing

2.2.2.1   Bolts

 ASTM A325, Type 1.

2.2.2.2   Nuts

 ASTM A563, Grade and Style as specified in the applicable ASTM bolt 
standard.

2.2.2.3   Washers

 ASTM F436, plain carbon steel.

2.2.3   Weathering Structural Steel

2.2.3.1   Bolts

 ASTM A325, Type 3 .

2.2.3.2   Nuts

 ASTM A563, heavy hex style, Grade DH3, except Grade C3 may be furnished for
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 ASTM A325 bolts.

2.2.4   Foundation Anchorage

2.2.4.1   Anchor Bolts

ASTM A193/A193M Grade B7. 

2.2.4.2   Anchor Nuts

 ASTM A563, Grade A, hex style.  .

2.2.4.3   Anchor Washers

ASTM F844. 

2.2.4.4   Anchor Plate Washers

ASTM A36/A36M 

2.3   STRUCTURAL STEEL ACCESSORIES

2.3.1   Non-Shrink Grout

ASTM C1107/C1107M, with no ASTM C827/C827M shrinkage.  Grout shall be 
nonmetallic.

2.3.2   Pins and Rollers

ASTM A668/A668M, Class C, D, F, or G; ASTM A108, Grades 1016 to 1030.  
2.4   SHOP COATINGS/FINISHES

All structural coatings and finishes shall be per SECTION 09 97 30.30 98 
Protective Coatings of Carbon Stainless Steel and Aluminum on Structures 
and Facilities.

2.5   GALVANIZING

ASTM A123/A123M or ASTM A153/A153M, as applicable, unless specified 
otherwise galvanize after fabrication where practicable.

2.6   FABRICATION

2.6.1   Markings

Prior to erection, members shall be identified by a painted erection mark. 
Connecting parts assembled in the shop for reaming holes in field 
connections shall be match marked with scratch and notch marks.  Do not 
locate erection markings on areas to be welded or on surfaces of weathering 
steels that will be exposed in the completed structure.  Do not locate 
match markings in areas that will decrease member strength or cause stress 
concentrations.  

2.6.2   Surface Finishes

ASME B46.1 maximum surface roughness of 125 for pin, pinholes, and sliding 
bearings, unless indicated otherwise.
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2.7   DRAINAGE HOLES

Adequate drainage holes shall be drilled to eliminate water traps.  Hole 
diameter shall be 1/2 inch and location shall be indicated on the detail 
drawings.  Hole size and location shall not affect the structural integrity.

PART 3   EXECUTION

3.1   FABRICATION

Fabrication and assembly shall be in accordance with the applicable 
provisions of AISC 325.  Fabrication and assembly shall be done in the shop 
to the greatest extent possible.  

Shop splices of members between field splices will be permitted only where 
indicated on the Contract Drawings.  Splices not indicated require the 
approval of the Contracting Officer.

3.2   INSTALLATION

3.3   ERECTION

a.  Erection of structural steel, except as indicated in item b. below, 
shall be in accordance with the applicable provisions of AISC 360.  
Erection plan shall be reviewed, stamped and sealed by a licensed 
structural engineer.

After final positioning of steel members, provide full bearing under base 
plates and bearing plates using nonshrink grout.  Place nonshrink grout in 
accordance with the manufacturer's instructions.

3.3.1   STORAGE

Material shall be stored out of contact with the ground in such manner and 
location as will minimize deterioration.

3.4   CONNECTIONS

Except as modified in this section, connections not detailed shall be 
designed in accordance with AISC 360.  Build connections into existing 
work.  Do not tighten anchor bolts set in concrete with impact torque 
wrenches.  Punch, subpunch and ream, or drill bolt holes perpendicular to 
the surface of the member.  Holes shall not be cut or enlarged by burning.  
Bolts, nuts, and washers shall be clean of dirt and rust, and lubricated 
immediately prior to installation.

3.4.1   Common Grade Bolts

ASTM A307 bolts shall be tightened to a "snug tight" fit.  "Snug tight" is 
the tightness that exists when plies in a joint are in firm contact.  If 
firm contact of joint plies cannot be obtained with a few impacts of an 
impact wrench, or the full effort of a man using a spud wrench, contact the 
Contracting Officer for further instructions.

3.4.2   High-Strength Bolts

 ASTM A325 bolts shall be fully tensioned to 70 percent of their minimum 
tensile strength. Bolts shall be installed in connection holes and 
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initially brought to a snug tight fit.  After the initial tightening 
procedure, bolts shall then be fully tensioned, progressing from the most 
rigid part of a connection to the free edges.

3.5   GAS CUTTING

Use of gas-cutting torch in the field for correcting fabrication errors 
will not be permitted on any major member in the structural framing.  Use 
of a gas cutting torch will be permitted on minor members not under stress 
only after approval has been obtained from the Contracting Officer.

3.6   WELDING

See Specification SECTION 05 05 23

3.7   FIELD QUALITY CONTROL

Perform field tests, and provide labor, equipment, and incidentals required 
for testing, except that electric power for field tests will be furnished 
as set forth in Division 1.  The Contracting Officer shall be notified in 
writing of defective welds, bolts, nuts, and washers within 7 working days 
of the date of weld inspection.

3.7.1   Welds

3.7.1.1    Inspection

See Specification SECTION 05 05 23.

3.7.2   High-Strength Bolts

3.7.2.1   Testing Bolt, Nut, and Washer Assemblies

Demonstrate that the bolts and nuts, when used together, can develop 
tension not less than the provisions specified in AISC 360, depending on 
bolt size and grade.  The bolt tension shall be developed by tightening the 
nut.  A representative of the manufacturer or supplier shall be present to 
ensure that the fasteners are properly used, and to demonstrate that the 
fastener assemblies supplied satisfy the specified requirements.

3.7.2.2   Inspection

Inspection procedures shall be in accordance with AISC 360 .  Confirm and 
report to the Contracting Officer that the materials meet the project 
specification and that they are properly stored. Confirm that the faying 
surfaces have been properly prepared before the connections are assembled.  
Observe the specified job site testing and calibration, and confirm that 
the procedure to be used provides the required tension.  Monitor the work 
to ensure the testing procedures are routinely followed on joints that are 
specified to be fully tensioned.

The Contractor shall inspect calibration of torque wrenches for 
high-strength bolts.

3.7.2.3   Testing

The Government has the option to perform nondestructive tests on 5  percent 
of the installed bolts to verify compliance with pre-load bolt tension 
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requirements.  The Contractor shall allow access for the Government to 
perform the tests.  The nondestructive testing will be done in-place using 
an ultrasonic measuring device or any other device capable of determining 
in-place pre-load bolt tension.  The test locations shall be selected by 
the Contracting Officer.  If more than 10  percent of the bolts tested 
contain defects identified by testing, then all bolts used from the batch 
from which the tested bolts were taken, shall be tested at the Contractor's 
expense.  Retest new bolts after installation at the Contractor's expense.

        -- End of Section --
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SECTION 05 52 00

METAL RAILINGS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2012; Errata 2011) Structural Welding 
Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A153/A153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A283/A283M (2012a) Standard Specification for Low and 
Intermediate Tensile Strength Carbon Steel 
Plates

ASTM A325 (2010) Standard Specification for 
Structural Bolts, Steel, Heat Treated, 
120/105 ksi Minimum Tensile Strength

ASTM A36/A36M (2012) Standard Specification for Carbon 
Structural Steel

ASTM A501 (2007) Standard Specification for 
Hot-Formed Welded and Seamless Carbon 
Steel Structural Tubing

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Fabrication Drawings; G

Iron and Steel Hardware; G

Steel Shapes, Plates, Bars and Strips; G

SD-03 Product Data
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Structural Steel Plates, Shapes, and Bars; G
Steel Railings and Handrails; G

SD-08 Manufacturer's Instructions

Installation Instructions; G

1.3   QUALITY ASSURANCE

1.3.1   Welding 

See Specification Section 05 05 23 

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide complete, detailed fabrication drawings and installation drawings 
for all iron and steel hardware, and for all steel shapes, plates, bars and 
strips used in accordance with the design specifications referenced in this 
section.

Pre-assemble items in the shop to the greatest extent possible.  
Disassemble units only to the extent necessary for shipping and handling.  
Clearly mark units for reassembly and coordinated installation.

For the fabrication of work exposed to view, use only materials that are 
smooth and free of surface blemishes, including pitting, seam marks, roller 
marks, rolled trade names, and roughness.  Remove blemishes by grinding, or 
by welding and grinding, prior to cleaning, treating, and application of 
surface finishes, including zinc coatings.

2.2   GENERAL FABRICATION

Provide railings and handrails detail plans and elevations at not less than 
1 inch to 1 foot.  Provide details of sections and connections at not less 
than 3 inches to 1 foot.  Also detail setting drawings, diagrams, templates 
for installation of anchorages, including concrete inserts, anchor bolts, 
and miscellaneous metal items having integral anchors.

Use materials of size and thicknesses indicated or, if not indicated, of 
required size and thickness to produce adequate strength and durability in 
finished product for intended use.  Work materials to dimensions indicated 
on approved detail drawings, using proven details of fabrication and 
support.  Use type of materials indicated or specified for the various 
components of work.

Form exposed work true to line and level with accurate angles and surfaces 
and straight sharp edges.  Ensure all exposed edges are eased to a radius 
of approximately 1/32 inch.  Bend metal corners to the smallest radius 
possible without causing grain separation or otherwise impairing the work.

Weld corners and seams continuously and in accordance with the 
recommendations of AWS D1.1/D1.1M.  Grind exposed welds smooth and flush to 
match and blend with adjoining surfaces.

Form exposed connections with hairline joints that are flush and smooth, 
using concealed fasteners wherever possible.  Use exposed fasteners of the 
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type indicated or, if not indicated, use Phillips flathead (countersunk) 
screws or bolts.

Provide anchorage of the type indicated and coordinated with the supporting 
structure.  Fabricate anchoring devices and space as indicated and as 
required to provide adequate support for the intended use of the work.

Use hot-rolled steel bars for work fabricated from bar stock unless work is 
indicated or specified to be fabricated from cold-finished or cold-rolled 
stock.

2.3   STRUCTURAL STEEL PLATES, SHAPES AND BARS

Provide structural-size shapes and plates, except plates to be bent or 
cold-formed, conforming to ASTM A36/A36M, unless otherwise noted.

Provide steel plates, to be bent or cold-formed,conforming to 
ASTM A283/A283M, Grade C.

Provide steel bars and bar-size shapes conforming to ASTM A36/A36M, unless 
otherwise noted.

2.4   STRUCTURAL STEEL TUBING

Provide structural  steel tubing, hot-formed, welded or seamless, 
conforming to ASTM A501, Grade B, unless otherwise noted.

2.5   FASTENERS

Provide hot dipped galvanized fasteners in accordance with ASTM A153/A153M 
used for exterior applications or where built into exterior walls or floor 
systems.  Select fasteners for the type, grade, and class required for the 
installation of steel stair items.

Provide standard hexagon-head bolts, conforming to ASTM A325, Type 1.

2.6   PROTECTIVE COATING

See specification Section 09 97 30.30 98.

2.7   STEEL RAILINGS AND HANDRAILS

Design handrails to resist a concentrated load of 200 lbs in any direction 
at any point of the top of the rail or 50 lbs per foot applied horizontally 
to top of the rail, whichever is more severe.  

2.7.1   Steel Handrails

Provide steel handrails, including inserts in concrete, ASTM A501  Grade B.
  Provide steel railings of 2 inches nominal size.

a.  Fabrication:  Joint posts, rail, and corners by one of the following 
methods:

(1) Flush-type rail fittings of commercial standard, welded and ground 
smooth with railing splice locks secured with 3/8 inch
hexagonal-recessed-head setscrews.
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(2) Mitered and welded joints made by fitting post to top rail and 
intermediate rail to post, mitering corners, groove welding 
joints, and grinding smooth.  Butt railing splices and reinforce 
them by a tight fitting interior sleeve not less than 6 inches 
long.

(3) Railings may be bent at corners in lieu of jointing, provided 
bends are made in suitable jigs and the pipe is not crushed.

b.  Provide removable sections as indicated.

Provide kickplates between railing posts where indicated, and consist of 
1/8-inch steel flat bars not less than 6 inches high.  Secure kickplates as 
indicated.

PART 3   EXECUTION

3.1   INSTALLATION INSTRUCTIONS

Submit manufacturer's installation instructions for the following products 
to be used in the fabrication of steelhand rail work:

a.  Structural steel plates, shapes, and bars

b.  Structural steel tubing

c.  Cold finished steel bars

d.  Hot-Rolled carbon steel bars

e.  Protective coating

f.  Steel railings and handrails

Provide complete, detailed fabrication and installation drawings for all 
iron and steel hardware, and for all steel shapes, plates, bars and strips 
used in accordance with the design specifications referenced in this 
section.

3.2   WELDING

See specification Section 05 05 23. 

        -- End of Section --
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SECTION 07 92 00

JOINT SEALANTS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM C920 (2011) Standard Specification for 
Elastomeric Joint Sealants

ASTM D2452 (2003; R 2009) Standard Test Method for 
Extrudability of Oil- and Resin-Base 
Caulking Compounds

ASTM D2453 (2003; R 2009) Standard Test Method for 
Shrinkage and Tenacity of Oil- and 
Resin-Base Caulking Compounds

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Data

Sealants; G

Primers; G

Bond breakers; G

Backstops; G

Manufacturer's descriptive data including storage requirements, 
shelf life, curing time, instructions for mixing and application, 
and primer data (if required).  Provide a copy of the Material 
Safety Data Sheet for each solvent, primer or sealant material.

SD-07 Certificates

Sealant

Certificates of compliance stating that the materials conform to 
the specified requirements.
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1.3   ENVIRONMENTAL CONDITIONS

Apply sealant when the ambient temperature is between 40 and 90 degrees F.

1.4   DELIVERY AND STORAGE

Deliver materials to the job site in unopened manufacturers' external 
shipping containers, with brand names, date of manufacture, color, and 
material designation clearly marked thereon.  Label elastomeric sealant 
containers to identify type, class, grade, and use. Carefully handle and 
store materials to prevent inclusion of foreign materials or subjection to 
sustained temperatures exceeding 90 degrees F or less than 0 degrees F.

1.5   QUALITY ASSURANCE

1.5.1   Compatibility with Substrate

Verify that each of the sealants are compatible for use with joint 
substrates.

1.5.2   Joint Tolerance

Provide joint tolerances in accordance with manufacturer's printed 
instructions.

1.6   SPECIAL WARRANTY

Guarantee sealant joint against failure of sealant and against water 
penetration through each sealed joint for five years.

PART 2   PRODUCTS

2.1   SEALANTS

Provide sealant that has been tested and found suitable for the substrates 
to which it will be applied.

2.1.1   Floor Joint Sealant

ASTM C920, Type S or M, Grade P, Class 25, Use T.  Provide location(s) and 
color(s) of sealant as follows:

LOCATION COLOR

a.  Seats of metal thresholds for 
exterior doors. Joints at precast 
bearing pads.

Gray

b.  Control and expansion joints in 
precast roof planks.

Gray

2.2   PRIMERS

Provide a nonstaining, quick-drying type and consistency recommended by the 
sealant manufacturer for the particular application.

SECTION 07 92 00  Page 181



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

2.3   BOND BREAKERS
 
Provide the type and consistency recommended by the sealant manufacturer to 
prevent adhesion of the sealant to backing or to bottom of the joint.

2.4   BACKSTOPS

Provide glass fiber roving or neoprene, butyl, polyurethane, or 
polyethylene foams free from oil or other staining elements as recommended 
by sealant manufacturer.  Provide 25 to 33 percent oversized backing for 
closed cell and 40 to 50 percent oversized backing for open cell material, 
unless otherwise indicated.  Make backstop material compatible with 
sealant.  Do not use oakum  and other types of absorptive materials as 
backstops.

2.5   CAULKING

Conform to ASTM D2452 and ASTM D2453, Oil- and resin-based caulking.

2.6   CLEANING SOLVENTS

Provide type(s) recommended by the sealant manufacturer except for aluminum 
and bronze surfaces that will be in contact with sealant.

PART 3   EXECUTION

3.1   SURFACE PREPARATION

Clean surfaces from dirt, frost, moisture, grease, oil, wax, lacquer, 
paint, or other foreign matter that would tend to destroy or impair 
adhesion.  Remove oil and grease with solvent.  Surfaces must be wiped dry 
with clean cloths.  When resealing an existing joint, remove existing caulk 
or sealant prior to applying new sealant.  For surface types not listed 
below, contact sealant manufacturer for specific recommendations.

3.1.1   Steel Surfaces

Remove loose mill scale by sandblasting or, if sandblasting is impractical 
or would damage finish work, scraping and wire brushing.  Remove protective 
coatings by sandblasting or using a residue-free solvent.

3.1.2   Concrete and Masonry Surfaces

Where surfaces have been treated with curing compounds, oil, or other such 
materials, remove materials by sandblasting or wire brushing. Remove 
laitance, efflorescence and loose mortar from the joint cavity.

3.2   SEALANT PREPARATION

Do not add liquids, solvents, or powders to the sealant.  Mix 
multicomponent elastomeric sealants in accordance with manufacturer's 
instructions.

3.3   APPLICATION

3.3.1   Joint Width-To-Depth Ratios

a.  Acceptable Ratios:
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JOINT WIDTH JOINT DEPTH

Minimum Maximum

For metal, glass, or other nonporous surfaces:

1/4 inch (minimum) 1/4 inch 1/4 inch

over 1/4 inch 1/2 of width Equal to width

For wood, concrete, masonry, or stone.

1/4 inch (minimum) 1/4 inch 1/4 inch

over 1/4 inch to 1/2 inch 1/4 inch Equal to width

over 1/2 inch to 2 inch 1/2 inch 5/8 inch

Over 2 inch As recommended by sealant manufacturer

b.  Unacceptable Ratios:  Where joints of acceptable width-to-depth ratios 
have not been provided, clean out joints to acceptable depths and grind 
or cut to acceptable widths without damage to the adjoining work.  
Grinding is not required on metal surfaces.

3.3.2   Masking Tape

Place masking tape on the finish surface on one or both sides of a joint 
cavity to protect adjacent finish surfaces from primer or sealant smears.  
Remove masking tape within 10 minutes after joint has been filled and 
tooled.

3.3.3   Backstops

Install backstops dry and free of tears or holes.  Tightly pack the back or 
bottom of joint cavities with backstop material to provide a joint of the 
depth specified.  Install backstops in the following locations:

a.  Where indicated.

b.  Where backstop is not indicated but joint cavities exceed the 
acceptable maximum depths specified in paragraph entitled, "Joint 
Width-to-Depth Ratios".

3.3.4   Primer

Immediately prior to application of the sealant, clean out loose particles 
from joints.  Where recommended by sealant manufacturer, apply primer to 
joints in concrete masonry units, wood, and other porous surfaces in 
accordance with sealant manufacturer's instructions.  Do not apply primer 
to exposed finish surfaces.

3.3.5   Bond Breaker

Provide bond breakers to the back or bottom of joint cavities, as 
recommended by the sealant manufacturer for each type of joint and sealant 
used, to prevent sealant from adhering to these surfaces.  Carefully apply 
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the bond breaker to avoid contamination of adjoining surfaces or breaking 
bond with surfaces other than those covered by the bond breaker.

3.3.6   Sealants

Provide a sealant compatible with the material(s) to which it is applied. 
Do not use a sealant that has exceeded shelf life or has jelled and can not 
be discharged in a continuous flow from the gun.  Apply the sealant in 
accordance with the manufacturer's printed instructions with a gun having a 
nozzle that fits the joint width.  Force sealant into joints to fill the 
joints solidly without air pockets.  Tool sealant after application to 
ensure adhesion.  Make sealant uniformly smooth and free of wrinkles.  Upon 
completion of sealant application, roughen partially filled or unfilled 
joints, apply sealant, and tool smooth as specified.  Apply sealer over the 
sealant when and as specified by the sealant manufacturer.

3.4   PROTECTION AND CLEANING

3.4.1   Protection

Protect areas adjacent to joints from sealant smears.  Masking tape may be 
used for this purpose if removed 5 to 10 minutes after the joint is filled.

3.4.2   Final Cleaning

Upon completion of sealant application, remove remaining smears and stains 
and leave the work in a clean and neat condition.

a.  Masonry and Other Porous Surfaces:  Immediately scrape off fresh 
sealant that has been smeared on masonry and rub clean with a solvent 
as recommended by the sealant manufacturer.  Allow excess sealant to 
cure for 24 hour then remove by wire brushing or sanding.

b.  Metal and Other Non-Porous Surfaces:  Remove excess sealant with a 
solvent-moistened cloth.

        -- End of Section --
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SECTION 09 97 30.30 98

PROTECTIVE COATING OF CARBON, STAINLESS STEEL AND ALUMINUM ON STRUCTURES AND
FACILITIES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2012) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A153/A153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A428/A428M (2010) Standard Test Method for Weight 
(Mass) of Coating on Aluminum-Coated Iron 
or Steel Articles

ASTM A653/A653M (2011) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A780/A780M (2009) Standard Practice for Repair of 
Damaged and Uncoated Areas of Hot-Dip 
Galvanized Coatings

ASTM D520 (2000; R 2011) Zinc Dust Pigment

ASTM D610 (2008) Evaluating Degree of Rusting on 
Painted Steel Surfaces

ASTM D714 (2002; R 2009) Evaluating Degree of 
Blistering of Paints

ASTM D1654 (2008) Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments

ASTM D4285 (1983; R 2012) Indicating Oil or Water in 
Compressed Air

ASTM D4417 (2003) Field Measurement of Surface 
Profile of Blast Cleaned Steel

ASTM D4752 (2010) Standard Practice for Measuring MEK 
Resistance of Ethyl Silicate (Inorganic) 
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Zinc-Rich Primers by Solvent Rub

ASTM D6862 Standard Test Method for 90 Degree Peel 
Resistance of Adhesives

COMPRESSED GAS ASSOCIATION (CGA)

CGA G-7.1 (2011) Commodity Specification for Air; 
5th Edition

NACE INTERNATIONAL (NACE)

NACE RP0198 (2004) The Control of Corrosion Under 
Thermal Insulation and Fireproofing
Materials – A Systems Approach

NACE RP0288 (1994; R 2004) Inspection of Linings on 
Steel and Concrete

NACE SP0188 (1999; R 2006) Discontinuity (Holiday) 
Testing of New Protective Coatings on 
Conductive Substrates

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)

KSC-STD-SF-0004 Safety Standard for Ground Piping Systems 
Color Coding and Identification

KSC-SPEC-F-0006 Heat and Blast Protection Coating 
Materials and Application Methods

NASA-STD-I-6001 (1998; Rev B 2011) Flammability, 
Offgassing, and Compatibility Requirements 
and Test Procedures

NASA-STD-5008 Protective Coating of Carbon Steel, 
Stainless Steel, and Aluminum on Launch 
Structures, Facilities, and Ground Support 
Equipment

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC AB 1 (1991; E 2004; E 2007) Mineral and Slag 
Abrasives

SSPC AB 2 (1996; E 2004) Cleanliness of Recycled 
Ferrous Metallic Abrasive

SSPC AB 3 (2003; E 2004) Ferrous Metallic Abrasive

SSPC Guide 15 (2006) Field Methods for Retrieval and 
Analysis of Soluble Salts on
Substrates

SSPC PA 2 (2012) Measurement of Dry Coating 
Thickness With Magnetic Gages

SSPC SP 1 (1982; E 2004) Solvent Cleaning
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SSPC SP 3 (1982; E 2004) Power Tool Cleaning

SSPC SP 10/NACE No. 2 (2007) Near-White Blast Cleaning

SSPC SP 11 (1987; E 2004) Power Tool Cleaning to Bare 
Metal

SSPC TU 2/NACE 6G197 (1997) Design, Installation, and 
Maintenance of Coating Systems for 
Concrete Used in Secondary Containment

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-A-22262 (1993; Rev B; Am 2 1996) Abrasive Blasting 
Media Ship Hull Blast Cleaning

QPL 22262 (2011) Abrasive Blasting Media Ship
Hull Blast Cleaning

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FED-STD-595 (Rev C; Notice 1) Colors Used in 
Government Procurement

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.134 Respiratory Protection

1.2   DEFINITIONS

a.  DFT - Dry Film Thickness

b.  GSE - Ground Support Equipment

c.  IOT - Inorganic Topcoat

d.  WFT - Wet Film Thickness

e.  High-gloss finish - a minimum of 85 gloss units (GUs) at a 60-degree 
angle

f.  Semi-gloss finish - 60 GU to 85 GU at a 60-degree angle

g.  Zones of Exposure - The following zones of exposure are established to 
define coating system requirements for surfaces located in specific 
environments:

(1) Zone 1

Zone 1a - Surfaces that are directly impinged on by solid rocket 
booster (SRB) engine exhaust.

Zone 1b - Surfaces that are indirectly impinged on by SRB exhaust.

Zone 1c - Walking surfaces in Zones 1a and 1b.

(2) Zone 2 - Surfaces that are exposed to elevated temperatures above 
150 degrees F and/or acid deposition from SRB exhaust with no 
exhaust impingement.
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(3) Zone 3

Zone 3a - Surfaces, other than those located in Zones 1 or 2, 
exposed to acid deposition from SRB exhaust products.

Zone 3b - Surfaces exposed to other types of chemical 
contamination (e.g., cooling towers, diesel exhaust stacks, acidic 
industrial environments, and water treatment facilities).

(4) Zone 4

Zone 4a - Surfaces not located in the launch environment but 
located in a neutral pH corrosive marine industrial environment or 
other chloride-containing environments.

Zone 4b - Surfaces located in neutral pH exterior environments in 
any geographical area.

Zone 4c - Surfaces located in indoor environments that are not 
air-conditioned.

(5) Zone 5

Zone 5a - Surfaces located in a continuous indoor air-conditioned 
environment, such as an office or clean room, where both 
temperature and humidity are controlled more than 90 percent of 
the time.

Zone 5b - Surfaces located in a low humidity, high ultraviolet 
environment, such as a high altitude, arid location.

(6) Zone 6

Zone 6a - Surfaces located underground or subject to intermittent 
or continuous immersion in aqueous environments.

Zone 6b - Surfaces subject to exposure in a chemical/fuel storage 
environment.

(7) Zone 7 - Surfaces under thermal insulation, such as chilled water, 
steam, and heated gas lines.

(8) ECS System equipment is located in the following zones:

All structure on the pad surface shall be zone 1b with walking 
surfaces zone 1c.

All Ducting on the pad surface is zone 2.

All outdoor cooling tower equipment is in zone 3a.

All ECS equipment and structures in the ECS room is Zone 5a.

All insulated piping and ducting is further subject to the 
requirements of Zone 7.
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1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Plan for Storage of Coating Materials; G

Safety and Health Plan; G

Hazard Communication Program; G

Respiratory Protection Program; G

Hearing Conservation Program; G

Material Safety Data Sheets; G

Quality Control Coating Inspection Plan; G

Blasting System Design; G

SD-03 Product Data

List of Blasting Aggregates; G

Coatings; G

Thinners; G

Ablative Coatings; G

SD-04 Samples

Representative Sample Areas; G

SD-06 Test Reports

Coating System Daily Inspection Report; G

Quality Assurance for Ablative Coatings; G

SD-07 Certificates

Training Program; G

SD-08 Manufacturer's Instructions

Manufacturer’s Recommendations; G

1.4   QUALITY ASSURANCE

1.4.1   Applicator Qualifications

Provide written evidence indicating the coating applicators have 
successfully completed a comprehensive training program, such as Painting 
and Decorating Contractors of America (PDCA)/NACE/SSPC Industrial Painters 
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Training, or equivalent and qualified in accordance with ASTM A428/A428M.

Provide all painting personnel an orientation including the following 
topics:  proper mixing and application of the specified 
coatings(particularly for inorganic zinc coatings), specification 
requirements, material application characteristics, and inspection 
criteria.  Only personnel that have received training are permitted to 
perform mixing or application of coatings.

Prepare representative sample areas that meet specification requirements, 
and NASA-STD-5008.

1.4.1.1   Coating Work Plan

Provide procedures for reviewing contract documents immediately after award 
to identify errors, omissions, and discrepancies so that any such issues 
can be resolved prior to project planning and development of detailed 
procedures.  For each proposed deviated change, provide procedures that 
include appropriate work instructions, material and equipment requirements, 
personnel qualifications, controls, and process verification procedures.  
Provide procedures for inspecting work to verify and document compliance 
with contract requirements, including inspection forms and checklists, and 
acceptance and rejection criteria.

1.4.2   Responsibility for Inspection

The coating contractor/applicator responsibilities include:

a.  Provide continuous quality control of all work to ensure conformance to 
the project specifications as defined in the paragraph entitled, 
"Requirements for Inspection," of this section.

b.  Submit a project-specific quality control coating inspection plan to 
the Contracting Officer for approval.

c.  Provide an independent coatings inspector  to inspect the work.

The independent coatings inspector is a NACE Certified Level III inspector 
under the NACE International Coating Inspector Program (CIP).  Inspection 
of the surface preparation and coating application processes is performed 
by the independent coatings inspector as follows:

a.  Perform all of the in-process required inspections.

b.  Witness, inspect, and test all protective coating work to verify 
compliance with the specified requirements

c.  Document the work on the inspection forms described in the paragraph 
entitled, "Inspection Forms," of this section.

d.  Prepare and sign the daily inspection reports on a daily basis and 
submit them to the Contracting Officer on a weekly basis as a minimum.

e.  When a nonconformance report is required, sign and submit the report to 
the Contracting Officer within one workday from the time written.

f.  After determining that all nonconformances have been corrected and/or 
the coating work is in compliance with the project specifications, 
complete a conformance verification report for the specific item, area, 
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or project.

g.  Sign and seal the conformance verification report.

h.  Do not affix the seal to the daily inspection report or to the 
nonconformance report.

1.4.3   Requirements for Inspection

Zones 1, 2 and 3 - Since these zones are located in the highly corrosive 
launch environment or other chemical exposures, a NACE inspection is 
required for all surface preparation and coating applications, including 
all new work, touch-up of new work, major refurbishment of existing 
coatings, and modifications.

Zone 5a - All clean-room structures fabricated of aluminum or carbon steel 
that will be abrasive-blast-cleaned and/or coated outside Zone 5 
environments require NACE inspection.

Zone 7 - Since this zone is located in a highly corrosive environment, a 
NACE inspection is required for all surface preparation and coating 
applications, including all new work, touch-up of new work, major 
refurbishment of existing coatings, and modifications.

1.4.4   Inspection Hold Points

Mandatory inspection hold points include, but are not limited to, the 
following:

a.  Verification of ambient weather conditions in accordance with paragraph 
entitled, "Weather Conditions," of this section.

b.  Prior to the beginning of surface preparation work; operation of 
equipment prior to beginning of surface preparation work.

c.  After surface preparation work and before the beginning of the coating 
application work, the mixing of products.

d.  Before and after the application of each coat of material.

e.  After completion and prior to final acceptance.

1.4.5   Inspection Forms

Record and document all inspections on forms acceptable to the Contracting 
Officer (Appendix E).

1.5   Storage of Coating Materials

Store coating materials and thinners in their original containers with the 
manufacturer’s name, product identification, shelf life, and batch number.  
Follow the manufacturer’s written instructions for storage limitations.  Do 
not use tarpaulins as the sole means of covering coating materials for 
storage.

Inspect coating material storage conditions every week.

Provide on-site Material Safety Data Sheets (MSDS) for coating materials 
and thinners or made accessible to users in the area.  Submit a written 
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plan for storage of coating materials to the Contracting Officer for 
approval.

1.6   PROJECT/SITE CONDITIONS

1.6.1   Safety and Health Requirements

Take necessary precautions, in accordance with OSHA regulations, 
manufacturers’ recommendations, and industry standards, to ensure the 
safety and health of personnel performing the work and personnel who may be 
affected by such work.

Provide the required equipment for safe and healthful application along 
with instruction to the users regarding the hazards, proper handling, and 
disposal procedures to prevent injury or illness.

Submit a written safety and health plan that includes a Hazard 
Communication Program, a Respiratory Protection Program, and a Hearing 
Conservation Program that conforms to OSHA requirements and industry 
standards.

When required to remove surface coatings that contain PCB, lead, chromium, 
mercury, cadmium, or other regulated materials, include specific provisions 
in the safety and health plan for complying with all Federal, State, local, 
and NASA Center specific requirements.

Ensure respiratory protection is in accordance with 29 CFR 1910.134, and 
Center respiratory protection requirements.

Submit complete design drawings and calculations for the scaffolding and 
containment system, including an analysis of the loads which will be added 
to the structure by the containment system and waste materials.  A 
registered engineer shall approve calculations and scaffold system design.

1.6.2   Personal Protective Equipment (PPE)

Use PPE and/or administrative controls when engineering controls cannot be 
implemented to protect workers.  Where required, use PPE in accordance with 
all Federal, State, NASA, and Center requirements.  Ensure both supervisors 
and workers are properly instructed, trained, and certified in the 
selection, use, and maintenance of PPE.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

2.1.1   Design Requirements for Carbon Steel

Protect carbon steel surfaces from atmospheric corrosion through the 
application of zinc coatings (inorganic zinc coating and/or hot-dip 
galvanizing)as defined herein.  Hot-dip galvanize new steel components, 
such as stair treads, grating, handrails, pipes, and hardware (nuts, bolts, 
and fasteners), in accordance with the paragraph entitled, "Protection by 
Galvanizing," of this section.

Coat all other carbon steel surfaces that are exposed to the atmosphere 
with inorganic zinc.  For a friction-type joint, use an inorganic zinc 
coating approved by the American Institute of Steel Construction (AISC).

SECTION 09 97 30.30 98  Page 194



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

For carbon steel faying surfaces that are a part of all friction-type and 
electrical grounding joints, prior to installation, abrasive-blast the 
surface and coat with 4 mil to 6 mil of inorganic zinc only, in accordance 
with paragraph entitled, "Stripe Coat Application for Carbon Steel," of 
this section.

The recommended coating application sequence for carbon steel is to first 
abrasive blast the steel and then prime it with inorganic zinc before 
installation or erection.  Further topcoating, if required, is applied 
after all welding, grinding, or drilling has been completed, and after 
areas damaged by these procedures have been properly repaired with 
inorganic zinc.

2.1.2   Protection of Stainless Steel

Protect Type 300 series stainless steels from corrosion by the use of 
protective coatings as defined in the paragraph entitled, "Surface 
Preparation of Stainless Steel," of this section.

2.2   EQUIPMENT

2.2.1   Compressed Air

Provide a compressed air system capable of delivering a continuous nozzle 
pressure of 90 psi minimum to each blast nozzle in operation to achieve the 
required surface cleanliness and profile.  Equip the compressed air system 
with oil and moisture separators to ensure only clean, dry air is provided 
to the service outlet.

Ensure the compressed air system complies with Occupational Safety and 
Health Administration (OSHA), American National Standards Institute (ANSI), 
CGA G-7.1, and National Institute of Occupational Safety and Health (NIOSH) 
configurations.  Ensure air distribution manifolds conform to American 
Society of Mechanical Engineers (ASME) standards.

2.2.2   Abrasive-Blasting System

Ensure the abrasive-blasting system complies with OSHA, ANSI, and NIOSH 
configurations consisting of, but not limited to, the following:

a.  A remote-controlled welded pressure pot conforming to ASME standards

b.  The required length of blast hose

c.  A venturi nozzle

d.  A respiratory air-line filter

e.  A blast hood approved by the Mine Safety and Health 
Administration/NIOSH with the required length of air hose.

Ensure the blasting system design produces the specified cleanliness level 
and profile when coupled with the available compressed air supply.

2.2.3   Coating Application System

Provide an airless spray system, conventional spray system, or other 
approved coating application system in accordance with the coating 
manufacturer's recommendations and.
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Brush application is permitted for minor touch-up of spray applications and 
stripe coats of inorganic zinc.

2.3   MATERIALS

2.3.1   Abrasive-Blasting Aggregates

Provide blasting aggregates materials approved in accordance with 
MIL-A-22262, or SSPC AB 1, or steel grit in accordance with SSPC AB 3.  Use 
only materials approved in QPL 22262, Qualified Products List:  List of 
Products Qualified Under Military Specification MIL-A-22262.  Submit the 
list of blasting aggregates to the Contracting Officer for approval.  
Ensure the abrasive grade selected produces the required surface profile 
and possesses physical properties that are compatible with the requirements 
of this specification.  Use new, commercial-grade blasting steel grit with 
a neutral pH (6.0 to 8.0), rust-free, oil-free, and dry, with a hardness of 
40 to 50 Rockwell C.  Recycle steel grit in accordance with SSPC AB 2.  
Select the aggregate size to produce the required anchor profile.

Select aggregates that are free of crystalline silica unless exemptions to 
this policy are coordinated with the Contracting Officer.  Use materials 
that do not change the surface profile when using blasting aggregate for 
abrasion-sensitive hardware(such as bellows, gimbal joints, and other 
thin-walled components).  Ensure blasting operations do not produce holes, 
cause distortion, remove metal, or cause thinning of the substrate.

2.3.2   Protective Coatings, Thinners, and Cleaners

Ensure coatings possess physical properties and handling characteristics 
that are compatible with the application requirements of this 
specification.  Use self-curing coatings.  Procure thinners and cleaners 
for each coating from the manufacturer of the coating.  Submit the list of 
coatings and thinners for approval by the Contracting Officer.

Provide protective coatings compatible with fluids expected in the areas to 
the extent required to prevent fire, explosion, or damage to facility, 
hardware, and GSE.  Ensure all coating materials, when used in areas where 
exposure to hypergolic propellants could occur, are compatible with the 
propellants in accordance with NASA-STD-I-6001.

2.3.2.1   Inorganic Zinc Coatings

To be listed, a coating meets the following minimum requirements:

a.  Self-curing, multiple-component

b.  Dry-temperature resistance to 750 °F for 24 hours.

c.  Minimum shelf life of 6-months when stored in accordance with 
manufacturer’s instructions.

d.  Minimum of 83-percent zinc by weight in the applied dry film

e.  Contain Type III zinc dust pigment in accordance with ASTM D520, and be 
asbestos-free, polychlorinated biphenyl (PCB)-free, lead-free, 
cadmium-free, and chromate-free (less than 0.002 percent by weight of 
mixed coating).
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f.  Attain a rating of not less than 9 in accordance with ASTM D610, and 
ASTM D1654 when applied to composite carbon steel test panels and 
exposed at the KSC Beach Corrosion Test Site for the following periods:

(1)  18 months for initial acceptance

(2)  5 years for final acceptance

2.3.2.2   Primer and/or Intermediate Coatings

a.  Inhibitive Polyamide Epoxy Coatings

Provide a polyamide epoxy coating conforming to the following minimum 
requirements:

(1)  Polyamide-cured

(2)  Rust-inhibitive

(3)  PCB-free, lead-free, cadmium-free, and chromate-free (less than 
 0.002 percent by weight of mixed coating)

(4)  Suitable as a primer for carbon steel, galvanized steel, and 
 aluminum.

(5)  Suitable as an intermediate coat between an inorganic zinc primer
 and an aliphatic polyurethane finish coat.

2.3.2.3   Finish Coatings

a.  Aliphatic Polyurethane Coatings

Provide an aliphatic polyurethane coating conforming to the following 
minimum requirements:

(1)  Catalyst isocyanate cured.

(2)  High-gloss finish (minimum 85 gloss units (GUs) at a 60-degree 
 angle).

(3)  Retain gloss and color upon prolonged exterior exposure

(4)  Suitable as an exterior finish coat over an inorganic zinc primer
 with a polyamide epoxy intermediate coat

(5)  Contain a minimum of 44-percent solids by volume

(6)  PCB-free, lead-free, cadmium-free, and chromate-free (less than
 0.002 percent by weight of mixed coating)

(7)  Attain a numerical rating of not less than 8 in accordance with
 ASTM D610 and ASTM D1654 and a numerical rating of not less than 
 9F in accordance with ASTM D714, when applied as a system to
 composite carbon steel test panels and exposed at the KSC Beach
 Corrosion Test Site for the following periods:

(a)  18 months for initial acceptance
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(b)  5 years for final acceptance

b.  Inorganic Topcoats (IOTs)

Provide an inorganic topcoat conforming to the following minimum 
requirements:

(1)  Dry-temperature resistance to 750 degrees F for 24 hours

(2)  Suitable as a topcoat for inorganic zinc and galvanized steel in 
 high-temperature environments.

(3)  Listed as an approved coating system (see Appendix B).

(4)  PCB-free, lead-free, cadmium-free, and chromate-free (less than 
 0.002 percent by weight of mixed coating).

(5)  Attain a rating of not less than 9 in accordance with ASTM D610 
 and ASTM D1654 when applied to composite carbon steel test 
 panels and exposed at the KSC Beach Corrosion Test Site for the 
 following periods:

(a)  18 months for initial acceptance

(b)  5 years for final acceptance

c.  Polysiloxane Topcoats

Provide a polysiloxane topcoat conforming to the following minimum 
requirements:

(1)  Suitable as a finish coat for exterior exposure

(2)  Contain a minimum of 44 percent solids by volume

(3)  High-gloss finish (minimum 85 GU at a 60-degree angle)

(4)  Retain gloss and color on prolonged outdoor exposure

(5)  PCB-free, lead-free, cadmium-free, and chromate-free (less than 
 0.002 percent by weight of mixed coating)

(6)  Listed as an approved coating system (see Appendix B).

(7)  Attain a numerical rating of not less than 8 in accordance with
 ASTM D610 and ASTM D1654 and a numerical rating of not less than 
 9F in accordance with ASTM D714 when applied to composite carbon 
 steel test panels and exposed at the KSC Beach Corrosion Test  
 Site for the following periods:

(a)  18 months for initial acceptance

(b)  5 years for final acceptance

2.3.3   Ablative Coatings

Structures in Zone 1b shall have a Type A silicone rubber ablative coating 
as a topcoat in accordance with KSC-SPEC-F-0006B as modified herein. Type A 
is a trowel applied silicone rubber ablative coating.
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a. Qualification Tests: Material supplied in accordance with this 
specification shall have been tested and have passed the qualification 
tests described in paragraph 3.3.7.2 for the class specified. 
Certification that material furnished in accordance with this 
specification is identical in composition and characteristics, within 
commercial tolerances, to the material which passed the qualification 
tests shall be furnished with each batch of material supplied.

b. Ease of Application: Material shall be capable of being applied by 
skilled labor following detailed application procedures furnished by 
the material supplier. Trowelable materials shall be capable of being 
applied to a vertical surface to a thickness of 0.25 inches without 
sagging. Pot life shall be a minimum of 1 hour.

c. Adhesion: Material shall adhere to uncoated steel and to steel 
coated with zinc-rich coating. Adhesion shall be a minimum of 5 lb/in 
when tested as described in 3.3.7.4 Test Methods.

d. Cure: The required cure for the material shall be complete within 7 
days at 50 deg. F to 100 deg. F and 50% to 100% relative humidity.

e. Resistance to Penetration by Hydraulic Fluids: The surface of the 
cured material shall be smooth and nonporous. The material shall retain 
its thermal protection characteristics after exposure to hydraulic 
fluids conforming to MIL-PRF-5606 and MIL-PRF-83282.

f. Rocket Engine Exhaust Resistance: Material shall be applied to a 
thickness of 0.125 inch and shall not erode or burn through to the 
underlying surface when subjected to launch vehicle exhaust. The 
remaining material shall adhere to the underlying surface. Backface 
temperature shall be measured on the underlying surface and shall not 
exceed 250 deg. F. Testing for rocket engine exhaust resistance shall 
be conducted by the NASA KSC Material Science Division.

g. Refurbishment: Any char resulting from surface thermal decomposition 
shall be easily removed; for example, by wiping with a cloth, 
low-pressure washing, using a scrub brush, etc. Material that must be 
entirely removed before refurbishment is not acceptable. Resurfacing 
material shall bond to the residual coating after the char has been 
removed. The bond shall be homogeneous and show no tendency to 
delaminate under the stress of vehicle exhaust.

h. Liquid Oxygen Compatibility: Material is not required to satisfy the 
liquid oxygen (LOX) impact sensitivity requirements of NASA-STD-I-6001. 
However, it must not react spontaneously with LOX. LOX tests, when 
required, shall be performed as incidental exposure. This test will be 
conducted by the NASA KSC Material Science Division.

i. Flammability: Materials shall comply with NASA-STD-I-6001 Test 1 for 
flammability.

j. Resistance to Hypergolic Propellants: Material shall not ignite or 
produce an excessive temperature rise with 50:50 unsymmetrical 
dimethylhydrazine (UDMH)-hydrazine blend, monomethylhydrazine (MMH), 
and nitrogen tetroxide (N2O4) when tested in accordance with 
NASA-STD-I-6001, Supplemental Test Procedure A.7 for resistance to 
hypergolic propellants.
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k. Flexibility: The coating shall be sufficiently flexible to permit 
wrapping a 0.125 inch thick sample around a 3 inch diameter mandrel 
without cracking when tested in accordance with 3.3.7.4 Test Methods.

l. Weathering: The thermal protection characteristics of the material 
shall not degrade due to seacoast atmospheric exposure. Material 
installed outside at KSC shall maintain its ability to meet the 
requirements of this specification for periods up to 6 months.

PART 3   EXECUTION

3.1   PREPARATION

3.1.1   Surfaces

Prepare surfaces to be coated by cleaning and drying.  Free surfaces of 
oil, grease, dirt, dust, corrosion, peeling paint, caulking, weld spatter, 
and any other surface contaminants.  Degrease surfaces, as required, before 
subsequent surface preparation procedures or the application of protective 
coatings, or both.

While surfaces are accessible, prepare and coat surfaces that cannot be 
accessed after fabrication, erection, or installation.  Sequence surface 
preparation and coating operations, so that freshly applied coatings are 
not contaminated by dust or foreign matter.

Protect all equipment and adjacent surfaces not to be coated from surface
preparation operations.  Protect working mechanisms against intrusion of 
the abrasive.

3.1.2   Cleaning and Degreasing

Perform degreasing by solvent cleaning, detergent washing, or steam 
cleaning in accordance with SSPC SP 1.  Follow this degreasing procedure 
when cleaning carbon steel, galvanized steel, stainless steel, or 
aluminum.  Select solvents in accordance with use requirements and 
applicable Federal, State, and NASA environmental policies.

Use of chlorofluorocarbon solvents is not allowed.

Use clean potable water to wash surfaces when high levels of chloride (>5 
ug/cm2) or other undesirable contaminants are found on the surfaces.  
Perform water washing using standard industrial pressure cleaners with a 
pressure-versus-volume output balance to ensure thorough and productive 
cleaning.  Ensure all water washing or pressure cleaning operations comply 
with all Federal, State, local and NASA Center environmental requirements.

3.1.3   Abrasive Blasting

Provide clean and dry abrasive-blasting aggregate.

Remove abrasive residues from the surface, leaving it clean and dry before 
the coatings are applied.

Contain particulate emissions generated during abrasive-blasting 
operations.  Design the containment system to comply with all applicable 
Federal, State, and local regulations as well as all NASA policies.  
Exemptions concerning the containment system must be approved by the 
Contracting Officer.
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Ensure the aggregate used is identified and selected when 
abrasive-sensitive hardware such as bellows, gimbal joints, and other 
thin-walled components are abrasive cleaned.

3.1.4   Inorganic Zinc Protection

3.1.4.1   Carbon Steel Pre-Cleaning

Clean and degrease carbon steel surfaces in accordance with SSPC SP 1 
followed by power tool cleaning in accordance with SSPC SP 3, to remove 
weld spatter, weld slag, laminations, sharp edges, and other surface 
defects prior to abrasive blasting or power tool cleaning to bare metal.

3.1.4.2   Power Tool Cleaning of Carbon Steel

Use power tools to clean carbon steel to bare metal, in accordance with 
SSPC SP 11, when a roughened, clean, bare metal surface is required but 
abrasive blasting is not feasible or permissible.  Generate a surface 
anchor profile between 1.5 mil to 3.0 mil.  Ensure all rust is completely 
removed from pits and depressions.

3.1.4.3   Abrasive Blasting of Carbon Steel

Abrasive-blast carbon steel to a minimum cleanliness of near-white metal, 
in accordance with SSPC SP 10/NACE No. 2.  Ensure the anchor profile of the 
blasted surface is 1.5 mil to 3.0 mil, measured in accordance with 
ASTM D4417.  Remove all rust from pits and depressions.

3.1.5   Protection by Galvanizing

Apply galvanizing (zinc coating) after fabrication by the hot-dip process 
conforming to ASTM A123/A123M, ASTM A153/A153M, and ASTM A653/A653M.  
Ensure galvanizing weight for steel sheet without further coating 
protection meets the standards of ASTM A653/A653M, with a galvanizing 
weight of G165.

Do not use the Galvannealed process for the coating of steel sheet.

3.1.5.1   Surface Preparation for Galvanizing

Take special care to prevent any metal distortion by reducing blast nozzle 
pressure and increasing the working distance from the nozzle to the 
surface.  In some cases, such as in the surface preparation of light-gage 
sheet steel, these precautions may not be sufficient to prevent distortion; 
employ alternate procedures, such as abrading or mechanical cleaning to 
remove corrosion or roughen the surface.  Prepare galvanized surfaces to be 
further topcoated by degreasing before any additional surface preparation.  
After degreasing, perform abrasive blasting or mechanical cleaning as 
required by the Zone of Exposure, as defined in the paragraph entitled, 
"Galvanizing Coating Systems for Carbon Steel," of this section.

Abrasive blast galvanized surfaces with fine-grade abrasives.  Ensure 
abrasives conform to the requirements in the paragraph entitled, 
"Abrasive-Blasting Aggregates," of this section.  Remove corrosion, old 
coatings or roughen new surfaces.  Ensure the blasted surface is free of 
all corrosion and foreign matter and have a uniform, slightly roughened 
appearance.  If galvanized steel is prepared for the application of 
coatings by abrasive blasting, lightly brush-blasted the steel with 
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fine-grade abrasive at a lower pressure to provide a corrosion free and 
uniform, slightly roughened surface.  Do not completely remove the 
galvanized finish.

Maintain the zinc coatings clean, dry, and free from contaminants before 
topcoat systems are applied.  Perform field repair of damaged galvanized 
surfaces in accordance with ASTM A780/A780M, using inorganic zinc coatings.

Mechanically clean galvanized steel in accordance with SSPC SP 3 using 
abrasive discs/sheets, or other approved methods.  Remove all corrosion and 
foreign matter and slightly roughen the entire surface.

3.1.6   Protection of Aluminum

3.1.6.1   Surface Preparation of Aluminum

Ensure against any metal damage by the choice of abrasive aggregate and by 
reducing blast nozzle pressure and increasing the working distance from the 
nozzle to the surface as necessary.  In some cases, such as in the surface 
preparation of light-gage sheet, these precautions may not be sufficient to 
prevent distortion; use an alternate procedure, such as abrading or 
mechanical cleaning, to remove corrosion or roughen the surface.  Prepare 
aluminum by degreasing and abrasive blasting or mechanical cleaning, as 
required by the condition and configuration of the surface.

Use abrasive blasting whenever possible using nonmetallic abrasives.  
Abrasive-blast aluminum surfaces with fine-grade non-metallic abrasive 
materials to remove corrosion and old coatings or roughen new surfaces.  
Ensure the blasted surface is free of corrosion and foreign matter and has 
a uniform, slightly roughened appearance.  Use plastic media or an approved 
equivalent for abrasive blasting of bellows, gimbal joints, and other 
thin-walled, abrasion-sensitive components.

Use mechanical cleaning only when abrasive blasting is impractical, would 
damage the structure or component, or is prohibited in the area where the 
work is being performed.  Mechanically clean aluminum in accordance with 
SSPC SP 3 using abrasive discs/sheets, or other approved methods.  Remove 
corrosion and foreign matter and slightly roughen the entire surface.

Do not mechanically clean anodized or chemical-conversion-coated aluminum 
surfaces.

3.1.7   Surface Preparation of Stainless Steel

Prepare stainless steel by degreasing in accordance with SSPC SP 1 and 
abrasive blasting or mechanical cleaning.  As an alternative, mechanically 
clean stainless steel in accordance with SSPC SP 3 using abrasive 
discs/sanding sheets or other approved methods.

Ensure against any metal damage by choice of abrasive aggregate and by 
reducing the blast nozzle pressure and increasing the working distance from 
the nozzle to the surface as necessary.  In some cases, such as in the 
surface preparation of light-gage sheet, these precautions may not be 
sufficient to prevent distortion; use an alternate procedure, such as 
abrading or mechanical cleaning, to remove corrosion or roughen the 
surface.  Use abrasive blasting whenever possible, using nonmetallic 
abrasives.  Abrasive-blast stainless steel surfaces with fine-grade 
abrasive to remove corrosion and old coatings or roughen new surfaces.  
Ensure the blasted surface is free of all corrosion and foreign matter and 
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have a uniform, slightly roughened appearance.

3.2   APPLICATION OF COATINGS

Coat all prepared surfaces within 6-hours after surface preparation and 
before corrosion or recontamination occurs.  As an exception, surfaces 
prepared under temperature and humidity control may be coated after 6-hours 
but only after inspection of the surface confirms that the cleanliness 
level has met the specified standards.  Prepare again any surface that 
shows corrosion or contamination, regardless of the length of time after 
preparation.

The application and handling characteristics of all coatings will vary.  
Follow written instructions from the manufacturer in conjunction with the 
requirements defined herein.  Follow the manufacturer’s written 
recommendations for thinning, mixing, handling, and applying the product.

Work coatings into all joints, crevices, and open spaces.  Protect newly 
coated surfaces from damage.  Protect equipment and adjacent surfaces not 
to be coated from overspray and splattered coatings.

Contain particulate emissions during all spray-painting operations.  Design 
the containment system to comply with all Federal, State, and local
regulations as well as NASA policies.  Requested exemptions to this 
requirement must be approved by the Contracting Officer.

3.2.1   Coating Systems

Ensure thinners and cleaners are products of the coating manufacturer.,   
For intercoat compatibility, ensure coating systems consisting of more than 
one coat are products of the same manufacturer.

Maintain continuity of the coating manufacturer’s system for the duration 
of an individual project.

3.2.2   Colors

Add pigment to inorganic zinc coatings so that there is a definite contrast 
between the coating and the dull gray appearance of the blasted steel 
surface during the coating application.

Ensure color coding for fluid system piping is in accordance with 
KSC-STD-SF-0004.  Ensure finish coat colors are in accordance with 
FED-STD-595.

a.  White, No. FS 17925

b.  Red, No. 11136

c.  Black, No. FS 17038

d.  Green, No. 14110 (safety)

e.  Gray, No. 16187 (safety)

Use pigments free of PCB, lead, chromium, and cadmium.

Exterior ducting shall be painted white.
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3.2.3   Mixing and Application Instructions

Thoroughly mix coating materials prior to application with a mechanical 
mixing instrument that does not induce air into the coating.

Perform all mixing operations over an impervious surface with provisions to 
prevent runoff to grade of any spilled material. Strain the mixed coating 
material through a 30 to 60-mesh screen prior to application.

Thinning is for viscosity control only.  If thinner is required, use the 
amount recommended by the manufacturer of the thinner.

Agitate the material as required during application to maintain a uniform 
suspension of solids.  Avoid continuous rapid agitation.

Adjust spray equipment to produce an even, wet coat with minimum overspray. 
Apply coatings in even, parallel passes, overlapping 50 percent.

Do not apply paint to flange mating surfaces. Mask during painting or 
remove paint prior to assembly.

3.2.4   Special Application Instructions for Ablative Coatings

The base and the catalyst shall be mixed in strict accordance with the 
manufacturer's written instructions.

After mixing, the ablative coating material shall be applied with a trowel 
or spatula. The material may be reworked to any desired configuration. 
Uncured excess material shall be removed with xylene or similar aromatic 
solvents. If hand layup is necessary, protective gloves shall be worn. No 
unspecified extraneous materials shall be used as non-sticking agents on 
hands, gloves, tools, or any implement used in the application of the 
ablative coating. Only after completion of the job shall suitable cleaners 
be used to remove coating material compound from hands and tools.

To increase the effectiveness of the ablative coating material, the primed 
surfaces and coating material being applied shall be kept water-free 
throughout the entire period of application and final smoothing of the 
coating. Only specified materials shall be employed in the application of 
the primer and coating material. Essentially, the ablative coating material 
shall be applied to the specified thickness and shall be free from 
contaminants that can reduce adhesion.

The ablative coating material shall be applied within the manufacturer's 
recommended working time and before set begins.

3.2.5   Weather Conditions

Do not apply coating when contamination from any source (i.e., rainfall) is 
imminent or when the temperature or humidity is outside limits recommended 
by the coating manufacturer.  

Spray application methods are not allowed when wind speed exceeds 15-mph in 
the area where the coating is being applied.

To prevent condensation during application, ensure the surface temperature 
is at least 5 degrees F) above the dew point and rising.
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Limitations against using certain coatings under specific relative humidity 
(RH) are as follows:

a.  Do not apply solvent-based inorganic zinc coatings , polysiloxane 
topcoats, and IOTs in conditions with <40 percent RH.

3.2.6   Methods of Application

Apply coatings with an airless or conventional spray equipment, or both.  
For minor touch-up of spray applications and stripe coats of inorganic 
zinc, brush application can be used. Apply Ablative Coating with a trowel 
or spatula.

3.2.7   Coating Finish

Ensure each coat of material applied is free of runs, sags, blisters, 
bubbles, and mudcracking; variations in color, gloss, and texture; holidays 
(missed areas); excessive film buildup; foreign contaminants; or dry 
overspray.

Ensure complete coverage and proper thickness on welds, corners, crevices, 
sharp edges, bolts, nuts, and rivets.

Ensure each coat of applied material is rendered clean, dry, and free from 
surface contaminants before another coating is applied.

3.2.8   Touchup of Welds and Damaged Coatings

Touch-up field welds and damaged coatings.  Accomplish touch-up and repair 
promptly after the damage or welding has occurred.

3.2.9   Coating, Drying, and Curing

Follow the coating manufacturer’s recommended drying and curing times for 
handling, recoating, and topcoating.  Follow the coating manufacturer’s 
recommendations to test the coating for proper curing.

Verify proper curing of solvent-based inorganic zinc-rich coatings by 
ASTM D4752, prior to further coating.  Verify water-based inorganic 
zinc-rich coatings for curing in accordance with the same procedure, but 
water is to be substituted as the solvent.

3.2.10   Stripe Coat Application for Carbon Steel

Apply stripe coating with inorganic zinc to welds, cutouts, sharp edges, 
rivets, crevices, and bolts to ensure complete coverage prior to subsequent 
applications of inorganic zinc.

3.2.11   Application of Inorganic Zinc Coatings for Carbon Steel

Apply inorganic zinc coatings to a DFT of 4.0 mil minimum to 6.0 mil 
maximum when they are left without a topcoat or when IOT or ablative 
coating is applied.  When the zinc coatings are to be topcoated with 
organic topcoats, reduce the DFT to 2.5 mil minimum to 4.0 mil maximum.  
Obtain the proper DFT for the inorganic zinc coating in a single 
application, which may consist of multiple passes, while the coating is 
still wet (including the application of a stripe coat).
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3.2.12   Inorganic Zinc Coating Topcoat Systems for Carbon Steel

Apply the following topcoat systems over the inorganic zinc coatings as 
required for each Zone of Exposure.  Apply topcoats at the DFT recommended 
by the manufacturer or as specified as follows.  Ensure the film thickness 
of the topcoats is sufficient to achieve uniform coverage and color.

a. Zones 1b-silicone rubber ablative coating.

b, Zone 1c-Leave inorganic zinc coating without a topcoat.

c. Zone 2 - Apply an IOT conforming to the paragraph entitled, "Coating 
Finish," of this section, at a DFT of 3 mil to 5 mil.

d.  Zone 3a 

(1) Apply an intermediate/tie coat and a finish coat conforming to the 
paragraph entitled, "Protective Coatings, Thinners, and Cleaners," 
of this section.

(2) As an alternate, apply a polysiloxane finish coat at the 
manufacturer’s recommended DFT.

(3) Ensure the DFT is sufficient to completely hide the inorganic zinc 
primer.

e.  Zone 5a - Apply inorganic zinc coating.

f.  Zone 7 - Provide the coating system as specified in NACE RP0198.

3.2.13   Galvanizing Coating Systems for Carbon Steel

a. Zones 1b-silicone rubber ablative coating.

b. Zone 1c-Leave inorganic zinc coating without a topcoat.

c.  Zone 2 - After brush-blasting, apply an IOT conforming to the paragraph 
entitled, "Inorganic Zinc Coatings," of this section, at a DFT of 3 mil 
to 5 mil.

d.  Zone 3a  - After brush-blasting, apply primer/tiecoat and finish coat 
in accordance with manufacturer’s recommended thicknesses.

(1) Apply a polysiloxane finish coat conforming to the paragraph 
entitled, "Finish Coatings," under "Polysiloxane Topcoats," of 
this section, at the manufacturer’s recommended DFT.

(2) Ensure the DFT is sufficient to completely hide the galvanized 
coating.

e.  Zone 5a - Apply topcoat when needed for color coding, safety purposes, 
identification, or special conditions.

(1)  When topcoats are required for color coding, safety purposes, 
 identification, or special conditions, degrease the surface and
 apply an epoxy primer at the manufacturer’s recommended DFT.

(2)  Within 24 hours, apply a polyurethane finish coat at the 
 manufacturer’s recommended DFT.
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(3)  As an alternate, apply a polysiloxane topcoat at the 
 manufacturer’s recommended DFT.

(4)  Ensure the DFT is sufficient to completely hide the galvanized
 coating.

f.  Zone 7 - The coating system as specified in NACE RP0198.

3.2.14   Aluminum Protective Coatings

Apply the following protective coatings to aluminum surfaces as required 
for each Zone of Exposure:

a.  Zones  2 and 3 - Use an inhibited polyamide epoxy coating and aliphatic 
polyurethane topcoat.

b.  Zone 5 - Fully coat aluminum that is located within 2 mi of the 
coastline or subject to chemical exposure with an inhibited polyamide 
epoxy coating and aliphatic polyurethane topcoat.

c.  Zone 7 - Provide the coating system specified in NACE RP0198.

3.2.15   Stainless Steel Protective Coating

a.  Zones 1, 2 and 3 - For 300 series stainless steels, use an inhibited 
polyamide epoxy primer and aliphatic polyurethane topcoat.

b.  Zone 5 - No Coating Required.

c.  Zone 7 - Provide a coating system as specified in NACE RP0198.

3.2.16   Coating Systems for Metallic Surfaces Under Thermal Insulation

Coating systems for carbon steel and stainless steel surfaces under thermal 
insulation and cementitious fireproofing are as specified in NACE RP0198.

3.3   FIELD TESTS

3.3.1   Coating Systems for Potable Water Immersion Service

Inspect potable water coating systems in accordance with standard 
recommended practices in NACE RP0288, and with NACE SP0188.

3.3.2   Inspection Prior to Surface Preparation and Coating Application

Inspect conditions before beginning surface preparation and coating 
application operations.

3.3.2.1   Surface Condition

Visually inspect the surface condition.  Give attention to weld spatter, 
sharp edges, flame or saw cuts, delaminations, burrs, slag, or other 
surface irregularities that affect performance of protective coatings prior 
to surface preparation.

3.3.2.2   Protection of Adjacent Surfaces

Visually inspect adjacent surfaces for adequate protection.  Conduct this 
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inspection with a Government Quality Engineering representative.

3.3.2.3   Ambient Weather Conditions

Determine the ambient weather conditions at the actual work location before 
and during the surface preparation and coating application operations to 
ensure they meet the requirements for the work.  Record all of these 
ambient weather conditions on the Coating System Daily Inspection Report as 
shown in Appendix E.

Use proper instrumentation to measure air temperature, relative humidity, 
dewpoint, surface temperature, and wind speed and direction.  Calibrate all 
measurement instrumentation per the manufacturer’s instructions prior to 
use.

Do not spray paint when the measured wind speed in the immediate area of 
the coating work is above 15 mph.

3.3.2.4   Compressed Air Cleanliness

Inspect the compressed air supply for the use of inline moisture and oil
traps.  Evaluate proper functioning of the traps daily by allowing the air 
supply (down line from the traps) to blow against a clean, white cloth for 
several minutes, in accordance with ASTM D4285.

3.3.2.5   Surface Salt Concentration

Determine the surface chloride concentration on structures prior to surface 
preparation operations using an industry-recognized method, such as 
described in SSPC Guide 15.  Record the information in the inspection 
records weekly.

Surfaces that measure 0.00016 oz/ft2 or above require washing with water in 
accordance with the paragraph entitled, "Cleaning And Degreasing," of this 
section, prior to surface preparation.

3.3.3   Surface Preparation Inspection

3.3.3.1   Abrasive-Blasting Material

Verify the abrasive-blasting material complies with the paragraph entitled, 
"Abrasive-Blasting Aggregates," of this section.

3.3.3.2   Blast Nozzle Air Pressure and Size

Determine the air pressure at the blast nozzle through the use of a 
hypodermic needle air pressure gage.  Insert the needle of the gage as 
close to the nozzle as practically possible and in the direction of the air 
flow.

Take pressure readings with the blasting system in full operation.  Record 
the nozzle pressure.  To ensure the compressor output correlates with the 
nozzle size, check the nozzle with a blast nozzle orifice gage initially 
and then at a frequency determined by the Contracting Officer's 
representative.

3.3.3.3   Degree of Surface Cleanliness

Inspect the surface cleanliness after the surface preparation and before 
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primer application.  The surface preparation cleanliness requirements apply 
to 100 percent of the subject area, including places that are difficult to 
reach.

Verify the degree of cleanliness of abrasive-blasted carbon steel with a 
visual inspection.  Inspect galvanized steel, aluminum, and stainless steel 
for removal of all corrosion and foreign matter with the surface slightly 
roughened.

3.3.3.4   Surface Profile or Roughness

Visually inspect galvanized steel, stainless steel, and aluminum surfaces 
as required for slight roughening.

3.3.4   Coating Finish and DFT

Inspect the finish and DFT of each applied coating prior to the application 
of successive coats.  Take the DFT measurement on carbon steel using a 
magnetic gage calibrated in accordance with SSPC PA 2.  Take DFT 
measurements on aluminum and stainless steel using an eddy current 
instrument that has been properly calibrated on surfaces similar to the 
coated surface.

3.3.6   Galvanizing Inspection

Inspect galvanized carbon steel in accordance with the applicable ASTM 
standard in the paragraph entitled. "Galvanizing Coating Systems for Carbon 
Steel," of this section.

3.3.5   Quality Assurance for Ablative Coatings

3.3.5.1   Inspection

a. Cleanliness: Immediately prior to the application of primer, the 
surface shall be examined to ensure it has been properly cleaned. No 
visible corrosion products, loose paint, or other foreign matter shall 
be 

b. Primed surface inspection: Final inspection of the primed surface 
shall be performed no sooner than 30 minutes after the primer 
application. If chalking is noted during this inspection, the primed 
surface shall be inspected again after the surface has been wiped with 
a clean dry cloth until no more chalking remains.

c. Coating thickness test: Coating thickness shall be as specified. 
Excessive coating thickness shall not be cause for rejection. Thickness 
shall be measured by using an appropriate dry-film thickness gage on 
cured coating material. Evidence of inadequate coating thickness shall 
be cause for rejection.

3.3.5.2   Qualification Testing

To become a qualified product, the material shall meet the requirements in 
this specification and pass the qualification tests in 3.3.7.4 Test 
Methods. Products listed in 3.3.7.7 Approved Products have already passed 
the following test requirements and are approved for use without further 
testing.
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3.3.5.3   Test Methods

Products listed in 3.3.7.7 Approved Products have already passed the 
following test requirements and are approved for use without further 
testing.

a. LOX Test: LOX tests shall be conducted by the NASA KSC Material 
Science Division. Contractor shall submit the test report to the 
Contracting Officer for approval.

b. Rocket Engine Exhaust Test: Rocket engine exhaust testing shall be 
conducted by the NASA KSC Material Science Division. Contractor shall 
submit the test report to the Contracting Officer for approval.

c. Flammability Test: Flammability testing shall be conducted in 
accordance with the method described in NASA-STD-I-6001 Test 1. 
Specimen thickness shall be 0.125 inch. Contractor shall submit the 
test report to the Contracting Officer for approval.

d. Hypergolic Propellant Compatibility Test: Hypergolic propellant 
compatibility testing shall be performed by the NASA KSC Material 
Science Division. Contractor shall submit the test report to the 
Contracting Officer for approval.

e. Flexibility Test: A sample 0.125 inch thick by 1.0 inch by 5.0 inch 
shall be wrapped around a mandrel 3.0 inches in diameter. Evidence of 
cracking shall be cause of rejection. Contractor shall submit a test 
report with photographic evidence of no cracking to the Contracting 
Officer for approval.

f. Adhesion Test: One each of 1.0 inch wide samples of any convenient 
length and thickness of steel coated with zinc-rich primer shall be 
coated with 0.124 inch of the material to be tested. Peel strength 
shall be a minimum of 5 lb/in when tested using a crosshead travel 
speed of 20 in/min, in accordance with ASTM D6862. Samples that exhibit 
a peel strength greater than the material tensile strength shall be 
considered to have passed the adhesion test.

3.3.5.4   Rejection and Retest

Failure of any sample from any production lot to conform to the 
requirements of this specification shall be cause for rejection of the 
production lot represented.

3.3.5.5   Sampling for Production Lot Inspection

Samples shall be selected from each production lot submitted for acceptance 
testing as required. Sufficient quantities of material shall be selected at 
random to permit testing as specified herein.

3.3.5.6   Approved Products

The following Type A (Trowelable) products have passed specific tests or 
service requirements of KSC-SPEC-F-0006 "Heat and Blast Protection 
Coatings, Materials and Application Methods, Specification for" and have 
been found to be satisfactory.

Product                 Manufacturer
Q3-6077                 Dow Corning Corporation
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                        Midland, MI  48640

Chem Seal CS-3808*      Flamemaster Corporation
CS-9903 Primer          13576 Desmond St.
                        Pacoima, CA 91331
                        (818) 890-1401

*Chem Seal CS-3808 requires the use of CS-9903 primer. This primer is to be 
applied over the Inorganic Zinc in accordance with the manufacturer's 
written instruction.

3.3.5.7   Standard Test Conditions

Standard conditions during testing shall be 70 deg. F +/- 5 deg. F and 55 
+/- 5 percent relative humidity.

3.4   ADJUSTING AND CLEANING

3.4.1   Repair of Applied Coatings

Repair newly applied coatings in accordance with Table 1, Repair of Applied 
Coatings.

Table 1—Repair of Applied Coatings

Existing Coating Repair Coating

Inorganic zinc

Zones 1* and 4 Inorganic zinc/epoxy mastic for 
small area touch-up

Zone 2 Inorganic zinc/inorganic topcoat

Zones 3 and 5 Epoxy 
mastic/polyurethane/polysiloxane 
system for small
area touch-up

Galvanized steel

Zones 1 and 4 Inorganic zinc/epoxy mastic for 
small area touch-up

Zone 2 Inorganic zinc/Inorganic Topcoat

Zones 3 and 5 Epoxy 
Mastic/Polyurethane/Polysiloxane 
system for small area touch-up

Inorganic topcoat

All Zones Inorganic zinc/inorganic topcoat

Epoxy/Polyurethane**

Zones 3, 4, and 5 Epoxy/polyurethane 
system/polysiloxane
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Existing Coating Repair Coating

* Zones are defined in section 1.4.

** When this coating is replaced with inorganic zinc, complete 
removal of the existing coating is required.

Prepare surfaces by washing with water and using mechanical methods in 
accordance with SSPC SP 11, to remove corrosion, weld slag, and to “feather 
back” coating edges.

Perform touch-up and repair promptly after the damage has occurred.  
Provide touch-up and repair of shop-applied coatings using coatings from 
the same manufacturer as those applied in the shop.
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APPENDIX A

APPROVED PRODUCTS LIST FOR INORGANIC ZINC COATINGS

This list shall be used by or for the Government in the procurement of 
products covered by this specification.  All products listed herein have 
been tested and meet the requirements for the product as specified.  This 
list is subject to change without notice; revisions or amendments of this 
list will be issued as necessary.  The listing of a product does not 
release the supplier from compliance with the specification requirements.  
This list is arranged in two sections based on the coating material’s VOC.

Procure thinners and cleaners for each of these coatings from the 
manufacturer of the coating.

The Materials Test and Corrosion Control Branch in the Engineering 
Directorate at KSC is responsible for conducting the testing and evaluation 
of candidate coatings for inclusion in the APL and for submitting updates 
to the KSC Engineering Directorate, which is responsible for this list.
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Section I

Materials With Greater Than 3.3 Pounds/Gallon VOC:

Coating Designation Type Manufacturer

Dimetcote 9 SB PPG Industries, Inc.
One PPG Place
Pittsburgh, PA 15272
(800) 722-4509
http://ppgamercoatus
.ppgpmc.com/

Carbo-Zinc 11 SB Carboline Company
2150 Schuetz Road
St. Louis, MO 63146
314-644-1000

www.carboline.com

Cathacoat 304K
Cathacoat 304L

SB International Paint LLC/ 
Devoe Coatings
6001 Antoine Drive Houston, TX
77091(713) 682-1711 (800) 
654-2616

Metalhide 1001 SB PPG Industries, Inc.
One PPG Place
Pittsburgh, PA 15272
(800) 722-4509

www.ppg.com

ZincClad II SB Sherwin-Williams Company
101 Prospect Avenue N.W.
Cleveland, OH 44115
(800) 336-1110
www.sherwin-williams.com

* SB is solvent based
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Section II

Materials With Less Than 3.3 Pounds/Gallon VOC:

Coating
Designation

Type Manufacturer

Dimetcote
D-9HS

Dimetcote
D-9H

SB
SB

PPG Industries, Inc.
One PPG Place
Pittsburgh, PA 15272
(800) 722-4509
http://ppgamercoatus.ppgpmc.com/

Carbo-Zinc
11HS

Carbo-Zinc
11 VOC

SB

SB

Carboline Company
2150 Schuetz Road
St. Louis, MO 63146
314-644-1000

www.carboline.com

Cathacoat
304V

SB
International Paint LLC/ Devoe Coatings
6001 Antoine Drive Houston, TX
77091(713) 682-1711 (800) 654-2616

InterZinc
22HS

SB International Paint LLC
6001 Antoine Drive
Houston, TX 77091
(713) 682-1711
www.international-pc.com

Zinc Clad
II Plus

SB
Sherwin-Williams Company
101 Prospect Avenue N.W.
Cleveland, OH 44115
(800) 336-1110
www.sherwin-williams.com

Kolor-Zinc
2.8 VOC

SB Keeler & Long/PPG
856 Echo Lake Road
Watertown, CT 06795
1-800-238-8596
http://www.ppg.com/coatings/pmc/brands/Pages/
default.aspx

* SB is solvent based
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APPENDIX B

APPROVED PRODUCTS LIST FOR TOPCOAT SYSTEMS

This list shall be used by or for the Government in the procurement of 
products.  All products listed herein have been tested and meet the 
requirements for the product as specified.  This list is subject to change 
without notice; revisions or amendments of this list will be issued as 
necessary.  The listing of a product does not release the supplier from 
compliance with the specification requirements.  This list is arranged in 
two sections based on the coating material’s VOC.

procure thinners and cleaners for each of these coatings from the 
manufacturer of the coating.

The Materials Test and Corrosion Control Branch in the Engineering 
Directorate at KSC is responsible for conducting the testing and evaluation 
of candidate coatings for inclusion in the APL and for submitting updates 
to the KSC Engineering Directorate, which is responsible for this list.
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Section I

Materials With Greater Than 3.3 Pounds/Gallon VOC:

Primer
(Type)

Midcoat
(Type)

Topcoat
(Type)

Manufacturer

Cathacoat 304L 
(SB)

Cathacoat 304L 
(SB)

Cathacoat 304L 
(SB)

Devran 201
(SB)*
Devran 230
(SB)
Devran 201
(SB)*
Devran 201
(SB)*

Devthane 359 
(SB)
Devthane 369 
(SB)
Devthane 369 
(SB)
Devthane 379 UVA
(SB)

International Paint 
LLC/Devoe Coatings
6001 Antoine Drive
Houston, TX 77091
(713) 682-1711 (800) 
654-2616
www.international
-pc.com

MetalHide 1001
(SB)

PittGuard 
95-245
(SB)*

PittThane 95-812
(SB)

PPG Industries, Inc.
One PPG Place
Pittsburgh, PA 15272
(800) 722-4509
www.ppg.com

Kolor-Zinc 2.8 
VOC
(SB)

N/A Coraflon ADS
(SB)

Keeler & Long/PPG
856 Echo Lake Road
Watertown, CT
06795
1-800-238-8596
http://www.ppg.com/
coatings/pmc/
brands/Pages/default.
aspx

Carbozinc 11
(SB)

N/A Carbothane 133 
LH
(SB)

Carboline Co.
2150 Schuetz Road
St. Louis, MO 63146
314-644-1000
www.carboline.com

* Can be used as a direct-to-metal primer for stainless steel, 
aluminum, and other materials in Zone 5a and 5b environments.

* SB is solvent based
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Section II

Materials With Less Than 3.3 Pounds/Gallon VOC:

Primer (Type) Midcoat (Type) Topcoat (Type) Manufacturer

D-9HS (SB)
D-9HS (SB)
D-9H (SB)
D-9H (SB)
D-9H (SB)

Amerlock 400 
(SB)*
N/A
Amercoat 383 (SB)
Amerlock 2/400 
(SB)*
Amerlock 2/400 
(SB)*

Amercoat 450HS 
(SB)
PSX700 (SB)
PSX1001 (SB)
Amercoat 450H 
(SB)
Amercoat 335 (SB)

PPG Industries, 
Inc.
One PPG Place
Pittsburgh, PA 
15272
(800) 722-4509
http://
ppgamercoatus.

CZ-11HS (SB)
CZ-11HS (SB)

Carboguard 
893(SB)*
Carboguard 893
(SB)* 

Carbothane 134HS 
(SB)

Carboxane 2000 
(SB)

Carboline Co.
2150 Schuetz Road
St. Louis, MO 63146
314-644-1000
www.carboline.com

Cathacoat 
304V (SB)

Devran 201 H 
(SB)*

Devthane 379 (SB) International 
Paint LLC/Devoe
Coatings
6001 Antoine Drive
Houston, TX 77091
(713) 682-1711 
(800) 654-2616

Zinc Clad II 
Plus (SB) Macropoxy 646-100

(SB)*

Hi-Solids 
Poly-CA (SB)

Sherwin-Williams
101 Prospect Ave
Cleveland, OH 44115
(800) 336-1110
www.sherwin
-williams.com

InterZinc 
22HS (SB)
InterZinc 
22HS (SB)

Interseal 670HS 
(SB)*
Interseal 670HS 
(SB)*

Interfine 979 
(SB)
Interfine 878 
(SB)

International 
Paint LLC
6001 Antoine Dr.
Houston, TX 77091
(713) 682-1711
www.international
-pc.com

* Can be used as a direct-to-metal primer for stainless steel, 
aluminum, and other materials in Zone 5a and 5b environments.

** SB is solvent based
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Section III

Inorganic Topcoat Systems:

Primer 
(Type)

Midcoat
(Type)

Topcoat 
(Type)

Manufacturer

D-9 HS (SB) N/A 741 (SB) (IOT) PPG Industries, 
Inc.
One PPG Place
Pittsburgh, PA 
15272
(800) 722-4509
http://ppgamercoatu
.ppgpmc.com

CZ-11 VOC (SB)

CZ-11(SB)

N/A

N/A

Carbozinc 
Finish
(SB) (IOT)
Carbozinc 
Finish
(SB) (IOT)

Carboline Co.
2150 Schuetz Road
St. Louis, MO 
63146
314-644-1000
www.carboline.com

Cathacoat 304V 
(SB)

N/A Devram 701 
(SB)
(IOT)

International 
Paint LLC/ Devoe
Coatings
6001 Antoine Drive
Houston, TX 77091
(713) 682-1711 
(800) 654-2616

InterZinc 22HS 
(SB)

N/A Intertherm 181 
(SB)
(IOT)

International 
Paint LLC
6001 Antoine Dr
Houston, TX 77091
(713) 682-1711
www.interna
tional-pc.com

Zinc Clad II 
(SB)

N/A L03 (SB) (IOT) Sherwin-Williams
101 Prospect Ave.
Cleveland, OH 
44115
(800) 336-1110
www.sherwin-william
.com

* SB is solvent based

SECTION 09 97 30.30 98  Page 219



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

APPENDIX C

COATING SPECIFICATION KEY ELEMENTS

1. SCOPE.
2. APPLICABLE DOCUMENTS.
3. SUBMITTALS.
4. ENVIRONMENTAL PROTECTION.
5. WASTE MANAGEMENT.
6. SAFETY/PERSONNEL PROTECTION.
7. MATERIALS.
8. TOOLS AND EQUIPMENT.
9. ENVIRONMENTAL CONDITIONS.
10. WORK SCHEDULE.
11. SURFACE PREPARATION.
12. COATING SCHEDULE (see next page).
13. COATING MIXING AND APPLICATION.
14. QUALITY CONTROL INSPECTION.
15. REPORTING.
16. FINAL ACCEPTANCE.
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APPENDIX D

COATING SCHEDULE

SURFACE
DESCRIP (STEEL,
CONCRETE,
SURFACE A, B,
ETC.)
SSPC TU 2/NACE 6G197

APPROX.
SURFACE
AREA
SQ FT

SURFACE
PREP
TYPE

PROFILE
RANGE

FIRST
COAT

SECOND
COAT

THIRD
COAT

T
Y
P
E

W
F
T
/
D
F
T

C
O
L
O
R

T
Y
P
E

W
F
T
/
D
F
T

C
O
L
O
R

T
Y
P
E

W
F
T
/
D
F
T

C
O
L
O
R

Carbon Steel, 
Zones 1b

N/A Galv N/A IOZ 6 N/A ABL ***

Carbon Steel, 
Zones 1c

N/A Galv N/A IOZ 6 N/A N/A N/A

Carbon Steel, 
Zones 2 and 3a

N/A GALV N/A IOZ 6 N/A IOT * **

Carbon Steel, Zone 
5a

N/A GALV N/A IOZ 6 N/A

Carbon Steel, Zone 
7

N/A NACE RP0198

Aluminum, Zones 2, 
3 and 5

N/A MEDIA 
BLAST

N/A IPE * N/A APE * **

Aluminum, Zone 7 N/A NACE RP0198

Stainless Steel, 
Zones 1, 2 and 3

N/A ABRASIVE
BLAST

N/A IPE * N/A APE * **

Stainless Steel, 
Zone 5

NONE 
REQUIRED

Stainless Steel, 
Zone 7

N/A NACE RP0198

      
   
GALV- HOT DIPPED GALVANIZED            *- PER MANUFACTURER'S RECOMMENDATION
IPE- INHIBITIVE POLYMIDE EPOXY         **- SYSTEM DEPENDENT
IOZ- INORGANIC ZINC                    ***- APPLY ABLATIVE COATING TO A  
IOT- INORGANIC TOPCOAT                      MINIMUM DFT OF 0.125 INCH
APE- ALIPHATIC POLYURETHANE
ABL- ABLATIVE
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APPENDIX E

COATING SYSTEM DAILY INSPECTION REPORT

See KSC Forms 28-589 and 28-589A.  
http://corrosion.ksc.nasa.gov/pubs/kscstd01.txt

Forms can be obtained from the Contracting Officer.

        -- End of Section --
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SECTION 21 13 00.00 98

FIRE SUPPRESSION SPRINKLER SYSTEMS

PART 1   GENERAL

1.1   REQUIREMENTS

Provide design and installation in accordance with NFPA Standards.  The 
interpretation of NFPA Standards rests with the Kennedy Space Center Fire 
Protection Engineer who is the Authority Having Jurisdiction (AHJ), and 
whose opinion is final.

This is a performance based specification with the Contractor responsible 
for providing engineering design, installation and testing associated with 
the work to be performed.  As defined under Florida Statutes, Chapter 471, 
all design work will be performed by a "delegated engineer", who is a 
Professional Engineer, licensed to practice in Florida and competent in 
fire protection engineering.

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN IRON AND STEEL INSTITUTE (AISI)

AISC/AISI 121 (2004) Standard Definitions for Use in the 
Design of Steel Structures

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C606 (2011) Grooved and Shouldered Joints

ASME INTERNATIONAL (ASME)

ASME A112.18.1/CSA B125.1 (2012) Plumbing Supply Fittings

ASME B16.34 (2009; Supp 2010) Valves - Flanged, 
Threaded and Welding End

ASME B16.39 (2009) Standard for Malleable Iron 
Threaded Pipe Unions; Classes 150, 250, 
and 300

ASME B16.4 (2011) Standard for Gray Iron Threaded 
Fittings; Classes 125 and 250

ASME B16.5 (2009) Pipe Flanges and Flanged Fittings:  
NPS 1/2 Through NPS 24 Metric/Inch Standard

ASME B16.9 (2012) Standard for Factory-Made Wrought 
Steel Buttwelding Fittings

ASME B31.1 (2012) Power Piping
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ASTM INTERNATIONAL (ASTM)

ASTM A126 (2004; R 2009) Standard Specification for 
Gray Iron Castings for Valves, Flanges, 
and Pipe Fittings

ASTM A135/A135M (2009) Standard Specification for 
Electric-Resistance-Welded Steel Pipe

ASTM A183 (2003; R 2009) Standard Specification for 
Carbon Steel Track Bolts and Nuts

ASTM A234/A234M (2011a) Standard Specification for Piping 
Fittings of Wrought Carbon Steel and Alloy 
Steel for Moderate and High Temperature 
Service

ASTM A307 (2012) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A53/A53M (2012) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A563 (2007a) Standard Specification for Carbon 
and Alloy Steel Nuts

ASTM A795/A795M (2008) Standard Specification for Black 
and Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for Fire 
Protection Use

ASTM C592 (2012) Standard Specification for Mineral 
Fiber Blanket Insulation and Blanket-Type 
Pipe Insulation (Metal-Mesh Covered) 
(Industrial Type)

ASTM D2000 (2012) Standard Classification System for 
Rubber Products in Automotive Applications

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

FM AS 4991 (2001) Approval of Firestop Contractors

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 13 (2010; Errata 10-1; TIA 10-1; TIA 11-2) 
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Standard for the Installation of Sprinkler 
Systems

NFPA 13E (2010) Recommended Practice for Fire 
Department Operations in Properties 
Protected by Sprinkler and Standpipe 
Systems

NFPA 14 (2010) Standard for the Installation of 
Standpipes and Hose Systems

NFPA 24 (2010) Standard for the Installation of 
Private Fire Service Mains and Their 
Appurtenances

NFPA 251 (2006) Standard Methods of Tests of Fire 
Endurance of Building Construction and 
Materials

NFPA 72 (2010; TIA 10-4) National Fire Alarm and 
Signaling Code

NATIONAL INSTITUTE FOR CERTIFICATION IN ENGINEERING TECHNOLOGIES 
(NICET)

NICET 1014-7 (2003) Program Detail Manual for 
Certification in the Field of Fire 
Protection Engineering Technology (Field 
Code 003) Subfield of Automatic Sprinkler 
System Layout

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-101 (1970; Rev B) Color Code for Pipelines & 
for Compressed Gas Cylinders

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FED-STD-595 (Rev C; Notice 1) Colors Used in 
Government Procurement

CID A-A-1922 (Rev A; Notice 2) Shield, Expansion 
(Caulking Anchors, Single Lead)

CID A-A-1923 (Rev A; Notice 2) Shield, Expansion (Lag, 
Machine and Externally Threaded Wedge Bolt 
Anchors)

CID A-A-1924 (Rev A; Notice 2) Shield, Expansion (Self 
Drilling Tubular Expansion Shell Bolt 
Anchors

CID A-A-1925 (Rev A; Notice 2) Shield Expansion (Nail 
Anchors)

CID A-A-55614 (Basic; Notice 2) Shield, Expansion 
(Non-Drilling Expansion Anchors)

CID A-A-55615 (Basic; Notice 2) Shield, Expansion (Wood 
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Screw and Lag Bolt Self-Threading Anchors

UNDERWRITERS LABORATORIES (UL)

UL Fire Prot Dir (2012) Fire Protection Equipment Directory

1.3   ADMINISTRATIVE REQUIREMENTS

1.3.1   Pre-Installation Meeting

No later than 15 calendar days of Contract Award, mandatory attendance is 
required at a pre-installation meeting.  Submit the following to the 
Contracting Officer for review:

a.  Contractor's State Certification

b.  Factory test data, including fully verified and dated copies of all 
results with a copy of the approved test procedure and any other 
related information.

c.  Quality Assurance Plan

d.  Test procedures and recording forms for the preliminary tests

Provide one (1) copy of the test procedures and recording forms for the 
preliminary tests.  For the final acceptance tests, provide ten (10) copies 
of the test procedures and recording forms.  In each test procedure, 
identify each sprinkler and standpipe component to be tested, describe the 
initial condition, each step or function in the test, required test 
results, and equipment to be employed.  Provide test forms with suitable 
spaces for recording test results on all equipment, devices, and wiring to 
be tested.  Provide test record forms that also have identified spaces for 
verification signatures of official witnesses and dates of the test.

1.3.1.1   Shop Drawings

Submit shop drawings for the following items in sufficient detail and scope 
to verify compliance with the requirements of the contract documents:

a.  Records of Existing Conditions

Submit Records of existing conditions showing the results of Contractor's 
survey of work area conditions and features of existing structures and 
facilities within and adjacent to the job site.  Commencement of work 
constitutes acceptance of existing conditions.

b.  Schematics and Fabrication Drawings

Submit Schematics and Fabrication Drawings for automatic sprinkler and 
standpipe systems, consisting of fabrication and assembly drawings to be 
performed in the shop, prior to installation and at the actual job site.  
Meet all requirements in NFPA 13 for fabrication drawings, stipulated for 
"working plans", to include a building cross-section.  Provide working 
plans signed and sealed by a Professional Engineer, licensed to practice in 
the State of Florida.

Indicate on working plans all sprinkler and standpipe piping (size and 
length), pipe hangers, sprinkler head type and locations, valves, riser 
trim and associated components, etc. to comply with NFPA 13, "Working 
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Plans."

c.  Fire Service Floor Plans

Provide .DWG format computer generated floor plan layouts indicating all 
automatic sprinkler and standpipe systems components.

Locate sprinkler heads in a consistent pattern with ceiling grid, lights, 
and supply and return air diffusers.  For spaces with lay-in type ceilings, 
locate heads in center of tile, unless otherwise approved by the 
Contracting Officer.  In the design, give full consideration to blind 
spaces, other system piping, electrical equipment, HVAC ductwork, and all 
other types of obstructions which could prevent the proper installation and 
operation of the sprinkler and standpipe systems.

Indicate in the Fire Service Floor Plans, the location of the wet-pipe and 
dry-pipe automatic sprinkler system, risers, standpipes, isolation valves, 
initiating devices, and the dry-pipe compressed air panel.  Coordinate with 
the requirements of the Fire Alarm System Fire Service Floor Plan such that 
all fire alarm and suppression system devices are combined on a single fire 
service floor plan.  Provide a symbol legend, which clearly identifies each 
device shown on the fire service floor plan.  Install a copy of the fire 
service floor plan minimum size 18 by 24 inches in a painted metal frame 
with a Plexiglas cover.  Submit the floor plan and it's location for 
approval to the Contracting Officer prior to installation.

d.  Connection Diagrams

Submit Connection Diagrams indicating the relations and connections of the 
following items.  Indicate on the drawings the general physical layout of 
all controls, and internal tubing and wiring details.

1.3.1.2   Manufacturer's Product Data

Submit Manufacturer's Catalog Data in sufficient detail and scope to verify 
compliance with the requirements of the contract documents.

1.3.1.3   Fire-Protection System Performance Data

Submit Fire-Protection System Performance Data consisting of information on 
useful life, system functional flows, safety features, and mechanical 
automated details.  As a minimum, include the following:

a.  Design Analysis and Hydraulic Calculations

Provide hydraulic calculations for the hydraulic remote area of each riser 
and each occupancy classification.  Provide hydraulic calculations signed 
and sealed by a Professional Engineer, licensed to practice in Florida.  

Include in the design data design density, hydraulically most remote area, 
occupancy classification, sprinkler head orifice size, and pipe 
velocities.  Specify the design density in gpm per sq ft or L/m per sq m of 
floor area.  Provide discharge from individual heads in the hydraulically 
most remote area to be between 100 percent and 120 percent of the specified 
density.  Design systems such that pipe velocities do not exceed 20 feet 
per second.  
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1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Records of Existing Conditions; G

Contractor's State Certification; G

Factory Test Data; G

Quality Assurance Plan; G

Test Procedures and Recording Forms for the Preliminary Tests; G

SD-02 Shop Drawings

Connection Diagrams; G

Schematics and Fabrication Drawings; G

As-Built Drawings; G

Fire Service Floor Plans; G

Records of Existing Conditions; G

SD-03 Product Data

Piping Materials; G

Supporting Elements; G

Sprinkler Heads; G

Valves; G

Miscellaneous Materials; G

Identification Tags; G

Fire Stopping; G

Fire-Protection System Performance Data; G

SD-05 Design Data

Design Analysis and Hydraulic Calculations; G

SD-06 Test Reports

Pressure Tests; G

SD-07 Certificates

Test Gauge Accuracy; G
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SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals; G; Data Package 3

1.5   QUALITY ASSURANCE PLAN

Ensure all equipment provided under this sprinkler system specification is 
manufactured to meet the requirements of this paragraph.  Provide system(s) 
that is (are) the latest standard design, that is listed by Underwriters' 
Laboratories or approved by Factory Mutual FM APP GUIDE, and is suitable 
for the intended use.

Components installed under this contract cannot be more than one (1) year 
older than the date of installation.  Submit proof that all components are 
Underwriter Laboratory UL Fire Prot Dir listed or Factory Mutual 
FM APP GUIDE and FM AS 4991 approved for their intended use and function, 
and are installed per manufacturer instructions.  Provide materials and 
equipment furnished that are compatible with the existing system.

Number all fittings and coupling that require a specific torque range and 
ensure the corresponding torque value is documented.  Submit verification 
that all grooved clamp type couplings and fittings were installed in 
accordance with the manufacturer installation manual.

1.5.1   Services Of A Certified Automatic Sprinkler Specialist

Provide services of a Certified Specialist thoroughly experienced in 
automatic sprinkler system installations on site to perform or directly 
supervise the installation, make all necessary adjustments and perform all 
tests on the automatic sprinkler system at the site.

Sprinkler System Specialist is certified when the specialist holds a valid 
Sprinkler System Layout, Level III Certification from the National 
Institute for Certification in Engineering Technologies NICET 1014-7 or is 
licensed by the State of Florida as a Contractor Class I in accordance with 
Florida State Statute, Chapter 633, Section 633.521 and holds a current 
Certificate of Competency.

Also consider certification of other recognized agencies with equivalent 
requirements.  Provide evidence of the Contractors State Certification and 
the basis of certification to the Contracting Officer and approve by the 
Contracting Officer prior to any work being performed at Kennedy Space 
Center.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide fire-protection system materials and equipment conforming to the 
requirements of Underwriters Laboratories UL Fire Prot Dir or the Factory 
Mutual FM APP GUIDE.  Provide materials and equipment compatible with the 
existing system.

2.1.1   Design Requirements

The work includes designing and providing modifications to an existing 
automatic wet pipe sprinkler systems consisting of but not limited to an 
easy riser type swing check valve, with all associated trim, including 
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gauges, 2 inch main drain connection, floor drains, flow switches, and 
sprinkler heads for the wet-pipe sprinkler system.  Hydraulically design 
the automatic sprinkler system(s) to meet density and area of coverage 
requirements using a UL listed or FM approved hydraulic design program.  
Provide the design, equipment, materials, installation, workmanship, 
examination, inspection, and testing in strict accordance with the required 
and advisory provisions of NFPA 13, and NFPA 72 except as modified herein.  
Include in each system all materials, accessories, and equipment inside and 
outside the building to provide an operationally compliant system.  In the 
system design give full consideration to blind spaces, piping, electrical 
equipment, ductwork, and other construction and equipment in accordance 
with working plans to be submitted for approval prior to installation.  
Locate sprinkler heads in a consistent pattern with ceiling grids, lights, 
speakers, supply diffusers and return diffusers.

Provide all additional equipment, junction boxes, conduit, and labor to 
meet the requirements and intent of this specification.

2.2   PIPING MATERIALS

2.2.1   Type BCS - Black Carbon Steel

Pipe 1/8 through 2 inches:  Schedule 40 furnace butt welded or 
electric-resistance welded black-carbon steel conforming to ASTM A53/A53M, 
ASTM A135/A135M, ASTM A795/A795M, Type F (furnace butt welded) or Type E 
(electric-resistance welded), Grade B.

Pipe 2-1/2 through 8 inches:  Schedule 40 seamless or electric-resistance 
welded black carbon steel, conforming to ASTM A53/A53M, ASTM A135/A135M, 
ASTM A795/A795M, Type E (electric-resistance welded), Grade B, or Type S 
(seamless), Grade B.

Unions 2 inches and under:  300-pounds per square inch gage (psig) working 
steam pressure (wsp) female, screwed, black malleable iron, with ground 
joint and brass-to-iron seat conforming to ASME B16.39

Standard Pipe Couplings:  Extra-heavy screwed black steel.

Fittings 2 inches and under:  175 psi working pressure, cast iron, screwed 
conforming to ASTM A126, Class A, and ASME B16.4.

Fittings 2-1/2 inches and larger:  175 psi working pressure, wrought steel, 
buttweld fittings, wall thickness to match piping system, complying with 
ASME B16.9 and 150 pound steel flanges complying with ASME B16.5.

Provide elbows that are of the long radius type.

Provide grooved pipe couplings 2-1/2 inch and larger:  175 psig minimum 
working pressure with a housing fabricated in two or more parts of black 
malleable-iron castings.  Ensure grooved couplings do not require a 
specific torque setting for housing bolt installation.  Provide piping that 
is grooved in accordance with AWWA C606, or the manufacturer's 
specifications, for proper installation of the grooved couplings used.  
Provide couplings of the same part number for use on a single system. 

Provide coupling gaskets of molded synthetic rubber conforming to 
requirements of ASTM D2000.  Provide coupling bolts that are oval-neck, 
track-head type with heavy hexagonal nuts, conforming to ASTM A183.
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Grooved fittings 2-1/2 inch and larger:  175 psig working pressure fittings 
used with grooved couplings that are fabricated of black malleable-iron 
castings, and are of the same manufacture as the pipe couplings.  If a 
manufacturer's standard-size malleable-iron fitting pattern is not 
available, use fabricated fittings; fabricate fittings from Grade B 
seamless-steel pipe and long-radius seamless welding fittings, with wall 
thickness to match pipe, conforming to ASTM A234/A234M and ASME B16.9.

Do not use bushings; only pre-manufactured concentric or eccentric reducing 
fittings or reducing tees/elbows can be used to reduce pipe size.

Pre-manufactured shaped welded outlets (weld-o-lets) can be used in lieu of 
"tee" fittings where the branch pipe outlet is at least one pipe diameter 
smaller than the main.

Do not use non-grooved products which rely in any way upon gasketing, 
clamps, straps, or setscrews for maintaining system integrity.

Do not use adjustable "drop nipples" which utilize an O-ring type seal 
arrangement.

2.3   SUPPORTING ELEMENTS

Provide piping system components and miscellaneous supporting elements, 
including, but not limited to, building-structure attachments; 
supplementary steel; hanger rods, stanchions, and fixtures; vertical-pipe 
attachments; horizontal-pipe attachments; restraining anchors; and guides.  
Provide supporting elements suitable for stresses imposed by systems 
pressures and temperatures, natural, and other external forces.  Include an 
additional 250 pound load at each anchor per NFPA 13.

Provide FM approved or UL listed supporting elements conforming to 
ASME B31.1, MSS SP-58, and ASME B16.34.

2.3.1   Building-Structure Attachments

2.3.1.1   Anchor Devices, Concrete and Masonry

Conform anchor devices to CID A-A-1922, CID A-A-1923, CID A-A-1924, 
CID A-A-1925, CID A-A-55614 and CID A-A-55615:

      Group I:    Shield, expansion (lead, bolt, and
                  stud anchors)

      Group II:   Shield, expansion (bolt anchors), Type
                  2, Class 2, Style 1 or 2

      Group III:  Shield, expansion (self drilling
                  tubular expansion shell bolt anchors

Provide adjustable positions for cast-in floor-mounted equipment-anchor 
devices.

Do not use powder-actuated anchoring devices to support mechanical-systems 
components.

2.3.1.2   Beam Clamps

Provide beam clamps that are center-loading Types 21, 28, 29, and 30, UL 
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listed, cataloged, and load-rated commercially manufactured products.

Type 20 beam clamps can be used for pipe 2 inch and under.

Where Type 25 beam clamps are used, use two per point of pipe support.

2.3.1.3   C-Clamps

Do not use C-clamps. 

2.3.1.4   Inserts, Concrete

Provide concrete inserts in accordance with the requirements of MSS SP-58 
for Type 18.  When applied to piping in sizes 2-inch iron pipe size (ips) 
and larger, and where otherwise required by imposed loads, insert and wire a
1-foot length of 1/2-inch reinforcing rod through wing slots.

2.3.2   Horizontal-Pipe Attachments

2.3.2.1   Single Pipes

Support piping in sizes up to and including 2-inch ips by Type 1, 5, 6, 7, 
9, 10, 11, or 12 solid, split-ring, or band type attachments.

Support piping in sizes 2-1/2 inches and larger by Type 1, 2, 3, or 4 
attachments or with Type 41 or Type 49 pipe rolls.

2.3.2.2   Parallel Fire-Protection Pipes

Use trapeze hangers fabricated from approved structural steel shapes, with 
U-bolts, when so specified.  Provide structural-steel shapes that conform 
to supplementary steel requirements or provide supports that are 
commercially available, approved proprietary-design rolled steel.

2.3.3   Vertical-Pipe Attachments

Provide single Type 8 vertical-pipe attachments.

2.3.4   Hanger Rods and Fixtures

Use only circular solid cross section rod hangers to connect building 
structure attachments to pipe-support devices.  Use pipe, straps, or bars 
of equivalent strength for hangers.

Provide turnbuckles, swing eyes, and clevises as required by support system 
to accommodate temperature changes, pipe accessibility, and adjustment for 
load and pitch.

2.3.5   Supplementary Steel

Where it is necessary to frame structural members between existing members 
or where structural members are used in lieu of commercially rated 
supports, design and fabricate such supplementary steel in accordance with 
AISC/AISI 121.

Provide supplementary steel that is hot dipped galvanized or otherwise 
protected from corrosion as acceptable to the Contracting Officer.
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2.4   SPRINKLER HEADS

2.4.1   Head Types

Use standard 1/2-inch orifice sprinkler heads, except that 17/32-inch heads 
can be used where required by hydraulic calculation.

For heads required to be concealed where the appearance of a smooth ceiling 
is required use concealed pendent type heads with a low profile, small 
diameter cover plate with a factory applied finish to match suspended 
ceiling tiles.

For heads required to be located in the center of the suspended ceiling 
tiles, use return bends or an FM approved flex head commercial ceiling 
sprinkler assembly with a maximum overall length of 7 feet.

Provide upright or pendant  type heads in unfinished areas or above 
suspended ceilings to match existing type in those areas.

Provide semi-recessed or flush pendent type heads in finished areas with 
suspended ceilings.  Provide heads and escutcheon plates that are 
chrome-plated brass.  Sidewall type heads can be used where indicated on 
the drawings, or in locations as defined by NFPA 13.

Do not use pendant sprinkler heads in dry-pipe sprinkler systems, except 
where dry pendant type heads are acceptable.

Where needed, provide corrosion-resistant heads that are wax-coated, 
Nickel-Teflon coated, or manufacturer coated with an equivalent UL listed 
or FM approved corrosion-resistant coating.

2.4.2   Temperature Rating

Provide fusible links that have ordinary temperature classification, except 
where otherwise indicated or in locations defined in NFPA 13 as requiring 
intermediate or high temperature heads.

2.4.3   Spares

Furnish spares for each type of sprinkler head, complete with appropriate 
storage cabinet and wrench.  Provide quantity of spare heads in accordance 
with NFPA 13.  Mount cabinet next to riser or other location as directed by 
the Contracting Officer.

2.4.4   Head Protection

Protect heads with paper or plastic bags during painting operations.  
Immediately remove protection upon finishing painting operations.

Provide steel wire head guards wherever mechanical damage could occur.  
Provide head guards UL listed or FM approved for use with the sprinkler 
heads installed.  Provide head guards with a manufacturer applied red 
finish, except where head guards UL listed or FM approved for use with the 
sprinkler heads installed do not come in a manufacturer applied red finish.

Provide water shields of cold rolled galvanized steel, and install on all 
heads located beneath other heads within their spray areas.  Provide 
shields with red finish.
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2.5   VALVES

2.5.1   Aboveground

Provide FM approved or UL listed gate, globe, and check valves (all sizes).

Provide FM approved ball valves, 2 inches and under, rated to 300 psi, with 
provisions to wire or lock handle in place where a critical alarm function 
is isolated.

Provide gate valves that are of the outside screw and yoke configuration 
with cast iron body and wedge and bronze yoke bushing, seat ring and face 
ring.  Provide gate valves with a solid wedge, constructed of cast iron or 
bronze.  Provide valves that have flanged or grooved ends and are rated for 
175 psi non-shock cold water.

Provide angle valves (for main drain) of the screwed or union bonnet type 
that have bodies constructed of bronze with a bronze disk.  Provide angle 
valves having rubber disk seats and screwed ends rated for 175 psi 
non-shock cold water.

Supervise all control and isolation valves using a tamper switch, except 
for post indicator valves and OS&Y valves on double check valve assemblies 
backflow prevention, unless otherwise directed by the AHJ.

2.6   MISCELLANEOUS MATERIALS

2.6.1   Bolting

Provide flange and general-purpose bolting that is hex-head and conforms to 
ASTM A307, Grade B.  Provide heavy hex-nuts that conform to ASTM A563.  
Square-head bolts and nuts are not acceptable.

2.6.2   Escutcheons

Provide escutcheons manufactured from ferrous metals.  Provide only 
chrome-plated escutcheons, except when AISI 300 series corrosion-resistant 
steel is provided.  Provide metals and finishes conforming to 
ASME A112.18.1/CSA B125.1.

Provide escutcheons that are one-piece type where mounted on chrome-plated 
pipe or tubing and one-piece or split-pattern type elsewhere.  Provide 
escutcheons that have internal spring tension devices or setscrews to 
maintain a fixed position against a surface.

2.6.3   Flange Gaskets

Provide gaskets that are suitable for the intended use and contain no 
asbestos.

2.6.4   Pipe-Thread Compounds

Use tetrafluoroethylene tape or other suitable compounds.

2.7   FIRE-PROTECTION SYSTEM IDENTIFICATION

Provide a coordinated system of piping and equipment identification which 
includes the following:
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Framed and plastic-protected diagrammatic layout of all piping systems, 
identifying and locating piping, equipment, and valves.  Where existing 
systems are being modified, bring existing layouts up to date.

Metal-tag-identified major valves, piping-system components, and 
equipment

Metal identification plate at controlling alarm valve identifying 
system and area protected

Service-labeled piping

2.7.1   Diagrams

Provide chart listing of equipment by designation number and show pertinent 
data.  Provide diagrams that are neat, mechanical drawings mounted in 
extruded aluminum frames, with 1/8-inch thick acrylic plastic protection.  
Provide at a location directed by the Contracting Officer.  Provide minimum 
of one mounted chart and diagram, plus one extra copy of each, for each 
fire-protection system.

2.7.2   Metal Tags

Install Identification tags made of brass or aluminum and indicating 
function of valve or similar component on each system device.  Provide tags 
that are not less than 2 inches in diameter and that have stamped markings.

Provide equipment with metal identification tags bearing an equipment 
designation number matching the drawing or diagram designations.

Secure tags to valve or equipment items with 12-gage galvanized wire.

Provide risers with a stamped metal tag containing the hydraulic design 
data.  Also identify main drain and inspectors test stations using metal 
nameplates with minimum 2 inch high lettering chained to the valve.

2.7.3   Service Labeling

Label piping, including that concealed in accessible spaces, to designate 
service.  Provide labels with an arrow or arrows to indicate flow 
direction.  Provide labels or tag designations as follows:

                SERVICE                   LABEL OR TAG DESIGNATION

         Main sprinkler supply              MAIN SPRINKLER SUPPLY

         Sprinkler riser number             SPRINKLER RISER NO.

         Sprinkler branch                   SPRINKLER BRANCH

         Standpipe equipment                STANDPIPE

Provide labels and arrows in accordance with the following:

Each point of entry and exit through walls

Each change in direction

In congested or hidden areas, at each point required to clarify service 
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or indicate hazard

In long straight runs, locate labels at a distance visible to each 
other, but in no case can the distance between labels exceed 40 feet.

Provide label lettering to be 2 inches high.  Where the size of pipes is
2-1/2-inch outside diameter and smaller, attach labels to 16-gage 
aluminum sheet that is attached to the pipe with 12-gage galvanized 
wire.  Provide labels that are legible from the primary service and 
operating area.

Provide labels that are made of self-sticking plastic film designed for 
permanent installation.  Provide labels that have red letters on white 
background.

Do not construe label and valve tag schedule above as defining or 
limiting the work.  Label all piping systems.

2.8   PAINTING

Furnish equipment of the manufacturer's standard product with the 
manufacturer's standard finish coat.

Furnish other mechanical equipment with a shop-applied prime paint.

PART 3   EXECUTION

3.1   GENERAL

Install system materials and equipment in accordance with the 
recommendations and provisions of NFPA 13, NFPA 13E, NFPA 14, and NFPA 24, 
and related Codes and Standards contained herein.  Perform work in the 
presence of the Contracting Officer who will be notified by the Contractor 
48 hours in advance of the start of work.

Provide licensed fire protection sprinkler contractors, licensed for such 
work in the state where the work is to be performed, to perform all 
installation work.

Riser locations, pipe sizes, and the number of risers shown on the drawings 
is approximate in nature.  Coordinate final riser quantity and location 
with the building construction, system design, Code requirements, and water 
supply limitations and maintenance requirements.  The number of risers 
shown on the documents are the minimum to be provided.  Indicate on 
Contractor's shop drawing submittal the exact location and number of risers 
approved by the Contracting Officer.

For heads which could be damaged, provide wire head guards.  For heads 
located beneath other heads where the spray from the upper head could cool 
the lower head, provide water shields.  For locations where existing 
building elements could disrupt sprinkler or nozzle spray patterns, provide 
multiple levels of protection.

Provide return bends for systems with non-potable water sources.

3.2   ABOVEGROUND PIPING-SYSTEMS INSTALLATION

Run piping parallel with the lines of the building.  Space and install 
piping and components so that a threaded pipe fitting can be removed 
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between adjacent pipes and so that there is not less than 1/2 inch of clear 
space between the finished surface and other work and between the finished 
surface of parallel adjacent piping.  Arrange hangers on different adjacent 
service lines running parallel to be in line with each other and parallel 
to the lines of the building.

Base load rating for pipe-hanger supports on all lines filled with water.  
Do not exceed slope gradient of pipe for deflection per span.  Install 
schedule 40 and heavier ferrous pipe supports in accordance with the 
following minimum rod size and maximum allowable hanger spacing.  For 
concentrated loads such as valves, reduce allowable span proportionately.

                                                 HANGER SPACING FOR
             PIPE SIZE           ROD SIZE              STEEL PIPE
             (INCHES)            (INCHES)              (FEET)

                  1                 3/8                   8

              1-1/4                 3/8                  12 

              1-1/2                 3/8                  15 

          2-1/2 to 3-1/2            3/8                  15 

                  5                 1/2                  15 

                  6                 1/2                  15 

                  8                 1/2                  15 

Support vertical risers at the base where possible and at intervals 
specified.  Guide piping for lateral stability as necessary.  Place clamps 
under fittings wherever possible.  Support carbon-steel at each floor at 
not more than 15 feet intervals for pipe 2 inches and smaller, and at not 
more than 20 feet intervals for pipe 2-1/2 inches and larger.

Securely support piping with allowance for thrust forces and thermal 
expansion and contraction and do not subject to mechanical, chemical, 
irrational, or other damage, in conformance with ASME B31.1.

Install piping sloped back towards the riser or the auxiliary drains to 
allow for drainage.  Where trapped piping is unavoidable, provide auxiliary 
drains.

Install grooved couplings in accordance with manufacturer's instructions 
and provide means for the government inspector to access and verify proper 
installation.  Provide access to piping materials prior to installation for 
the government inspector to verify proper grooves exist on all piping with 
grooved ends.

Provide penetrations of exterior walls that are no greater than 24 inches 
and no less than 6 inches above grade, and are sleeved and caulked.  
Terminate inspector's test discharge in a 45 or 90 degree elbow turned 
down, discharging to an 18 inch concrete splash block.  Size inspector's 
test lines to be capable of development of the design flow from one 
sprinkler without creating excessive back pressure.
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3.3   FIRE STOPPING

Seal through-penetrations in fire walls, partitions, or any floors to allow 
passage of cables, ducts, pipes and conduits with a "fire stopping 
assembly" that is UL listed or FM approved, with a fire-resistance rating 
equal to the fire resistance rating of the walls, partitions, or floors, in 
accordance with NFPA 251.  For sealing purposes, consider all floors to 
have a fire-resistance rating of 2 hours.  Seal openings no longer required 
with a material of equal or greater fire resistance to that of the walls, 
partitions, or floors.

3.4   SLEEVES

Provide sleeves where piping passes through roofs, masonry or concrete 
walls, or floors.

Continuously weld or braze sleeves passing through steel decks to the deck.

Provide sleeves extending through floors, roofs, or load-bearing walls, and 
sleeves through fire barriers that are continuous and fabricated from 
Schedule 40 steel pipe with welded anchor lugs.  Form other sleeves by 
molded linear polyethylene liners or similar materials that are removable.  
Provide sleeves with diameters that are large enough to accommodate pipe, 
insulation, and jacketing without touching the sleeve, and additionally 
provide a minimum 3/8-inch clearance.  Provide sleeve that accommodates 
mechanical and thermal motion of pipe to preclude transmission of vibration 
to walls and generation of noise.

Pack solid the space between a pipe and the inside of a pipe sleeve or a 
construction surface penetration with mineral fiber conforming to ASTM C592
wherever the piping passes through firewalls, equipment-room walls, floors, 
and ceilings connected to occupied spaces, and other locations where 
sleeves or construction-surface penetrations occur between occupied 
spaces.  Where sleeves or construction-surface penetrations occur between 
conditioned and unconditioned spaces, fill the space between a pipe, bare 
or insulated, and the inside of a pipe sleeve or construction-surface 
penetration with an elastomer caulk to a depth of 1/2 inch.  Provide oil 
and grease free surfaces to be caulked.

Caulk exterior wall sleeves watertight with lead and oakum or mechanically 
expandable chloroprene inserts with mastic-sealed components.

3.5   ESCUTCHEONS

Provide escutcheons at penetrations of piping into finished areas.  Where 
finished areas are separated by partitions through which piping passes, 
provide escutcheons on both sides of the partition.  Where suspended 
ceilings are installed, provide plates at the underside only of such 
ceilings.  Provide escutcheons that are chrome plated in occupied spaces 
and that conceal openings in building construction.  Firmly attach 
escutcheons.

3.6   PAINTING

Bring manufacturer's standard-finish equipment surfaces damaged during 
construction to as-new condition by touchup or repainting to the 
satisfaction of the Contracting Officer, or replace with new undamaged 
equipment at no additional cost to the Government.
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Thoroughly clean and paint with one coat of primer paint pipe hangers, 
supports, and other iron work in concealed spaces.

Give all automatic sprinkler and standpipe system piping, valves, and 
appurtenances, two coats of enamel, color No. 11105 (red) in accordance 
with MIL-STD-101 and FED-STD-595.

3.7   SYSTEM TESTING

Prior to acceptance of the work, test completed systems in the presence of 
the Contracting Officer.  Upon approval, provide certificates of testing.

Provide hydrostatic Pressure tests, unless otherwise specified.  Use only 
potable water for testing.

Full opening of the inspector's test connection has to activate the riser 
water flow alarm device indicator and deliver a steady stream of water at 
the test outlet through a calibrated orifice equivalent in diameter to a 
single system sprinkler head.

Government will supply testing water at a location determined by the 
Contracting Officer, but the Contractor is responsible for approved 
disposal of test water.

Prepare and maintain test records of piping-system tests.  Provide records 
that show personnel responsibilities, dates, test-gage identification 
numbers, ambient and test-water temperatures, pressure ranges, rates of 
pressure drops, and leakage rates.  Each test acceptance requires the 
signature of the Contracting Officer.

3.7.1   Test Gages

Provide test gauges that have 4-1/2-inch dials or larger with accuracy of 
plus or minus 1/2 of 1 percent of full-scale range and dial graduations and 
pointer width compatible with readability to within one-half of the 
accuracy extremes.  Include maximum permissible scale range for a given 
test to be such that the pointer during a test can only have a starting 
position at midpoint of the dial or within the middle third of the scale 
range.  For each test gage, include a table indicating test gauge accuracy 
certification and corrections made within 90 days prior to the test, the 
test gage number, and the project number.

3.7.2   Test and Acceptable Criteria

Hydrostatically test above ground systems at 200 psi or where the maximum 
normal working pressure exceeds 150 psi, test the system at the maximum 
normal working pressure plus 50 psi.  Maintain the applied pressure without 
further addition of test media for not less than 2 hours.  Maximum 
allowable pressure drop is 0 psi.

Dry pipe systems also require an air pressure leakage test at 40 psi.  
Maintain the applied pressure without further addition of test media for 
not less than 24 hours.  Maximum allowable pressure drop is 1-1/2 psi.

Test underground systems, rubber jointed ferrous-pipe water systems at 200 
psi, or where the maximum normal working pressure exceeds 150 psi, test the 
system at the maximum normal working pressure plus 50 psi.  Maintain the 
applied test pressure for not less than 2 hours.  Maximum allowable 
pressure drop is 2 psi.
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Test backflow prevention connected to potable-water systems and system 
devices for proper functioning under conditions normal to their application.

Repair dripping or weeping joints.

3.8   DISINFECTION

Disinfect water piping, including valves, fittings, and other devices, with 
a solution of chlorine and water.  Solution cannot contain less than 50 
parts per million (ppm) of available chlorine.  Hold solution for a period 
of not less than 8 hours, at which time the solution has to contain a 
minimum residue of 2 ppm of available chlorine or the system will be 
re-disinfected.  After successful disinfections, thoroughly flush the 
piping before placing into service.  Water for disinfecting, and flushing 
will be furnished by the Government.

3.9   CLEANING AND ADJUSTING

At the completion of the work, thoroughly clean all parts of the 
installation.  Clean equipment, pipes, valves, and fittings of grease, 
metal cuttings, and sludge that accumulated from the installation and 
testing of the system.  Adjust automatic control devices for proper 
operation.

3.10   AS-BUILT DRAWINGS

Submit As-Built drawings for approval 21 days prior to the acceptance 
testing phase of the project as described in the paragraph entitled, 
"System Testing," of this section.  Provide two (2) sets of magnetic media 
as-built drawings in .DWG or .DGN electronic format, and hard copies of all 
new and revised software and drawings with the submittal.  Document on 
as-Built drawings the final system configuration including deviations from 
and amendments to the drawings, and field installation changes, concealed 
and visible.

3.11   OPERATION AND MAINTENANCE

Submit Operation and Maintenance Manuals, grouped by technical sections 
consisting of manufacturer's standard brochures, schematics, procedures, 
recommended spare parts, recommended test equipment, and safety 
precautions.  Submit this information prior to performing acceptance tests.

        -- End of Section --
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SECTION 22 15 13.16 40

GN2 PIPING, PIPING COMPONENTS, AND VALVES, STAINLESS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 325 (2011) Steel Construction Manual

AMERICAN WELDING SOCIETY (AWS)

AWS WHB-2.9 (2004) Welding Handbook; Volume 2, Welding 
Processes, Part 1

ASME INTERNATIONAL (ASME)

ASME B16.10 (2009) Face-to-Face and End-to-End 
Dimensions of Valves

ASME B16.11 (2011) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.25 (2012) Standard for Buttwelding Ends

ASME B16.5 (2009) Pipe Flanges and Flanged Fittings:  
NPS 1/2 Through NPS 24 Metric/Inch Standard

ASME B16.9 (2012) Standard for Factory-Made Wrought 
Steel Buttwelding Fittings

ASME B18.2.2 (2010) Standard for Square and Hex Nuts

ASME B31.3 (2012) Process Piping

ASME B36.19M (2004; R 2010) Stainless Steel Pipe

ASME B40.100 (2005; R 2010) Pressure Gauges and Gauge 
Attachments

ASME BPVC SEC II-C (2010) BPVC Section II-Materials Part 
C-Specifications for Welding Rods 
Electrodes and Filler Metals

ASME BPVC SEC IX (2010) BPVC Section IX-Welding and Brazing 
Qualifications

ASTM INTERNATIONAL (ASTM)

ASTM A182/A182M (2012b) Standard Specification for Forged 
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or Rolled Alloy-Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for 
High-Temperature Service

ASTM A193/A193M (2012a) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service and 
Other Special Purpose Applications

ASTM A194/A194M (2012a) Standard Specification for Carbon 
and Alloy Steel Nuts for Bolts for 
High-Pressure or High-Temperature Service, 
or Both

ASTM A269 (2010) Standard Specification for Seamless 
and Welded Austenitic Stainless Steel 
Tubing for General Service

ASTM A307 (2012) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A312/A312M (2012) Standard Specification for 
Seamless, Welded, and Heavily Cold Worked 
Austenitic Stainless Steel Pipes

ASTM A403/A403M (2012) Standard Specification for Wrought 
Austenitic Stainless Steel Piping Fittings

ASTM B16 Standard Specification for free-cutting 
Brass Rod, Bar, and shapes for use in 
screw machines

ASTM B584 (2013) Standard Specification for Copper 
Alloy Sand Castings for General 
Applications

ASTM B124 (2013) Standard Specification for Copper 
and Copper Alloy Forging Rod, Bar, and 
Shapes

ASTM B371 (2008) Standard Specification for 
Copper-Zinc-Silicon Alloy Rod

ASTM E1 (2007) Standard Specification for ASTM 
Liquid-in-Glass Thermometers

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-25 (2008) Standard Marking System for Valves, 
Fittings, Flanges and Unions

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MSS SP-61 (2009) Pressure Testing of Valves
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MSS SP-69 (2003; Notice 2012) Pipe Hangers and 
Supports - Selection and Application (ANSI 
Approved American National Standard)

PIPE FABRICATION INSTITUTE (PFI)

PFI ES 11 (2003) Permanent Marking of Piping 
Materials

PFI ES 3 (2004) Fabricating Tolerances

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS FF-S-325 (Basic; Int Amd 3; Notices 3, 4) Shield, 
Expansion; Nail, Expansion; and Nail, 
Drive Screw (Devices, Anchoring, Masonry)

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only. Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Submit Proposed Deviations from specified instructions in 
accordance with paragraph entitled, "General Requirements," of 
this section.

SD-02 Shop Drawings

Submit Detail Drawings; G in accordance with paragraph entitled 
"General Requirements," of this section.

SD-03 Product Data

Submit manufacturer's catalog data for the following items in 
sufficient detail and scope to verify compliance with the 
requirements of the contract documents.

Aboveground Piping Materials; G

Piping Specialties; G

Miscellaneous Materials; G

Supporting Elements

Butterfly Valves; G

Ball Valves; G

Actuators and Positioners; G

SD-06 Test Reports

Submit test reports for the following items in accordance with the 
paragraph entitled, "GN2 Systems Testing," of this section.
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Pressure Testing; G

System Testing; G

Acceptance Tests; G

Preliminary Tests; G

SD-07 Certificates

Submit certificates for the following items showing conformance 
with the referenced standards contained in this section.

Aboveground Piping Materials

Piping Specialties

Miscellaneous Materials

Supporting Elements

1.3   GENERAL REQUIREMENTS

Section 23 00 00 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS 
applies to work specified in this section.

Submit detail drawings for the following GN2 systems consisting of 
fabrication and assembly drawings for all parts of work in sufficient 
detail to enable the Government to check conformity with the requirements 
of the contract documents.

Where the Contractor proposes to deviate from specified instructions, 
submit the proposed deviations to the Contracting Officer for approval.

All pipe and metal fabrications shall be coated in accordance with Section
09 97 30.30 98 PROTECTIVE COATING OF CARBON, STAINLESS STEEL AND ALUMINUM 
ON STRUCTURES AND FACILITIES.

PART 2   PRODUCTS

2.1   ABOVEGROUND PIPING MATERIALS

2.1.1   Type SS-350

Pipe 1/2 through 2 inches: Schedule 80, Seamless, corrosion-resistant 
steel, conforming to ASTM A312/A312M Grade TP 316 and ASME B36.19M

Pipe  2-1/2 through 10 inches:  Schedule 40S, seamless, corrosion-resistant 
steel, conforming to ASTM A312/A312M, Grade TP 316, and ASME B36.19M.

TUBE ALL SIZES: .035 wall, seamless, corrosion-resistant steel, conforming 
to ASTM A269 Grade TP 316.

Tube Fittings: All tube fittings shall be AS or KSC type SST.

Fittings 1/2 through 1 inch:  3,000-pound, forged corrosion-resistant 
steel, socket weld, conforming to ASTM A182/A182M, Grade F 316, and 
ASME B16.11.
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Fittings 1 through 10 inches:  Schedule 40, long radius, butt weld, 
corrosion-resistant steel, conforming to ASTM A403/A403M, WP 316 and 
ASME B16.9.

Flanges 1 through 10 inches:  150-pound, forged corrosion-resistant steel, 
welding  neck, with raised face and concentric serrated finish, conforming 
to ASTM A182/A182M, Grade F 316, and ASME B36.19M.

Gaskets:  Spiral wound, filled with chloride ion-free non-asbestos 
materials, corrosion-resistant steel, with centering provisions, conforming 
to ASME B16.5, Group 1.

Bolting:  Heavy hex-head corrosion-resistant steel bolts or bolt studs 
conforming to ASTM A193/A193M, Grade B8, and semifinished heavy hex nuts 
conforming to ASTM A194/A194M, Grade 8A.  Square-head bolts are not 
acceptable.

2.2    VALVES

2.2.1   General

All GN2 system valves including manual, motorized, automatic control, and 
pressure reducing shall be inspected and refurbished in accordance with the 
contract drawings.

2.2.2   Butterfly Valves

Butterfly style valves shall be ANSI Class 150 wafer-body design in 
accordance with ASME B16.10 and MSS SP-61. Valve body shall be 316 
stainless steel with PTFE seats and 316 stainless steel disc. The seats 
shall provide a bubble-tight shutoff in accordance with MSS SP-61. The 
shaft shall be 316 stainless steel with a 316 stainless steel backed PTFE 
composite shaft seal. The shaft pin shall be the same material as the 
shaft. Spacers, inserts, compression rings, studs, nuts, drive screws, cap 
screws, and compression plate shall be stainless steel. Body seals and 
bearing spacers shall be PTFE. Retaining rings shall be Inconel. Valves 
shall be marked in accordance with MSS SP-25.

2.2.3   Ball Valves

Ball valves shall be threaded full port, two piece body ball valves in 
accordance with MSS SP-110. The body and body end pieces shall be ASTM B584 
Alloy C84400 cast red bronze. The ball shall be ASTM B124 Alloy C37700 
brass. Seat rings and thrust washers shall be reinforced PTFE. The stem 
shall be ASTM B371 Alloy C69300 silicon bronze. Packing shall be PTFE. 
Packing glands shall be threaded and ASTM B16 Alloy C36000 brass. Handles 
and handle nuts shall be zinc plated steel. Valve shall be rated for 600 
psi non-shock cold working pressure. Handles shall have a plastic coating.

2.2.4   Actuators and Positioners

Manual actuators shall be lockable hand wheels. 

Motorized actuators shall be as specified in the contract drawings. 
Motorized actuators shall have jammed valve protection and motor thermostat.

Positioners, where required, shall be as specified in the contract drawings.
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2.3   PIPING SPECIALTIES

2.3.1   Pressure Gages

Pressure gages shall conform to ASME B40.100 and to requirements specified 
in psi units herein.  Pressure gage size shall be 4-1/2 inches nominal 
diameter for systems pressures less than 350 psi.  Cases shall be of cast 
aluminum.  Equip all gages with adjustable red marking pointer and damper 
screw adjustment in inlet connection.  Bourdon tubes shall have a bleeding 
device to facilitate cleaning and bleeding trapped gas.

Gage cases shall be one-piece solid-front type with a safety-release back 
cover.  Windows shall be shatterproof glass.  Dials shall be white with 
dual seals.  Outer scale shall have red markings graduated in SI units; the 
inner scale shall have black markings graduated in psi units.

2.3.2   Thermometers

Thermometers shall conform to ASTM E1 and to requirements specified 
herein.  Thermometers shall be industrial pattern Type 1, Class 3.  All 
thermometers installed 6 feet or higher above the floor shall have an 
adjustable angle body.  Scale shall be not less than 7 inches long, and 
case face shall be manufactured from manufacturer's standard polished 
aluminum or AISI 300 series polished corrosion-resistant steel.  
Thermometer range shall be as indicated.  All thermometers shall be 
provided with AISI Type 316 corrosion-resistant steel separable wells.

2.4   MISCELLANEOUS MATERIALS

2.4.1   Bolting

General purpose bolting shall be hex-head and shall conform to ASTM A307.  
Heavy hex-nuts shall conform to ASME B18.2.2.  Square-head bolts and nuts 
are not acceptable.

2.5   SUPPORTING ELEMENTS

2.5.1   General

Provide all necessary piping system components and miscellaneous supporting 
elements required, including but not limited to, building structure 
attachments; supplementary steel; hanger rods, stanchions, and fixtures; 
vertical pipe attachments; horizontal pipe attachments; anchors; guides; 
shock absorbers; and variable and constant supports.  All supporting 
elements shall be suitable for stresses imposed by system pressures and 
temperatures, and natural and other external forces.

Supporting elements shall be UL approved or listed, shall conform to 
requirements of ASME B31.3, MSS SP-58, and MSS SP-69, or the BOCA National 
Plumbing Code, except as supplemented and modified by these specifications.

Code mark and submit individual supporting element details as part of the 
shop drawings for all piping systems.

Details shall include an exact bill of materials for components making up 
each assembly and shall include a dimensioned location plan for each 
assembly with respect to building structure or equipment.

Individually bundle and tag each coded assembly with code mark prior to 
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delivery to the site.

Provide constant supports, with travel stops where necessary, at vertically 
drifting piping to preclude excessive stresses at terminal points.

Make attachments welded to pipe of material identical to that of pipe or of 
materials accepted as permissible raw materials by referenced code or 
standard specification.  Heat treatment for attachment stress relieving 
shall be in a furnace allowing for controlled conditions and uniformity of 
temperature.  Type devices specified herein are defined in referenced MSS 
Standard, unless otherwise noted.

2.5.2   Building Structure Attachments

Anchor devices, concrete, and masonry:  Anchor devices shall conform to 
requirements of FS FF-S-325, Group I; Group II, Type 2, Class 2, Style 1 or 
Style 2; Group III; or Group VIII.

Masonry anchor devices shall be built in, unless otherwise approved by the 
Contracting Officer.

Do not use powder-actuated anchoring devices to support any mechanical 
system components.

Beam Clamps:  Beam clamps shall be center-loading Type 21, 28, 29, or 30, 
UL-listed, catalogued and load-rated, commercially manufactured products.

Do not use C-clamps.

Inserts, Concrete:  Construct concrete inserts in accordance with the 
requirements of MSS SP-58 for Type 18 and MSS SP-69.  When applied to 
piping in sizes 2-inch ips and larger and where otherwise required by 
imposed loads, insert and wire a 1-foot length of 1/2-inch reinforcing rod 
through wing slots.  Proprietary-type continuous inserts may be similarly 
used when approved by the Contracting Officer.

2.5.3   Horizontal Pipe Attachments

Single pipes

Wherever possible, piping shall be supported by Type 2, Type 3, or Type 4 
attachments.

Provide spring supports in accordance with referenced standards.

Pipe rolls shall be Type 41 or 49.

Where clamps and rolls are not used, pipe supports shall be Type 1.

2.5.4   Vertical Pipe Attachments

Vertical pipe attachments shall be Type 8.

Provide spring supports in accordance with referenced codes and standards.

2.5.5   Hanger Rods and Fixtures

Use only circular cross section rod hangers  to connect building structure 
attachments to pipe support devices.  Use pipe straps or bars of equivalent 
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strength for hangers only where approved by the Contracting Officer.

Provide turnbuckles, swing eyes, and clevises as required by support system 
to accommodate pipe accessibility and for adjustment to load and pitch.

2.5.6   Supplementary Steel

Where it is necessary to frame structural members between existing members 
or where structural members are used in lieu of commercially rated 
supports, design and fabricate such supplementary steel in accordance with 
AISC 325.

PART 3   EXECUTION

3.1   ABOVEGROUND PIPING SYSTEMS INSTALLATION

3.1.1   General

Fabricate and install piping systems in accordance with the requirements of 
the following codes and standards except as supplemented and modified by 
these specifications:

ASME B31.3

MSS SP-69

ASME BPVC SEC II-C, for applicable materials and procedures not 
specified herein

AWS WHB-2.9, for applicable materials and procedures not specified 
herein

Provisions of referenced codes and standards shall constitute minimum 
requirements for system materials, installation, and workmanship.  Strict 
compliance therewith shall be required for all systems work except where 
the drawings and specification require better materials and methods of 
installation than the minimum requirements set forth in the code or 
standard.  In all cases, the drawings and specifications shall supersede 
code and standards requirements.

Installation of piping systems materials shall conform to the published or 
written instructions of the manufacturer for the project application except 
as otherwise specified herein.

Where the Contractor proposes to deviate from specified instructions, 
submit the proposed deviation to the Contracting Officer for approval.

Permanent identification of piping shall conform to PFI ES 11. 
Identification shall be located at points designated by the Contracting 
Officer and shall be legibly and conspicuously marked by yellow fluorescent 
aerosol paint.

Coordinate exact location of piping among trades so that there will be no 
interference with lighting fixtures, piping, ducts, or other construction.

Fabricate pipe to measurements established on the job and carefully work 
into place without springing or forcing.  Make adequate provision for 
absorbing all expansion and contraction without undue stress in any part of 
the system.
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Pipe, tubing, fittings, valves, equipment, and accessories shall be clean 
and free of all foreign material before being installed in their respective 
systems.  Clean pipe by hammering, shaking, or swabbing, or by a 
combination of those methods.  Purge lines with dry, oil-free compressed 
air after erection, but purging shall not be relied upon for removing all 
foreign matter.  Purge lines at a velocity in excess of maximum normal-flow 
velocity and as approved by the Contracting Officer.  During the progress 
of construction, properly protect open ends of pipe, fittings, and valves 
at all times to prevent the admission of foreign matter.  Place plugs and 
caps in the ends of installed work at all times, except when connections 
are being made.  Plugs and caps shall be commercially manufactured 
products, unless otherwise approved by the Contracting Officer.

Install piping straight and true with approved offsets around obstructions, 
expansion bends or fitting offsets essential to a satisfactory 
installation, and as may be necessary to increase headroom or to avoid 
interference with the building construction, electric conduit, or 
facilities equipment.

Use standard long-sweep pipe fittings for changes in direction. No mitered 
joints or unapproved pipe bends will be permitted.

Pipe bends shall be shop-made by the sand-filled hot-bending process 
provided (1) bend radius is not less than 6 times the nominal pipe 
diameter; (2) fabrication tolerances are in accordance with PFI ES 3 for 
the applicable wall thickness; (3) preheat and postheat treatment 
procedures, where applicable, are in accordance with referenced standards; 
(4) piping is cleaned, after bending operations, with a turbine cutter 
assembly followed by shot or sand blasting; (5) all operations are 
performed to preclude detrimental wall thickness reduction; and (6) the 
fabricating shop is a member of the Pipe Fabricating Institute and is 
approved by the Contracting Officer.

Make branch connections with either welding tees or forged branch outlet 
fittings, within limitations of referenced codes and standards.  Branch 
outlet fittings, where used, shall be forged, flared for improved flow 
where attached to the run, reinforced against external strains, and 
designed to withstand full pipe-bursting strength requirements.

Horizontal piping shall have a grade of 1 inch per 100 feet.

Use eccentric reducers where required to permit proper drainage of pipe 
lines.  Bushings are not permitted for this purpose.  Provide drain valves 
where indicated.

Install piping in a manner that will prevent stresses and strains from 
being imposed upon connected equipment.

Expansion bend configuration shall be as indicated.  Expansion U-bend shall 
be cold sprung and welded into the line which shall be anchored before 
removing the spreader from the expansion U-bend.  Amount of cold spring 
shall be as indicated.

3.1.2   Joints

Field-welded joints shall conform to the requirements of the AWS WHB-2.9 
and ASME B31.3.
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Piping systems rated 350 psi and lower shall have butt weld joints made 
with backing rings.  Backing ring materials shall be compatible with 
materials being joined.  Joint configuration shall conform to ASME B16.25.

Perform preheat and postheat treatment of welds in accordance with 
ASME BPVC SEC IX.

Perform preheat and postheat treatment of welds in accordance with 
ASME B31.3.

Assemble flanged joints with appropriate flanges, gaskets, and bolting.  
Clearance between flange faces shall be sufficient to ensure that the 
connections can be gasketed and bolted tight without imposing undue strain 
on the piping system.  Flange faces shall be parallel and the bores 
concentric; center gaskets on the flange faces without projecting into the 
bore.  Lubricate bolting with oil and graphite before assembly to ensure 
uniform bolt stressing.  Draw up and tighten flange bolts in staggered 
sequence in order to prevent unequal gasket compression and deformation of 
the flanges.  After the piping system has been tested, retighten bolting to 
provide required gasket stress.

3.1.3   Supporting Elements Installation

Provide supporting elements in accordance with the requirements of 
referenced codes and standards, except as supplemented or modified herein.

Hang piping from building construction.  Hang no piping from roof deck or 
from other pipe.

Attachment to building construction concrete shall be by approved cast-in 
concrete inserts or by built-in anchors.  Where attachment by either of 
above methods is not practical, specified masonry anchor devices may be 
used upon receipt of written approval from the Contracting Officer.

Embed fish plates in the concrete to transmit hanger loads to the 
reinforcing steel where hanger rods exceed 7/8 inch in diameter.

Construct masonry anchors selected for overhead applications of ferrous 
materials only.

Masonry anchors conforming to FS FF-S-325, Group I; Group II, Type 2, Class 
2, Style 1 or Style 2; or Group VIII shall be installed in rotary, 
nonpercussion electrically drilled holes.  Self-drilling anchors (Group 
III) may be used provided masonry drilling is done with electric hammers 
selected and applied in a manner that will preclude concrete spalling or 
cracking (visible or invisible).  Pneumatic tools will not be allowed.

Percussive action, electric hammers, and combination rotary-electric 
hammers used for the installation of self-drilling anchors shall be 
selected in accordance with the following guide:

Anchor-devices, nominal sizes 1/4 through 1/2 inch, may be hammer type 
only or combination rotary-hammer type and shall be rated at load to 
draw not more than 5.0 to 5.5 amperes when operating on 120-volt, 
60-hertz power.

Anchor devices, nominal sizes 5/8 inch and larger, hammer-type only, 
shall be rated at load to draw not more than 8.0 amperes when operating 
on 120-volt, 60-hertz power.  Combination rotary-hammer tools on the 
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same power supply shall have a full load current rating not to exceed 
10 amperes.

Size inserts and anchors for the total stress to be applied with a safety 
factor as required by applicable codes, but in no case less than 4.  Submit 
complete shop drawings.

Insert anchor devices into concrete sections not less than twice the 
overall length of the device and locate the anchor devices not less than 
the following distance from any side or end edge or centerline of adjacent 
anchor service:

Anchor Bolt Size  1/4  5/16  3/8   1/2   5/8   3/4   7/8 (Inches)

Minimum Edge    3-1/4  3-1/2  4     5     6     7     8 Space (Inches)*

* Except where manufacturer requires greater distance.

In special circumstances, with prior written approval of the Contracting 
Officer, center-to-center distance may be reduced to 50 percent of given 
distance provided load on the device is reduced in direct proportion to the 
reduced distance.

Piping shall run parallel with the lines of the building.  Space and 
install piping and components so that there shall be not less than 1/2 inch 
of clear space between the finished surface and other work and between the 
finished surfaces of parallel adjacent piping.

Parallel pipe runs shall allow for tool space around mechanical 
connections.  Where it is necessary to avoid any transfer of load from 
support to support or onto connecting equipment, pipe hangers shall be 
constant-support type.

Weld anchors and pipe-alignment guides to the piping in accordance with 
requirements specified herein and attached to the building structure in a 
manner indicated or approved by the Contracting Officer.

Suitably brace piping against reaction, sway, and vibration.  Bracing shall 
consist of hydraulic and spring devices, brackets, anchor chairs, rods, and 
structural steel.

Locate pipe lines, when supported from roof purlins, not greater than 
one-sixth of the purlin span from the roof truss.  Load per hanger shall 
not exceed 400 pounds when support is from a single purlin or 800 pounds 
when hanger load is applied to purlins halfway between purlins by means of 
auxiliary support steel supplied by the piping Contractor.  When support is 
not halfway between purlins, the allowable hanger load shall be the product 
of 400 times the inverse ratio of the longest distance to purlin-to-purlin 
spacing.

When the hanger load exceeds the above limits, furnish and install 
reinforcing of the roof purlin(s) or additional support beam(s).  When an 
additional beam is used, the beam shall bear on the top chord of the roof 
trusses, and bearing shall be over gusset plates of top chord.  Stabilize 
beam by connection to roof purlin along bottom flange.

Install hangers and supports for piping at intervals specified herein at 
locations not more than 3 feet from the ends of each runout and not over 25 
percent of specified interval from each change in direction of piping.
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Base load rating for all pipe hanger supports on weight and forces imposed 
on all lines.  Deflection per span shall not exceed slope gradient of 
pipe.  Schedule 40 and heavier pipe supports shall be in accordance with 
the following minimum rod size and maximum allowable hanger spacing; 
concentrated loads will reduce allowable span proportionately:

         PIPE SIZE             ROD SIZE          HANGER SPACING
         INCHES                INCHES                 FEET 

         1/2 and smaller         3/8                    5

         3/4 to 1                3/8                    6

         1-1/4 to 1-1/2          3/8                    9
         2                       1/2                   10

         2-1/2 to 3              1/2                   12

         4 to 5                  5/8                   15

         6                       3/4                   16

         8 to 12                 7/8                   20

Support vertical risers independently of connected horizontal piping 
wherever practical and guide for lateral stability.  Provide only one rigid 
support for risers subject to expansion.

After the piping systems have been installed, tested, and placed in 
satisfactory operation, the Contractor shall tighten hanger rod nuts and 
jam nuts to prevent any loosening.

3.2   GN2 SYSTEMS TESTING

3.2.1   General

Prior to acceptance of the work, pressure test completed systems.

Tests shall be hydrostatic.  Only use potable water for testing.  
Government will supply testing water at a location determined by the 
Contracting Officer, but the Contractor shall be responsible for the 
approved disposal of contaminated water.  Temperature of water used for 
testing shall not cause condensation on system surfaces.  Provide 
supplementary heat if necessary.

Do not perform pressure tests in excess of 5 psi until personnel not 
directly involved in the tests are evacuated from the area.

Contractor may conduct tests for his own purposes, but preliminary tests 
and acceptance tests shall be conducted as specified herein.

System testing shall include preliminary tests by applying internal 
pressures exceeding 5 psi swabbing all joints under test with a high film 
strength soap solution, and observing for bubbles.

If testing reveals any leakage  limits, the leaks shall be isolated and 
repaired, defective materials shall be replaced where necessary, and the 
system shall be retested until specified requirements are met.  Remake 
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leaking gasket joints with new gaskets and new flange bolting.  Do not use 
removed bolting and gaskets again.

Regardless of the amount of measured leakage, immediately repair visible 
leaks or defects in the pipeline.

Only use standard piping flanges, plugs, caps, and valves for sealing off 
piping for test purposes.

Compressed air trapped during high pressure hydrostatic testing shall be 
vented to preclude injury and damage.  If purging or vent valves are not 
provided, the Contracting Officer may require the removal of any system 
component such as plugs and caps to verify that water has reached all parts 
of the system.

Remove components from piping systems prior to testing whenever the 
component would otherwise sustain damage due to test pressure.

Check piping system components such as valves for proper operation under 
system test pressure.

Add no test media to a system during a test for a period as specified or to 
be determined by the Contracting Officer.

Duration of a test will be sufficient to inspect every joint, but not less 
than two hours.  Test may be terminated by direction of Contracting Officer 
at any point after it has been determined that the permissible leakage rate 
has not been exceeded. Acceptance test pressure shall be 8.8 psig.

Drain and purge dry piping system, upon completion of testing, with dry 
air.  Verify system dryness by hygrometer comparison with purging air.

Prepare, maintain, and submit test records of piping systems tests for 
approval.  Records shall show Government and Contractor test personnel 
responsibilities, dates, test gage identification numbers, ambient 
temperatures, pressure ranges, rates of pressure drop, and leakage rates.  
Each acceptance test will be signed by the Contracting Officer's QC Manager 
and submitted to the Government for approval.  Deliver two record copies to 
the Contracting Officer after acceptance.

3.2.2   Test Gages

Contractor's test gages shall conform to ASME B40.100 and have a dial size 
8 inches or larger.  Maximum permissible scale range for a given test shall 
be such that the pointer shall have a starting position at midpoint of the 
dial or within the middle third of the scale range.  Certification of 
accuracy and correction table shall bear a date within 90 calendar days 
prior to the test date and shall show test gage number and the project 
number, unless otherwise approved by the Contracting Officer.

3.2.3   Acceptance Pressure Testing

Testing shall be done during steady ambient temperature conditions.

3.3   Cleaning

GN2 piping, including all valves, fittings, and other devices, shall be 
disinfected with a solution of chlorine and water. Solution shall contain 
not less than 50 parts per million (ppm) of available chlorine. Hold 
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solution for a period of not less than 8 hours, after which the solution 
must contain not less than 10 ppm of available chlorine or the piping shall 
be redisinfected. After successful sterilization, thoroughly flush the 
piping before placing into service. Flushing shall be complete when the 
flush water contains less than 0.5 ppm of available chlorine. Water for 
disinfecting will be furnished by the Government, Contractor shall be 
responsible for approved disposal of contaminated flush water in accordance 
with written instructions received from the environmental authority having 
jurisdiction through the Contracting Officer and all Local, State and 
Federal Regulations.

Flush piping with potable water until visible grease, dirt and other 
contaminates are removed (visual inspection).

        -- End of Section --

SECTION 22 15 13.16 40  Page 257



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

SECTION TABLE OF CONTENTS

DIVISION 23 - HEATING, VENTILATING, AND AIR CONDITIONING

SECTION 23 00 00

ECS DUCT AND PURGE SYSTEMS EQUIPMENT

PART 1   GENERAL

  1.1   REFERENCES
  1.2   GENERAL REQUIREMENTS
  1.3   SYSTEM DESCRIPTION
    1.3.1   Charts
  1.4   SUBMITTALS
  1.5   QUALITY ASSURANCE
    1.5.1   Prevention of Corrosion
    1.5.2   Asbestos Prohibition
    1.5.3   Ozone Depleting Substances Used as Refrigerants
    1.5.4   Use of Ozone Depleting Substances, Other than Refrigerants
    1.5.5   Fabrication Drawings
  1.6   DELIVERY, STORAGE, AND HANDLING

PART 2   PRODUCTS

  2.1   STANDARD PRODUCTS
  2.2   IDENTIFICATION PLATES
  2.3   EQUIPMENT GUARDS AND ACCESS
  2.4   ELECTRICAL WORK
  2.5   ANCHOR BOLTS
  2.6   SEISMIC ANCHORAGE AND VIBRATION ISOLATION
  2.7   PAINTING
  2.8   DUCT SYSTEMS
    2.8.1   Metal Ductwork
      2.8.1.1   Expansion Joints
      2.8.1.2   ECS Dust Caps
      2.8.1.3   Aluminum Ducts
      2.8.1.4   Exterior Ducts
    2.8.2   Heater Chamber
  2.9   Cooling Chamber
  2.10   Humidifier Chambers
  2.11   Instrument Tee
  2.12   Manual Butterfly Valves
  2.13   Manual Drain Valves
  2.14   Block and Bleed Valves
  2.15   Instrumentation Isolation Valves
  2.16   Motor Operated Valves
  2.17   AIR SYSTEMS EQUIPMENT
    2.17.1   Pressure Blowers
    2.17.2   Electric Duct Heaters
      2.17.2.1   Heating Elements And Enclosures
      2.17.2.2   Heater Controls
    2.17.3   Air Filters
  2.18   Pressure Transmitters

SECTION 23 00 00  Page 258



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

  2.19   Temperature Elementss and Transmitters
  2.20   Moisture Transmitterss
  2.21    Venturi Flowmeterss
  2.22   Pressure Gages
  2.23   Temperature Gages
  2.24   FACTORY PAINTING
  2.25   SUPPLEMENTAL COMPONENTS/SERVICES
    2.25.1   Chilled, Condenser, or Dual Service Water Piping
    2.25.2   Water or Steam Heating System Accessories
    2.25.3   Condensate Drain Lines
    2.25.4   Insulation
    2.25.5   Controls

PART 3   EXECUTION

  3.1   EXAMINATION
  3.2   INSTALLATION
    3.2.1   Equipment and Installation
    3.2.2   Access Panels
    3.2.3   Expansion Jointst
    3.2.4   Metal Ductwork
    3.2.5   Welding
    3.2.6   Dust Control
    3.2.7   Insulation
    3.2.8   Duct Test Holes
    3.2.9   Power Transmission Components Adjustment
  3.3   EQUIPMENT PADS
  3.4   CUTTING AND PATCHING
  3.5   Housekeeping
  3.6   PENETRATIONS
  3.7   FIELD PAINTING OF MECHANICAL EQUIPMENT
  3.8   IDENTIFICATION SYSTEMS
  3.9   DUCTWORK LEAK TEST
  3.10   TESTING, ADJUSTING, AND BALANCING
  3.11   Factory Acceptance Testing
  3.12   PERFORMANCE TESTS
  3.13   CLEANING AND ADJUSTING
  3.14   OPERATION AND MAINTENANCE
    3.14.1   Operation and Maintenance Manuals
    3.14.2   Operation And Maintenance Training

-- End of Section Table of Contents --

SECTION 23 00 00  Page 259



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

SECTION 23 00 00

ECS DUCT AND PURGE SYSTEMS EQUIPMENT

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL (AMCA)

AMCA 300 (2008) Reverberant Room Method for Sound 
Testing of Fans

AMCA 301 (2006; INT 2007; Errata 2008) Methods for 
Calculating Fan Sound Ratings from 
Laboratory Test Data

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASA 125 Cast Iron Pipe Flanges and Flanged 
Fittings 

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2012) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A167 (1999; R 2009) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A-48 (2003; R 2012) Standard Specification for 
Gray Iron Castings

ASTM 6061 T6 Aluminum Sheet Mill Finish 

ASTM A924/A924M (2010a) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

ASTM B117 (2011) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM B209 (2010) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM B766 (1986; R 2008) Standard Specification for 
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Electrodeposited Coatings of Cadmium

ASTM D1654 (2008) Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments

ASTM D3359 (2009e2) Measuring Adhesion by Tape Test

ASTM D520 (2000; R 2011) Zinc Dust Pigment

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2011) Motors and Generators

NEMA MG 10 (2001; R 2007) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 2007) Energy Management Guide for 
Selection and Use of Single Phase Motors

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1966 (2005) HVAC Duct Construction Standards 
Metal and Flexible, 3rd Edition

SMACNA 1981 (2008) Seismic Restraint Manual Guidelines 
for Mechanical Systems, 3rd Edition

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 82 Protection of Stratospheric Ozone

UNDERWRITERS LABORATORIES (UL)

UL 1996 (2009; Reprint Nov 2011) Electric Duct 
Heaters

UL 6 (2007; reprint Nov 2010) Electrical Rigid 
Metal Conduit-Steel

UL Bld Mat Dir (2012) Building Materials Directory

AISI 1038 Standard Test Method for Portable Hardness 
Testing 

1.2   GENERAL REQUIREMENTS

Submit Records of Existing Conditions consisting of the results of 
Contractor's survey of work area conditions and features of existing 
structures and facilities within and adjacent to the jobsite. Commencement 
of work constitutes Contractor's acceptance of the existing conditions.

Include with Equipment Foundation Data for ducting systems all plan 
dimensions of foundations and relative elevations, equipment weight and 
operating loads, horizontal and vertical loads, horizontal and vertical 
clearances for installation, and size and location of anchor bolts.
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Submit Material, Equipment, and Fixture Lists for ducts, equipment, and 
specialties including manufacturer's style or catalog numbers, 
specification and drawing A Numbers and tag numbers, warranty information, 
and fabrication site information. Provide a complete list of construction 
equipment to be used.

Submit Record Drawings for ducts, equipment, and accessories providing 
current factual information including deviations and amendments to the 
drawings, and concealed and visible changes in the work.

Submit Connection Diagrams for ducts, equipment, and specialties indicating 
the relations and connections of devices and apparatus by showing the 
general physical layout of all controls, the interconnection of one system 
(or portion of system) with another, and internal tubing, wiring, and other 
devices. Connection diagrams shall show all devices with their A Number and 
tag number per the contract drawings.

Submit Coordination Drawings for ducts, equipment, and specialties showing 
coordination of work between different trades and with the structural and 
architectural elements of work. Detail all drawings sufficiently to show 
overall dimensions of related items, clearances, and relative locations of 
work in allotted spaces. Indicate on drawings where conflicts or clearance 
problems exist between various trades.

Submit a List of Product Installations for each piece of equipment of at 
least 5 units, similar to those proposed for use, that have been in 
successful service for a minimum period of 5 years. Include in the list 
purchaser, address of installation, service organization, and date of 
installation.

1.3   SYSTEM DESCRIPTION

Furnish ductwork, transitions, adaptors, offsets,  and accessories as 
required to provide a complete installation.  Coordinate the work of the 
different trades to avoid interference between piping, equipment, 
structural, and electrical work.  Provide complete, in place, all necessary 
offsets and ductwork, and all transitions, adaptors, and other components, 
required to install the work as indicated and specified.

1.3.1   Charts

Provide chart listing of equipment by designation numbers and capacities 
such as flow rates, pressure and temperature differences, heating and 
cooling capacities, horsepower, duct sizes, and voltage and current 
characteristics.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Charts; G
Material Equipment and Fixture Lists; G
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SD-02 Shop Drawings

List of Product Installations; G 
Record Drawings; G
Fabrication Drawings; G
Connection Diagrams; G
Coordination Drawings; G
Cleanliness Plan; G
Heating Chamber Supports; G
Humidifier Chamber Supports; G
ECS Dust Caps; G

SD-03 Product Data
Warranty; G For Products with Warranty over 1 year
Expansion Joints; G
Manual Butterfly Valves; G
Motor Operated Valves; G
Pressure Blowers

Electric Duct Heaters; G
Heating Elements; G
Enclosures; G
Heater Controls; G
Aluminum Ducts; G
Exterior Ducts; G
List of Product Installations; G
Venturi Flowmeters; G
Moisture Transmitters; G
Temperature Elements; G
Pressure Transmitters; G
Equipment Foundation Data; G 
Expansion Joints; G
ECS Dust Caps; G

SD-06 Test Reports

Performance Test Plan; G
Performance Test Form; G
Performance Tests; G
Factory Acceptance Testing; G
Proof Test Procedure; G
Proof Test Results; G

SD-07 Certificates

Bolts
Records of Existing Conditions; G

SD-08 Manufacturer's Instructions; G

Manufacturer's Installation Instructions; G
Operation and Maintenance Training; G

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals; G
Manual Valves; G
Motor Operated Valves; G Data Package 2
Pressure Blowers; G Data Package 2
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Electric Duct Heaters; G Data Package 1
Venturi Flowmeters; G
Moisture Transmitters; G
Temperature Elements; G
Pressure Transmitters; G

1.5   QUALITY ASSURANCE

Except as otherwise specified, approval of materials and equipment is based 
on manufacturer's published data.

a.  Where materials and equipment are specified to conform to the standards 
of the Underwriters Laboratories, the label of or listing with 
reexamination in UL Bld Mat Dir, and UL 6 is acceptable as sufficient 
evidence that the items conform to Underwriters Laboratories 
requirements.  In lieu of such label or listing, submit a written 
certificate from any nationally recognized testing agency, adequately 
equipped and competent to perform such services, stating that the items 
have been tested and that the units conform to the specified 
requirements.  Outline methods of testing used by the specified 
agencies.

b.  Where materials or equipment are specified to be constructed or tested, 
or both, in accordance with the standards of the ASTM International 
(ASTM), the ASME International (ASME), or other standards, a 
manufacturer's certificate of compliance of each item is acceptable as 
proof of compliance.

c.  Conformance to such agency requirements does not relieve the item from 
compliance with other requirements of these specifications.

1.5.1   Prevention of Corrosion

Protect all metallic surfaces against corrosion.  Manufacturer shall 
provide rust-inhibiting treatment and standard finish for the equipment 
enclosures.  Do not use aluminum in contact with earth, and where connected 
to dissimilar metal.  Protect aluminum by approved fittings, barrier 
material, or treatment.  Ferrous parts such as anchors, bolts, braces, 
boxes, bodies, clamps, fittings, guards, nuts, pins, rods, shims, thimbles, 
washers, and miscellaneous parts not of corrosion-resistant steel or 
nonferrous materials shall be hot-dip galvanized in accordance with 
ASTM A123/A123M for exterior locations and cadmium-plated in conformance 
with ASTM B766 for interior locations. Provide written certification from 
the bolt manufacturer that the bolts furnished comply with the requirements 
of this specification.  Include illustrations of product markings, and the 
number of each type of bolt to be furnished in the certification.  All 
non-factory coated metals shall be coated in accordance with Section 
09 97 30.30 98 PROTECTIVE COATING OF CARBON, STAINLESS STEEL AND ALUMINUM 
ON STRUCTURES AND FACILITIES.

1.5.2   Asbestos Prohibition

Do not use asbestos and asbestos-containing products.

1.5.3   Ozone Depleting Substances Used as Refrigerants

Minimize releases of Ozone Depleting Substances (ODS) during repair, 
maintenance, servicing or disposal of appliances containing ODS's by 
complying with all applicable sections of 40 CFR 82 Part 82 Subpart F.  Any 
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person conducting repair, maintenance, servicing or disposal of appliances 
owned by NASA shall comply with the following:

a.  Do not knowingly vent or otherwise release into the environment, Class 
I or Class II substances used as a refrigerant.

b.  Do not open appliances without meeting the requirements of 40 CFR 82 
Part 82.156 Subpart F, regarding required practices for evacuation and 
collection of refrigerant, and 40 CFR 82 Part 82.158 Subpart F, 
regarding standards of recycling and recovery equipment.

c.  Only persons who comply with 40 CFR 82 Part 82.161 Subpart F, regarding 
technician certification, can conduct work on appliances containing 
refrigerant.

In addition, provide copies of all applicable certifications to the 
Contracting Officer at least 14 calendar days prior to initiating 
maintenance, repair, servicing, dismantling or disposal of appliances, 
including:

a.  Proof of Technician Certification

b.  Proof of Equipment Certification for recovery or recycling equipment.

c.  Proof of availability of certified recovery or recycling equipment.

1.5.4   Use of Ozone Depleting Substances, Other than Refrigerants

The use of Class I or Class II ODS's listed as nonessential in 40 CFR 82 
Part 82.66 Subpart C is prohibited.  These prohibited materials and uses 
include:

a.  Any plastic party spray streamer or noise horn which is propelled by a 
chlorofluorocarbon

b.  Any cleaning fluid for electronic and photographic equipment which 
contains a chlorofluorocarbon; including liquid packaging, solvent 
wipes, solvent sprays, and gas sprays.

c.  Any plastic flexible or packaging foam product which is manufactured 
with or contains a chlorofluorocarbon, including, open cell foam, open 
cell rigid polyurethane poured foam, closed cell extruded polystyrene 
sheet foam, closed cell polyethylene foam and closed cell polypropylene 
foam except for flexible or packaging foam used in coaxial cabling.

d.  Any aerosol product or other pressurized dispenser which contains a 
chlorofluorocarbon, except for those listed in 40 CFR 82 Part 82.66 
Subpart C.

Request a waiver if a facility requirement dictates that a prohibited 
material is necessary to achieve project goals.  Submit the waiver request 
in writing to the Contracting Officer.  The waiver will be evaluated and 
dispositioned.

1.5.5   Fabrication Drawings

Submit fully dimensioned detail drawings showing equipment layout, 
including assembly and installation details and electrical connection 
diagrams; ductwork layout showing the location of all supports and hangers, 
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typical hanger details, gauge reinforcement, reinforcement spacing rigidity 
classification, and static pressure and seal classifications.  Include any 
information required to demonstrate that the system has been coordinated 
and functions properly as a unit on the drawings and show equipment 
relationship to other parts of the work, including clearances required for 
operation and maintenance.  Submit drawings showing bolt-setting 
information, and foundation bolts prior to concrete foundation construction 
for all equipment indicated or required to have concrete foundations.  
Submit function designation of the equipment and any other requirements 
specified throughout this Section with the shop drawings. Fabrication 
Drawings shall show every piece as a spool piece and assembly. Detail bolt 
patterns, flange widths, and other interfaces to demonstrate the ability to 
completely assemble the system.

1.6   DELIVERY, STORAGE, AND HANDLING

Protect stored equipment at the jobsite from the weather, humidity and 
temperature variations, dirt and dust, or other contaminants. Cover all 
open ends of duct and components to prevent the accumulation of dirt and 
debris. Contractor shall develop and submit a Cleanliness Plan for approval 
detailing storage methods and practices, protection methods and practices, 
and other details of maintaining the duct and components in a clean state 
for installation.

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Provide components and equipment that are "standard products" of a 
manufacturer regularly engaged in the manufacturing of products that are of 
a similar material, design and workmanship.  "Standard products" is defined 
as being in satisfactory commercial or industrial use for 5 years before 
bid opening, including applications of components and equipment under 
similar circumstances and of similar size, satisfactorily completed by a 
product that is sold on the commercial market through advertisements, 
manufacturers' catalogs, or brochures.  Products having less than a 5-year 
field service record are acceptable if a certified record of satisfactory 
field operation, for not less than 6000 hours exclusive of the 
manufacturer's factory tests, can be shown.  

2.2   IDENTIFICATION PLATES

In addition to KSC indentification tagsin accordance with Contract drawings 
and standard manufacturer's identification plates, provide engraved 
laminated phenolic identification plates for each piece of mechanical 
equipment.  Identification plates are to designate the function of the 
equipment.  Submit designation with the shop drawings.  Identification 
plates shall be three layers, black-white-black, engraved to show white 
letters on black background.  Letters shall be upper case.  Identification 
plates 1-1/2-inches high and smaller shall be 1/16-inch thick, with 
engraved lettering 1/8-inch high; identification plates larger than 
1-1/2-inches high shall be 1/8-inch thick, with engraved lettering of 
suitable height.  Identification plates 1-1/2-inches high and larger shall 
have beveled edges.  Install identification plates using a compatible 
adhesive.

2.3   EQUIPMENT GUARDS AND ACCESS

Fully enclose or guard belts, pulleys, chains, gears, couplings, projecting 
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setscrews, keys, and other rotating parts exposed to personnel contact 
according to OSHA requirements.  Properly guard or cover with insulation of 
a type specified, high temperature equipment and piping exposed to contact 
by personnel or where it creates a potential fire hazard.  

2.4   ELECTRICAL WORK

a.  Provide motors, controllers, integral disconnects, contactors, and 
controls with their respective pieces of equipment, except controllers 
indicated as part of motor control centers.  Provide electrical 
equipment, including motors and wiring, as specified in the electrical 
contract drawings and specifications.  Provide manual or automatic 
control and protective or signal devices required for the operation 
specified and control wiring required for controls and devices 
specified, but not shown.  For packaged equipment, include manufacturer 
provided controllers with the required monitors and timed restart.

b.  For single-phase motors, provide high-efficiency type, 
fractional-horsepower alternating-current motors, including motors that 
are part of a system, in accordance with NEMA MG 11.  Integral size 
motors shall be the premium efficiency type in accordance with NEMA MG 1.

c.  For polyphase motors, provide squirrel-cage medium induction motors, 
including motors that are part of a system , and that meet the 
efficiency ratings for premium efficiency motors in accordance with 
NEMA MG 1.  Select premium efficiency polyphase motors in accordance 
with NEMA MG 10.

d.  Provide motors in accordance with NEMA MG 1 and of sufficient size to 
drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Provide motors rated for continuous 
duty with the enclosure specified.  Provide motor duty that allows for 
maximum frequency start-stop operation and minimum encountered interval 
between start and stop.  Provide motor torque capable of accelerating 
the connected load within 20 seconds with 80 percent of the rated 
voltage maintained at motor terminals during one starting period.  
Provide motor starters complete with thermal overload protection and 
other necessary appurtenances.  Fit motor bearings with grease supply 
fittings and grease relief to outside of the enclosure.

2.5   ANCHOR BOLTS

Provide anchor bolts for equipment placed on concrete equipment pads or on 
concrete slabs.  Bolts to be of the size and number recommended by the 
equipment manufacturer and located by means of suitable templates.  
Installation of anchor bolts shall not degrade the surrounding concrete.

2.6   SEISMIC ANCHORAGE AND VIBRATION ISOLATION

Anchor equipment in accordance with applicable seismic criteria for the 
area and as defined in SMACNA 1981.

Provide manufacturer's standard vibration isolation for floor mounted 
equipment. Where no manufacturer's standard is defined, mount equipment on 
neoprene isolation pad.

2.7   PAINTING

Paint equipment units in accordance with approved equipment manufacturer's 
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standards unless specified otherwise.  Field retouch only if approved.  
Otherwise, return equipment to the factory for refinishing. Non-factory 
painted metal surfaces shall be coated in accordance with SECTION 
09 97 30.30 98

2.8   DUCT SYSTEMS

2.8.1   Metal Ductwork

Provide metal ductwork construction, including all fittings and components, 
that complies with this specification and the contract drawings.

a.  Ductwork shall be constructed meeting the requirements for the duct 
system static pressure specified on the contract drawings.

b.  Provide radius type elbows with a centerline radius of 1.5 times the 
width or diameter of the duct where space permits.  Otherwise, elbows 
having a minimum radius equal to the diameter of the duct are allowed.

c. Duct Flange connections shall be gasketed in accordance with the 
contract drawings.

2.8.1.1   Expansion Joints

 Flexible duct expansion joints shall be round flexible tubes with flanges 
per this specification and details on the contract drawings. The inner ply 
shall be silicone coated and impregnated fiberglass. The wire helix shall 
be galvanized spring steel. The outer ply and cord shall be silicone coated 
and impregnated fiberglass. Flanges shall be aluminum covered with silicone 
coated and impregnated fiberglass. Flange sizes shall match mating duct 
flanges. Expansion joints shall be leak proof to the same standards as the 
ducting system. Expansion joints shall operate per this specification when 
extended, compressed to 45% of extended length, or when bent with an inside 
bend radius of 1/2 the inside diameter of the tubing. 

The expansion joints shall withstand a positive working pressure as follows:

a. 6 psig for 8-inch inside diameter
b. 5 psig for 10-inch inside diameter
c. 4 psig for 12-inch inside diameter
d. 5 psig for 14-inch inside diameter
e. 3 psig for 16-inch inside diameter
f. 3 psig for 18-inch inside diameter
g. 2 psig for 20-inch inside diameter
h. 2 psig for 22-inch inside diameter

The expansion joints shall withstand a negative working pressure as follows:

a. 4 psig for 8-inch inside diameter
b. 4 psig for 10-inch inside diameter
c. 4 psig for 12-inch inside diameter
d. 4 psig for 14-inch inside diameter
e. 3 psig for 16-inch inside diameter
f. 3 psig for 18-inch inside diameter
g. 2 psig for 20-inch inside diameter
h. 2 psig for 22-inch inside diameter

The expansion joints shall have a burst pressure not less than:
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a. 25 psig for 8-inch inside diameter
b. 20 psig for 10-inch inside diameter
c. 16 psig for 12-inch inside diameter
d. 15 psig for 14-inch inside diameter
e. 12 psig for 16-inch inside diameter
f. 12 psig for 18-inch inside diameter
g. 12 psig for 20-inch inside diameter
h. 12 psig for 22-inch inside diameter

The leakage from the expansion joints at 5 psig positive pressure shall not 
exceed:

a. 0.075 cfm per foot for 8-inch inside diameter
b. 0.10 cfm per foot for 10-inch inside diameter
c. 0.11 cfm per foot for 12-inch inside diameter
d. 0.10 cfm per foot for 14-inch inside diameter
e. 0.15 cfm per foot for 16-inch inside diameter
f. 0.15 cfm per foot for 18-inch inside diameter
g. 0.16 cfm per foot for 20-inch inside diameter
h. 0.16 cfm per foot for 22-inch inside diameter

The expansion joint shall withstand temperature from minus 75 deg. F to 
plus 600 deg. F continuously.

The expansion joint shall be crush resistant as follows:

a. 8-inch inside diameter - 300 lbs. per foot
b. 10-inch inside diameter - 275 lbs. per foot
c. 12-inch inside diameter - 275 lbs. per foot
d. 14-inch inside diameter - 300 lbs. per foot
e. 16-inch inside diameter - 250 lbs. per foot
f. 18-inch inside diameter - 250 lbs. per foot
g. 20-inch inside diameter - 225 lbs. per foot
h. 22-inch inside diameter - 225 lbs. per foot

The expansion joint shall have axial tensile strength as follows:

a. 8-inch inside diameter - 1000 lbs.
b. 10-inch inside diameter - 1250 lbs.
c. 12-inch inside diameter - 1250 lbs
d. 14-inch inside diameter - 1400 lbs
e. 16-inch inside diameter - 1250 lbs 
f. 18-inch inside diameter - 1250 lbs.
g. 20-inch inside diameter - 1250 lbs.
h. 22-inch inside diameter - 1250 lbs.

2.8.1.2   ECS Dust Caps

The dust caps shall be made up of four plies with an end plate between 
plies. The dusts cap shall mate with Type A MS33660 Beaded Fitting. The 
dust caps shall be designed to a maximum operating pressure of 4 psig and a 
proof pressure of 8 psig. The dust caps shall be designed for an operating 
temperature between 35 deg. F and 105 deg. F with a total range of 0 deg. F 
to 400 deg. F. The dust caps shall meet a maximum leakage rate of 0.06 cfm 
per inch diameter per foot length at operating pressure. 

The dust caps shall be moisture proof in all weather conditions. The caps 
shall also be resistant to salt, spray, hydrocarbons, lube oil, fungus, and 
ozone. The dust cap material shall meet the flame resistance requirements 
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of Fed. Test Method No. 191, Method 5903.2. 

The dust cap walls shall be construction of 4 plies of silicone rubber 
impregnated fiberglass cloth. There shall be a 1/4 inch thick aluminum end 
plate between the inner first and second plies. The beaded end shall be a 
multi-ply buildup construction integral to the dust cap. 

The Contractor shall submit shop drawings of the dust cap construction, 
that the dust cap has been subjected to a proof pressure test and leak 
test, and that the dust caps meet the flammability requirements of this 
specification.

The dust caps shall be cleaned to industrial standards and packaged to 
prevent damage or contamination during shipping.

2.8.1.3   Aluminum Ducts

Aluminum duct materials shall conform to ASTM B209.  All ducts below the 
pad surface shall be aluminum. 

Aluminum duct flanges shall be 5052H-32. Aluminum duct fittings shall be 
fabricated from 0.051 aluminum alloy 5052H-32.

Duct wall thickness and construction shall be in accordance with the 
contract drawings.

2.8.1.4   Exterior Ducts

ASTM A167. Type 316. All duct above pad surface shall be double wall 
Stainless Steel. Exterior duct shall be constructed in accordance with the 
contract drawings.

2.8.2   Heater Chamber

Provide new heater chambers constructed of 6061-T2 aluminum plate of 
sufficient thickness to accomodate 8.8 psig, fully seam welded and leak 
tight. Chambers shall have flange joints as indicated on the contract 
drawings. Inner flow liners shall prevent flow from bypassing the heater 
elements. Insulate heater chamber in accordance with 23 07 00 THERMAL 
INSULATION FOR MECHANICAL SYSTEMS. Wrap insulation in PVC jacket. 

Chambers shall have flanged entrance and exit sections that match mating 
ducting.

Duct heaters shall be located in heater chamber as shown in contract 
drawings. Use high temperature heater gaskets between duct heaters and 
heater chamber as well as between heater chamber sections. Use stainless 
steel bolts for duct heaters and heater chamber sections. Use glass-filled 
nylon washers between dissimilar metals. Provide instrumentation and test 
holes in heater chamber in accordance with these specifications and as 
shown on the contract drawings.

Contractor shall submit fully-dimensioned detail drawings of the heater 
chambers showing construction details and material details.

Construct heating chamber supports in accordance with the contract drawings 
and these specifications. Contractor shall submit fully dimensioned 
coordination drawings detailing chamber weight, support details, support 
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calculations, and attachment methods of the supports to the chamber and to 
the ceiling.

2.9   Cooling Chamber

Existing cooling chambers shall remain. Contractor shall patch as needed 
after removing existing cooling coils and installing new cooling coils. 

2.10   Humidifier Chambers

Provide new humidifier chambers constructed of 6061-T2 aluminum plate of 
sufficient thickness to accomodate 8.8 psig, fully seam welded and leak 
tight. Provide access covers as shown in the contract drawings. Access 
covers shall be raised so as to allow access after insulation. Insulate 
humidifier chamber in accordance with 23 07 00 THERMAL INSULATION FOR 
MECHANICAL SYSTEMS. Wrap insulation in PVC jacket. Do not insulate access 
covers.

Humidifier steam bars shall be located in humidifier chamber as shown in 
contract drawings. Use high temperature gaskets between steam bar flanges 
and humidifier chamber and for access covers. Use stainless steel bolts for 
steam bar flanges and access covers. Use glass-filled nylon washers between 
dissimilar metals. Provide instrumentation and test holes in humidifier 
chamber in accordance with these specifications and as shown on the 
contract drawings.

Chambers shall have flanged entrance and exit connections that match mating 
ducting.

Contractor shall submit fully-dimensioned detail drawings of the humidifier 
chambers showing construction details and material details.

Construct humidifier chamber supports in accordance with the contract 
drawings and these specifications. Contractor shall submit fully 
dimensioned coordination drawings detailing chamber weight, support 
details, support calculations, and attachment methods of the supports to 
the chamber and to the ceiling. 

Humidifier steam bars are specified in Section 23 52 00 HEATING BOILERS AND 
HUMIDIFIERS.

2.11   Instrument Tee

Provide new instrument tee in accordance with the contract drawings. Locate 
instrument taps and fittings such that instruments can be accessed and 
removed without disturbing other instruments. Contractor shall submit 
fully-dimensioned detail drawings of the instrument tee showing 
construction and material details.

2.12   Manual Butterfly Valves

Butterfly style valves shall be ANSI Class 150 wafer-body design in 
accordance with ASME B16.10 and MSS SP-61. Valve body shall be ASTM A216 
Type WCB carbon steel with PTFE seats and 316 stainless steel disc. The 
seats shall provide a bubble-tight shutoff in accordance with MSS SP-61. 
The shaft shall be 316 stainless steel with a 316 stainless steel backed 
PTFE composite shaft seal. The shaft pin shall be the same material as the 
shaft. Spacers, inserts, compression rings, studs, nuts, drive screws, cap 
screws, and compression plate shall be stainless steel. Body seals and 
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bearing spacers shall be PTFE. Retaining rings shall be Inconel. Valves 
shall be marked in accordance with MSS SP-25. 

Manual actuators shall include lockable hand wheels. Manual valves used for 
balancing shall have provisions for marking the nominal position and 
locking in place after TAB.

2.13   Manual Drain Valves

Drain valves shall be threaded full port, two piece body ball valves in 
accordance with MSS SP-72. The body and end pieces shall be brass. The ball 
shall be chrome-plated brass. Seats and stem packing shall be PTFE. The 
stem and packing nut shall be brass. Thrust washers shall be RPTFE. The 
handle and handle nut shall be zinc plated steel. Valve shall be rated for 
600 psi non-shock cold working pressure. Handles shall have a vinyl sleeve.

2.14   Block and Bleed Valves

Block and bleed valves shall consist of a needle valve with integral seats 
and bleed plug to facilitate safe removal of gages and other 
instrumentation with a system under pressure. Valve, bonnet, and bleed plug 
shall be ASTM A108 carbon steel. Stem shall be ASTM A581 303 stainless 
steel. Packing shall be Teflon or Buna N.

2.15   Instrumentation Isolation Valves

Valves for instrumentation isolation shall be bar stock needle valves 
constructed of carbon steel with PTFE seats.

2.16   Motor Operated Valves

Refurbish existing motorized valves in accordance with the contract 
drawings.

New motorized butterfly valves shall be ANSI Class 150 double flanged 
triple offset metal seated butterfly valve in accordance with ASME B16.34 
and ASME B16.10. Valve body and disc shall be ASTM A216 WCB carbon steel. 
Body seats shall be Stellite 21. Retainer flanges and bottom flange shall 
be ASTM A516 carbon steel. Seal rings shall be UNS S31803 duplex stainless 
steel with graphite. Disc gaskets and bottom gaskets shall be spiral wound 
AISI 316 stainless steel and graphite. The shaft shall be ASTM A182 F6a 
stainless steel. Disc keys and pins shall be AISI 410 stainless steel. Pin 
retainers, spacers, packing bushings, thrust bearings, and thrust bearing 
washers shall be AISI 316 stainless steel. Packing shall be graphite. Stud 
nuts and bolts and screws shall be AISI 304 stainless steel. Bearing shall 
be hard faced AISI 304 stainless steel. Valve shall have zero leakage 
design.

New motorized ball valves shall be flanged full port two piece ball valves 
in accordance with ASME B16.34 and ASME B16.10. Flanges shall be Class 150 
and in accordance with ASME B16.5. Body and ends shall be ASTM A216 WCB 
carbon steel. Seats shall be PTFE. Body seals, thrust washers and stem 
packing shall be RTFE. Stem, gland, washers, nuts, handle and pins shall be 
304 stainless steel. 

Motorized actuators shall be as specified in the contract drawings. 
Motorized actuators shall have jammed valve protection and motor thermostat.
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2.17   AIR SYSTEMS EQUIPMENT

2.17.1   Pressure Blowers

The sound power level of the blowers shall not exceed 85 dBA when tested 
according to AMCA 300 and rated in accordance with AMCA 301. Connect 
blowers to the motors directly. Provide guards over all rotating shafts. 
Provide speed-test openings at the center of all rotating shafts. Provide 
fan and motor assemblies with vibration-isolation supports or mountings. 
Use vibration-isolation units that are standard products with published 
loading ratings. Select each blower to produce the capacity required at the 
static pressure indicated. 

Provide multistage centrifugal type pressure blowers. The impellers shall 
be mounted on a single shaft supported on each end by ball bearings mounted 
in outboard bearing housings. The blower shall be built from parts cast in 
patterns from which previous units have been built and tested. The blower 
shall be of the manufacturer's standard design. The blower shall be 
selected to meet the performance as indicated in the equipment schedules on 
the contract drawings.

The blower housings shall consist of vertically split ASTM A-48 Class 35B 
cast iron intermediate sections held securely between cast iron inlet and 
outlet heads with high strength steel tie rods. Two piece fabricated 
construction with rope packing is not acceptable. No contact shall be made 
between the shaft rotor and the housing, other than through the bearings. 
Where the blower shaft passes through the inlet and outlet heads, suitable 
carbon graphite ring seals shall be provided to prevent air leakage. Inlet 
and outlet connections shall be 125 pound flanges ASA 125 pound drilling 
pattern.

The impellers shall be high ASTM 6061 fabricated aluminum construction. 
Impellers shall butt together directly or through 1 piece metal spacers and 
be securely keyed to the blower shaft. Impellers shall be individually 
statically balanced, then assembled to the shaft and the entire rotating 
element shall be dynamically balanced as an assembly. Blower shall be 
designed to operate at a maximum vibration level of 1.25 mils in the 
vertical plane when measured on the bearing housing.

Diffuser sections that receive air from the impeller and guide the air to 
the eye of the next impeller shall be provided. Diffusing vanes shall be 
provided and be an integral part of the intermediate section casting.

Blower shaft shall be fully ground AISI 1038 carbon steel of sufficient 
diameter to operate at a minimum of 20% below first critical speed. Shaft 
speed shall not exceed 3600 RPM.

Each blower shall be provided with two grease or oil lubricated 
anti-friction ball bearings. Bearings shall be sized to provide a bearing 
life of minimum 10 years per AFBMA B-10 standards. Bearings shall be 
mounted in cast iron outboard mounted bearing housings designed to isolate 
the bearings form blower temperature. Bearing housings shall be designed to 
allow removal and replacement of the bearings without dismantling the 
machine or disconnecting piping.

The blower shall be connected to the motor through a suitable flexible 
coupling. The installing contractor shall check, and if necessary, adjust 
the coupling alignment in accordance with manufacturer's instructions. Each 
coupling shall be provided with a suitable coupling guard in compliance 
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with OSHA standards.

Each blower and motor shall be mounted on a single full-length structural 
steel baseplate designed for resilient mounting on suitable vibration pads 
supplied by the blower manufacturer. Baseplate shall not be grouted or 
bolted to the concrete foundation.

Reinforced flexible connectors shall be provided for both inlet and outlet 
duct. Wafer style lever operated butterfly valve designed for low pressure 
air throttling service shall be provided for mounting in the blower inlet 
duct. Wafer style check valve for low-pressure air service shall be 
provided for mounting in the blower discharge duct.

Electric motors shall be constant speed, squirrel cage design in accordance 
with NEMA and IEEE standards. Motors shall be designed to operate at 3600 
RPM on 3 phase, 60 cycle, 460-volt electrical supply. Motor shall have a 
1.15 service factor and be sized to operate below motor nameplate rating at 
the specified capacity and design conditions. Motor enclosure shall be TEFC.

Pressure blowers shall be equipped with digital or analog surge controls 
which will shut down the blower in the event surge from a lack of suction 
air or low motor current, or both. The surge controls shall interlock the 
motor starter when surge is detected removing power from the blower and 
activate a pilot light on the control cabinet indicating the blower is shut 
down due to surge. The surge control shall be reset via manual pushbutton.

Electrical enclosures shall be steel of not less than 14 gauge with welded 
seams.  Access cover plates shall be hinged with EM gaskets.  Design shall 
include thick cover plates, folded enclosures edges, and bolt spacer to 
prevent uneven gasket compression and enclosure deformation.  Gasket shall 
be easy to replace.  Gasket contact areas shall be tin-plated.

2.17.2   Electric Duct Heaters

Submit equipment and performance data for duct heaters including use life, 
system functional flows, safety features, and mechanical automated details. 
Provide duct heaters with the capacity indicated in the contract drawings. 
Ensure duct heaters are factory prewired, ready for field terminal 
connections. Provide duct heaters conforming to the requirements of UL 1996.

2.17.2.1   Heating Elements And Enclosures

Install heating elements with a framework complete with terminal, and 
construct junction boxes Stainess steel. Provide with a magnetic contactor 
in a separate enclosure insulated from the duct at duct heater location or 
at a separate, remote location.

Ensure all gasketing is 1/16-inch thick non-asbestos woven-cloth tape, with 
flange depth suitable for duct insulation provided. Insulate terminal 
junction box with mineral insulation to prevent elevated temperatures.

Provide sheathed heating-element consisting of a resistance wire insulated 
by highly compacted refractory insulation protected by a sealed Incoloy 
alloy 840 sheath. Provide component materials as follows:

a.  Resistance wire - helix-wound alloy approximately 80 percent nickel and 
20 percent chromium.

b.  Refractory insulation - magnesium oxide. Subject element to a 
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dielectric test of twice the element rated voltage plus 1,000 volts 
applied between terminal and sheath for a period of 1 minute.

c.  Incoloy alloy 840 sheath containing refractory insulation and 
resistance wire. Seal sheath with silicone resin.

d.  Wattage density is not to exceed 30 watts per square inch.

Provide baffles or include other provisions similar to open area perforated 
screens if required to uniformly distribute airflow across heater face.

 2.17.2.2   Heater Controls

Provide control of power to unit by a 3-phase 2-leg UL-listed solid-state 
silicon-controlled rectifier (SCR) system such that voltage is continuously 
impressed and varied in one second increments over a range of zero to rated 
voltage or to 105 percent of rated voltage maximum.

SCR Controller shall include the following:

1) Microprocessor Based Control
2) Digital Control Interface

a) On/Off Control (28VDC)
b) On/Off Feedback (28VDC)

3) Adjustable Soft Start
4) Output Alarm Relay
5) 0-10VDC Set Point and Feedback Control
6) Controller Power Supply with 120VAC Input
7) Touch Safe Terminals
8) Integral Fuses
9) Overtemperature switches and protection with type K thermocouple

Coordinate Heater controls amd power with contract drawings.

Electrical enclosures shall be steel of not less than 14 gauge with welded 
seams.  Access cover plates shall be hinged with EM gaskets.  Design shall 
include thick cover plates, folded enclosures edges, and bolt spacer to 
prevent uneven gasket compression and enclosure deformation.  Gasket shall 
be easy to replace.  Gasket contact areas shall be tin-plated.

2.17.3   Air Filters

Provide 93-97 percent Efficient filters. Dimensions and NASA part numbers 
shall be in accordance with contract drawings.

2.18   Pressure Transmitters

Install GFE pressure transmitters in accordance with the Instrumentation 
Schedule on the contract drawings.

2.19   Temperature Elementss and Transmitters

Install GFE temperature elements and transmitters in accordance with the 
Instrumentation Schedule on the contract drawings.
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2.20   Moisture Transmitterss

Install GFE moisture transmitters in accordance with the Instrumentation 
Schedule on the contract drawings.

2.21    Venturi Flowmeterss

Provide venturi flowmeters in accordance with the Instrumentation Schedule 
on the contract drawings. Install GFE differential pressure transmitters. 
Provide stainless steel pressure sensing tubing from the flowmeter to the 
differential pressure transmitter. Install transmitter on a duct support or 
duct rib. Do not penetrate ductwork to support transmitter.

2.22   Pressure Gages

Provide pressure gages eith be 0.5% accuracy in accordance with ASME B40.1 
Grade 2A. Pressure gages shall have a 4.5 inch dial with 316 stainless 
steel Bourden tube, a solid front safety case with glass window. Range 
shall be as specified in the equipment schedules on the contract drawings.

2.23   Temperature Gages

Provide temperature gages with 1% full span accuracy. Temperature gages 
shall be gas-operated molecular sieve type, mercury free, with stainless 
steel case and glass window. Gages shall be direct-mount with 6 inch 
stainless steel semi-rigid stem. Temperature gages shall have a 5-year 
warranty. Range shall be as specified in the equipment schedules on the 
contract drawings.

2.24   FACTORY PAINTING

Factory paint new equipment, which are not of galvanized construction.  
Paint with a corrosion resisting paint finish according to ASTM A123/A123M 
or ASTM A924/A924M.  Clean, phosphatize and coat internal and external 
ferrous metal surfaces with a paint finish which has been tested according 
to ASTM B117, ASTM D1654, and ASTM D3359.  Submit evidence of satisfactory 
paint performance for a minimum of 125 hours for units to be installed 
indoors and 500 hours for units to be installed outdoors.  Provide rating 
of failure at the scribe mark that is not less than 6, average creepage not 
greater than 1/8 inch.  Provide rating of the inscribed area that is not 
less than 10, no failure.  On units constructed of galvanized steel that 
have been welded, provide a final shop docket of zinc-rich protective paint 
on exterior surfaces of welds or welds that have burned through from the 
interior according to ASTM D520 Type I.

Factory painting that has been damaged prior to acceptance by the 
Contracting Officer shall be field painted in compliance with the 
requirements of paragraph FIELD PAINTING OF MECHANICAL EQUIPMENT. 

All metals shall be coated per paragraph 1.4.1 of this section.

2.25   SUPPLEMENTAL COMPONENTS/SERVICES

2.25.1   Chilled, Condenser, or Dual Service Water Piping

The requirements for chilled, condenser, or dual service water piping and 
accessories are specified in Section 23 05 15 Common piping for ECS
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2.25.2   Water or Steam Heating System Accessories

The requirements for water or steam heating accessories such as expansion 
tanks and steam traps are specified in Section 23 52 00 HEATING BOILERS AND 
HUMIDIFIERS.

2.25.3   Condensate Drain Lines

Provide and install condensate drainage for each item of equipment that 
generates condensate in accordance with Section 23 05 15 COMMON PIPING FOR 
ECS.

2.25.4   Insulation

The requirements for shop and field applied insulation are specified in 
Section 23 07 00 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

2.25.5   Controls

The requirements for controls are specified in the controls and 
instrumentation drawings and specifications.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all dimensions 
in the field, submit Coordination Drawings per general requirements,and 
advise the Contracting Officer of any discrepancy before performing the 
work.

3.2   INSTALLATION

a.  Install materials and equipment in accordance with the requirements of 
the contract drawings and approved manufacturer's installation 
instructions.  Accomplish installation by workers skilled in this type 
of work.  Perform installation so that there is no degradation of the 
designed fire ratings of walls, partitions, ceilings, and floors. 
Installations shall not degrade fire coverage or rating of the space.

b.  No installation is permitted to block or otherwise impede access to any 
existing machine or system.  Install all hinged doors to swing open a 
minimum of 120 degrees.  Provide an area in front of all access doors 
that clears a minimum of 3 feet.  In front of all access doors to 
electrical circuits, clear the area the minimum distance to energized 
circuits as specified in OSHA Standards, part 1910.333 
(Electrical-Safety Related work practices)and an additional 3 feet.

c.  Except as otherwise indicated, install emergency switches and alarms in 
conspicuous locations.  Mount all indicators, to include gauges, 
meters, and alarms in order to be easily visible by people in the area.

3.2.1   Equipment and Installation

Provide frames and supports for blowers, coils, and other similar items 
requiring supports.    Anchor and fasten in accordance with manufacturer's 
instructions. Set floor-mounted equipment on not less than6 inch concrete 
pads or curbs doweled in place unless otherwise indicated.  Make concrete 
foundations heavy enough to minimize the intensity of the vibrations 
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transmitted to the piping, duct work and the surrounding structure, as 
recommended in writing by the equipment manufacturer.  In lieu of a 
concrete pad foundation, build a concrete pedestal block with isolators 
placed between the pedestal block and the floor.  Make the concrete 
foundation or concrete pedestal block a mass not less than three times the 
weight of the components to be supported.  Provide the lines connected to 
the pump mounted on pedestal blocks with flexible connectors.  Submit 
foundation drawings as specified in paragraph DETAIL DRAWINGS. Coordinate 
concrete foundations with structural drawings and specifications.

3.2.2   Access Panels

Install access panels in heating Chamber and humidifier chambers of 
sufficient size, and locate them so that the heaters and humidifiers are 
easily serviced and maintained or completely removed and replaced.  

3.2.3   Expansion Jointst

Install pre-insulated expansion joints in accordance with the latest 
printed instructions of the manufacturer to ensure a vapor tight joint.  

3.2.4   Metal Ductwork

Install according to SMACNA 1966 unless otherwise indicated.  Install duct 
supports for sheet metal ductwork according to SMACNA 1966, unless 
otherwise specified.  Do not use friction beam clamps indicated in 
SMACNA 1966.  Anchor risers on high velocity ducts in the center of the 
vertical run to allow ends of riser to move due to thermal expansion.  
Erect supports on the risers that allow free vertical movement of the 
duct.  Attach supports only to structural framing members and concrete 
slabs.  Do not anchor supports to metal decking unless a means is provided 
and approved for preventing the anchor from puncturing the metal decking.  
Where supports are required between structural framing members, provide 
suitable intermediate metal framing.  Where C-clamps are used, provide 
retainer clips. Support heater chamber and humidifier chamber in accordance 
with contract drawing. Where welding is indicated on the contract drawings, 
welds shall be performed in accordance with Section 40 05 13.96 WELDING 
PROCESS PIPING. 

3.2.5   Welding

Welding processes, procedures, practices, specifications, and 
certifications are covered in the AWS D 9.1, Code for Welding Sheet Metal, 
the multiple Welding Procedure Specifications (WPS) of AWS, and the SMACNA 
Managers. Guide to Welding.

3.2.6   Dust Control

To prevent the accumulation of dust, debris and foreign material during 
construction, perform temporary dust control protection.  Protect the 
distribution system (supply and return) with temporary seal-offs at all 
inlets and outlets at the end of each day's work.  Keep temporary 
protection in place until system is ready for startup.

3.2.7   Insulation

Provide thickness and application of insulation materials for ductwork, 
piping, and equipment according to Section 23 07 00 THERMAL INSULATION FOR 
MECHANICAL SYSTEMS.  
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3.2.8   Duct Test Holes

Provide threaded holes with plugs in ducts and plenums as indicated or 
where necessary for the use of instrumentation in balancing the air 
system.  Plug insulated duct at the duct surface, patched over with 
insulation and then marked to indicate location of test hole if needed for 
future use. Coordinate holes with requirements in SECTION 23 05 93 TESTING, 
ADJUSTING AND BALANCING FOR ECS. At a minimum, duct test holes shall be 
located before and after each blower and before and after each coil.

3.2.9   Power Transmission Components Adjustment

Make alignment of direct driven couplings to within 50 percent of 
manufacturer's maximum allowable range of misalignment.

3.3   EQUIPMENT PADS

Provide equipment pads to the dimensions shown or, if not shown, to conform 
to the shape of each piece of equipment served with a minimum 3-inch margin 
around the equipment and supports.  Allow equipment bases and foundations, 
when constructed of concrete or grout, to cure a minimum of 7 calendar days 
before being loaded. Construct in accordance with SECTION 03 30 53.

3.4   CUTTING AND PATCHING

Install work in such a manner and at such time that a minimum of cutting 
and patching of the building structure is required.  Make holes in exposed 
locations, in or through existing floors, by drilling and smooth by 
sanding.  Use of a jackhammer is permitted only where specifically 
approved.  Make holes through masonry walls to accommodate sleeves with an 
iron pipe masonry core saw.

3.5   Housekeeping

Thoroughly clean surfaces of piping and equipment that have become covered 
with dirt, plaster, or other material during handling and construction 
before such surfaces are prepared for final finish painting or are enclosed 
within the building structure.  Before final acceptance, clean mechanical 
equipment, including piping, ducting, and fixtures, and free from dirt, 
grease, and finger marks. Incorporate housekeeping for field construction 
work which leaves all existing equipment in the affected area free of 
construction generated dust and debris during demolition and construction; 
and, all floor surfaces vacuum-swept clean.

3.6   PENETRATIONS

Penetrations through pad surface shall be in accordance with contract 
drawings.

3.7   FIELD PAINTING OF MECHANICAL EQUIPMENT

Coat duct and non-factory coated metal surfaces in accordance with section 
09 97 30.30 98. Flange mating surfaces shall not be coated. Factory coated 
metal surfaces that have damaged coatings shall be cleaned and the coating 
repaired in accordance with manufacturer's instructions or sent back to the 
factory for repair at the coating officer's discretion.
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3.8   IDENTIFICATION SYSTEMS
 
Provide identification tags in accordance with the contract drawings and 
identification plates.

3.9   DUCTWORK LEAK TEST

Perform ductwork leak test for the entire air distribution system, 
including blowers, coils, filters, etc. in accordance with SECTION 23 05 93.
Complete ductwork leak test with satisfactory results prior to applying 
insulation to ductwork exterior.

3.10   TESTING, ADJUSTING, AND BALANCING

The requirements for testing, adjusting, and balancing are specified in 
Section 23 05 93 TESTING, ADJUSTING AND BALANCING FOR ECS.  Begin testing, 
adjusting, and balancing only when the ECS System , including controls, has 
been completed, prior to the start of commissioning activities.

3.11   Factory Acceptance Testing

Contractor shall provide a full operating envelope performance test and 
factory start-up results from the manufacturer. Contractor shall notify 
Contracting Officer 14 calendar days prior to factory start-up and 
acceptance testing, and shall not impede Contracting Officer, Contracting 
Officer's Technical Representative, or other Contracting Officer-designated 
personnel from witnessing factory start-up and acceptance testing.

3.12   PERFORMANCE TESTS

Prior to commencing the performance testing, a Performance Test Plan and 
blank Performance Test Form shall be submitted to and approved by the 
Contracting Officer. After testing, adjusting and balancing as well as 
pre-functional verification and controls checkout is complete, test each 
system as a whole to see that all items perform as integral parts of the 
system and temperature, humidity, flow and pressure conditions are met at 
the stub tower interface. Performance tests shall include a proof test, 
individual circuit test, and full system test.

Proof testing shall be performed on individual pieces as well as the system 
as a whole. Individual piece proof testing may be done at the Contractor's 
facility. Submit a Proof Test Procedure and Proof Test Results for both to 
the Contracting Officer.

For the individual proof test, blank off both ends of individual duct 
sections including fabricated chambers. Pressurize individual duct section 
or chamber to 8.8 psig using GCA Class D or better air or GN2. Use bubble 
test solution shown below and leak test every gasketed joint for leaks per 
ASME B31.3 section 345.7. Leaks shall be repaired by retorquing flange 
bolts, replacing gaskets, repairing duct, or refabricating  duct spools or 
fittings as necessary at no cost to the government and with no increase in 
the time required to complete the work. No sealer is permitted to be used 
for these tests. Maintain the proof pressure for 2 hours.

For the system proof test, blank off duct from each blower discharge flange 
to all stub tower duct ends fed from each supply air plenum. Pressurize 
assembled system to 8.8 psig using GCA Class D or better air or GN2. Use 
bubble test solution shown below and leak test every gasketed joint for 
leaks per ASME B31.3 section 345.7 including gaskets at cooling chamber, 
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heater chamber, humidifiier chamber, and duct spool connections. Leaks 
shall be repaired by retorquing flange bolts, replacing gaskets, repairing 
duct, or refabricating  duct spools or fittings as necessary at no cost to 
the government and with no increase in the time required to complete the 
work. No sealer is permitted to be used for these tests. Maintain the proof 
pressure for as long as it takes to fully check each gasketed joint, but 
not less than 2 hours.

While proof test pressure is applied, a thorough visual inspection shall be 
made of all joints utilizing a solution of commercial leak-testing fluid 
(bubble test) conforming to MIL-L-25567. The use of soap buds or household 
detergents and water shall not be used. There shall be zero continuous 
bubbles in 60 seconds.

For the individual purge circuit and full system tests, reconnect the 
ductwork to the blowers and return it to an operational state. Coordinate 
individual circuit testing and full system testing of the ECS Purge System 
with support equipment including the refrigeration system, cooling towers, 
and gaseous nitrogen system.

Each purge circuit shall be tested individually by blanking off circuits 
not under test and measuring the flow rate, pressure, temperature and 
humidity at the stub tower interface for that circuit. Operate the circuit 
at full capacity for the season in which the test is being performed. For 
example, summer testing would require maximum cooling. Winter testing would 
require maximum heating and humidification.

The full system test shall include all circuits at full capacity for the 
season in which the test is being performed. 

Record the testing during the applicable season. Make corrections and 
adjustments as necessary to produce the conditions specified. Conduct 
capacity tests by an experienced engineer. Provide tests that cover a 
period of not less than 2 days for each system and demonstrate that the 
entire system is functional according to the specifications and design 
drawings. Submit test reports, including the completed Performance Test 
Form, in booklet form at the end of testing. Document environmental 
conditions during testing, test summary, repairs or adjustments made during 
testing, and final results.

The contractor shall be responsible for providing compressed air, nitrogen, 
blank panels, fittings, and equipment necessary to successfully perform the 
performance testing.

3.13   CLEANING AND ADJUSTING

Provide a temporary bypass for water coils to prevent flushing water from 
passing through coils. Flush piping to remove dirt and oils. Thoroughly 
clean ducts, plenums, and casing of debris and blow free of small particles 
of rubbish and dust and then vacuum clean.  Wipe equipment clean, with no 
traces of oil, dust, dirt, or paint spots.  Provide temporary filters prior 
to startup of all fans that are operated during construction, and install 
new filters after all construction dirt has been removed from the building, 
and the ducts, plenums, casings, and other items specified have been vacuum 
cleaned.  Maintain system in this clean condition until final acceptance.  
Properly lubricate bearings with oil or grease as recommended by the 
manufacturer.  Tighten belts to proper tension.  Adjust control valves and 
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other miscellaneous equipment requiring adjustment to setting indicated or 
directed.  Adjust blowers to the speed indicated by the manufacturer to 
meet specified conditions.  Maintain all equipment installed under the 
contract until close out documentation is received, the project is 
completed and the building has been documented as beneficially occupied.

3.14   OPERATION AND MAINTENANCE

3.14.1   Operation and Maintenance Manuals

Submit six manuals at least 2 weeks prior to field training.  Submit data 
complying with the requirements specified in Section 01 78 23 OPERATION AND 
MAINTENANCE DATA.  Submit Data Package 3 for the items/units listed under 
SD-10 Operation and Maintenance Data.

3.14.2   Operation And Maintenance Training

Conduct a training course for the members of the operating staff as 
designated by the Contracting Officer.   Make the training period consist 
of a total of 8 hours of normal working time and start it after all work 
specified herein is functionally completed and the Performance Tests have 
been approved.  Conduct field instruction that covers all of the items 
contained in the Operation and Maintenance Manuals as well as 
demonstrations of routine maintenance operations.  Submit the proposed 
On-site Training schedule concurrently with the Operation and Maintenance 
Manuals and at least 14 days prior to conducting the training course.

         -- End of Section --
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SECTION 23 03 00.00 20

BASIC MECHANICAL MATERIALS AND METHODS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B117 (2011) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

1.2   SUBMITTALS

Governmental approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only. When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government. The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES.

1.3   RELATED REQUIREMENTS

This section applies to all sections of Divisions: 21, FIRE SUPPRESSION; 
22, PLUMBING; and 23, HEATING, VENTILATING, AND AIR CONDITIONING  of this 
project specification, unless specified otherwise in the individual section.

1.4   QUALITY ASSURANCE

1.4.1   Material and Equipment Qualifications

Provide materials and equipment that are standard products of manufacturers 
regularly engaged in the manufacture of such products, which are of a 
similar material, design and workmanship.  Standard products shall have 
been in satisfactory commercial or industrial use for 2 years prior to bid 
opening.  The 2-year use shall include applications of equipment and 
materials under similar circumstances and of similar size.  The product 
shall have been for sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2 year period.

1.4.2   Alternative Qualifications

Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation for not 
less than 6000 hours, exclusive of the manufacturer's factory or laboratory 
tests, can be shown.

1.4.3   Service Support

The equipment items shall be supported by service organizations.  Submit a 
certified list of qualified permanent service organizations for support of 
the equipment which includes their addresses and qualifications.  These 
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service organizations shall be reasonably convenient to the equipment 
installation and able to render satisfactory service to the equipment on a 
regular and emergency basis during the warranty period of the contract.

1.4.4   Manufacturer's Nameplate

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

1.4.5   Modification of References

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction", or words of 
similar meaning, to mean the Contracting Officer.

1.4.5.1   Definitions

For the International Code Council (ICC) Codes referenced in the contract 
documents, advisory provisions shall be considered mandatory, the word 
"should" shall be interpreted as "shall."  Reference to the "code official" 
shall be interpreted to mean the "Contracting Officer."  For Navy owned 
property, references to the "owner" shall be interpreted to mean the 
"Contracting Officer."  For leased facilities, references to the "owner" 
shall be interpreted to mean the "lessor."  References to the "permit 
holder" shall be interpreted to mean the "Contractor."

1.4.5.2   Administrative Interpretations

For ICC Codes referenced in the contract documents, the provisions of 
Chapter 1, "Administrator," do not apply.  These administrative 
requirements are covered by the applicable Federal Acquisition Regulations 
(FAR) included in this contract and by the authority granted to the Officer 
in Charge of Construction to administer the construction of this project.  
References in the ICC Codes to sections of Chapter 1, shall be applied 
appropriately by the Contracting Officer as authorized by his 
administrative cognizance and the FAR.

1.5   DELIVERY, STORAGE, AND HANDLING

Handle, store, and protect equipment and materials to prevent damage before 
and during installation in accordance with the manufacturer's 
recommendations, and as approved by the Contracting Officer.  Replace 
damaged or defective items.

1.6   ELECTRICAL REQUIREMENTS

Furnish motors, controllers, disconnects and contactors with their 
respective pieces of equipment.  Motors, controllers, disconnects and 
contactors shall conform to and have electrical connections provided in the 
electrical specification and drawings.  Furnish internal wiring for 
components of packaged equipment as an integral part of the equipment. 
Extended voltage range motors will not be permitted.  Controllers and 
contactors shall have a maximum of 120 volt control circuits, and shall 
have auxiliary contacts for use with the controls furnished.  When motors 
and equipment furnished are larger than sizes indicated, the cost of 
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additional electrical service and related work shall be included under the 
section that specified that motor or equipment.  Power wiring and conduit 
for field installed equipment shall be provided under and conform to the 
requirements of the electrical specifications and drawings.

1.7   INSTRUCTION TO GOVERNMENT PERSONNEL

When specified in other sections, furnish the services of competent 
instructors to give full instruction to the designated Government personnel 
in the adjustment, operation, and maintenance, including pertinent safety 
requirements, of the specified equipment or system.  Instructors shall be 
thoroughly familiar with all parts of the installation and shall be trained 
in operating theory as well as practical operation and maintenance work.

Instruction shall be given during the first regular work week after the 
equipment or system has been accepted and turned over to the Government for 
regular operation.  The number of man-days (8 hours per day) of instruction 
furnished shall be as specified in the individual section.  When more than 
4 man-days of instruction are specified, use approximately half of the time 
for classroom instruction.  Use other time for instruction with the 
equipment or system.

When significant changes or modifications in the equipment or system are 
made under the terms of the contract, provide additional instruction to 
acquaint the operating personnel with the changes or modifications.

1.8   SERVICE LABELING

All piping, ductwork, and equipment shall be labeled in accordance with 
KSC-STD-SF-0004 and these specifications. The colors assigned in this 
specification shall conform to FED-STD-595.

1.8.1   Warning Colors

Nitrogen and steam systems shall use Gray, No. 16187 as the primary color 
with a Black No. 17038 arrow as detailed below.

1.8.2   Non-Hazardous System Colors

All ECS duct shall be painted White No. 17925.

Boiler feed water shall use Black No. 17038 as the primary color with a 
White No. 17925 arrow as detailed below.

Chilled water/glycol systems shall use Red No. 11136 as the primary color 
with a Black No. 17038 arrow as detailed below.

Condensate water, condensing water (supply and return), and make-up water 
shall use Black No. 17038 as the primary color with a White No. 17925 arrow 
as detailed below.

1.8.3   Detailed Instruction

Exact identification of materials in any piping system is mandatory and 
shall be made only by means of capital contents letters in black and white, 
whichever provides the greatest contrast to the pipe they are applied to. 
The contents shall be prominently displayed adjacent to color warnings to 
obviate errors by personnel. Where the view is obstructed, contents shall 
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be lettered on the two lower quarters of the pipe or covering. Contents 
shall be clearly visible from operating positions, especially those 
adjacent to control valves. The use of stencils with standard size letters 
specified in in Table I is recommended. For pipe lines smaller than 3/4 
inch in diameter, the use of pressure sensitive tape may be used. Only 
apply service labeling to the outermost, viewable layer.

Table I: Stencil Letter Sizing

Outside Diameter of Pipe or Covering   Size of Stencil Letters
(inches)                                    (inches)

Less than 1-1/2*                           1/2
1-1/2 to 3-1/2                             3/4
3-1/2 to 6                                 1-1/4
6 to 9                                     2
9 to 13                                    3
Over 13                                    3-1/2

*Additional letter sizes permitted for smaller piping upon Contracting 
Officer approval.

1.8.4   Primary Color Warning

A primary color warning shall appear on all piping systems listed above. 
Heat resistant paints shall be used on piping systems greater than 200 deg. 
F unless applied to insulation with an exterior temperature less than 200 
deg. F. Primary color warnings shall be applied as a band which completely 
encircle the piping system. Color bands shall be applied in conformance 
with the dimension information in Table II. These bands may be made of 
pressure sensitive tape or painted on, and will be applied not less than 40 
feet apart on straight pipe runs.

Primary color warnings shall be applied immediately adjacent to and 
upstream of all operating accessories such as valves, regulators, check 
valves, strainers, cleanouts, pumps, dispensing points, and vents. Primary 
color warnings shall also appear throughout the system at branches, where 
the system passes through walls, and at any other conspicuous location as 
required by the Safety Office. These markings shall be clearly visible from 
the floor level position.

Table II: Primary Color Warning Color Band Dimensions

Width of Band      Outside Diameter of Pipe or Covering
(inches)         (inches)

1            Under 3-1/2
2            3-1/2 to 13
6            Over 13

1.8.5   Secondary Color Warning

Any arrow shall appear on all piping systems listed above. Arrows shall 
appear adjacent to each primary color warning and shall indicate the flow 
direction of the system. A double-headed arrow shall be used on lines 
subject to reverse flow. 
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1.8.6   Pressure Warning

Systems with design working pressures greater than 60 psig shall indicate 
the design working pressure in psig immediately beneath the contents label 
in lettering the same size as the contents label. In systems with design 
working pressures that vary due to the use of pressure regulators or other 
pressure reducing devices, the design working pressure for the portion of 
the system on which the label appears shall be used. Pressure warnings 
shall appear at all locations with a primary color warning.

1.9   ACCESSIBILITY

Install all work so that parts requiring periodic inspection, operation, 
maintenance, and repair are readily accessible.  Install concealed valves, 
expansion joints, controls, dampers, and equipment requiring access, in 
locations freely accessible through access doors.

PART 2   PRODUCTS  (NOT USED)

Not Used

PART 3   EXECUTION

3.1   PAINTING OF NEW EQUIPMENT

New equipment painting shall be factory applied or shop applied, and shall 
be as specified herein, and provided under each individual section. 
Equipment and components not factory painted shall be coated in accordance 
with SECTION 09 97 30.30 98 PROTECTIVE COATIING OF CARBON, STAINLESS STEEL 
AND ALUMINUM ON STRUCTURES AND FACILITIES.

3.1.1   Factory Painting Systems

Manufacturer's standard factory painting systems may be provided subject to 
certification that the factory painting system applied will withstand 125 
hours in a salt-spray fog test, except that equipment located outdoors 
shall withstand 500 hours in a salt-spray fog test.  Salt-spray fog test 
shall be in accordance with ASTM B117, and for that test the acceptance 
criteria shall be as follows:  immediately after completion of the test, 
the paint shall show no signs of blistering, wrinkling, or cracking, and no 
loss of adhesion; and the specimen shall show no signs of rust creepage 
beyond 0.125 inch on either side of the scratch mark.

The film thickness of the factory painting system applied on the equipment 
shall not be less than the film thickness used on the test specimen.  If 
manufacturer's standard factory painting system is being proposed for use 
on surfaces subject to temperatures above 120 degrees F, the factory 
painting system shall be designed for the temperature service.

        -- End of Section --
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SECTION 23 05 15

COMMON PIPING FOR ECS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 325 (2011) Steel Construction Manual

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1001 (2008) Performance Requirements for 
Atmospheric Type Vacuum Breakers (ANSI 
approved 2009)

ASSE 1011 (2004; Errata 2004) Performance 
Requirements for Hose Connection Vacuum 
Breakers (ANSI approved 2004)

ASSE 1012 (2009) Performance Requirements for 
Backflow Preventer with an Intermediate 
Atmospheric Vent - (ANSI approved 2009)

ASSE 1013 (2011) Performance Requirements for 
Reduced Pressure Principle Backflow 
Preventers and Reduced Pressure Fire 
Protection Principle Backflow Preventers - 
(ANSI approved 2010)

ASSE 1020 (2004; Errata 2004; Errata 2004) 
Performance Requirements for Pressure 
Vacuum Breaker Assembly (ANSI Approved 
2004)

AMERICAN WELDING SOCIETY (AWS)

AWS WHB-2.9 (2004) Welding Handbook; Volume 2, Welding 
Processes, Part 1

ASME INTERNATIONAL (ASME)

ASME A112.1.2 (2012) Standard for Air Gaps in Plumbing 
Systems (For Plumbing Fixtures and 
Water-Connected Receptors)

ASME B16.1 (2010) Gray Iron Pipe Flanges and Flanged 
Fittings Classes 25, 125, and 250

ASME B16.25 (2012) Standard for Buttwelding Ends
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ASME B16.3 (2011) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B31.3 (2012) Process Piping

ASME BPVC SEC IX (2010) BPVC Section IX-Welding and Brazing 
Qualifications

ASTM INTERNATIONAL (ASTM)

ASTM A126 (2004; R 2009) Standard Specification for 
Gray Iron Castings for Valves, Flanges, 
and Pipe Fittings

ASTM A197/A197M (2000; R 2011) Standard Specification for 
Cupola Malleable Iron

ASTM A307 (2012) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A53/A53M (2012) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A563 (2007a) Standard Specification for Carbon 
and Alloy Steel Nuts

ASTM B16.5 (1996) Pipe Flanges and Flanged Fittings

ASTM B16.39 (1986) (R1998) Malleable Iron Threaded 
Pipe Unions

ASTM C109/C109M (2012) Standard Test Method for 
Compressive Strength of Hydraulic Cement 
Mortars (Using 2-in. or (50-mm) Cube 
Specimens)

ASTM C404 (2011) Standard Specification for 
Aggregates for Masonry Grout

ASTM C476 (2010) Standard Specification for Grout 
for Masonry

ASTM C67 (2012) Standard Test Methods for Sampling 
and Testing Brick and Structural Clay Tile

ASTM F104 (2011) Standard Classification System for 
Nonmetallic Gasket Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2012; Errata 2012; INT 1-4 2012) National 
Electrical Safety Code
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MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MSS SP-69 (2003; Notice 2012) Pipe Hangers and 
Supports - Selection and Application (ANSI 
Approved American National Standard)

MSS SP-71 (2011; Errata 2013) Gray Iron Swing Check 
Valves, Flanged and Threaded Ends

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

CID A-A-1922 (Rev A; Notice 2) Shield, Expansion 
(Caulking Anchors, Single Lead)

CID A-A-1923 (Rev A; Notice 2) Shield, Expansion (Lag, 
Machine and Externally Threaded Wedge Bolt 
Anchors)

CID A-A-1924 (Rev A; Notice 2) Shield, Expansion (Self 
Drilling Tubular Expansion Shell Bolt 
Anchors

CID A-A-1925 (Rev A; Notice 2) Shield Expansion (Nail 
Anchors)

CID A-A-55614 (Basic; Notice 2) Shield, Expansion 
(Non-Drilling Expansion Anchors)

CID A-A-55615 (Basic; Notice 2) Shield, Expansion (Wood 
Screw and Lag Bolt Self-Threading Anchors

1.2   GENERAL REQUIREMENTS

Section 23 00 00 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS 
applies to work specified in this section.

Section 40 05 13.96 WELDING PROCESS PIPING applies to work specified in 
this section.

The temperature and pressure of both the condenser water and chilled 
water/glycol system are 125 degrees F and 150 PSI.

Submit Records of Existing Conditions consisting of the results of 
Contractor's survey of work area conditions and features of existing 
structures and facilities within and adjacent to the jobsite.  Commencement 
of work constitutes Contractor's acceptance of the existing conditions.

Submit Fabrication Drawings for pipes, valves and specialties consisting of 
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fabrication and assembly details to be performed in the factory.

Submit Material, Equipment, and Fixture Lists for pipes, valves and 
specialties including manufacturer's style or catalog numbers, 
specification and drawing reference numbers, drawing A-numbers, and Tag 
numbers, warranty information, and fabrication site information.  Provide a 
complete list of construction equipment to be used.

Include with Listing of Product Installations for piping systems 
identification of at least 5 units, similar to those proposed for use, that 
have been in successful service for a minimum period of 5 years.  Include 
in the list purchaser, address of installation, service organization, and 
date of installation.

Submit Record Drawings for pipes, valves and accessories providing current 
factual information including deviations and amendments to the drawings, 
and concealed and visible changes in the work.

Submit Connection Diagrams for pipes, valves and specialties indicating the 
relations and connections of devices and apparatus by showing the general 
physical layout of all controls, the interconnection of one system (or 
portion of system) with another, and internal tubing, wiring, and other 
devices.

Submit Coordination Drawings for pipes, valves and specialties showing 
coordination of work between different trades and with the structural and 
architectural elements of work.  Detail all drawings sufficiently to show 
overall dimensions of related items, clearances, and relative locations of 
work in allotted spaces.  Indicate on drawings where conflicts or clearance 
problems exist between various trades. Drawings shall identify all 
A-numbers and Tag numbers.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Submit Material, Equipment, and Fixture Lists; G 

SD-02 Shop Drawings

Submit the following for pipes, valves and specialties showing 
conformance with the referenced standards contained within this 
section.

Record Drawings; G
Connection Diagrams; G
Coordination Drawings; G
Fabrication Drawings; G

Submit Installation Drawings; G for pipes, valves and specialties 
in accordance with the paragraph entitled, "Pipe Installation," of 
this section.

SD-03 Product Data
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Submit equipment and performance data for the following items 
consisting of corrosion resistance, life expectancy, gage 
tolerances, and grade line analysis.

Submit Manufacturer's catalog data for the following items:

Pipe and Fittings; G
Piping Specialties; G
Valves; G
Miscellaneous Materials; G
Supporting Elements; G

SD-05 Design Data

Submit design analysis and calculations for the following items 
consisting of surface resistance, rates of flow, head losses, 
inlet and outlet design, required radius of bend, and pressure 
calculations.  Also include in data pipe size, shape, and 
dimensions, as well as temperature ratings, vibration and thrust 
limitations minimum burst pressures, shut-off and non-shock 
pressures and weld characteristics.

Pipe and Fittings; G
Piping Specialties; G
Valves; G

SD-06 Test Reports

Submit test reports on the following tests in accordance with 
paragraph entitled, "Piping Installation," of this section.

Hydrostatic Tests; G
Valve-Operating Tests; G
Water/Glycol Mix; G

SD-07 Certificates

Submit Listing of Product Installations for piping systems 
verifying proper qualifications.

Submit Records of Existing Conditions by the Contractor prior to 
start.

SD-10 Operation and Maintenance Data

Submit Operation and Maintenance Manuals; G in accordance with 
paragraph entitled, "Operation and Maintenance," of this section.

1.4   QUALITY ASSURANCE

1.4.1   Material and Equipment Qualifications

Provide materials and equipment that are standard products of manufacturers 
regularly engaged in the manufacture of such products, which are of a 
similar material, design and workmanship.  Standard products shall have 
been in satisfactory commercial or industrial use for 2 years prior to bid 
opening.  The 2-year use shall include applications of equipment and 
materials under similar circumstances and of similar size.  The product 
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shall have been for sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2 year period.

1.4.2   Alternative Qualifications

Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation for not 
less than 6000 hours, exclusive of the manufacturer's factory or laboratory 
tests, can be shown.

1.4.3   Manufacturer's Nameplate and Equipment Tagging

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

Additionally each item of equipment shall be provided with a KSC 
identification Tag in accordance with the contract drawings.

1.5   DELIVERY, STORAGE, AND HANDLING

Handle, store, and protect equipment and materials to prevent damage before 
and during installation in accordance with the manufacturer's 
recommendations, and as approved by the Contracting Officer.  Replace 
damaged or defective items.

1.6   ELECTRICAL REQUIREMENTS

Electrical installations shall conform to IEEE C2, NFPA 70, and Division 26 
Specifications.

1.7   ACCESSIBILITY

Install all work so that parts requiring periodic inspection, operation, 
maintenance, and repair are readily accessible.  Comply with manufacturer's 
recommended clearance and service areas for all equipment, and show such 
areas on the coordination drawings. Where doubt exists as to the ability to 
access or maintain equipment based on existing conditions, request 
clarification from the contracting officer prior to proceeding with the 
work.

PART 2   PRODUCTS

2.1   PIPE AND FITTINGS

All pipe and fittings shall be coated in accordance with Section
09 97 30.30 98.

2.1.1   Type BCS, Black Carbon Steel

Pipe 1/2 inch through 2 inches shall be schedule 80 seamless, black carbon 
steel conforming to ASTM A53/A53M Type S (seamless).

Pipe 2-1/2 through 10 inches, and where indicated shall be Schedule 40 
seamless  black carbon steel conforming to ASTM A53/A53M,  Type S 
(seamless).

Pipe 12 inches and over shall be 0.375-inch wall, seamless, black carbon 
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steel, conforming to ASTM A53/A53M, Grade B.

Fittings 2 inches and under shall be 150-psigwsp banded black malleable 
iron screwed, conforming to ASTM A197/A197M and ASME B16.3.

Unions 2 inches and under shall be 250-psig wsp female, screwed, black 
malleable iron with brass-to-iron seat and ground joint. Conforming to 
ASTM B16.39.

Fittings 2-1/2 inches and over shall be150 pound forged steel flanges and 
flanged fittings, conforming to ASTM B16.5 welding neck to match pipe 
thickness.

All tees shall be of the formed outlet type except where the outlet is at 
least 3 times smaller than the main, in which case weldolets shall be used.

Weldolets shall be standard wall carbon steel.

All elbows shall be long radius.

2.2   PIPING SPECIALTIES

2.2.1   Air Vents

Automatic air vents shall be installed where indicated in the contract 
drawings. Automatic air vents shall be of the single body double orifice 
type with a ball float and poppet. The vent inlet shall be the size shown 
on the contract drawings. The large orifice shall be the same size as the 
vent inlet to allow air to exhaust rapidly during pipeline fill and air to 
re-enter during pipeline drain. The small orifice shall exhaust small 
pockets of air that may develop during normal operation. The air vent body 
and cover shall be ASTM A536 Grade 65-45-12 ductile iron. The float shall 
be ASTM A240 stainless steel. The plug shall be ASTM A276 stainless steel. 
Needle and seat shall be Buna-N.

2.2.2   Dielectric Connections

Dissimilar pipe metals shall be electrically insulated from each other by 
couplings, unions, or flanges commercially manufactured for that purpose 
and rated for the service pressure and temperature.

2.2.3   Flexible Connections

Flexible connections shall consist of an inner tube, body and outer cover, 
and shall have flanged end. The tube shall be synthetic materials 
compatible with condenser water and water/propylene glycol at 125 deg. F 
and 150 psi. The body shall consist of fabric and neoprene reinforced with 
steel wire. The cover shall be formed from natural or synthetic rubber to 
resist weather. Flanges shall be constructed integrally with the body to 
resist stress. Flanges shall be full pattern so that gaskets are not 
necessary. Flanges shall be drilled to ANSI B16.5 Class 150. The flexible 
connection shall be multiple filled arch.

2.2.4   Pressure Gages

Provide pressure gages with 0.5% accuracy in accordance with ASME B40.1 
Grade 2A. Pressure gages shall have a 4.5 inch dial with 316 stainless 
steel Bourdon tube, a solid front safety case with glass window. Range 
shall be as specified in the equipment schedules on the contract drawings.
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2.2.5   Differential Pressure Gages

Provide differential pressure gages with 1% accuracy in accordance with 
ASME B40.1 Grade A. Pressure gages shall have a 4.5 inch dial with Grade A 
phosphor bronze Bourdon tube, an open front case with glass window. Range 
shall be 0-100 psid with a static pressure limit of 200 psig.

2.2.6   Pressure Switches

Provide pressure switches with adjustable setpoints. Pressure switch proof 
pressure shall be 250 psi or greater. Process connections shall be 1/4 inch 
NPT brass. Diaphragm shall be Buna N.  

2.2.7   Pressure Transmitters

Install GFE pressure transmitters in accordance with the Instrumentation 
Schedule on the contract drawings.

2.2.8   Differential Pressure Transmitters

Install GFE differential pressure transmitters in accordance with the 
Instrumentation Schedule on the contract drawings.

2.2.9   Temperature Gages

Provide temperature gages with 1% full span accuracy. Temperature gages 
shall be gas-operated molecular sieve type, mercury free, with stainless 
steel case and glass window. Gages shall be direct-mount with 6 inch 
stainless steel semi-rigid stem. Temperature gages shall have a 5-year 
warranty. Range shall be as specified in the equipment schedules on the 
contract drawings.

2.2.10   Temperature Elements and Transmitters

Install GFE temperature elements and transmitters in accordance with the 
Instrumentation Schedule on the contract drawings.

2.2.11   Orifice Plates 

Provide orifice plates with sizes and bores in accordance with the 
Instrumentation Schedule on the contract drawings. Orifice plates shall be 
304 stainless steel paddle type with orifice flanges. Edges shall be square 
and sharp. Flatness shall be 0.010 inches per inch of dam height. Bore 
tolerance shall be in accordance with API Chapter 14 Section 3.

2.2.12   Flowmeters

Provide flowmeters with integral pipe spool piece in accordance with the 
contract drawings. Flowmeter shall have ANSI Class 150 flanges, 316L 
stainless steel with Hastelloy C twin tip sensor, insertion length shall be 
half the pipe diameter, 24V DC, 4-20 mA output, and include display. 
Provide mounting bracket as required. Accuracy shall be 2% of rate. 
Electronics enclosure shall be NEMA 4X.
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2.2.13   Line Strainers, Water Service

Strainers 2-1/2 inches and under shall be cast iron basket type strainers 
with a machined seat to minimize particle bypass, Buna N O-rings, and a 
tapped NPT drain connection. Baskets shall be 304 stainless steel and spot 
welded. The working pressure shall not be less than 200 psi. Basket mesh 
shall be in accordance with the contract drawings.

Strainers greater than 2-1/2 inches shall be wye type flanged cast iron 
strainers. Baskets shall be self-cleaning by opening the blowoff valve in 
the basket outlet. Screens shall be 304 stainless steel with mesh in 
accordance with the contract drawings. Strainers greater than 8 inch shall 
have a lockable screen.

2.2.14   Tank Lining

Provide tank lining in accordance with the contract drawings. Install per 
manufacturer's instruction ensuring a water-tight seal inside the tank.

2.2.15   Test Plugs

Provide test plugs where indicated as "Pipe Port" on the contract drawings 
a 1/4 inch fitting receive either a temperature or pressure probe 1/8" OD. 
Fitting shall be solid brass with two valve cores of Neoprene fitted with a 
color coded cap strap with gasket and shall be rated at 1000 psi at 140 F. 

2.3   VALVES

2.3.1   Isolation Valves

Isolation valves 2 inches and below shall be threaded full port, two piece 
body ball valves in accordance with MSS SP-72. The body and end pieces 
shall be brass. The ball shall be chrome-plated brass. Seats and stem 
packing shall be PTFE. The stem and packing nut shall be brass. Thrust 
washers shall be RPTFE. The handle and handle nut shall be zinc plated 
steel. Valve shall be rated for 600 psi non-shock cold working pressure. 
Handles shall have a vinyl sleeve.

Isolation valves 2-1/2 inches and above shall be flanged full port two 
piece ball valves in accordance with ASME B16.34 and MSS SP-72. Flanges 
shall be Class 150 and in accordance with ASME B16.5. Body and ends shall 
be ASTM A216 WCB carbon steel. Ball shall be ASTM A351 Grade CF8M stainless 
steel. Seats shall be TFM 1600. Body seals shall be spiral wound 316 SS and 
graphite. Thrust washers shall be TFM resin with carbon/graphite fillers, 
and stem packing shall be RTFE/graphite. Stem and handle shall be 300 
Series stainless steel.

2.3.2   DrainValves

Drain valves shall be threaded full port, two piece body ball valves in 
accordance with MSS SP-72. The body and end pieces shall be brass. The ball 
shall be chrome-plated brass. Seats and stem packing shall be PTFE. The 
stem and packing nut shall be brass. Thrust washers shall be RPTFE. The 
handle and handle nut shall be zinc plated steel. Valve shall be rated for 
600 psi non-shock cold working pressure. Handles shall have a vinyl sleeve.
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2.3.3   Check Valves 

Check valves shall be cast iron, iron trim, swing type conforming to 
MSS SP-71.  Valve bodies shall be cast iron, conforming to ASTM A126, Class 
B.  Valve ends shall be flanged in conformance with ASME B16.1.  
Swing-check pin shall be 
t410 Stainless Steel.  Angle of closure shall be manufacturer's standard.   
Valves shall have bolted and gasketed covers.

2.3.3.1   Block and Bleed Valve

Block and bleed valves shall consist of a needle valve with integral seats 
and bleed plug to facilitate safe removal of gages and other 
instrumentation with a system under pressure. Valve, bonnet, and bleed plug 
shall be ASTM A108 carbon steel. Stem shall be ASTM A581 303 stainless 
steel. Packing shall be Teflon or Buna N.

2.4   COOLING COILS

Replace pre-cool coils. If Fixed Price Option 2 (FPO-2) is not exercised, 
clean and test existing post-cool coils in the cooling chambers. 
Replacement coils, if required, shall meet the requirements of "Cooling 
Coils" below. The existing post-cool coils shall be pressure tested at 50 
psi. If the pressure test fails, the existing post-cool coils shall be 
evacuated and replaced. The coils shall be cleaned as specified in HPT-420.

2.4.1   Cooling Coils

New and replacement coils shall be fin-and-tube type coils constructed of 
seamless copper tubes and copper fins mechanically bonded to the tubes. 
Provide copper tube wall thickness that is a minimum of 0.035 inches. 
Provide copper fins that are 0.012 inch minimum thickness. Provide casing 
and tube support sheets that are not lighter than 16 gauge 304 stainless 
steel, formed to provide structural strength. When required, provide 
multiple tube supports to prevent tube sag. Test each new coil at the 
factory under water at not less than 300 psi air pressure and make suitable 
for 200 psi working pressure and 300 degrees F operating temperature. Mount 
coils for counterflow service. Connections shall be 150 pound flanged. 
Provide coils with integral stainless steel drain pan.

Install cooling coils with a pitch of not less than 1/8 inch/foot of the 
tube length toward the drain end. Cooling coils shall be shipped with 
plugged drain connections extending through the unit casing.

Due to temperature ranges the cooling coils will be outside the scope of 
AHRI Standard 410. In lieu of submitting a certification of the coil to 
AHRI Standard 410, the contractor shall submit cooling coil performance 
data including materials, construction, heat transfer performance data, 
water and air flow rates, water and air velocities, entering and leaving 
dry bulb temperatures, entering and leaving water temperatures, total heat 
load, and losses for review by the Contracting Officer. 

2.5   MISCELLANEOUS MATERIALS

2.5.1   Bolting

Flange and general purpose bolting shall be hex-head and must conform to 
ASTM A307, Grade B (bolts, for flanged joints in piping systems where one 
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or both flanges are cast iron).  Heavy hex-nuts shall conform to ASTM A563.  
Square-head bolts and nuts are not acceptable.  Threads shall be 
coarse-thread series. Carbon Steel washers shall be used under nuts and 
bolts.

2.5.2   Flange Gaskets

Compressed non-asbestos sheet, conforming to ASTM F104, coated on both 
sides with graphite or similar lubricant, with nitrile composition, binder 
rated to 750 degrees F.

2.5.3   Grout

Shrink-resistant grout shall be a premixed and packaged metallic-aggregate, 
mortar-grouting compound conforming to ASTM C404 and ASTM C476.

Shrink-resistant grout shall be a combination of premeasured and packaged 
epoxy polyamide or amine resins and selected aggregate mortar grouting 
compound conforming to the following requirements:

Tensile strength                                      1,900 psi, minimum

Compressive strength     ASTM C109/C109M             14,000 psi, minimum

Shrinkage, linear                         0.00012 inch per inch, maximum

Water absorption         ASTM C67                   0.1 percent, maximum

Bond strength to                             1,000 psi, minimum steel in 
                                             shear minimum

2.5.4   Pipe Thread Compounds

Use tetrafluoroethylene tape not less than 2 to 3 mils thick in potable and 
process water and in chemical systems for pipe sizes to and including 
1-inch ips.  Tetrafluoroethylene dispersions and other suitable compounds 
shall be used for all other applications upon approval by the Contracting 
Officer;  however, no lead-containing compounds shall be used in potable 
water systems.

2.6   SUPPORTING ELEMENTS

Provide all necessary piping systems and equipment supporting elements, 
including but not limited to:  building structure attachments; 
supplementary steel; hanger rods, stanchions, and fixtures; vertical pipe 
attachments; horizontal pipe attachments; anchors; guides; and 
spring-cushion, variable, or constant supports.  All supporting elements 
shall be suitable for stresses imposed by systems pressures and 
temperatures and natural and other external forces normal to this facility 
without damage to supporting element system or to work being supported.

Supporting elements shall conform to requirements of ASME B31.3, MSS SP-58, 
and MSS SP-69 except as noted.

Attachments welded to pipe shall be made of materials identical to that of 
pipe or materials accepted as permissible raw materials by referenced code 
or standard specification.
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Type designations specified herein are based on MSS SP-58 and MSS SP-69.  
Masonry anchor group-, type-, and style-combination designations shall be 
in accordance with CID A-A-1922, CID A-A-1923, CID A-A-1924, CID A-A-1925 , 
CID A-A-55614, and CID A-A-55615.  Support elements, except for 
supplementary steel, shall be cataloged, load rated, commercially 
manufactured products.

2.6.1   Building Structure Attachments

2.6.1.1   Anchor Devices, Concrete and Masonry

Anchor devices shall conform to CID A-A-1922, CID A-A-1923, CID A-A-1924, 
CID A-A-1925 , CID A-A-55614, and CID A-A-55615

Cast-in, floor mounted, equipment anchor devices shall provide adjustable 
positions.

Masonry anchor devices shall be built-in.

Powder-actuated anchoring devices shall not be used to support any 
mechanical systems components.

2.6.1.2   Beam Clamps

Beam clamps shall not be used.

2.6.1.3   C-Clamps

Do not use C-clamps.

2.6.1.4   Inserts, Concrete

Concrete inserts shall be MSS SP-58 Type 18.  When applied to piping in 
sizes 2 inches ips and larger and where otherwise required by imposed 
loads, insert and wire a 1-foot length of 1/2-inch reinforcing rod through 
wing slots.  Submit proprietary-type continuous inserts for approval.

2.6.2   Horizontal Pipe Attachments

2.6.2.1   Single Pipes

Support piping in sizes to and including 2-inch ips by MSS SP-58 Type 6 
solid malleable iron pipe rings, except that split-band-type rings shall be 
used in sizes up to 1-inch ips.

Support piping in sizes through 8-inch ips inclusive by MSS SP-58 Type 1 
attachments.

MSS SP-58 Type 1 and Type 6 assemblies shall be used on vapor-sealed 
insulated piping and shall have an inside diameter larger than pipe being 
supported to provide adequate clearance during pipe movement.

Where thermal movement of a point in a piping system 4 inches and larger 
would cause a hanger rod to deflect more than 4 degrees from the vertical 
or where a horizontal point movement exceeds 1/2 inch, MSS SP-58 Type 44 
through 46 pipe rolls shall be used.

Support piping in sizes larger than 8-inch ips with MSS SP-58 Type 44 
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through 46 pipe rolls.

MSS SP-58 Type 40 shields shall be used on all insulated piping.  Area of 
the supporting surface shall be such that compression deformation of 
insulated surfaces does not occur.  Longitudinal and transverse shield 
edges shall be rolled away from the insulation.

2.6.2.2   Parallel Pipes

Trapeze hangers fabricated from structural steel shapes, with U-bolts, 
shall be used in congested areas and where multiple pipe runs occur.  
Structural steel shapes shall be of commercially available, proprietary 
design, rolled steel.

2.6.3   Vertical Pipe Attachments

Vertical pipe attachments shall be MSS SP-58 Type 8.

Shop drawing data shall include complete fabrication and attachment details 
of any spring supports.

2.6.4   Hanger Rods and Fixtures

Only circular cross section rod hangers shall be used to connect building 
structure attachments to pipe support devices.  Pipe, straps, or bars of 
equivalent strength shall be used for hangers only where approved by the 
Contracting Officer.

Turnbuckles, swing eyes, and clevises shall be provided as required by 
support system to accommodate temperature change, pipe accessibility, and 
adjustment for load and pitch.  Rod couplings are not acceptable.

2.6.5   Supplementary Steel

Where it is necessary to frame structural members between existing members 
or where structural members are used in lieu of commercially rated 
supports, design and fabricate such supplementary steel in accordance with 
AISC 325.

2.7   Back Flow Preventers

Back flow prevention devices shall be listed by the Foundation for 
Cross-connection control and Hydraulic Research.

Reduced pressure principle assemblies, double check valve assemblies, 
atmospheric (nonpressure) type vacuum breakers, and pressure type vacuum 
breakers shall meet the above requirements. 

Backflow preventers with intermediate atmospheric vent shall conform to 
ASSE 1012. Reduced pressure principle backflow preventers shall conform to 
ASSE 1013. Hose connection vacuum breakers shall conform to ASSE 1011. Pipe 
applied atmospheric type vacuum breakers shall conform to ASSE 1001. 
Pressure vacuum breaker assembly shall conform to ASSE 1020. Air gaps in 
plumbing systems shall conform to ASME A112.1.2.

2.8   Water/Glycol

Contractor shall fill the system until the expansion tank is filled to 75% 
of capacity and all piping is full with a 70% distilled water / 30% 
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propylene glycol mixture by volume.

PART 3   EXECUTION

3.1   PIPE INSTALLATION

Test reports for Hydrostatic Tests, and, Valve-Operating Tests.  shall be 
provided by the Contractor, in compliance with referenced standards 
contained within this section. Hydrostatic testing shall be to 150 percent 
of the design pressure. Test duration shall be long enough to inspect every 
joint for leaks, but not less than one hour

Fabricate and install piping systems in accordance with ASME B31.3, 
MSS SP-69, and AWS WHB-2.9.

Submit Installation Drawings for pipes, valves and specialties.  Drawings 
shall include the manufacturer's design and construction calculations, 
forces required to obtain rated axial, lateral, or angular movements, 
installation criteria, anchor and guide requirements for equipment, and 
equipment room layout and design.  Drawings shall specifically advise on 
procedures to be followed and provisions required to protect expansion 
joints during specified hydrostatic testing operations.

Connections between steel piping and copper piping shall be electrically 
isolated from each other with dielectric couplings (or unions)  rated for 
the service.

Make final connections to equipment with flanges provided every 100 feet of 
straight run.  Provide unions in the line downstream of screwed- and 
welded-end valves.

Ream all pipe ends before joint connections are made.

Screwed joints shall be made up with specified joint compound and not more 
than three threads shall show after joint is made up.

Apply joint compounds to the male thread only and exercise care to prevent 
compound from reaching the unthreaded interior of the pipe.

Provide screwed unions, welded unions, or bolted flanges wherever required 
to permit convenient removal of equipment, valves, and piping accessories 
from the piping system for maintenance.

Securely support piping systems with due allowance for thrust forces, 
thermal expansion and contraction, and shall not be subjected to 
mechanical, chemical, vibrational or other damage as specified in ASME B31.3.

Field welded joints shall conform to the requirements of the AWS WHB-2.9, 
ASME B31.3, and ASME BPVC SEC IX.

Make piping systems butt weld joints with backing rings.  Backing ring 
materials shall be compatible with materials being joined.  Joint 
configuration shall conform to ASME B16.25.

Preheat and postheat treatment of welds shall be done in accordance with 
ASME BPVC SEC IX and ASME B31.3.

Take all necessary precautions during installation of flexible pipe and 
hose including flushing and purging with water, steam, and compressed air 
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to preclude bellows failure due to pipe line debris lodged in bellows.  
Installation shall conform to manufacturer's instructions.

3.2   VALVES

Provide valves in piping mains and all branches and at equipment where 
indicated and as specified.

Provide valves to permit isolation of branch piping and each equipment item 
from the balance of the system.

Perform a valve test on each and every valve checking for smooth operation, 
complete shutoff and correct control and feedback for automatic valves.

3.3   Backflow Prevention Devices

Install parallel backflow preventers as shown on contract drawings.

3.3.1   Test of Backflow Prevention Assemblies

Backflow prevention assembly shall be tested using gauges specifically 
designed for the testing of backflow prevention assemblies. 

Backflow preventer test shall be in accordance with the requirements of 
University of Southern California's Foundation of Cross Connection Control 
and Hydraulic Research or the American Water Works Association Manual of 
Cross Connection (Manual M-14), or any other approved testing laboratory 
having equivalent capabilities for both laboratory and field evaluation of 
backflow prevention assembly test gauges. Report form for each assembly 
shall include, as a minimum, the following:

Data on Device 
Type of Assembly 
Manufacturer 
Model Number 
Serial Number 
Size 
Location
Test Pressure Readings 

Data on Testing Firm
Name
Address
Certified Tester
Certified Tester No.
Date of Test
Serial Number and Test Data of Gauges

If the unit fails to meet specified requirements, the unit shall be 
repaired and retested.

3.4   SUPPORTING ELEMENTS INSTALLATION

Provide supporting elements in accordance with the referenced codes and 
standards.

Support piping from building structure.  No piping shall be supported from 
roof deck or from other pipe.
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Piping shall run parallel with the lines of the building.  Space and 
install piping and components so that a threaded pipe fitting may be 
removed between adjacent pipes and so that there shall be no less than 1/2 
inch of clear space between the finished surface and other work and between 
the finished surface of parallel adjacent piping.  Hangers on different 
adjacent service lines running parallel with each other shall be arranged 
to be in line with each other and parallel to the lines of the building.

Install piping support elements at intervals specified hereinafter, at 
locations not more than 3 feet from the ends of each runout, and not over 1 
foot from each change in direction of piping.

Load rating for all pipe-hanger supports shall be based on insulated weight 
of lines filled with water and forces imposed.  Deflection per span shall 
not exceed slope gradient of pipe.  Supports shall be in accordance with 
the following minimum rod size and maximum allowable hanger spacing for 
specified pipe.  For concentrated loads such as valves, the allowable span 
must be reduced proportionately:

            PIPE SIZE         ROD SIZE     STEEL PIPE     COPPER PIPE
             INCHES            INCHES         FEET           FEET

            1 and smaller       3/8             8              6

            1-1/4 to 1-1/2      3/8            10              8

            2                   3/8            10              8

            2-1/2 to 3-1/2      1/2            12             12

            4 to 5              5/8            16             14

            6                   3/4            16             16

            8 to 12             7/8            20             20

            14 to 18            1              20             20

            20 and over         1-1/4          20             20

Vertical risers shall be supported independently of connected horizontal 
piping, whenever practicable, with fixed or spring supports at the base and 
at intervals to accommodate system range of thermal conditions.  Risers 
shall be guided for lateral stability.  For risers subject to expansion, 
provide only one rigid support at a point approximately one-third down from 
the top.  Place clamps under fittings unless otherwise specified.  Support 
carbon-steel pipe at each floor and at not more than 15-footintervals for 
pipe 2 inches and smaller and at not more than 20-footintervals for pipe 
2-1/2 inches and larger.

3.5   DISINFECTION

Water piping, including all valves, fittings, and other devices, shall be 
disinfected with a solution of chlorine and water.  Solution shall contain 
not less than 50 parts per million (ppm) of available chlorine.  Hold 
solution for a period of not less than 8 hours, after which the solution 
must contain not less than 10 ppm of available chlorine or the piping shall 
be redisinfected.  After successful sterilization, thoroughly flush the 
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piping before placing into service.  Flushing shall be complete when the 
flush water contains less than 0.5 ppm of available chlorine.  Water for 
disinfected will be furnished by the Government.  Contractor shall be 
responsible for approved disposal of contaminated flush water in accordance 
with written instructions received from the Environmental authority having 
jurisdiction through the Contracting Officer and all Local, State and 
Federal Regulations.

Flush piping with potable water until visible grease, dirt and other 
contaminants are removed (visual inspection).

After disinfection is complete, fill system with water/glycol mix as 
specified. Sample the water/glycol and using a calibrated hydrometer. 
Submit a test report for the Water/Glycol Mix with the hydrometer 
calibration records and test results.

3.6   OPERATION AND MAINTENANCE

Operation and Maintenance Manuals shall be consistent with manufacturer's 
standard brochures, schematics, printed instructions, general operating 
procedures and safety precautions.  Test data shall be clear and readily 
legible.

3.7   PAINTING 

Coat pipe and equipment in accordance with section 09 97 30.30 98. Flange 
mating surfaces shall not be coated. Manufacturer's standard factory 
painting systems are acceptable when available.

        -- End of Section --
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SECTION 23 05 93

TESTING, ADJUSTING, AND BALANCING FOR ECS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ACOUSTICAL SOCIETY OF AMERICA (ASA)

ASA S1.11 (2004; Errata 2005; R 2009) Specification 
for Octave- Band and 
Fractional-Octave-Band Analog and Digital 
Filters (ASA 65)

ASA S1.4 (1983; Amendment 1985; R 2006) 
Specification for Sound Level Meters (ASA 
47)

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE HVAC APP IP HDBK (2011) HVAC Applications Handbook, I-P 
Edition

ASSOCIATED AIR BALANCE COUNCIL (AABC)

AABC MN-1 (2002; 6th ed) National Standards for 
Total System Balance

AABC MN-4 (1996) Test and Balance Procedures

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)

RCBEA GUIDE (2004) NASA Reliability Centered Building 
and Equipment Acceptance Guide

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)

NEBB MASV (2006) Procedural Standards for 
Measurements and Assessment of Sound and 
Vibration

NEBB PROCEDURAL STANDARDS (2005) Procedural Standards for TAB 
(Testing, Adjusting and Balancing) 
Environmental Systems

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1780 (2002) HVAC Systems - Testing, Adjusting 
and Balancing, 3rd Edition
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SMACNA 1858 (2004) HVAC Sound And Vibration Manual - 
First Edition

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 82 Protection of Stratospheric Ozone

1.2   DEFINITIONS

a.  AABC:  Associated Air Balance Council.

b.  COTR:  Contracting Officer's Technical Representative.

c.  DALT:  Duct air leakage test

d.  DALT'd:  Duct air leakage tested

e.  ECS:  Evironmental Control System.

f.  NEBB:  National Environmental Balancing Bureau

g. GN2: Gaseous Nitrogen

h.  Out-of-tolerance data:  Pertains only to field acceptance testing of 
Final DALT or TAB report.  When applied to DALT work, this phase means 
"a leakage rate measured during DALT field acceptance testing which 
exceeds the leakage rate allowed by by this specification." When 
applied to TAB work this phase means "a measurement taken during TAB 
field acceptance testing which does not fall within the range of plus 5 
to minus 5 percent of the original measurement reported on the TAB 
Report for a specific parameter."

i.  Season of maximum heating load:  The time of year when the outdoor 
temperature at the project site remains within plus or minus 30 degrees 
Fahrenheit of the project site's winter outdoor design temperature, 
throughout the period of TAB data recording.

j.  Season of maximum cooling load:  The time of year when the outdoor 
temperature at the project site remains within plus or minus 5 degrees 
Fahrenheit of the project site's summer outdoor design temperature, 
throughout the period of TAB data recording.

k.  Season 1, Season 2:  Depending upon when the project HVAC is completed 
and ready for TAB, Season 1 is defined, thereby defining Season 2.  
Season 1 could be the season of maximum heating load, or the season of 
maximum cooling load.

l.  Sound measurements terminology:  Defined in AABC MN-1, NEBB MASV, or 
SMACNA 1858 (TABB).

m.  TAB:  Testing, adjusting, and balancing (of ECS systems).

n.  TAB'd:  ECS Testing/Adjusting/Balancing procedures performed.

o.  TAB Agency:  TAB Firm

p.  TAB team field leader:  TAB team field leader
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q.  TAB team supervisor:  TAB team engineer.

r.  TAB team technicians:  TAB team assistants.

s.  TABB:  Testing Adjusting and Balancing Bureau.

1.2.1   Similar Terms

In some instances, terminology differs between the Contract and the TAB 
Standard primarily because the intent of this Section is to use the 
industry standards specified, along with additional requirements listed 
herein to produce optimal results.

The following table of similar terms is provided for clarification only.  
Contract requirements take precedent over the corresponding AABC, NEBB, or 
TABB requirements where differences exist.

SIMILAR TERMS

Contract Term AABC Term NEBB Term TABB Term

TAB Standard National 
Standards for 
Testing and 
Balancing 
Heating, 
Ventilating, and 
Air Conditioning 
Systems

Procedural 
Standards for 
Testing, 
Adjusting and 
Balancing of 
Environmental 
Systems

International 
Standards for 
Environmental 
Systems Balance

TAB Specialist TAB Engineer TAB Supervisor TAB Supervisor

Systems Readiness 
Check

Construction 
Phase Inspection

Field Readiness 
Check & 
Preliminary Field 
Procedures

Field Readiness 
Check & Prelim. 
Field Procedures

1.3   WORK DESCRIPTION 

The work includes duct air leakage testing (DALT) and testing, adjusting, 
and balancing (TAB) of new and existing ECS purge air, GN2, water/Gycol, 
steam, and condenser water distribution systems including equipment and 
performance data, ducts, and piping which are located within, on, under, 
and adjacent to PAD B, including records of existing conditions.

Perform TAB in accordance with the requirements of the TAB procedural 
standard recommended by the TAB trade association that approved the TAB 
Firm's qualifications.  Comply with requirements of AABC MN-1, 
NEBB PROCEDURAL STANDARDS, or SMACNA 1780 (TABB) as supplemented and 
modified by this specification section.  All recommendations and suggested 
practices contained in the TAB procedural standards are considered 
mandatory.

Conduct DALT and TAB of the indicated existing systems and equipment and 
submit the specified DALT and TAB reports for approval.  Conduct DALT and 
TAB work in accordance with the requirements of this section.

Contractor shall submit DALT and TAB work Execution Schedule to allow NASA 
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to coordinate work around DALT and TAB activities.  

1.3.1   Air Distribution Systems

Test, adjust, and balance systems (TAB) in compliance with this section.  
Obtain Contracting Officer's written approval before applying field applied 
insulation to exterior of air distribution systems as specified under 
Section 23 07 00 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

1.3.2   GN2 Distribution Systems

TAB systems in compliance with this section.

1.3.3   Steam Distribution Systems

TAB systems in compliance with this section.

1.3.4   Water Distribution Systems

TAB systems in compliance with this section.  Obtain Contracting Officer's 
written approval before applying insulation to water distribution systems 
as specified under Section 23 07 00 THERMAL INSULATION FOR MECHANICAL 
SYSTEMS.  At Contractor's option and with Contracting Officer's written 
approval, the piping systems may be insulated before systems are TAB'd.

Terminate piping insulation immediately adjacent to each flow control 
valve, automatic control valve, or device.  Seal the ends of pipe 
insulation and the space between ends of pipe insulation and piping, with 
waterproof vapor barrier coating.

After completion of work under this section, insulate the flow control 
valves and devices as specified under Section 23 07 00 THERMAL INSULATION 
FOR MECHANICAL SYSTEMS.

1.3.5   TAB SCHEMATIC DRAWINGS

Show the following information on TAB Schematic Drawings:

1.  A unique number or mark for each piece of equipment or terminal. This 
may be the A-Number when available.

2.  Air quantities and pressures before and after pressure blowers.

3.  Air quantities, pressures, and temperature before and after each 
cooling chamber.

4.  Air quantities, pressures, and temperatures before and after each 
heating chamber.

5.  Air quantities, pressures, temperatures, and humidity before and after 
each humidification chamber.

6.  Air quantities, pressures, temperatures, and humidity at each duct 
termination at the stub tower. 

7.  Water quantities and temperatures at each chiller, pre-cooling coil, 
and post-cooling coil.
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8.  Water quantities and heads in pump schedules.

9.  Water flow measurement fittings and balancing fittings.  

10. Ductwork Construction and Leakage Testing Table that defines the DALT 
test requirements, including each applicable ECS duct system ID or 
mark, duct pressure requirement, duct leakage limit, and duct leakage 
test pressure. 

The Testing, Adjusting, and Balancing (TAB) Specialist must review the 
Contract Plans and Specifications and advise the Contracting Officer of any 
deficiencies that would prevent the effective and accurate TAB of the 
system, including records of existing conditions, and systems readiness 
check.  The TAB Specialist must provide a Design Review Report individually 
listing each deficiency and the corresponding proposed corrective action 
necessary for proper system operation.

Submit three copies of the TAB Schematic Drawings and Report Forms to the 
Contracting Officer, no later than 60 days prior to the start of TAB field 
measurements.

1.3.6   Related Requirements

Section 23 00 00 ECS DUCT AND PURGE SYSTEMS EQUIPMENT applies to work 
specified in this section.

Section 23 05 15 COMMON PIPING FOR ECS applies to work spedified in this 
section.

Section 22 15 13.16 40 GN2 PIPING, PIPING COMPONENTS, AND VALVES, STAINLESS 
applies to work specified in this section.

Section 43 21 13 PUMPS: WATER, CENTRIFUGAL applies to work specified in 
this section.

Section 23 52 00 HEATING BOILERS AND HUMIDIFIERS applies to work specified 
in this section.

Section 23 64 10 WATER CHILLERS, VAPOR COMPRESSION TYPE applies to work 
specified in this section.

Section 23 65 00 COOLING TOWERS applies to work specified in this section.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Records of Existing Conditions; G

TAB Firm; G

Designation of TAB team assistants; G including experience with 
industrial systems 
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Designation of TAB team engineer; G or TAB Specialist; G including 
experience with industrial systems 

Designation of TAB team field leader; G

SD-02 Shop Drawings

TAB Schematic Drawings and Report Forms; G
Back Pressure Dampers; G
SD-03 Product Data

Equipment and Performance Data; G

TAB Related ECS Submittals; G

A list of the TAB Related ECS Submittals, no later than 7  days 
after the approval of the TAB team engineer.

TAB Procedures; G

Proposed procedures for TAB, submitted with the TAB Schematic 
Drawings and Report Forms.

Calibration; G

Systems Readiness Check; G

TAB Execution; G

TAB Verification; G

SD-06 Test Reports

DALT and TAB Work Execution Schedule

Design review report; G

Pre-Final DALT report; G

Final DALT report; G

TAB report for Season 1; G

TAB report for Season 2; G

TAB Firm; G 

Independent TAB Agency and Personnel Qualifications; G

Design review report; G

Pre-field DALT preliminary notification; G

Pre-field TAB engineering report; G

Advance Notice of Pre-Final DALT Field Work
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1.5   QUALITY ASSURANCE

1.5.1   Independent TAB Agency and Personnel Qualifications

To secure approval for the proposed agency, submit information certifying 
that the TAB agency is a first tier subcontractor who is not affiliated 
with any other company participating in work on this contract, including 
design, furnishing equipment, or construction.  Further, submit the 
following, for the agency, to Contracting Officer for approval: 

a.  Independent AABC or NEBB or TABB TAB agency:

TAB agency:  AABC registration number and expiration date of current 
certification; or NEBB certification number and expiration date of 
current certification; or TABB certification number and expiration 
date of current certification.

TAB team supervisor:  Name and copy of AABC or NEBB or TABB TAB 
supervisor certificate and expiration date of current 
certification. Submit at least three previous jobs performing TAB 
on large industrial systems. 

TAB team field leader:  Name and documented evidence that the team 
field leader has satisfactorily performed full-time supervision of 
TAB work in the field for not less than 3 years immediately 
preceding this contract's bid opening date. Submit at least three 
previous jobs performing TAB on large industrial systems.

TAB team field technicians:  Names and documented evidence that each 
field technician has satisfactorily assisted a TAB team field 
leader in performance of TAB work in the field for not less than 
one year immediately preceding this contract's bid opening date.

Current certificates:  Registrations and certifications are current, 
and valid for the duration of this contract.  Renew Certifications 
which expire prior to completion of the TAB work, in a timely 
manner so that there is no lapse in registration or 
certification.  TAB agency or TAB team personnel without a current 
registration or current certification are not to perform TAB work 
on this contract.

b.  TAB Team Members:  TAB team approved to accomplish work on this 
contract are full-time employees of the TAB agency.  No other personnel 
is allowed to do TAB work on this contract.

c.  Replacement of TAB team members:  Replacement of members may occur if 
each new member complies with the applicable personnel qualifications 
and each is approved by the Contracting Officer.

1.5.2   TAB Standard

Perform TAB in accordance with the requirements of the standard under which 
the TAB Firm's qualifications are approved, i.e., AABC MN-1, 
NEBB PROCEDURAL STANDARDS, or SMACNA 1780 unless otherwise specified 
herein.  All recommendations and suggested practices contained in the TAB 
Standard are considered mandatory.  Use the provisions of the TAB Standard, 
including checklists, report forms, etc., as nearly as practical, to 
satisfy the Contract requirements.  Use the TAB Standard for all aspects of 
TAB, including qualifications for the TAB Firm and Specialist and 
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calibration of TAB instruments.  Where the instrument manufacturer 
calibration recommendations are more stringent than those listed in the TAB 
Standard, adhere to the manufacturer's recommendations.

All quality assurance provisions of the TAB Standard such as performance 
guarantees are part of this contract.  For systems or system components not 
covered in the TAB Standard, TAB procedures must be developed by the TAB 
Specialist.  Where new procedures, requirements, etc., applicable to the 
Contract requirements have been published or adopted by the body 
responsible for the TAB Standard used (AABC, NEBB, or TABB), the 
requirements and recommendations contained in these procedures and 
requirements are considered mandatory.

1.5.3   Sustainability

Contractor must submit the following as part of the Quality Control Plan 
for acceptance testing:

a.  List all test equipment to be used, including its manufacturer, model 
number, calibration date, and serial number.

b.  Certificates of test personnel qualifications and certifications.  
Provide certification of compliance with 40 CFR 82.

c.  Proof of equivalency if the contractor desires to substitute a test 
requirement.

Perform the following PTI as an integral part of the TAB process per the 
most recent edition of the NASA RCBEA GUIDE:

Compressors:
a.  Vibration Analysis
b.  Balance Test and Measurement
c.  Alignment (laser preferred)
d.  Lubricating Oil Test
e.  Thermodynamic Performance Test

Pressure Blowers:
a.  Vibration Analysis
b.  Balance Test and Measurement
c.  Alignment (laser preferred)
d.  Lubricating Oil Test
e.  Thermodynamic Performance Test

Condenser and Water/Glycol Pumps
a.  Vibration Analysis
b.  Alignment (laser preferred)
c.  Lubricating Oil Test
d.  Performance Test

Heat Exchangers (Condenser Water and water/glycol):
a.  Hydrostatic Test
b.  Thermodynamic Performance Test

Cooling Tower:
a.  Vibration Analysis
b.  Balance Test and Measurement
c.  Alignment (laser preferred)
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d.  Lubricating Oil Test
e.  Performance Test

Ducts:
a.  Operational Test
b.  Ductwork Leak Testing (DALT); Pre-Final DALT report, Final 
DALT report

Piping Systems:
a.  Vibration Analysis
b.  Infrared Thermography

Humidifiers:

c.  Performance Test

Valves:
a.  Hydrostatic Test

1.5.4   Qualifications

1.5.4.1   TAB Firm

The TAB Firm must be either a member of AABC or certified by the NEBB or 
the TABB and certified in all categories and functions where measurements 
or performance are specified on the plans and specifications, including TAB 
of environmental systems, building systems commissioning and the measuring 
of sound and vibration in environmental systems.

Certification must be maintained for the entire duration of duties 
specified herein.  If, for any reason, the firm loses subject certification 
during this period, the Contractor must immediately notify the Contracting 
Officer and submit another TAB Firm for approval.  Any firm that has been 
the subject of disciplinary action by either the AABC, the NEBB, or the 
TABB within the five years preceding Contract Award is not be eligible to 
perform any duties related to the ECS systems, including TAB.  All work 
specified in this Section and in other related Sections to be performed by 
the TAB Firm will be considered invalid if the TAB Firm loses its 
certification prior to Contract completion and must be performed by an 
approved successor.

These TAB services are to assist the prime Contractor in performing the 
quality oversight for which it is responsible.  The TAB Firm must be a 
prime subcontractor of the Contractor and be financially and corporately 
independent of the mechanical subcontractor, reporting directly to and paid 
by the Contractor.

1.5.4.2   TAB Specialist

The TAB Specialist must be either a member of AABC,an experienced 
technician of the Firm certified by the NEBB, or a Supervisor certified by 
the TABB.  The certification must be maintained for the entire duration of 
duties specified herein.  If, for any reason, the Specialist loses subject 
certification during this period, immediately notify the Contracting 
Officer and submit another TAB Specialist for approval.  Any individual 
that has been the subject of disciplinary action by either the AABC, the 
NEBB, or the TABB within the five years preceding Contract Award is not 
eligible to perform any duties related to the ECS systems, including TAB.  
All work specified in this Section and in other related Sections performed 
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by the TAB Specialist will be considered invalid if the TAB Specialist 
loses its certification prior to Contract completion and must be performed 
by the approved successor. TAB specialist shall be experienced in the 
testing, adjusting and balancing water, air, and GN2 systems in an 
industrial environment.

1.5.4.3   TAB Specialist Responsibilities

TAB Specialist responsibilities include all TAB work specified herein and 
in related sections under his direct guidance.  The TAB specialist is 
required to be onsite on a daily basis to direct TAB efforts.  The TAB 
Specialist must participate in the commissioning process.

1.5.4.4   TAB Related ECS Submittals

The TAB Specialist must prepare a list of the submittals from the Contract 
Submittal Register that relate to the successful accomplishment of all ECS 
TAB.  Accompany the submittals identified on this list with a letter of 
approval signed and dated by the TAB Specialist when submitted to the 
Government.  Ensure that the location and details of ports, terminals, 
connections, etc., necessary to perform TAB are identified on the 
submittals.

1.5.5   Responsibilities

The Contractor is responsible for ensuring compliance with the requirements 
of this section.  The following delineation of specific work 
responsibilities is specified to facilitate TAB execution of the various 
work efforts by personnel from separate organizations.  This breakdown of 
specific duties is specified to facilitate adherence to the schedule listed 
in paragraph entitled "TAB Submittal and Work Schedule."

1.5.5.1   Contractor

a.  TAB personnel:  Ensure that the DALT work and the TAB work is 
accomplished by a group meeting the requirements specified in paragraph 
entitled "TAB Personnel Qualification Requirements."

b.  Pre-DALT/TAB meeting:  Attend the meeting with the TAB Supervisor, and 
ensure that a representative is present for the sheetmetal contractor, 
mechanical contractor, electrical contractor, and automatic temperature 
controls contractor.

c.  ECS documentation:  Furnish one complete set of the following ECS
-related documentation to the TAB agency:

(1)  Contract drawings and specifications

(2)  Approved submittal data for equipment

(3)  Construction work schedule

(4)  Up-to-date revisions and change orders for the previously listed 
items

d.  Submittal and work schedules:  Ensure that the schedule for submittals 
and work required by this section and specified in paragraph entitled 
"TAB Submittal and Work Schedule," is met.
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e.  Coordination of supporting personnel:

Provide the technical personnel, such as factory representatives or ECS 
controls installer required by the TAB field team to support the DALT 
and the TAB field measurement work.

Provide equipment mechanics to operate ECS equipment and ductwork 
mechanics to provide the field designated test ports to enable TAB 
field team to accomplish the DALT and the TAB field measurement work.  
Ensure these support personnel are present at the times required by the 
TAB team, and cause no delay in the DALT and the TAB field work.

Conversely, ensure that the ECS controls installer has required support 
from the TAB team field leader to complete the controls check out.

f.  Deficiencies:  Ensure that the TAB Agency supervisor submits all 
Design/Construction deficiency notifications directly to the 
Contracting officer within 3 days after the deficiency is encountered.  
Further,  ensure that all such notification submittals are complete 
with explanation, including documentation, detailing deficiencies.

g.  Prerequisite ECS work:  Complete check out and debugging of ECS 
equipment, ducts, and controls prior to the TAB engineer arriving at 
the project site to begin the TAB work.  Debugging includes searching 
for and eliminating malfunctioning elements in the ECS system 
installations, and verifying all adjustable devices are functioning as 
designed.  Include as prerequisite work items, the deficiencies pointed 
out by the TAB team supervisor in the design review report.

h.  Prior to the TAB field team's arrival, ensure completion of the 
applicable inspections and work items listed in the TAB team 
supervisor's pre-field engineering report.  Do not allow the TAB team 
to commence TAB field work until all of the following are completed.

(1)  ECS system installations are fully complete, including duct proof 
testing.

(2)  ECS prerequisite checkout work lists specified in the paragraph
 "Pre-Field TAB Engineering Report" are completed, submitted, and 
 approved.  Ensure that the TAB Agency gets a copy of the 
 approved prerequisite ECS work checklist.

(3)  DALT field checks for all systems are completed.

(4)  ECS system filters are clean for both Season 1 and Season 2 TAB 
 field work.

i.  Advance notice:  Furnish to the Contracting Officer with advance 
written notice for the commencement of the DALT field work and for the 
commencement of the TAB field work.

j.  Insulation work:  For required DALT work , ensure that field applied 
insulation is not installed on ducts to be DALT'd until DALT work on 
the subject ducts is complete.  Later, ensure that openings in duct and 
machinery insulation coverings for TAB test ports are marked, closed 
and sealed.

k.  Contractor shall supply Back Pressure Dampers in accordance with the 
contract drawings.
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l.  Contractor shall provide all tools, instruments, and gases required to 
complete the DALT and TAB of the ECS system.

1.5.5.2   TAB Agency

Provide the services of a TAB team which complies with the requirements of 
paragraph entitled "Independent TAB Agency Personnel Qualifications".  The 
work to be performed by the TAB agency is limited to testing, adjusting, 
and balancing of ECS air, GN2, and water systems to satisfy the 
requirements of this specification section.

1.5.5.3   TAB Team Supervisor

a.  Overall management:  Supervise and manage the overall TAB team work 
effort, including preliminary and technical DALT and TAB procedures and 
TAB team field work.

b.  Pre-DALT/TAB meeting:  Attend meeting with Contractor.

c.  Design review report:  Review project specifications and accompanying 
drawings to verify that the air systems, GN2 system, steam system, 
water/Glycol, and condenser water systems are designed in such a way 
that the TAB engineer can accomplish the work in compliance with the 
requirements of this section.  Verify the presence and location of 
permanently installed test ports and other devices needed, including 
gauge cocks, thermometer wells, flow control devices, circuit setters, 
balancing valves, and manual volume dampers.

d.  Support required:  Specify the technical support personnel required 
from the Contractor other than the TAB agency; such as factory 
representatives for temperature controls or for complex equipment.  
Inform the Contractor in writing of the support personnel needed and 
when they are needed.  Furnish the notice as soon as the need is 
anticipated, either with the design review report, or the pre-field 
engineering report, the  during the DALT or TAB field work.

e.  Pre-field DALT preliminary notification:  Monitor the completion of the 
duct installation of each system and provide the necessary written 
notification to the Contracting Officer.

f.  Pre-field  TAB engineering report:  Utilizing the following ECS-related 
documentation; contract drawings and specifications, approved submittal 
data for equipment, up-to-date revisions and change orders; prepare 
this report.

g.  Prerequisite ECS work checklist:  Ensure the Contractor gets a copy of 
this checklist at the same time as the pre-field engineering report is 
submitted.

h.  Technical assistance for DALT work.

(1)  Technical assistance:  Provide immediate technical assistance to
 TAB field team.

(2) DALT field visit:  Near the end of the DALT field work effort, 
visit the contract site to inspect the ECS installation and the 
progress of the DALT field work.  Conduct a site visit to the 
extent necessary to verify correct procedures are being 
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implemented and to confirm the accuracy of the Pre-final DALT 
Report data which has been reported.  Also, perform sufficient 
evaluation  to allow the TAB supervisor to issue certification of 
the final report.  Conduct the site visit full-time for a minimum 
of two 8 hour workdays duration.

i.  Final DALT report:  Certify the DALT report.  This certification 
includes the following work: 

(1)  Review:  Review the Pre-final DALT report data.  From these 
 field reports, prepare the Certified Final DALT report.

(2)  TAB Verification:  Verify adherence, by the TAB field team, to
 the procedures specified in this section.

j.  Technical Assistance for TAB Work:  Provide immediate technical 
assistance to the TAB field team for the TAB work.

(1) TAB field visit:  At the midpoint of the Season 1 and Season 2
 TAB field work effort, visit the contract site to inspect the
 ECS installation and the progress of the TAB field work. Conduct
 site visit full-time for a minimum of one 8 hour
 workday duration.

(2) TAB field visit:  Near the end of the TAB field work effort, 
 visit the contract site to inspect the ECS installation and the
 progress of the TAB field work.  Conduct site visit full-time for
 a minimum of one 8 hour workday duration. 
 Review the TAB final report data and certify the TAB final
 report.

k.  Certified TAB report:  Certify the TAB report.  This certification 
includes the following work:

(1)  Review:  Review the TAB field data report.  From this field
 report, prepare the certified TAB report.

(2)  Verification:  Verify adherence, by the TAB field team, to the
 TAB plan prescribed by the pre-field engineering report and
 verify adherence to the procedures specified in this section.

l.  Design/Construction deficiencies:  Within 3 working days after the TAB 
Agency has encountered any design or construction deficiencies, the TAB 
Supervisor must submit written notification directly to the Contracting 
Officer, with a separate copy to the Contractor, of all such 
deficiencies.  Provide in this submittal a complete explanation, 
including supporting documentation, detailing deficiencies.  Where 
deficiencies are encountered that are believed to adversely impact 
successful completion of TAB, the TAB Agency must issue notice and 
request direction in the notification submittal.

m.  TAB Field Check:  The TAB team supervisor must attend and supervise 
Season 1 and Season 2 TAB field check.

1.5.5.4   TAB Team Field Leader

a.  Field manager:  Manage, in the field, the accomplishment of the work 
specified in Part 3, "Execution."
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b.  Full time:  Be present at the contract site when DALT field work or TAB 
field work is being performed by the TAB team; ensure day-to-day TAB 
team work accomplishments are in compliance with this section.

c.  Prerequisite ECS work:  Do not bring the TAB team to the contract site 
until a copy of the prerequisite ECS Checklist, with all work items 
certified by the Contractor to be working as designed, reaches the 
office of the TAB Agency.

1.5.6   Test Reports

1.5.6.1   Data from DALT Field Work

Report the data for the Pre-final DALT Report and Certified Final DALT 
Report in compliance the following requirements:

a.  Report format:  Submit report data on a modified Air Duct Leakage Test 
Summary Report Forms.  In addition, submit in the report, a marked duct 
shop drawing which identifies each section of duct tested with assigned 
node numbers for each section.  Include node numbers in the completed 
report forms to identify each duct section.  The TAB supervisor must 
review and certify the report.

b.  The TAB supervisor must include a copy of all calculations prepared in 
determining the duct surface area of each duct test section.  In 
addition,provide the ductwork air leak testing (DALT) reports with a 
copy(s) of the calibration curve for each of the DALT test orifices 
used for testing.

c.  Instruments:  List the types of instruments actually used to measure 
the data.  Include in the listing each instrument's unique 
identification number, calibration date, and calibration expiration 
date.  Instruments must have been calibrated within one year of the 
date of use in the field.  Instrument calibration must be traceable to 
the measuring standards of the National Institute of Standards and 
Technology. 

d.  Certification:  Include the typed name of the TAB supervisor and the 
dated signature of the TAB supervisor.

1.5.6.2   Certified TAB Reports

Submit:  TAB Report for Season 1 and TAB Report for Season 2 in the 
following manner:

a.  Report format:  Submit the completed pre-field data forms approved in 
the pre-field TAB Engineering Report completed by TAB field team, 
reviewed and certified by the TAB supervisor.  Bind the report with a 
waterproof front and back cover.  Include a table of contents 
identifying by page number the location of each report.  Report forms 
and report data must be typewritten.  Handwritten report forms or 
report data are not acceptable.

b.  Temperatures:  On each TAB report form reporting TAB work accomplished 
on ECS thermal energy transfer equipment, include the indoor and 
outdoor dry bulb temperature range and indoor and outdoor wet bulb 
temperature range within which the TAB data was recorded.  Include in 
the TAB report continuous time versus temperature recording data of wet 
and dry bulb temperatures for the rooms, or zones, as designated in the 
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following list:

(1) All ECS zones. Measure and compile data on a continuous basis for 
the period in which TAB work affecting those rooms is being done.

(2) Measure and record data only after the ECS systems installations 
are complete, the systems fully balanced and the ECS systems 
controls operating in fully automatic mode.

(3) Data may be compiled using control system trend logging where 
available and only after system devices have been shown to be 
sufficiently accurate.  Otherwise, temporarily install  calibrated 
time  versus temperature/humidity recorders for this purpose.  The 
ECS  systems and controls must be fully operational a minimum of 
24 hours in advance of commencing data compilation.  Include the 
specified data in the Season 1 and Season 2 TAB Report.

(4) Report temperatures at the duct outlets on the stub tower.

c. System Diagrams:  Provide updated diagrams with final installed 
locations of all devices, any numbering changes, and actual test 
locations.  Use a key numbering system on the diagram which identifies 
each outlet contained in the outlet airflow report sheets.

d. Static Pressure Profiles:  Report static pressure profiles for air duct 
systems including:  All ECS Duct Systems.  Report static pressure data 
for all air ducts for the systems listed.  Include the following in the 
static pressure report data, in addition to AABC/NEBB/TABB required 
data:

(1)  Report pressure blower, inlet and discharge static pressures.

(2)  Report static pressure drop across condenser water coils, 
water/glycol coils,and electric resistance heating coils  
installed in the system ductwork.

(3)  Report static pressure drop across  
 supply air automatic control valves, both proportional and
 two-position, installed in system ductwork.

(4)  Report static pressure drop across air filters, air flow
 measuring stations or other pressure drop producing specialty
 items installed in the system ductwork. 
 Examples of these specialty items are duct mounted
 humidifiers.

 Do not report static pressure drop across duct fittings provided
 for the sole purpose of conveying air, such as elbows,
 transitions, offsets, plenums, manual dampers, and branch
 takes-offs.

(5)  Report static pressure drop across outside air intake louvers.

(6)  Report static pressure at duct outlets on the stub tower.

e. Duct Flowrates: Report duct flow rates in each supply duct including the 
ducts from each pressure blower and each duct to the stub tower. The 
TAB Agency must evaluate and report findings on the duct flowrates 
taken. Installed flowmeters may be used only after their accuracy has 
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been verified to be suitable for TAB reporting.

f.  Humdity: Report relative humidity in each duct to the stub tower. The 
TAB Agency must evaluate and report findings on the duct humidity 
measurements taken. Report duct humidity readings at the duct outlets 
on the stub tower.

g.  Instruments:  List the types of instruments actually used to measure 
the tab data.  Include in the listing each instrument's unique 
identification number, calibration date, and calibration expiration 
date.

Instrumentation, used for taking wet bulb temperature readings must 
provide accuracy of plus or minus 5 percent at the measured face 
velocities.  Submit instrument manufacturer's literature to document 
instrument accuracy performance is in compliance with that specified.

h.  Certification:  Include the typed name of the TAB supervisor and the 
dated signature of the TAB supervisor.

i.  Performance Curves: The TAB Supervisor must include, in the TAB 
Reports, factory pump curves and blower curves for pumps and blowers 
TAB'd on the job.

j.  Calibration Curves:  The TAB Supervisor must include, in the TAB 
Reports, a factory calibration curve for installed flow control 
balancing valves, flow venturi's and flow orifices TAB'd on the job.

1.6   SEQUENCING AND SCHEDULING

1.6.1   Projects with Phased Construction

This specification section is structured as though the ECS construction, 
and thereby the TAB work, will be completed in a single phase.  When the 
construction is completed in phases, the DALT work and TAB work must be 
planned, completed, and accepted for each construction phase.

1.6.1.1   Phasing of Work

This specification section is structured as though the ECS construction, 
and thereby the TAB work, is going to be completed in a single phase in 
spite of the fact that there will be two seasons.  All elements of the TAB 
work are addressed on this premise.  When a contract is to be completed in 
construction phases, including the TAB work, and the DALT work, the TAB 
work and DALT work must be planned for, completed and approved by the 
Contracting Officer with each phase.  At the completion of the final phase, 
compile  all approved reports and submit as one document.

1.7   WARRANTY

Furnish workmanship and performance warranty for the DALT and TAB system 
work performed for a period not less than 1 year from the date of 
Government acceptance of the work; issued directly to the Government.  
Include provisions that if within the warranty period the system shows 
evidence of major performance deterioration, or is significantly out of 
tolerance, resulting from defective TAB or DALT workmanship, the corrective 
repair or replacement of the defective materials and correction of the 
defective workmanship is the responsibility of the TAB firm.  Perform 
corrective action that becomes necessary because of defective materials and 
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workmanship while system TAB and DALT is under warranty 7 days after 
notification, unless additional time is approved by the Contracting 
Officer.  Failure to perform repairs within the specified period of time 
constitutes grounds for having the corrective action and repairs performed 
by others and the cost billed to the TAB firm.  The Contractor must also 
provide a 1 year contractor installation warranty.

PART 2   PRODUCTS  (NOT USED)

Not Used.

PART 3   EXECUTION

3.1   WORK DESCRIPTIONS OF PARTICIPANTS

Comply with requirements of this section.

3.2   PRE-DALT/TAB MEETING

Meet with the Contracting Officer's technical representative (COTR) to 
develop a mutual understanding relative to the details of the DALT work and 
TAB work requirements.  Ensure that the TAB supervisor is present at this 
meeting.  Requirements to be discussed include required submittals, work 
schedule, and field quality control.

3.3   DALT PROCEDURES

3.3.1   Instruments, Consumables and Personnel  

Provide instruments, consumables and personnel required to accomplish the 
DALT field work.  Follow the same basic procedure specified below for TAB 
Field Work, including maintenance and calibration of instruments, accuracy 
of measurements, preliminary procedures, field work, workmanship and 
treatment of deficiencies.  Calibrate and maintain instruments in 
accordance with manufacturer's written procedures.

3.3.2   Advance Notice of Pre-Final DALT Field Work

On completion of the installation of each duct system indicated to be 
DALT'd, notify the Contracting Officer in writing prior to the COTR's duct 
selection field visit.

3.3.3   Ductwork To Be DALT'd

The entire duct system from the pressure blower to stub tower will be DALT'd

3.3.4   DALT Testing

Perform DALT testing at 6 psig. The medium shall be CGA Class D or better 
air or GN2. The allowable leakage rates below shall apply to the single 
wall ducts and the inner walls of double wall ducts. Any ducts with 
diameters between the listed diameters below shall be tested to the next 
highest diameter listed.

5-inch and under diameter ducts - 0.003 SCFM/ft
8-inch diameter ducts - 0.013 SCFM/ft
10-inch diameter ducts - 0.017 SCFM/ft
12-inch diameter ducts - 0.037 SCFM/ft
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14-inch diameter ducts and higher - 0.069 SCFM/ft

3.3.5   Pre-final DALT Report

After completion of the DALT work, prepare a Pre-final DALT Report using 
the reporting forms specified.  TAB team to furnish data required by those 
data report forms .  Prepare the report neatly and legibly; the Pre-final 
DALT report is the basis for the Final DALT Report.  TAB supervisor must 
review and certify the Pre-final DALT Report and submit this report within 
one day of completion of DALT field work.  Verbally notify the COTR that 
the field check of the Pre-final DALT Report data can commence.

3.3.6   Quality Assurance - COTR DALT Field Acceptance Testing

In the presence of the COTR and TAB team field leader, verify for accuracy 
Pre-final DALT Report data selected by the COTR.   For each duct system, 
this acceptance testing shall be conducted on  a maximum of 50 percent of 
the duct sections DALT'd.

Further, if any data on the Pre-final DALT report form for a given duct 
section is out-of-tolerance, then field acceptance testing shall be 
conducted on data for one additional duct section, preferably in the same 
duct system, in the presence of the COTR.

3.3.7   Additional COTR Field Acceptance Testing

If any of the duct sections checked for a given system are determined to 
have a leakage rate measured that exceeds the leakage rate allowed by the 
specification for a particular duct size, terminate data checking for that 
section.  The associated Pre-final DALT Report data for the given duct 
system will be disapproved.  Make the necessary corrections and prepare a 
revised Pre-final DALT Report.  Reschedule a field check of the revised 
report data with the COTR.

3.3.8   Certified Final DALT Report

On successful completion of all field checks of the Pre-final DALT Report 
data for all systems, the TAB Supervisor is to assemble, review, certify 
and submit the Final DALT Report to the Contracting Officer for approval.

3.3.9   Prerequisite for TAB Field Work

Do not commence TAB field work prior to the completion and approval, for 
all systems, of the Final DALT Report.

3.4   TAB PROCEDURES

3.4.1   TAB Field Work

Test, adjust, and balance the ECS systems  until measured flow rates (
condenser air, water/glycol, GN2, and steam) are within plus or minus 5 
percent of the design flow rates as specified or indicated on the contract 
documents.  

That is, comply with the the requirements of AABC MN-1 and AABC MN-4, 
NEBB PROCEDURAL STANDARDS, NEBB MASV, or SMACNA 1780 (TABB) and SMACNA 1858 
(TABB),except as supplemented and modified by this section.
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Provide instruments and consumables required to accomplish the TAB work.  
Calibrate and maintain instruments in accordance with manufacturer's 
written procedures.

3.4.2   Preliminary Procedures

Use the approved pre-field engineering report as instructions and 
procedures for accomplishing TAB field work.  TAB engineer is to locate, in 
the field, test ports required for testing.  It is the responsibility of 
the sheet metal contractor to provide and install test ports as required by 
the TAB engineer.

3.4.3   TAB Purge Air Systems

3.4.3.1   Cooling Chambers

Report cooling performance capacity tests for condenser water and 
water/glycol cooling coils for the purpose of verifying that the coils meet 
the indicated design capacity. Submit the following data and calculations 
with the coil test reports:

a.  Do not determine entering and leaving wet bulb and dry bulb 
temperatures by single point measurements, but by the average of a 
minimum of 9 readings evenly spaced across the face of each coil.

Submit part-load coil performance data from the coil manufacturer 
converting test conditions to design conditions; use the data for the 
purpose of verifying that the coils meet the indicated design capacity.

3.4.3.2   Heating Chambers

Report heating performance capacity tests for each Heating Chamber for the 
purpose of verifying that the heaters meet the indicated design capacity. 
Using at least three transverse points in the Heating Chamber leaving duct 
calculate the heat gain of the airstream and submit the data and 
calculations.

3.4.3.3   Humidification Chambers

Report humidity performance capacity tests for each Humidification Chamber 
for the purpose of verifying that the steam humidifiers meet the indicated 
design capacity. Using at least 3 transverse points in the Humidification 
Chamber leaving duct calculate the moisture gain of the airstream and 
submit the data and calculation.

3.4.3.4   Purge Air System Balancing

Using backpressure devices as described on the contract drawings, set the 
back pressure of each duct as directed by the Contracting Officer. Balance 
each duct to achieve the required flow rate at the duct exit on the stub 
tower or at the pad surface, and balance the system as a whole such that 
each duct, when operated together, provides the required flow rate at the 
duct exit on the stub tower. Report the final settings of balancing valves, 
duct discharge flow rates and pressures. In the even Fixed Price Option 1 
(FPO-1) is not exercised, ducts terminating at the pad surface shall be 
included in the balancing.
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3.4.4   TAB Water Distribution Systems

3.4.4.1   Chilled Water/Glycol

Chilled water/glycol systems including chillers, condensers, cooling 
towers, pumps, coils, system balance valves and flow measuring devices.

For water chillers, report data as required by AABC, NEBB and TABB standard 
procedures, including refrigeration operational data.

3.4.4.2   Steam

Steam systems including boilers, feedwater, pumps, humidifiers, system 
balancing valves and flow measuring devices.

3.4.4.3   Condenser

Condenser water systems including condensers, cooling towers, pumps, coils, 
and system balancing valves, and flow measuring devices.

3.4.4.4   GN2 System

Set GN2 system regulator such that the discharge pressure is 4 psig. Report 
the GN2 purge capacity test for the ECS system for the purpose of verifying 
that the GN2 system meets the indicated design capacity.

3.4.5   Sound Measurement Work

3.4.5.1   Areas To Be Sound Measured

In the following spaces, measure and record the sound power level for each 
octave band listed in ASHRAE HVAC APP IP HDBK Noise Criteria:

a.  The ECS mechanical rooms.

b.  All spaces sharing a common barrier with the ECS mechanical room, 
including rooms overhead, rooms on the other side of side walls, and 
rooms beneath the mechanical room floor.

c.  ECS Control Room

3.4.5.2   Procedure

Measure sound levels in each room, when unoccupied except for the TAB team, 
with all ECS systems that would cause sound readings in the room operating 
in their noisiest mode.  Record the sound level in each octave band.  
Attempt to mitigate the sound level and bring the level to within the 
specified ASHRAE HVAC APP IP HDBK noise criteria goals, if such mitigation 
is within the TAB team's control.  State in the report the 
ASHRAE HVAC APP IP HDBK noise criteria goals.  If sound level cannot be 
brought into compliance, provide written notice of the deficiency to the 
Contractor for resolution or correction.

3.4.5.3   Timing

Measure sound levels at times prescribed by AABC or NEBB or TABB.
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3.4.5.4   Meters

Measure sound levels with a sound meter complying with ASA S1.4, Type 1 or 
2, and an octave band filter set complying with ASA S1.11.  Use measurement 
methods for overall sound levels and for octave band sound levels as 
prescribed by NEBB.

3.4.5.5   Calibration

Calibrate sound levels as prescribed by AABC or NEBB or TABB, except that 
calibrators emitting a sound pressure level tone of 94 dB at 1000 hertz 
(Hz) are also acceptable.

3.4.5.6   Background Noise Correction

Determine background noise component of room sound (noise) levels for each 
(of eight) octave bands as prescribed by AABC or NEBB or TABB.

3.4.6   TAB Work on Performance Tests With Seasonal Limitations

3.4.6.1   Performance Tests

Accomplish proportionate balancing TAB work on the air distribution systems 
and water distribution systems, in other words, accomplish adjusting and 
balancing of the air flows and water flows, any time during the duration of 
this contract, subject to the limitations specified elsewhere in this 
section.  However, accomplish, within the following seasonal limitations, 
TAB work on ECS systems which directly transfer thermal energy.

3.4.6.2   Season Of Maximum Load

Visit the contract site for at least two TAB work sessions for TAB field 
measurements.  Visit the contract site during the season of maximum heating 
load and visit the contract site during the season of maximum cooling load, 
the goal being to TAB the operational performance of the heating systems 
and cooling systems under their respective maximum outdoor 
environment-caused loading.  During the seasonal limitations, TAB the 
operational performance of the heating systems and cooling systems.

3.4.6.3   Ambient Temperatures

On each tab report form used for recording data, record the outdoor and 
indoor ambient dry bulb temperature range and the outdoor and indoor 
ambient wet bulb temperature range within which the report form's data was 
recorded.  Record these temperatures at beginning and at the end of data 
taking.

3.4.6.4   Sound Measurements

Comply with paragraph entitled "Sound Measurement Work," specifically, the 
requirement that a room must be operating in its noisiest mode at the time 
of sound measurements in the room.  The maximum noise level measurements 
could depend on seasonally related heat or cooling transfer equipment.

3.4.6.5   Water Chillers

Water chillers:  For water chillers,report data as required by NEBB Form 
TAB 15-83, NEBB PROCEDURAL STANDARDS, including refrigeration operational 
data.
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3.4.6.6   Refrigeration Units

For refrigeration compressors/condensers/condensing units,report data as 
required by NEBB Form TAB 15-83, NEBB PROCEDURAL STANDARDS, including 
refrigeration operational data.

3.4.6.7   Coils

Report cooling performance capacity tests for cooling chambers as 
previously specified.

3.4.6.8   Humidification Systems

Report humidifier performance capacity tests for Humidification Chambers as 
previously specified.

3.4.7   Workmanship

Conduct TAB work on the ECS systems until measured flow rates, pressure, 
temperature and humidity are within plus or minus 5 percent of the design 
values as specified or indicated on the contract documents.  This TAB work 
includes adjustment of balancing valves, balancing dampers, and VFD's.  
Further, this TAB work includes changing out pump impellers if required to 
obtain water flow rates specified or indicated.  If, with these adjustments 
and equipment changes, the specified or indicated design flow rates cannot 
be attained, contact the Contracting Officer for direction.

3.4.8   Deficiencies

Strive to meet the intent of this section to maximize the performance of 
the equipment as designed and installed.  However, if deficiencies in 
equipment design or installation prevent TAB work from being accomplished 
within the range of design values specified in the paragraph entitled 
"Workmanship," provide written notice as soon as possible to the Contractor 
and the Contracting Officer describing the deficiency and recommended 
correction.

Responsibility for correction of installation deficiencies is the 
Contractor's.  If a deficiency is in equipment design, call the TAB team 
supervisor for technical assistance.  Responsibility for reporting design 
deficiencies to Contractor is the TAB team supervisor's.

3.4.9   TAB Reports

After completion of the TAB field work, prepare the TAB field data for TAB 
supervisor's review and certification, using the reporting forms approved 
in the pre-field engineering report.  Data required by those approved data 
report forms is to be furnished by the TAB team.  Except as approved 
otherwise in writing by the Contracting Officer, the TAB work and thereby 
the TAB report is considered incomplete until the TAB work is accomplished 
to within the accuracy range specified in the paragraph entitled 
"Workmanship."
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3.4.10   Quality Assurance - COTR TAB Field Acceptance Testing

3.4.10.1   TAB Field Acceptance Testing

During the field acceptance testing, verify, in the presence of the COTR, 
random selections of data (water, air quantities, air motion, sound level 
readings, humodoty and pressure) recorded in the TAB Report.   Points and 
areas for field acceptance testing are to be selected by the COTR.  
Measurement and test procedures are the same as approved for TAB work for 
the TAB Report.  

Field acceptance testing includes verification of TAB Report data recorded 
for the following equipment groups:

Group 1:  All chillers, boilers, coils and humidifiers.

Group 2:  All pressure blowers and pumps.

3.4.10.2   Additional COTR TAB Field Acceptance Testing

If any of the acceptance testing measurements for a given equipment group 
is found not to fall within the range of plus 5 to minus 5 percent of the 
TAB Report data, terminate data verification for all affected data for that 
group.  The affected data for the given group will be disapproved.  Make 
the necessary corrections and prepare a revised TAB Report.  Reschedule 
acceptance testing of the revised report data with the COTR.

3.4.10.3   Prerequisite for Approval

Compliance with the field acceptance testing requirements of this section 
is a prerequisite for the final Contracting Officer approval of the TAB 
Report submitted.

3.5   MARKING OF SETTINGS

Upon the final TAB work approval, permanently mark the settings of HVAC 
adjustment devices including valves, gauges, splitters, and dampers so that 
adjustment can be restored if disturbed at any time.  Provide permanent 
markings clearly indicating the settings on the adjustment devices which 
result in the data reported on the submitted TAB report.

3.6   MARKING OF TEST PORTS

The TAB team is to permanently and legibly mark and identify the location 
points of the duct test ports.  If the ducts have exterior insulation, make 
these markings on the exterior side of the duct insulation.  Show the 
location of test ports on the as-built mechanical drawings with dimensions 
given where the test port is covered by exterior insulation.

        -- End of Section --

SECTION 23 05 93  Page 332



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

SECTION TABLE OF CONTENTS

DIVISION 23 - HEATING, VENTILATING, AND AIR CONDITIONING

SECTION 23 07 00

THERMAL INSULATION FOR MECHANICAL SYSTEMS

PART 1   GENERAL

  1.1   REFERENCES
  1.2   SYSTEM DESCRIPTION
    1.2.1   General
  1.3   SUBMITTALS
  1.4   QUALITY ASSURANCE
    1.4.1   Installer Qualification
  1.5   DELIVERY, STORAGE, AND HANDLING

PART 2   PRODUCTS

  2.1   STANDARD PRODUCTS
    2.1.1   Insulation System
    2.1.2   Surface Burning Characteristics
  2.2   MATERIALS
    2.2.1   Adhesives
      2.2.1.1   Mineral Fiber Insulation Cement
      2.2.1.2   Lagging Adhesive
      2.2.1.3   Contact Adhesive
      2.2.1.4   High Temperature Insulation and Phenolic Insulation
    2.2.2   Caulking
    2.2.3   Fittings
    2.2.4   Finishing Cement
    2.2.5   Fibrous Glass Cloth and Glass Tape
    2.2.6   Staples
    2.2.7   Jackets
      2.2.7.1   Polyvinyl Chloride (PVC) Jackets
      2.2.7.2   Vapor Barrier/Weatherproofing Jacket
      2.2.7.3   Vapor Barrier/Vapor Retarder
    2.2.8   Vapor Retarder Required
      2.2.8.1   Vapor Retarder/Vapor Barrier Mastic Coatings
    2.2.9   Wire
    2.2.10   Insulation Bands
    2.2.11   Sealants
  2.3   PIPE INSULATION SYSTEMS
    2.3.1   Aboveground Cold Pipeline ( -30 to 60 deg. F)
    2.3.2   Aboveground Hot Pipeline (Above 60 deg. F)
  2.4   DUCT INSULATION SYSTEMS
    2.4.1   Factory or Field Applied Insulation
      2.4.1.1   Rigid Insulation
      2.4.1.2   High Temperature Insulation
    2.4.2   Duct Insulation Jackets
      2.4.2.1   PVC Jacket
  2.5   EQUIPMENT INSULATION SYSTEMS

SECTION 23 07 00  Page 333



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

PART 3   EXECUTION

  3.1   APPLICATION - GENERAL
    3.1.1   Display Samples
      3.1.1.1   Pipe Insulation Display Sections
      3.1.1.2   Duct Insulation Display Sections
    3.1.2   Installation
    3.1.3   Painting and Finishing
    3.1.4   Installation of Flexible Elastomeric Cellular Insulation
      3.1.4.1   Adhesive Application
      3.1.4.2   Adhesive Safety Precautions
    3.1.5   Pipes/Ducts/Equipment That Require Insulation
  3.2   PIPE INSULATION SYSTEMS INSTALLATION
    3.2.1   Pipe Insulation
      3.2.1.1   General
      3.2.1.2   Pipes Passing Through Hangers
      3.2.1.3   Pipe Insulation Material and Thickness
    3.2.2   Aboveground Cold Pipelines
      3.2.2.1   Insulation Material and Thickness
      3.2.2.2   Factory or Field applied Jacket
      3.2.2.3   Installing Insulation for Straight Runs Hot and Cold Pipe
      3.2.2.4   Insulation for Fittings and Accessories
      3.2.2.5   PVC Fitting Covers
    3.2.3   Aboveground Hot Pipelines
      3.2.3.1   General Requirements
      3.2.3.2   Insulation for Fittings and Accessories
    3.2.4   Insulation for Fittings
  3.3   DUCT INSULATION SYSTEMS INSTALLATION
    3.3.1   Duct Insulation Thickness
    3.3.2   Insulation and Vapor Retarder/Vapor Barrier for Cold Air Duct
      3.3.2.1   Installation on Exposed Duct Work
    3.3.3   Duct Test Holes
  3.4   EQUIPMENT INSULATION SYSTEMS INSTALLATION
    3.4.1   General
    3.4.2   Insulation for Cold Equipment
      3.4.2.1   Insulation Type
      3.4.2.2   Pump Insulation
      3.4.2.3   Other Equipment
      3.4.2.4   Vapor Retarder/Vapor Barrier
    3.4.3   Insulation for Hot Equipment
      3.4.3.1   Insulation
      3.4.3.2   Insulation of Pumps
      3.4.3.3   Other Equipment

-- End of Section Table of Contents --

SECTION 23 07 00  Page 334



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

SECTION 23 07 00

THERMAL INSULATION FOR MECHANICAL SYSTEMS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.  At the discretion of the Government, the 
manufacturer of any material supplied will be required to furnish test 
reports pertaining to any of the tests necessary to assure compliance with 
the standard or standards referenced in this specification.

ASTM INTERNATIONAL (ASTM)

ASTM A167 (1999; R 2009) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A580/A580M (2012a) Standard Specification for 
Stainless Steel Wire

ASTM C1126 (2012) Standard Specification for Faced or 
Unfaced Rigid Cellular Phenolic Thermal 
Insulation

ASTM C1710 (2011) Standard Guide for Installation of 
Flexible Closed Cell Preformed Insulation 
in Tube and Sheet Form

ASTM C195 (2007) Standard Specification for Mineral 
Fiber Thermal Insulating Cement

ASTM C450 (2008) Standard Practice for Fabrication 
of Thermal Insulating Fitting Covers for 
NPS Piping, and Vessel Lagging

ASTM C532 Specification for Structural Insulating 
Formboard (Cellulosic Fiber)

ASTM C534/C534M (2011) Standard Specification for 
Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular 
Form

ASTM C547 (2012) Standard Specification for Mineral 
Fiber Pipe Insulation

ASTM C647 (2008) Properties and Tests of Mastics and 
Coating Finishes for Thermal Insulation

ASTM C795 (2008) Standard Specification for Thermal 
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Insulation for Use in Contact with 
Austenitic Stainless Steel

ASTM C920 (2011) Standard Specification for 
Elastomeric Joint Sealants

ASTM C921 (2010) Standard Practice for Determining 
the Properties of Jacketing Materials for 
Thermal Insulation

ASTM D5590 (2000; R 2010; E 2012) Standard Test 
Method for Determining the Resistance of 
Paint Films and Related Coatings to Fungal 
Defacement by Accelerated Four-Week Agar 
Plate Assay

ASTM E2231 (2009) Specimen Preparation and Mounting 
of Pipe and Duct Insulation Materials to 
Assess Surface Burning Characteristics

ASTM E84 (2012c) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM E96/E96M (2012) Standard Test Methods for Water 
Vapor Transmission of Materials

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-69 (2003; Notice 2012) Pipe Hangers and 
Supports - Selection and Application (ANSI 
Approved American National Standard)

MIDWEST INSULATION CONTRACTORS ASSOCIATION (MICA)

MICA Insulation Stds (1999) National Commercial & Industrial 
Insulation Standards

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-A-24179 (1969; Rev A; Am 2 1980; Notice 1 1987) 
Adhesive, Flexible Unicellular-Plastic 
Thermal Insulation

MIL-A-3316 (1987; Rev C; Am 2 1990) Adhesives, 
Fire-Resistant, Thermal Insulation

MIL-PRF-19565 (1988; Rev C) Coating Compounds, Thermal 
Insulation, Fire- and Water-Resistant, 
Vapor-Barrier
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UNDERWRITERS LABORATORIES (UL)

UL 723 (2008; Reprint Sep 2010) Test for Surface 
Burning Characteristics of Building 
Materials

UL 94 (1996; Reprint Feb 2013) Standard for 
Tests for Flammability of Plastic 
Materials for Parts in Devices and 
Appliances

1.2   SYSTEM DESCRIPTION

1.2.1   General

Provide field-applied insulation and accessories on mechanical systems as 
specified herein; factory-applied insulation is specified under the piping, 
duct or equipment to be insulated. Field applied insulation materials 
required for use on Government-furnished items as listed in the SPECIAL 
CONTRACT REQUIREMENTS shall be furnished and installed by the Contractor.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

Submit the three SD types, SD-02 Shop Drawings, SD-03 Product Data, and 
SD-08 Manufacturer's Instructions at the same time for each system.

SD-02 Shop Drawings

MICA Plates; G and/or Shop Drawings; G
Pipe Insulation Systems and Associated Accessories; G
Duct Insulation Systems and Associated Accessories; G
Equipment Insulation Systems and Associated Accessories; G

SD-03 Product Data

Pipe Insulation Systems; G
Duct Insulation Systems; G
Equipment Insulation Systems; G
Adhesives; G
General Materials; G

SD-04 Samples

Thermal Insulation; G
Display Samples; G

SD-08 Manufacturer's Instructions

Pipe Insulation Systems; G
Duct Insulation Systems; G
Equipment Insulation Systems; G
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1.4   QUALITY ASSURANCE

1.4.1   Installer Qualification

Qualified installers shall have successfully completed three or more 
similar type jobs within the last 5 years.

1.5   DELIVERY, STORAGE, AND HANDLING

Materials shall be delivered in the manufacturer's unopened containers.  
Materials delivered and placed in storage shall be provided with protection 
from weather, humidity, dirt, dust and other contaminants.  The Contracting 
Officer may reject insulation material and supplies that become dirty, 
dusty, wet, or contaminated by some other means.  Packages or standard 
containers of insulation, jacket material, cements, adhesives, and coatings 
delivered for use, and samples required for approval shall have 
manufacturer's stamp or label attached giving the name of the manufacturer 
and brand, and a description of the material, date codes, and approximate 
shelf life (if applicable).  Insulation packages and containers shall be 
asbestos free.

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Provide materials which are the standard products of manufacturers 
regularly engaged in the manufacture of such products and that essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening.  Submit a complete list of materials, including 
manufacturer's descriptive technical literature, performance data, catalog 
cuts, and installation instructions.  The product number, k-value, 
thickness and furnished accessories including adhesives, sealants and 
jackets for each mechanical system requiring insulation shall be included.  
The product data must be copyrighted, have an identifying or publication 
number, and shall have been published prior to the issuance date of this 
solicitation.  Materials furnished under this section shall be submitted 
together in a booklet. Submit information on General Materials to be used 
not specifically identified.

2.1.1   Insulation System

Provide insulation systems in accordance with the approved MICA National 
Insulation Standards plates as supplemented by this specification.  Provide 
field-applied insulation for air distribution systems and piping systems 
that are located within the ECS system.  Insulation shall be CFC and HCFC 
free. If a standard MICA plate is not available for a particular insulation 
system, contractor shall submit shop drawings showing manufacturer's 
recommended systems.

2.1.2   Surface Burning Characteristics

Unless otherwise specified, insulation shall have a maximum flame spread
index of 25 and a maximum smoke developed index of 50 when tested in
accordance with ASTM E84. Flame spread, and smoke developed indexes,
shall be determined by ASTM E84 or UL 723. Insulation shall be tested in
the same density and installed thickness as the material to be used in the
actual construction. Test specimens shall be prepared and mounted
according to ASTM E2231.
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2.2   MATERIALS

Insulation exterior shall be cleanable, grease resistant, non-flaking and 
non-peeling.  Materials shall be compatible and shall not contribute to 
corrosion, soften, or otherwise attack surfaces to which applied in either 
wet or dry state.  Materials to be used on stainless steel surfaces shall 
meet ASTM C795 requirements.  Calcium silicate shall not be used on chilled 
or cold water systems.  Materials shall be asbestos free.  Provide product 
recognized under UL 94 and listed in FM APP GUIDE.

2.2.1   Adhesives

2.2.1.1   Mineral Fiber Insulation Cement

Cement shall be in accordance with ASTM C195.

2.2.1.2   Lagging Adhesive

Lagging is the material used for thermal insulation, especially around a 
cylindrical object.  This may include the insulation as well as the 
cloth/material covering the insulation.  To resist mold/mildew, lagging 
adhesive shall meet ASTM D5590 with 0 growth rating.  Lagging adhesives 
shall be nonflammable and fire-resistant and shall have a maximum flame 
spread index of 25 and a maximum smoke developed index of 50 when tested in 
accordance with ASTM E84.  Adhesive shall be MIL-A-3316, Class 1, pigmented 
white and be suitable for bonding fibrous glass cloth to faced and unfaced 
fibrous glass insulation board; for bonding cotton brattice cloth to faced 
and unfaced fibrous glass insulation board; for sealing edges of and 
bonding glass tape to joints of fibrous glass board; for bonding lagging 
cloth to thermal insulation; or Class 2 for attaching fibrous glass 
insulation to metal surfaces.  Lagging adhesives shall be applied in strict 
accordance with the manufacturer's recommendations for pipe and duct 
insulation.

2.2.1.3   Contact Adhesive

Adhesives may be any of, but not limited to, the neoprene based, rubber 
based, or elastomeric type that have a maximum flame spread index of 25 and 
a maximum smoke developed index of 50 when tested in accordance with 
ASTM E84.  The adhesive shall not adversely affect, initially or in 
service, the insulation to which it is applied, nor shall it cause any 
corrosive effect on metal to which it is applied.  Any solvent dispersing 
medium or volatile component of the adhesive shall have no objectionable 
odor and shall not contain any benzene or carbon tetrachloride.  The dried 
adhesive shall not emit nauseous, irritating, or toxic volatile matters or 
aerosols when the adhesive is heated to any temperature up to 212 degrees F.  
The dried adhesive shall be nonflammable and fire resistant.  Flexible 
Elastomeric Adhesive:  Comply with MIL-A-24179, Type II, Class I.  Provide 
product listed in FM APP GUIDE.

2.2.1.4   High Temperature Insulation and Phenolic Insulation

Adhesives for high temperature insulation and phenolic insulation shall be 
the manufacturer's recommended adhesive for the insulation and pipe or duct 
material.

2.2.2   Caulking

ASTM C920, Type S, Grade NS, Class 25, Use A.
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2.2.3   Fittings

Fabricated Fittings are the prefabricated fittings for flexible elastomeric 
pipe insulation systems in accordance with ASTM C1710.  Together with the 
flexible elastomeric tubes, they provide complete system integrity for 
retarding heat gain and controlling condensation drip from chilled-water 
and refrigeration systems. Flexible elastomeric, fabricated fittings 
provide thermal protection (0.25 k) and condensation resistance (0.05 Water 
Vapor Transmission factor).  For satisfactory performance, properly 
installed protective vapor retarder/barriers and vapor stops shall be used 
to reduce movement of moisture through or around the insulation to the 
colder interior surface.

Mineral fiber insulation systems shall use mitered prefabricated fitting 
sections with the same properties as the pipe insulation.

2.2.4   Finishing Cement

ASTM C450: Mineral fiber hydraulic-setting thermal insulating and finishing 
cement.  All cements that may come in contact with Austenitic stainless 
steel must comply with ASTM C795.

2.2.5   Fibrous Glass Cloth and Glass Tape

Fibrous glass cloth, with 20X20 maximum mesh size, and glass tape shall 
have maximum flame spread index of 25 and a maximum smoke developed index 
of 50 when tested in accordance with ASTM E84.  Tape shall be 4 inch wide 
rolls.  Class 3 tape shall be 4.5 ounces/square yard.  Elastomeric Foam 
Tape: Black vapor-retarder foam tape with acrylic adhesive containing an 
anti-microbial additive.

2.2.6   Staples

Outward clinching type ASTM A167, Type 304 or 316 stainless steel.

2.2.7   Jackets

2.2.7.1   Polyvinyl Chloride (PVC) Jackets

Polyvinyl chloride (PVC) jacket and fitting covers shall have high impact 
strength, ultraviolet (UV) resistant rating or treatment and moderate 
chemical resistance with minimum thickness 0.024 inch. PVC jackets shall be 
white.

2.2.7.2   Vapor Barrier/Weatherproofing Jacket

Vapor barrier/weatherproofing jacket shall be laminated self-adhesive, 
greater than 3 plies standard grade, silver, white, black and embossed or 
greater than 8 ply (minimum 2.9 mils adhesive); with 0.0000 permeability 
when tested in accordance with ASTM E96/E96M, using the water transmission 
rate test method; heavy duty, white or natural; and UV resistant.  Flexible 
Elastomeric exterior foam with factory applied, UV Jacket made with a cold 
weather acrylic adhesive.  Construction of laminate designed to provide UV 
resistance, high puncture, tear resistance and excellent Water Vapor 
Transmission (WVT) rate.
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2.2.7.3   Vapor Barrier/Vapor Retarder

Apply the following criteria to determine which system is required.

a.  On piping and equipment operating below 60 degrees F or located outside 
shall be equipped with a vapor barrier.

b.  Pipes and equipment that are located inside and that always operate 
above 60 degrees F shall be installed with a vapor retarder where 
required as stated in paragraph VAPOR RETARDER REQUIRED.

2.2.8   Vapor Retarder Required

ASTM C921, Type I, minimum puncture resistance 50 Beach units on all 
surfaces.  Minimum tensile strength,  35 pounds/inch width.  ASTM C921, 
Type II, minimum puncture resistance 25 Beach units, tensile strength 
minimum 20 pounds/inch width.  Jackets used on insulation exposed in 
finished areas shall have white finish suitable for painting without 
sizing.  Based on the application, insulation materials that require 
manufacturer or fabricator applied pipe insulation jackets are cellular 
glass, when all joints are sealed with a vapor barrier mastic, and mineral 
fiber.    All non-metallic jackets shall have a maximum flame spread index 
of 25 and a maximum smoke developed index of 50 when tested in accordance 
with ASTM E84.  Flexible elastomerics require (in addition to vapor barrier 
skin) vapor retarder jacketing for high relative humidity and below ambient 
temperature applications.

2.2.8.1   Vapor Retarder/Vapor Barrier Mastic Coatings

a.  The vapor barrier shall be self adhesive (minimum 2 mils adhesive,  3 
mils embossed) greater than 3 plies standard grade, silver, white, 
black and embossed white jacket for use on hot/cold pipes.  
Permeability shall be less than 0.02 when tested in accordance with 
ASTM E96/E96M.  Products shall meet UL 723 or ASTM E84 flame and smoke 
requirements and shall be UV resistant.

b.  The vapor retarder coating shall be fire and water resistant and 
appropriately selected for either outdoor or indoor service.  Color 
shall be white.  The water vapor permeance of the compound shall be 
0.013 perms or less at 43 mils dry film thickness as determined 
according to procedure B of ASTM E96/E96M utilizing apparatus described 
in ASTM E96/E96M.  The coating shall be nonflammable, fire resistant 
type.  To resist mold/mildew, coating shall meet ASTM D5590 with 0 
growth rating.  Coating shall meet MIL-PRF-19565 Type II (if selected 
for indoor service) and be Qualified Products Database listed.  All 
other application and service properties shall be in accordance with 
ASTM C647.

2.2.9   Wire

Soft annealed ASTM A580/A580M Type 302, 304 or 316 stainless steel, 16 or 
18 gauge.

2.2.10   Insulation Bands

Insulation bands shall be 1/2 inch wide; 26 gauge stainless steel.
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2.2.11   Sealants

Sealants shall be chosen from the butyl polymer type, the styrene-butadiene 
rubber type, or the butyl type of sealants.  Sealants shall have a maximum 
permeance of 0.02 perms based on Procedure B for ASTM E96/E96M, and a 
maximum flame spread index of 25 and a maximum smoke developed index of 50 
when tested in accordance with ASTM E84.

2.3   PIPE INSULATION SYSTEMS

Insulation materials shall conform to Table 1.  Insulation thickness shall 
be as listed in Table 2.  Pipe insulation materials shall be limited to 
those listed herein and shall meet the following requirements:

2.3.1   Aboveground Cold Pipeline ( -30 to 60 deg. F)

Insulation for outdoor, indoor, exposed or concealed applications, shall be 
as follows:

a.  Closed Cell Elastomeric:  ASTM C534/C534M, Type II, Grade 1 Thermal 
conductivity of 0.25 or better..  Supply the insulation from the 
fabricator with manufacturer recommendedvapor barrier installed, cover 
with PVC jacket..

2.3.2   Aboveground Hot Pipeline (Above 60 deg. F)

Insulation for outdoor, indoor, exposed or concealed applications shall 
meet the following requirements.  Supply the insulation with manufacturer's 
recommended factory-applied jacket/vapor barrier.

a.  Mineral Fiber:  ASTM C547, Type Icover with PVC jacket.

2.4   DUCT INSULATION SYSTEMS

2.4.1   Factory or Field Applied Insulation

Duct insulation shall be factory or field applied.

2.4.1.1   Rigid Insulation

Phenolic thermal insulation which meets or exceeds ASTM C1126 Type II and 
III grade 1. Thickness and thermal performance shall be in accordance with 
the contract drawings.

2.4.1.2   High Temperature Insulation

High temperature blanket insulation remains flexible and resilient to 1300 
degrees C. Blanket shall not contain binder or lubricant. White in color, 
thickness and thermal performance shall be in accordance with the contract 
drawings.

2.4.2   Duct Insulation Jackets

2.4.2.1   PVC Jacket

Cover single wall duct insulation in white PVC jacket 0.024 inch thick with 
high impact strength, UV resistant rating or treatment, and moderate 
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chemical resistance.

2.5   EQUIPMENT INSULATION SYSTEMS

Insulate equipment and accessories as specified in Tables 4 and 5.  In 
outside locations, provide insulation 1/2 inch thicker than specified.  
Increase the specified insulation thickness for equipment where necessary 
to equal the thickness of angles or other structural members to make a 
smooth, exterior surface.  Submit a booklet containing manufacturer's 
published installation instructions for the insulation systems.  The 
instructions must be copyrighted, have an identifying or publication 
number, and shall have been published prior to the issuance date of this 
solicitation.  A booklet is also required by paragraphs titled:  Pipe 
Insulation Systems and Duct Insulation Systems.

PART 3   EXECUTION

3.1   APPLICATION - GENERAL

Insulation shall only be applied to unheated and uncooled piping and 
equipment.  Flexible elastomeric cellular insulation shall not be 
compressed at joists, studs, columns, ducts, hangers, etc.  The insulation 
shall not pull apart after a one hour period; any insulation found to pull 
apart after one hour, shall be replaced.

3.1.1   Display Samples

Submit and display, after approval of materials, actual sections of 
installed systems, properly insulated in accordance with the specification 
requirements.  Such actual sections must remain accessible to inspection 
throughout the job and will be reviewed from time to time for controlling 
the quality of the work throughout the construction site.  Each material 
used shall be identified, by indicating on an attached sheet the 
specification requirement for the material and the material by each 
manufacturer intended to meet the requirement.  The Contracting Officer 
will inspect display sample sections at the jobsite.  Approved display 
sample sections shall remain on display at the jobsite during the 
construction period.  Upon completion of construction, the display sample 
sections will be closed and sealed.

3.1.1.1   Pipe Insulation Display Sections

Display sample sections shall include as a minimum an elbow or tee, a 
valve, dielectric waterways and flanges, a hanger with protection shield 
and insulation insert, or dowel as required, at support point, method of 
fastening and sealing insulation at longitudinal lap, circumferential lap, 
butt joints at fittings and on pipe runs, and terminating points for each 
type of pipe insulation used on the job, and for hot pipelines and cold 
pipelines, both interior and exterior, even when the same type of 
insulation is used for these services.

3.1.1.2   Duct Insulation Display Sections

Display sample sections for rigid and flexible duct insulation used on the 
job.  Use a temporary covering to enclose and protect display sections for 
duct insulation exposed to weather
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3.1.2   Installation

Except as otherwise specified, material shall be installed in accordance 
with the manufacturer's written instructions.  Insulation materials shall 
not be applied until tests specified in other sections of this 
specification are completed.  Material such as rust, scale, dirt and 
moisture shall be removed from surfaces to receive insulation.  Insulation 
shall be kept clean and dry.  Insulation shall not be removed from its 
shipping containers until the day it is ready to use and shall be returned 
to like containers or equally protected from dirt and moisture at the end 
of each workday.  Insulation that becomes dirty shall be thoroughly cleaned 
prior to use.  If insulation becomes wet or if cleaning does not restore 
the surfaces to like new condition, the insulation will be rejected, and 
shall be immediately removed from the jobsite.  Joints shall be staggered 
on multi layer insulation.  Mineral fiber thermal insulating cement shall 
be mixed with demineralized water when used on stainless steel surfaces.  
Insulation, jacketing and accessories shall be installed in accordance with 
MICA Insulation Stds plates except where modified herein or on the drawings.

3.1.3   Painting and Finishing

Coatings shall be as specified in Section 09 97 30.30 98PROTECTIVE COATING 
OF CARBON, STAINLESS STEEL AND ALUMINUM ON STRUCTURES AND FACILITIES.

3.1.4   Installation of Flexible Elastomeric Cellular Insulation

Install flexible elastomeric cellular insulation with seams and joints 
sealed with rubberized contact adhesive.  Flexible elastomeric cellular 
insulation shall not be used on surfaces greater than 220 degrees F.  
Stagger seams when applying multiple layers of insulation.  Protect 
insulation exposed to weather and not shown to have vapor barrier 
weatherproof jacketing with two coats of UV resistant finish or PVC or 
metal jacketing as recommended by the manufacturer after the adhesive is 
dry and cured.

3.1.4.1   Adhesive Application

Apply a brush coating of adhesive to both butt ends to be joined and to 
both slit surfaces to be sealed.  Allow the adhesive to set until dry to 
touch but tacky under slight pressure before joining the surfaces.  
Insulation seals at seams and joints shall not be capable of being pulled 
apart one hour after application.  Insulation that can be pulled apart one 
hour after installation shall be replaced.

3.1.4.2   Adhesive Safety Precautions

Use natural cross-ventilation, local (mechanical) pickup, and/or general 
area (mechanical) ventilation to prevent an accumulation of solvent vapors, 
keeping in mind the ventilation pattern must remove any heavier-than-air 
solvent vapors from lower levels of the workspaces.  Gloves and 
spectacle-type safety glasses are recommended in accordance with safe 
installation practices.

3.1.5   Pipes/Ducts/Equipment That Require Insulation

Insulation is required on all pipes, ducts, or equipment, except for 
omitted items as specified.

SECTION 23 07 00  Page 344



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

3.2   PIPE INSULATION SYSTEMS INSTALLATION

3.2.1   Pipe Insulation

3.2.1.1   General

Pipe insulation shall be installed on aboveground hot and cold pipeline 
systems as specified below to form a continuous thermal retarder/barrier, 
including straight runs, fittings and appurtenances unless specified 
otherwise.  Installation shall be with full length units of insulation and 
using a single cut piece to complete a run.  Cut pieces or scraps abutting 
each other shall not be used.  Pipe insulation shall be omitted on the 
following:

a.  Pipe used solely for fire protection.

b.  Condenser Water Pump.

c.  GN2 Piping.

d.  ASME stamps.

e.  Cleanouts or handholes.

f.  Water/glycol expansion tank. The existing insulation shall remain.

3.2.1.2   Pipes Passing Through Hangers

a.  Insulation, whether hot or cold application, shall be continuous 
through hangers.  All horizontal pipes 2 inches and smaller shall be 
supported on hangers with the addition of a Type 40 protection shield 
to protect the insulation in accordance with MSS SP-69.  Whenever 
insulation shows signs of being compressed, or when the insulation or 
jacket shows visible signs of distortion at or near the support shield, 
insulation inserts as specified below for piping larger than 2 inches 
shall be installed, or factory insulated hangers (designed with a load 
bearing core) can be used.

b.  Horizontal pipes larger than 2 inches at 60 degrees F and above shall 
be supported on hangers in accordance with MSS SP-69, and Section 
23 05 15 COMMON PIPING FOR ECS.

c.  Horizontal pipes larger than 2 inches and below 60 degrees F shall be 
supported on hangers with the addition of a Type 40 protection shield 
in accordance with MSS SP-69.  An insulation insert of  prefabricated 
insulation pipe hangers, or perlite above 80 degrees F shall be 
installed above each shield.  The insert shall cover not less than the 
bottom 180-degree arc of the pipe.  Inserts shall be the same thickness 
as the insulation, and shall extend 2 inches on each end beyond the 
protection shield.  When insulation inserts are required in accordance 
with the above, and the insulation thickness is less than 1 inch, 
wooden or cork dowels or blocks may be installed between the pipe and 
the shield to prevent the weight of the pipe from crushing the 
insulation, as an option to installing insulation inserts.  The 
insulation jacket shall be continuous over the wooden dowel, wooden 
block, or insulation insert.
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d.  Vertical pipes shall be supported with either Type 8 or Type 42 riser 
clamps with the addition of two Type 40 protection shields in 
accordance with MSS SP-69 covering the 360-degree arc of the 
insulation.  An insulation insert of calcium silicate shall be 
installed between each shield and the pipe.  The insert shall cover the 
360-degree arc of the pipe.  Inserts shall be the same thickness as the 
insulation, and shall extend 2 inches on each end beyond the protection 
shield.  When insulation inserts are required in accordance with the 
above, and the insulation thickness is less than 1 inch, wooden or cork 
dowels or blocks may be installed between the pipe and the shield to 
prevent the hanger from crushing the insulation, as an option instead 
of installing insulation inserts.  The insulation jacket shall be 
continuous over the wooden dowel, wooden block, or insulation insert.  
The vertical weight of the pipe shall be supported with hangers located 
in a horizontal section of the pipe.  When the pipe riser is longer than
 30 feet, the weight of the pipe shall be additionally supported with 
hangers in the vertical run of the pipe that are directly clamped to 
the pipe, penetrating the pipe insulation.  These hangers shall be 
insulated and the insulation jacket sealed as indicated herein for 
anchors in a similar service.

e.  Inserts shall be covered with a jacket material of the same appearance 
and quality as the adjoining pipe insulation jacket, shall overlap the 
adjoining pipe jacket 1-1/2 inches, and shall be sealed as required for 
the pipe jacket. 

3.2.1.3   Pipe Insulation Material and Thickness

TABLE 1

Insulation Material for Piping

Service

Material Specification Type Class VR/VB 
Req'd

Chilled Water (Supply & Return, Dual Temperature Piping, 40 F nominal)

Closed Cell Elastomeric ASTM C532 II 1 Yes

Steam and Condensate Return (201 to 250 Degrees F

Mineral Fiber ASTM C547 I 1 No

Condensate Drain Located Inside Building

Closed Cell Elastomeric ASTM C532 II 1 No

Note: VR/VB = Vapor Retarder/Vapor Barrier
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TABLE 2

Piping Insulation Thickness (inch)
  Do not use integral wicking material in  Chilled water applications
exposed to outdoor ambient conditions in climatic zones 1 through 4.

Service

Material Tube And Pipe Size (inch)

<1 1-<1.5 1.5-<4 4-<8 > or = >8

Chilled Water (Supply & Return,  40 Degrees F nominal)

Closed Cell Elastomeric 1 1 1 1.5 1.5

Steam and Condensate Return (201 to 250 Degrees F

Mineral Fiber 1.5 1.5 2 2 2

1.5* 2* 2.5* 3* 3.5*

Condensate Drain Located Inside Building

Closed Cell Elastomeric 0.75 0.75 0.75 0.75 0.75

3.2.2   Aboveground Cold Pipelines

The following cold pipelines for minus 30 to plus 60 degrees F, shall be 
insulated in accordance with Table 2 except those piping listed in 
subparagraph Pipe Insulation in PART 3 as to be omitted.  This includes but 
is not limited to the following:

a.  Chilled water/glycol.

b. Condensate drains.

3.2.2.1   Insulation Material and Thickness

Insulation thickness for cold pipelines shall be determined using Table 2.

3.2.2.2   Factory or Field applied Jacket

Insulation shall be covered with a factory applied vapor retarder 
jacket/vapor barrier and field applied  PVC jacket. 

3.2.2.3   Installing Insulation for Straight Runs Hot and Cold Pipe

a.  Installation of flexible elastomeric cellular pipe insulation shall be 
by slitting the tubular sections and applying them onto the piping or 
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tubing.  Alternately, whenever possible slide un-slit sections over the 
open ends of piping or tubing.  All seams and butt joints shall be 
secured and sealed with adhesive.  When using self seal products only 
the butt joints shall be secured with adhesive.  Insulation shall be 
pushed on the pipe, never pulled.  Stretching of insulation may result 
in open seams and joints.  All edges shall be clean cut.  Rough or 
jagged edges of the insulation shall not be permitted.  Proper tools 
such as sharp knives shall be used.  Grade 1, Type II sheet insulation 
when used on pipe larger than 6 inches shall not be stretched around 
the pipe.  On pipes larger than 12 inches, adhere sheet insulation 
directly to the pipe on the lower 1/3 of the pipe.

3.2.2.4   Insulation for Fittings and Accessories

a.  Pipe insulation shall be tightly butted to the insulation of the 
fittings and accessories.  The butted joints and ends shall be sealed 
with joint sealant and sealed with a vapor retarder coating or PVDC 
adhesive tape or greater than 3 ply laminate jacket - less than 0.0000 
perm adhesive tape in accordance with manufacturer's recommendation.

b.  Precut or preformed insulation shall be placed around all fittings and 
accessories, including circuit setters, and shall conform to MICA plates
 except as modified herein:  5 for anchors; 10, 11, and 13 for 
fittings; 14 for valves; and 17 for flanges and unions.  Insulation 
shall be the same insulation as the pipe insulation, including same 
density, thickness, and thermal conductivity.  Where precut/preformed 
is unavailable, rigid preformed pipe insulation sections may be 
segmented into the shape required.  Insulation of the same thickness 
and conductivity as the adjoining pipe insulation shall be used.  If 
nesting size insulation is used, the insulation shall be overlapped 2 
inches or one pipe diameter.  Elbows insulated using segments shall 
conform to MICA Tables 12.20 "Mitered Insulation Elbow'.  Submit a 
booklet containing completed MICA Insulation Stds plates detailing each 
insulating system for each pipe, duct, or equipment insulating system, 
after approval of materials and prior to applying insulation.

(1) The MICA plates shall detail the materials to be installed and the 
specific insulation application.  Submit all MICA plates required 
showing the entire insulating system, including plates required to 
show insulation penetrations, vessel bottom and top heads, legs, 
and skirt insulation as applicable.  The MICA plates shall present 
all variations of insulation systems including locations, 
materials, vaporproofing, jackets and insulation accessories.

(2) If the Contractor elects to submit detailed drawings instead of 
edited MICA Plates, the detail drawings shall be technically 
equivalent to the edited MICA Plate submittal.

d.  Anchors attached directly to the pipe shall be insulated for a 
sufficient distance to prevent condensation but not less than 6 inches 
from the insulation surface.

e.  Insulation shall be marked showing the location of unions, strainers, 
and check valves.

3.2.2.5   PVC Fitting Covers

Premolded, one or two piece PVC fitting covers shall be used.  Factory 
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precut or premolded insulation segments shall be used under the fitting 
covers for elbows.  Insulation segments shall be the same insulation as the 
pipe insulation including same density, thickness, and thermal 
conductivity.  The covers shall be secured by PVC vapor retarder tape, 
adhesive, seal welding or with tacks made for securing PVC covers.  Seams 
in the cover, and tacks and laps to adjoining pipe insulation jacket, shall 
be sealed with vapor retarder tape to ensure that the assembly has a 
continuous vapor seal.

3.2.3   Aboveground Hot Pipelines

3.2.3.1   General Requirements

All hot pipe lines above 60 degrees F, except those piping listed in 
subparagraph Pipe Insulation in PART 3 as to be omitted, shall be insulated 
in accordance with Table 2.  This includes but is not limited to the 
following:

a.  Steam.

b.  Condensate discharge.

Insulation shall be covered, with a seal welded PVC.

3.2.3.2   Insulation for Fittings and Accessories

a.  General.  Pipe insulation shall be tightly butted to the insulation of 
the fittings and accessories.  The butted joints and ends shall be 
sealed with joint sealant.  Insulation shall be marked showing the 
location of unions, strainers, check valves and other components that 
would otherwise be hidden from view by the insulation.

b.  Precut or Preformed.  Precut or preformed insulation shall be placed 
around all fittings and accessories.  Insulation shall be the same 
insulation as the pipe insulation, including same density, thickness, 
and thermal conductivity.

c.  Rigid Preformed.  Where precut/preformed is unavailable, rigid 
preformed pipe insulation sections may be segmented into the shape 
required.  Insulation of the same thickness and conductivity as the 
adjoining pipe insulation shall be used.  If nesting size insulation is 
used, the insulation shall be overlapped 2 inches or one pipe 
diameter.  Elbows insulated using segments shall conform to MICA Tables 
12.20 "Mitered Insulation Elbow".

3.2.4   Insulation for Fittings

Flanges, unions, valves, fittings, and accessories shall be insulated and 
finished as specified for the applicable service.  Two coats of breather 
emulsion type weatherproof mastic (impermeable to water, permeable to air) 
recommended by the insulation manufacturer shall be applied with glass tape 
embedded between coats or in accordance with the manufacturer's 
recommendation.  Tape overlaps shall be not less than 1 inch. Molded PVC 
fitting covers shall be provided PVC fitting covers shall have adhesive 
welded joints and shall be 0.24 inch thick and white.
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3.3   DUCT INSULATION SYSTEMS INSTALLATION

Corner angles shall be installed on external corners of insulation on 
ductwork in exposed finished spaces before covering with jacket.  Air 
conditioned spaces shall be defined as those spaces directly supplied with 
cooled conditioned air.

3.3.1   Duct Insulation Thickness

Duct insulation thickness shall be in accordance with the contract drawings.

3.3.2   Insulation and Vapor Retarder/Vapor Barrier for Cold Air Duct

Insulation and vapor retarder/vapor barrier shall be provided for the 
following cold air ducts and associated equipment.

a.  Purge Supply ducts.

b.  Plenums.

c.  Cooling Chamber and Exposed Coil Casings.

d.  Heating Chamber Except Heater Housing.

e.  Humidification Chamber.

f.  Filter boxes.

g.  Mixing boxes (field-insulated).

h.  Ducts exposed to weather.

3.3.2.1   Installation on Exposed Duct Work

a.  Round ducts, shall be insulated with factory Type I jacket insulation 
with minimum density in accordance with contract drawings, attached as 
in accordance with MICA standards or manuracturer's recommendation if 
MICA standard is not available. In this case, the contractor shall 
submit Shop Drawings detailing the insulation system and attachment 
method..

3.3.3   Duct Test Holes

After duct systems have been tested, adjusted, and balanced, breaks in the 
insulation and jacket shall be repaired in accordance with the applicable 
section of this specification for the type of duct insulation to be 
repaired.
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3.4   EQUIPMENT INSULATION SYSTEMS INSTALLATION

3.4.1   General

Removable insulation sections shall be provided to cover parts of equipment 
that must be opened periodically for maintenance including vessel covers, 
fasteners, flanges and accessories.  Equipment insulation shall be omitted 
on the following:

a.  Hand-holes.

b.  Boiler manholes.

c.  Cleanouts.

d.  ASME stamps.

e.  Manufacturer's nameplates.

f.  Duct Test/Balance Test Holes.

3.4.2   Insulation for Cold Equipment

Cold equipment below 60 degrees F: Insulation shall be furnished on 
equipment handling media below 60 degrees F including the following:

a.  Pumps.

b.  Refrigeration equipment parts that are not factory insulated.

c.  Drip pans under chilled equipment.

d.  Chilled water/glycol pumps.

j.  eircuit Setters.

3.4.2.1   Insulation Type

Insulation shall be suitable for the temperature encountered.  Material and 
thicknesses shall be as shown in Table 4:

TABLE 4

Insulation Thickness for Cold Equipment (inches)

Equipment handling media at indicated temperature

Material Thickness 
(inches)

35 to 60 degrees F

Closed Cell Elastomeric 1.5

3.4.2.2   Pump Insulation

a.  Insulate pumps by forming a box around the pump housing.  The box shall 
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be constructed by forming the bottom and sides using joints that do not 
leave raw ends of insulation exposed.  Joints between sides and between 
sides and bottom shall be joined by adhesive.  Joints between top cover 
and sides shall fit tightly forming a female shiplap joint on the side 
pieces and a male joint on the top cover, thus making the top cover 
removable.

b.  Exposed insulation corners shall be protected with corner angles.

c.  Upon completion of installation of the insulation, including removable 
sections, two coats of vapor retarder coating shall be applied with a 
layer of glass cloth embedded between the coats.  The total dry 
thickness of the finish shall be 1/16 inch.  A parting line shall be 
provided between the box and the removable sections allowing the 
removable sections to be removed without disturbing the insulation 
coating.  Flashing sealant shall be applied to parting line, between 
equipment and removable section insulation, and at all penetrations.

3.4.2.3   Other Equipment

a.  Insulation shall be formed or fabricated to fit the equipment.  To 
ensure a tight fit on round equipment, edges shall be beveled and 
joints shall be tightly butted and staggered.

b.  Insulation shall be secured in place with bands or wires at intervals 
as recommended by the manufacturer but not more than 12 inch centers.   
Insulation corners shall be protected under wires and bands with 
suitable corner angles.

c. Closed Cell Elastomeric shall be installed in accordance with 
manufacturer's instructions.  Joints and ends shall be sealed with 
joint sealant, and sealed with a vapor retarder coating.

d.  Insulation on heads of heat exchangers shall be removable.  Removable 
section joints shall be fabricated using a male-female shiplap type 
joint.  The entire surface of the removable section shall be finished 
by applying two coats of vapor retarder coating with a layer of glass 
cloth embedded between the coats.  The total dry thickness of the 
finish shall be 1/16 inch.

e.  Exposed insulation corners shall be protected with corner angles.

f.  Insulation on equipment with ribs shall be applied over 6 by 6 inches 
by 12 gauge welded wire fabric which has been cinched in place, or if 
approved by the Contracting Officer, spot welded to the equipment over 
the ribs.  Insulation shall be secured to the fabric with J-hooks and 2 
by 2 inches washers or shall be securely banded or wired in place on 12 
inch centers.

3.4.2.4   Vapor Retarder/Vapor Barrier

Upon completion of installation of insulation, penetrations shall be 
caulked.  Two coats of vapor retarder coating or vapor barrier jacket shall 
be applied over insulation, including removable sections, with a layer of 
open mesh synthetic fabric embedded between the coats.  The total dry 
thickness of the finish shall be 1/16 inch.  Flashing sealant or vapor 
barrier tape shall be applied to parting line between equipment and 
removable section insulation.
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3.4.3   Insulation for Hot Equipment

Insulation shall be furnished on equipment handling media above 60 degrees F
 including the following:

a.  Pumps handling media above 130 degrees F.

b.  Unjacketed boilers or parts of boilers.

c.  Condensate receivers.

3.4.3.1   Insulation

Insulation shall be suitable for the temperature encountered.  Shell and 
tube-type heat exchangers shall be insulated for the temperature of the 
shell medium.

Insulation thickness for hot equipment shall be determined using Table 5:

TABLE 5

Insulation Thickness for Hot Equipment (inches)

Equipment handling steam or media at indicated pressure or temperature 
limit

Material Thickness 
(inches)

15 psig or 250 degrees F

Rigid Mineral Fiber 2

Flexible Mineral Fiber 2

3.4.3.2   Insulation of Pumps

Insulate pumps by forming a box around the pump housing.  The box shall be 
constructed by forming the bottom and sides using joints that do not leave 
raw ends of insulation exposed.  Bottom and sides shall be banded to form a 
rigid housing that does not rest on the pump.  Joints between top cover and 
sides shall fit tightly.  The top cover shall have a joint forming a female 
shiplap joint on the side pieces and a male joint on the top cover, making 
the top cover removable.  Two coats of Class I adhesive shall be applied 
over insulation, including removable sections, with a layer of glass cloth 
embedded between the coats.  A parting line shall be provided between the 
box and the removable sections allowing the removable sections to be 
removed without disturbing the insulation coating.  The total dry thickness 
of the finish shall be 1/16 inch.  Caulking shall be applied to parting 
line of the removable sections and penetrations.

3.4.3.3   Other Equipment

a.  Insulation shall be formed or fabricated to fit the equipment.  To 
ensure a tight fit on round equipment, edges shall be beveled and 
joints shall be tightly butted and staggered.

b.  Insulation shall be secured in place with bands or wires at intervals 
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as recommended by the manufacturer but not greater than 12 inch centers 
except flexible elastomeric cellular which shall be adhered.  
Insulation corners shall be protected under wires and bands with 
suitable corner angles.

c.  On high vibration equipment, cellular glass insulation shall be set in 
a coating of bedding compound as recommended by the manufacturer, and 
joints shall be sealed with bedding compound.  Mineral fiber joints 
shall be filled with finishing cement.

d.  Insulation on heads of heat exchangers and humidifiers shall be 
removable.  The removable section joint shall be fabricated using a 
male-female shiplap type joint.  Entire surface of the removable 
section shall be finished as specified.

e.  Exposed insulation corners shall be protected with corner angles.

f.  On equipment with ribs, insulation shall be applied over 6 by 6 inch by 
12 gauge welded wire fabric which has been cinched in place, or if 
approved by the Contracting Officer, spot welded to the equipment over 
the ribs.  Insulation shall be secured to the fabric with J-hooks and 2 
by 2 inch washers or shall be securely banded or wired in place on 12 
inch (maximum) centers.

g.  Upon completion of installation of insulation, penetrations shall be 
caulked.  Two coats of adhesive shall be applied over insulation, 
including removable sections, with a layer of glass cloth embedded 
between the coats.  The total dry thickness of the finish shall be 1/16 
inch.  Caulking shall be applied to parting line between equipment and 
removable section insulation.

        -- End of Section --
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SECTION 23 52 00

HEATING BOILERS AND HUMIDIFIERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN WELDING SOCIETY (AWS)

AWS B2.2/B2.2M (2010) Specification for Brazing Procedure 
and Performance Qualification

ASME INTERNATIONAL (ASME)

ASME B16.18 (2012) Cast Copper Alloy Solder Joint 
Pressure Fittings

ASME B16.20 (2007) Metallic Gaskets for Pipe Flanges - 
Ring-Joint, Spiral Wound, and Jacketed

ASME B16.22 (2012) Standard for Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B16.3 (2011) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.39 (2009) Standard for Malleable Iron 
Threaded Pipe Unions; Classes 150, 250, 
and 300

ASME B31.1 (2012) Power Piping

ASME B31.5 (2010) Refrigeration Piping and Heat 
Transfer Components

ASME BPVC SEC IV (2010) BPVC Section IV-Rules for 
Construction of Heating Boilers

ASME BPVC SEC IX (2010) BPVC Section IX-Welding and Brazing 
Qualifications

ASME CSD-1 (2012) Control and Safety Devices for 
Automatically Fired Boilers

ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2012) Standard Specification for Carbon 
Structural Steel

ASTM B88/B88M (2009) Standard Specification for Seamless 
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Copper Water Tube

CID A-A-59617 UNIONS, BRASS OR BRONZE, THREADED PIPE 
CONNECTIONS
AND SOLDER-JOINT TUBE CONNECTIONS

COPPER DEVELOPMENT ASSOCIATION (CDA)

CDA A4015 (1994; R 1995) Copper Tube Handbook

HYDRONICS INSTITUTE DIVISION OF GAMA (HYI)

HYI-005 (2004) I=B=R Ratings for Boilers, 
Baseboard Radiation and Finned Tube 
(Commercial)

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MSS SP-69 (2003; Notice 2012) Pipe Hangers and 
Supports - Selection and Application (ANSI 
Approved American National Standard)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2011) Motors and Generators

1.2   GENERAL REQUIREMENTS

Submit Record of Existing Conditions consisting of the results of 
Contractor's survey of work area conditions and features of existing 
structures and facilities within and adjacent to the jobsite. Commencement 
of work constitutes Contractor's acceptance of the existing conditions.

Submit Record Drawings for boilers, humidifiers, equipment, and accessories 
providing current factual information including deviations and amendments 
to the drawings, and concealed and visible changes in the work.

Submit Connection Diagrams for boilers, humidifiers, equipment, and 
specialties indicating the relations and connections of devices and 
apparatus by showing the general physical layout of all controls, the 
interconnection of one system (or portion of system) with another, and 
internal tubing, wiring, and other devices. Connection diagrams shall show 
all devices with their A Number and tag number per the contract drawings.

Submit Coordination Drawings for boilers, humidifiers, equipment, and 
specialties showing coordination of work between different trades and with 
the structural and architectural elements of work. Detail all drawings 
sufficiently to show overall dimensions of related items, clearances, and 
relative locations of work in allotted spaces. Indicate on drawings where 
conflicts or clearance problems exist between various trades.

Submit a List of Product Installations for each piece of equipment of at 
least 5 units, similar to those proposed for use, that have been in 
successful service for a minimum period of 5 years. Include in the list 
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purchaser, address of installation, service organization, and date of 
installation.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Record of Existing Conditions; G

SD-02 Shop Drawings

Record Drawings; G
Detail Drawings; G
Connection Diagrams; G
Coordination Drawings; G
Record of Existing Conditions

SD-03 Product Data

List of Product Installations; G
Materials and Equipment; G
Spare Parts; G
Boiler Water Treatment; G
Boiler System Tests; G
Welding; G
Qualifications; G
Field Instructions; G
Warranty; G
Condensate Pumping Units; G
Boilers; G
Pipe, Tube and Fittings; G
Humidifiers
Flow Control Valves
Solenoid Valves
Block and Bleed Valves
Check Valves
Isolation and Drain Valves

SD-06 Test Reports

Boiler System Tests; G
Water Treatment Testing; G

SD-07 Certificates

Energy Star

SD-10 Operation and Maintenance Data

Operation and Maintenance Instructions; G Data package 4

1.4   QUALITY ASSURANCE

WELDING:  Submit a copy of qualified welding procedures and a list of names 
and identification symbols of qualified welders and welding operators, at 
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least 2 weeks prior to the start of welding operations.  Boilers and piping 
shall be welded and brazed in accordance with qualified procedures using 
performance-qualified welders and welding operators.  Procedures and 
welders shall be qualified in accordance with ASME BPVC SEC IX.  Welding 
procedures qualified by others, and welders and welding operators qualified 
by another employer may be accepted as permitted by ASME B31.1.  Notify the 
Contracting Officer 24 hours in advance of tests, and the tests shall be 
performed at the work site if practical.  The welder or welding operator 
shall apply the personally assigned symbol near each weld made as a 
permanent record.  Welding and nondestructive testing procedures for piping 
are specified in Section 40 05 13.96 WELDING PROCESS PIPING.

1.5   DELIVERY, STORAGE, AND HANDLING

Protect equipment delivered and placed in storage from the weather, 
humidity and temperature variations, dirt and dust, and other contaminants.

1.6   EXTRA MATERIALS

Submit spare parts data for each different item of material and equipment 
specified, after approval of the detail drawings and no later than 2 months 
prior to the date of beneficial occupancy.  Submit Detail Drawings 
consisting of equipment layout including installation details and 
electrical connection diagrams; combustion and safety control diagrams; 
ductwork layout showing the location of supports and hangers, typical 
hanger details, gauge reinforcement, reinforcement spacing rigidity 
classification, and static pressure and seal classifications; and piping 
layout showing the location of guides and anchors, the load imposed on each 
support or anchor (not required for radiant floor tubing), and typical 
support details.  Include on the drawings any information required to 
demonstrate that the system has been coordinated and will properly function 
as a unit and to show equipment relationship to other parts of the work, 
including clearances required for operation and maintenance.  Include in 
the data a complete list of parts and supplies, with current unit prices 
and source of supply, and a list of the parts recommended by the 
manufacturer to be replaced after 1 and 3 years of service.

1.7   Warranty

Boiler Warranty shall be no less than 18 months from shipment.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

2.1.1   Standard Products

Provide materials and equipment which are the standard products of a 
manufacturer regularly engaged in the manufacture of the products and that 
essentially duplicate items that have been in satisfactory use for at least 
5 years prior to bid opening.  Submit manufacturer's catalog data included 
with the detail drawings for the following:

a. Data showing model, size, options, etc., that are intended for
    consideration.  Data submitted shall be adequate to demonstrate
    compliance with contract requirements. Label catalog  data and 
detail drawings with equipment A numbers. Data shall include
    manufacturer's written installation instructions and manufacturer's
    recommendations for operation and maintenance clearances for the
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    following:

1)  Boilers
2)  Unit Heaters
3)  Pumps
4)  Fittings and Accessories
5)  Water Treatment System
6)  Hunidifier

2.1.2   Asbestos Prohibition

Asbestos and asbestos-containing products will not be allowed.

2.1.3   Nameplates

Secure a plate to each major component of equipment containing the 
manufacturer's name, address, type or style, model or serial number, and 
catalog number.  Also, display an ENERGY STAR label as applicable.  Each 
pressure vessel shall have an approved ASME stamp.

2.1.4   Equipment Guards

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and 
other rotating parts exposed to personnel contact shall be fully enclosed 
or guarded in accordance with OSHA requirements.  High temperature 
equipment and piping exposed to contact by personnel or where it creates a 
potential fire hazard shall be properly guarded or covered with insulation 
of a type specified. 

2.2   BOILERS

Each boiler shall have the output capacity in British thermal units per 
hour (Btuh) as indicated on the contract drawingswhen fired with the 
specified fuels.  The boiler shall be furnished complete with the  electric 
heating element, boiler fittings and trim, automatic controls, electrical 
wiring, insulation, piping connections, and protective jacket.  The boiler 
shall be completely assembled and tested at the manufacturer's plant.  
Boiler auxiliaries including fans, motors, drives, and similar equipment 
shall be provided with at least 10 percent excess capacity to allow for 
field variations in settings and to compensate for any unforeseen increases 
in pressure losses in appurtenant piping and ductwork.  However, the boiler 
safety devices shall not be sized for a 10 percent excess capacity.  The 
boiler and its accessories shall be designed and installed to permit ready 
accessibility for operation, maintenance, and service.  Boilers shall be 
designed, constructed, and equipped in accordance with ASME BPVC SEC IV.  
Each boiler shall be of the vertical electric type and designed for steam 
service as specified herein.  The boiler capacity shall be based on the 
ratings shown in HYI-005 or as certified by the American Boiler 
Manufacturers Association, or American Gas Association.

2.2.1   Verticle Electric

Boiler shall be self-contained, packaged type, Factory Assembled, wired and 
tested, complete with all accessories, mounted on a structural steel base.  

2.2.2   Steam Heating Boilers

The boiler shall be UL list and bear the underwriter's Laboratories' label. 
The vessel shall be insulated with 2-inch Fiber Blanket insulation having 
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1-1/2 PCF density. The boiler jacket shall be 18-gauge steel and finished 
in the manufacture's standard finish. The steam heating boiler shall be 
capable of operating at the specified maximum continuous capacity without 
damage or deterioration to the boiler, its setting, heating elements, or 
auxiliaries.  The rated capacity shall be the capacity at which the boiler 
will operate continuously while maintaining at least the specified minimum 
efficiency.  Design conditions shall be as follows:

a.  Boiler design pressure 30 psig.

b.  Operating pressure at boiler outlet 15 psig.

c.  Steam temperature 250 degrees F.

d.  Feedwater temperature 70 degrees F.

e.  Outdoor ambient air temperature 96 degrees F (max), 30.2 
    degrees F (min).

f.  Site elevation 10 feet.

g.  Rated capacity in accordancewith the contract drawings.

2.3   COMBUSTION CONTROL EQUIPMENT

2.3.1   Electrical Controls

Electrical control devices shall be rated at 120 volts, and control power 
shall be derived from an integral control power transformer.

2.3.2   Steam Pressure Controller

Boiler shall have 2 stages of control with on-off pressure controls. As the 
system steam pressure varies, the pressure control system shall proportion 
the input power to the boiler demand, by increasing (or decreasing) the 
number of heating element groups (steps) in use. Control system shall have 
adjustable pressure ranges with fixed differentials. The control system 
shall include solid state electronic sequencers with an adjustable time 
delay between steps varying from 5 seconds up to 10 minutes to allow the 
boiler to be tuned to the system it regulates in order to optimize boiler 
responsiveness and system operation. The controller shall have rapid 
recycling after power interruption. When power is restored, the boiler 
shall start with all elements off. To prevent current surges, the step 
control shall ensure element groups are switched on one at a time.

2.3.3   Safety Controls and Equipment

Safety controls and equipment shall consist of the following:

a. Main lugs for supply circuits.

b. Supplemental internal branch circuit fuses, current limiting, rated 
at 200,000 amps interrupting capacity.

c. Fused 120 V control circuit transformer. 

d. Magnetic contactors rated at 500,000 cycles.
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e. High pressure limit.

f. Low water cutoff shall be float-type with gauge glass.

g. Pressure gauge.

h. Control power switch.

i. Pilot lights for power on, low water, high temperature or pressure.

j. Relief valve.

k. Bottom and water column blowdown valves.

l. Feedwater stop and check valves.

2.3.3.1   Water Level Controller/Low Water Cutoff

An automatic resetting, float type, combination low water cutoff and water 
level controller shall be installed on each electric steam boiler. If the 
vessel water level drops, the controller shall close a switch, which shall 
be used to operate a feed pump. If the water level drops below the cutoff 
level, the heating elements shall be de-energized by the controller until 
the water level returns to operating level.

2.3.4   High Pressure Cutoff

Boilers shall be supplied with one automatic-resetting and one 
manual-resetting high pressure cutoff. These shall be set at 10% and 5% 
below the safety valve set pressure respectively. 

2.3.5   Heating Elements

The heating elements shall be individually mounted, rod type, and field 
replaceable with standard tools. The heating watt density shall not exceed 
75 W/sq-in. C. The heating elements shall be Incoloy sheathed.

2.4   PUMPS

2.4.1   Boiler Feedwater Pumps

The boiler shall be equipped with a duplex (for redundancy) feedwater pump 
appropriately sized by the boiler manufacturer and on a common base with 
the boiler. The pump shall be factory wired and plumbed.

2.4.2   Condensate Pumping Units

The condensate pumping unit shall include duplex pumps of the centrifugal 
type with two-piece enclosed brass impeller, cast iron housing and 
stainless steel motor shaft. The float switch shall be two-pole with 
plastic case, stainless steel float and shafting, and double-break silver 
contacts. A flat perforated brass strainer shall be provided in the inlet 
of the pump from the tank. Condensate pumping units shall be equipped with 
discharge pressure gages and components rated for condensate up to 250 deg. 
F. The receiver shall be cast iron, be automatic venting, and have a 
threaded overflow port. Discharge pressure, flow rate, and power shall be 
in accordance with the contract drawings.
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2.5   COLD WATER CONNECTIONS

Connections shall be provided which includes consecutively in line an 
isolation valve, strainer, rdual solenoid valves, check valve, and 
isolation valve in that order in the direction of the flow.  The reduced 
pressure principle backflow preventers shall be provided as indicated and 
in compliance with Section 23 05 15  COMMON PIPING FOR ECS.  Cold water 
fill connections shall be made to the water supply system as indicated.  
Necessary pipe, fittings, and valves required for water connections between 
the boiler and cold water main shall be provided as shown.  

2.6   FITTINGS AND ACCESSORIES

Boiler fittings and accessories shall be installed with each boiler in 
accordance with ASME BPVC SEC IV, unless otherwise specified.

2.6.1   Condensate Receiver

Boiler shall include a condensate receiver mounted on a common base with 
the boiler. Condensate receiver shall be factory piped and enclosed in the 
boiler casing.

2.6.2   Strainers

Strainers shall be threaded bronze wye type strainers with bronze cap, 
plug, bushing, and graphite gasket. Screen shall be 304 stainless steel. 
The working steam pressure shall not be less than 250 psig. Screen mesh 
shall be in accordance with the contract drawings.

2.6.3   Gaskets

Gaskets shall be nonasbestos material in accordance with ASME B16.20, full 
face or self-centering type. The gaskets shall be of the spiral wound type 
with graphite filler material.

2.6.4   Pipe, Tube and Fittings

2.6.4.1   Steel Pipe and Fittings

ASME B31.1 for a steam working pressure of 15 psig or less, a condensate 
pressure of 20 psig, and a temperature of 250 degrees F.

Steam and condensate piping shall be black carbon steel piping in 
accordance with Section 23 05 15. 

Steam and condensate fittings shall be malleable iron, threaded fittings in 
accordance with ASME B16.3 Class 150.

Steam and condensate unions shall be malleable iron, threaded unions in 
accordance with ASME B16.39 Class 150.

Grooved mechanical joints are not allowed..

2.6.4.2   Copper Tubing and Fittings

Copper tubing for gages and instrumentation shall be ASTM B88/B88M, Type K.

Copper fittings shall be ASME B16.18, cast copper alloy or ASME B16.22, 
wrought copper, solder joint type. Flared or compression joint type 
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fittings for tube sizes not exceeding 2 inches outside diameter (O.D.) may 
be provided as permitted in ASME B31.1.

Unions for Copper Tubing shall be CID A-A-59617, solder joint end type.

2.6.5   Valves

2.6.5.1   Isolation and Drain Valves

Isolation and drain valves shall be bronze gate valves with a threaded IPS 
bonnet and non-rising stem. Body, bonnet and disc shall be ASTM B-584 
bronze and pressure rated to 125 psi WSP minimum. Stem and gland shall be 
brass. Gland packing shall be Teflon.

2.6.5.2   Check Valves

Check valves shall be bronze swing check type with a threaded cap and 
threaded ends. Valves shall comply with MSS SP-80. Check valves shall be 
Class 125. Body, cap and disc shall be ASTM B62 bronze. Carrier shall be 
ASTM B124 C37700 brass with a Type 304 stainless steel carrier pin.

2.6.5.3   Block and Bleed Valves

Block and bleed valves shall consist of a needle valve with integral PEEK 
seats and bleed plug to facilitate safe removal of gages and other 
instrumentation with a system under pressure. Valve, bonnet, and bleed plug 
shall be ASTM A108 carbon steel. Stem shall be ASTM A581 303 stainless 
steel. Packing shall be Teflon or Buna N.

2.6.5.4   Solenoid Valves

Solenoid valves shall be brass body pilot operated diaphragm and piston 
valves. Solenoid valves shall have stainless steel pistons with PTFE discs 
and seals and copper coils. 

2.6.5.5   Flow Control Valves

Flow control valves shall be ASTM A216 Type WCB carbon steel body ball 
valves with 316 stainless steel ball and stem, Flow control valves shall be 
constructed in accordance with ASME B16.10 and ASME B16.34 with flanges 
which conform to ASME B16.5. Valves shall be marked in accordance with MSS 
SP-25. Valve shall be ASME B31.1 compliant.

Actuator shall have a visual position indicator to allow visual 
confirmation of the valve position without removing the cover. Thermal 
overload protection shall protect the actuator motor. 

Additional material and actuator requirements shall be in accordance with 
the contract drawings.

2.6.6   Pressure Gages

Provide pressure gages with 0.5% accuracy in accordance with ASME B40.1 
Grade 2A. Pressure gages shall have a 4.5 inch dial with 316 stainless 
steel Bourdon tube, a solid front safety case with glass window. Range 
shall be as specified in the equipment schedules on the contract drawings. 
Pressure gages shall be mounted directly to piping with a block and bleed 
valve and pressure snubber.
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2.6.7   Traps

Steam traps shall be of the mechanical ball float and thermostatic type 
having cast iron bodies, NPT connections, and all stainless steel 
internals. Incorporated into the trap body shall be a stainless steel 
balanced pressure thermostatic air vent capable of withstanding up to 
450?F(25?C) and resisting waterhammer without sustaining damage. Internals 
of the trap shall be completely servicable without disturbing the piping.

2.7   ELECTRICAL EQUIPMENT

Electric motor-driven equipment shall be provided complete with motors, 
motor starters, and necessary control devices.  Electrical equipment, motor 
control devices, motor efficiencies and wiring shall be as specified in the 
electrical design documents.  Motors which are not an integral part of a 
packaged boiler and which are integral in size shall be the premium 
efficiency type in accordance with NEMA MG 1.  Motors which are an integral 
part of the packaged boiler shall be the highest efficiency available by 
the manufacturer of the packaged boiler.  Motor starters shall be provided 
complete with properly sized thermal overload protections and other 
appurtenances necessary for the motor control specified.  Starters shall be 
furnished in electrical enclosures. Electrical enclosures shall be steel of 
not less than 14 gauge with welded seams.  Access cover plates shall be 
hinged with EM gaskets.  Design shall include thick cover plates, folded 
enclosures edges, and bolt spacer to prevent uneven gasket compression and 
enclosure deformation.  Gasket shall be easy to replace.  Gasket contact 
areas shall be tin-plated. Manual or automatic control and protective or 
signal devices required for the operation specified and any control wiring 
required for controls and devices but not shown shall be provided.

2.7.1   Motor Ratings

Motors shall be suitable for the voltage and frequency provided.  Motors 
1/2 hp and larger shall be three-phase, unless otherwise indicated.  Motors 
shall be of sufficient capacity to drive the equipment at the specified 
capacity without exceeding the nameplate rating on the motor.

2.7.2   Motor Controls

Motor controllers shall be provided complete with properly sized thermal 
overload protection.  Manual or automatic control and protective or signal 
devices required for the operation specified and any wiring required to 
such devices shall be provided.  

2.8   Humidifiers

Humidifiers shall be panel type with dispersion tubes and headers installed 
in a galvanized steel casing. Humidifier shall vaporize 
dispersion-generated condensate and return pressurized condensate to the 
condensate receiver without additional pumps, valves, vents, or controls. 
Humidifier shall produce zero water waste. Humidifiers shall have insulated 
dispersion tubes for low heat gain.

Humdifier panels shall ship be preassembled by the manufacturer with 
connections for ducting, steam and condensate readily accessible. 
Dispersion tubes shall be spring loaded in the frame.

Header shall be located inside the enclosure and insulated. Dispersion 
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tubes shall be insulated negating the need for steam jacketing. Dispersion 
tube insulation shall be PVDF with flame spread index of 0 and smoke 
developed index of 0 when tested according to ASTM E84. Insulation shall be 
rated for 300 deg. F. Insulation shall be closed cell to avoid water 
absorption and shall be applied such that it does not impact airside 
pressure drop or shift on the tubes. Insulation shall show no particle 
erosion when tested to ASTM C1071.

2.9   INSULATION

Shop and field-applied insulation shall be as specified in Section 23 07 00 
THERMAL INSULATION FOR MECHANICAL SYSTEMS.

2.10   TOOLS

Special tools shall be furnished.  Special tools shall include uncommon 
tools necessary for the operation and maintenance of boilers, burners, 
pumps, fans, controls, meters, special piping systems, and other 
equipment.  Small hand tools shall be furnished within a suitable cabinet, 
mounted where directed.

2.10.1   Wrenches

Wrenches shall be provided as required for specialty fittings such as 
manholes, handholes, and cleanouts.  One set of extra gaskets shall be 
provided for all manholes and handholes, for pump barrels, and other 
similar items of equipment.  Gaskets shall be packaged and properly 
identified.

2.11   BOILER WATER TREATMENT

Boiler water treatment systems shall be provided as a part of the boiler 
package. Contractor shall provide water analysis as prescribed in ASTM D596 
as required by the boiler manufacturer for the selection of boiler 
feedwater treatment equipment. The boiler water treatment system components 
shall meet the specifications below. In the event one of the following 
devices is not required by the boiler manufacturer to maintain boiler 
feedwater properties a letter from the boiler manufacturer shall be 
submitted with the change in requirement. Additionally, if additional 
equipment not specified below is required the contractor shall submit 
catalog data, dimensional data, and a letter from the boiler manufacturer 
detailing the need for the additional equipment for approval by the 
Government.

Contractor shall provide a 90-gallon minimum spill containment system with 
ramp for any boiler chemical tanks..

2.11.1   Boiler Feedwater System

Pumps shall be equipped with mechanical seals as standard.  Pumps shall be 
304 SS fitted construction with a cast iron base and pump head.  Pump 
motors shall be TEFC. A coupling guard shall be provided. The boiler load 
column for pump selections shall be calculated for a single pump.

All units shall be factory assembled and include pump and receiver 
combinations suitable for feedwater temperatures up to 210 deg F. Unit 
shall be a duplex unit for single boiler operation with standby. 

Units shall include a Nema 1 control panel including a Hand-Off-Auto switch 
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and manual transfer switch.  Additionally, magnetic starters, external 
resets, 120V holding coils, and starter overload heaters shall be provided 
with the control panel. All control panels shall be UL listed and labeled 
as standard. All wiring between control panel, pumps and electrical devices 
provided shall be factory completed. 

Receiver tanks shall be horizontal welded, factory painted, steel receiver 
with flat heads, mounted on structural steel stand, with the following trim:

1. Float Switch and Solenoid Operated make-up water valve.
2. Gauge Glass set with shut-off valves.
3. Tapings for sample and chemical feed.
4. Thermometer.
5. Piping between tank and pump including gate valve, y-type strainer and 
flexible coupling.

Unit shall be shipped as a complete, base mounted unit. All system 
components shall be factory painted with the manufacturer's standard 
coating or coated in accordance with SECTION 09 97 30.30 98

2.11.2   Water Softener

Water softener shall be ion exchange type packaged for use with the boiler. 
Water softener shall be a twin alternating tank design. Pressure vessels 
shall be fiberglass reinforced plastic (FRP). Pressure gauges and test 
cocks shall be provided for each tank. Water softener system shall have a 
pressure rating of 150 psi. Water softener system shall meter regeneration 
based on flow volume and inputted water hardness, with one tank in service 
and the other in standby or regeneration. There shall be no hardwater 
bypass during regeneration.

2.11.3   Blowdown Separator

Blowdown separator shall be built to ASME code and stamped for 250 psig 
MAWP. Tank shall be carbon steel with a stainless steel plate. Plate and 
volume shall be selected by the boiler manufacturer to work with the 
selected boiler system. Blowdown separator shall include an automatic drain 
aftercooler.

2.11.4   Feedwater Filtration

Boiler feedwater shall pass through a sediment filter and carbon filter. 
Media tanks shall be carbon steel with NSF 61 epoxy lining. The exterior 
piping shall be galvanized steel with cast-iron fittings and control 
valves. Electrical enclosures shall be NEMA 4X. Tanks shall be ASME code 
stamped. Filtration tanks, pumps, valves, piping, and controls shall be 
pre-piped, pre-wired and mounted on a common skid.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with details of the work, verify dimensions in the 
field, and advise the Contracting Officer of any discrepancy before 
performing any work or ordering any materials.

3.2   ERECTION OF BOILER AND AUXILIARY EQUIPMENT

Boiler and auxiliary equipment shall be installed in accordance with 
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manufacturer's written instructions.  Proper provision shall be made for 
expansion and contraction between boiler foundation and floor.  This joint 
shall be packed with suitable nonasbestos rope and filled with suitable 
compound that will not become soft at a temperature of 100 degrees F.  
Boilers and firing equipment shall be supported from the foundations by 
structural steel completely independent of all brickwork. Boiler supports 
shall permit free expansion and contraction of each portion of the boiler 
without placing undue stress on any part of the boiler or setting. 

3.3   PIPING INSTALLATION

Unless otherwise specified, nonboiler external pipe and fittings shall 
conform to the requirements of ASME B31.1.  Pipe installed shall be cut 
accurately to suit field conditions, shall be installed without springing 
or forcing, and shall properly clear windows, doors, and other openings. 
Cutting or other weakening of the building structure to facilitate piping 
installation will not be permitted.  Pipes shall be free of burrs, oil, 
grease and other foreign material and shall be installed to permit free 
expansion and contraction without damaging the building structure, pipe, 
pipe joints, or pipe supports.  Changes in direction shall be made with 
fittings, except that bending of pipe 4 inches and smaller will be 
permitted provided a pipe bender is used and wide sweep bends are formed.  
The centerline radius of bends shall not be less than 6 diameters of the 
pipe.  Bent pipe showing kinks, wrinkles, flattening, or other 
malformations will not be accepted.  Unless otherwise indicated, horizontal 
supply mains shall pitch down in the direction of flow with a grade of not 
less than 1 inch in 40 feet.  Open ends of pipelines and equipment shall be 
properly capped or plugged during installation to keep dirt or other 
foreign materials out of the systems.  Pipe not otherwise specified shall 
be uncoated.  Unless otherwise specified or shown, final connections to 
equipment shall be made with malleable-iron unions for steel pipe 2-1/2 
inches or less in diameter and with flanges for pipe 3 inches or more in 
diameter.  Unions for tubing shall be brass or bronze.  Reducing fittings 
shall be used for changes in pipe sizes.  In horizontal hot water lines, 
reducing fittings shall be eccentric type to maintain the top of the lines 
at the same level to prevent air binding.

3.3.1   Joints

Joints between sections of steel pipe and between steel pipe and fittings 
shall be threaded, flanged or welded as indicated or specified. Except as 
otherwise specified, fittings 1 inch and smaller shall be threaded; fittings
 1-1/4 inches and up to but not including 3 inches shall be either 
threaded, or welded; and fittings 3 inches and larger shall be either 
flanged, or welded.  Joints between sections of copper tubing shall be 
flared, soldered, or brazed.

3.3.1.1   Threaded Joints

Threaded joints shall be made with tapered threads properly cut and shall 
be made perfectly tight with a stiff mixture of graphite and oil or with 
polytetrafluoroethylene tape applied to the male threads only and in no 
case to the fittings.

3.3.1.2   Welded Joints

Welded joints shall be in accordance with paragraph GENERAL REQUIREMENTS 
unless otherwise specified.  Changes in direction of piping shall be made 
with welding fittings only; mitering or notching pipe to form elbows and 
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tees or other similar type construction will not be permitted.  Branch 
connections may be made with either welding tees or forged branch outlet 
fittings, either being acceptable without size limitation.  Branch outlet 
fittings, where used, shall be forged, flared for improved flow 
characteristics where attached to the run, reinforced against external 
strains, and designed to withstand full pipe bursting strength.  Socket 
weld joints shall be assembled so that the space between the end of the 
pipe and the bottom of the socket is no less than 1/16 inch and no more than
1/8 inch.

3.3.1.3   Grooved Mechanical Joints

Grooved mechanical joints will not be used.

3.3.1.4   Flared and Brazed Copper Tubing

Tubing shall be cut square, and burrs shall be removed.  Both inside of 
fittings and outside of tubing shall be cleaned thoroughly with sand cloth 
or steel wire brush before brazing.  Annealing of fittings and hard-drawn 
tubing shall not occur when making connections.  Installation shall be made 
in accordance with the manufacturer's recommendations.  Mitering of joints 
for elbows and notching of straight runs of pipe for tees will not be 
permitted.  Brazed joints shall be made in conformance with AWS B2.2/B2.2M 
and CDA A4015 with flux.  Copper-to-copper joints shall include the use of 
copper-phosphorous or copper-phosphorous-silver brazing metal without 
flux.  Brazing of dissimilar metals (copper to bronze or brass) shall 
include the use of flux with either a copper-phosphorous, 
copper-phosphorous-silver or a silver brazing filler metal.  Joints for 
flared fittings shall be of the compression pattern.  Swing joints or 
offsets shall be provided in all branch connections, mains, and risers to 
provide for expansion and contraction forces without undue stress to the 
fittings or to short lengths of pipe or tubing.  Flared or brazed copper 
tubing to pipe adapters shall be provided where necessary for joining 
threaded pipe to copper tubing.

3.3.1.5   Soldered Joints

Soldered joints shall be made with flux and are only acceptable for lines 2 
inches and smaller.  Soldered joints shall conform to ASME B31.5 and 
CDA A4015.

3.3.1.6   Copper Tube Extracted Joint

An extruded mechanical tee joint may be made in copper tube.  Joint shall 
be produced with an appropriate tool by drilling a pilot hole and drawing 
out the tube surface to form a collar having a minimum height of three 
times the thickness of the tube wall.  To prevent the branch tube from 
being inserted beyond the depth of the extracted joint, dimpled depth stops 
shall be provided.  The branch tube shall be notched for proper penetration 
into fitting to assure a free flow joint.  Extracted joints shall be brazed 
using a copper phosphorous classification brazing filler metal.  Soldered 
joints will not be permitted.

3.3.2   Flanges and Unions

Flanges shall be faced true, provided with 1/16 inch thick gaskets, and 
made square and tight.  Where steel flanges mate with cast-iron flanged 
fittings, valves, or equipment, they shall be provided with flat faces and 
full face gaskets.  Union or flange joints shall be provided in each line 

SECTION 23 52 00  Page 370



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

immediately preceding the connection to each piece of equipment or material 
requiring maintenance such as coils, pumps, control valves, and other 
similar items.  Dielectric pipe unions shall be provided between ferrous 
and nonferrous piping to prevent galvanic corrosion.  The dielectric unions 
shall have metal connections on both ends.  The ends shall be threaded, 
flanged, or brazed to match adjacent piping.  The metal parts of the union 
shall be separated so that the electrical current is below 1 percent of the 
galvanic current which would exist upon metal-to-metal contact.  Gaskets, 
flanges, and unions shall be installed in accordance with manufacturer's 
recommendations.

3.3.3   Branch Connections

3.3.3.1   Branch Connections for Steam Systems

Branches shall be taken from the supply mains at an angle of 45 degrees 
above the horizontal, unless otherwise indicated.  The branches from return 
mains shall be taken from the top or sides, unless indicated otherwise. 
Branches shall pitch up from the mains toward the undripped risers or 
radiator connections with a grade of not less than 1 inch in 10 feet.  
Connections to ensure unrestricted circulation, eliminate air pockets, and 
permit the complete drainage of the system.

3.3.4   Steam Connections to Equipment

Steam supply and return connections shall be provided as shown.  
Connections shall be made with malleable-iron unions or with steel flanges, 
to match equipment.  Valves and traps shall be installed in accordance with 
the manufacturer's recommendations.  The size of the supply and return 
pipes to each piece of equipment shall not be smaller than the outlets on 
the equipment.

3.3.5   Supports

Hangers used to support piping 2 inches and larger shall be fabricated to 
permit adequate adjustment after erection while still supporting the load.  
Pipe guides and anchors shall be installed to keep pipes in accurate 
alignment, to direct the expansion movement, and to prevent buckling, 
swaying, and undue strain.  Piping subjected to vertical movement when 
operating temperatures exceed ambient temperatures shall be supported by 
variable spring hangers and supports or by constant support hangers.  
Threaded rods which are used for support shall not be formed or bent.  
Supports shall not be attached to the underside of concrete filled floors 
or concrete roof decks unless approved by the Contracting Officer. 

3.3.5.1   Seismic Requirements for Supports and Structural Bracing

Piping and attached valves shall be supported and braced to resist seismic 
loads.   Structural steel required for reinforcement to properly support 
piping, headers, and equipment, but not shown, shall be provided in this 
section.  Material used for supports shall be ASTM A36/A36M Structural 
Carbon Steel.

3.3.5.2   Pipe Hangers, Inserts, and Supports

Pipe hangers, inserts, and supports shall conform to MSS SP-58 and MSS SP-69, 
except as modified herein.

a.  Types 5, 12, and 26 shall not be used.
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b.  Type 3 shall not be used on insulated pipe which has a vapor barrier.  
Type 3 may be used on insulated pipe that does not have a vapor barrier 
if clamped directly to the pipe, if the clamp bottom does not extend 
through the insulation, and if the top clamp attachment does not 
contact the insulation during pipe movement.

c.  Type 18 inserts shall be secured to concrete forms before concrete is 
placed.  Continuous inserts which allow more adjustment may be used if 
they otherwise meet the requirements for Type 18 inserts.

d.  Type 19 and 23 C-clamps shall be torqued in accordance with MSS SP-69 
and have both locknuts and retaining devices furnished by the 
manufacturer.  Field fabricated C-clamp bodies or retaining devices are 
not acceptable.

e.  Type 20 attachments used on angles and channels shall be furnished with 
an added malleable-iron heel plate or adapter.

f.  Type 24 may be used only on trapeze hanger systems or on fabricated 
frames.

g.  Horizontal pipe supports shall be spaced as specified in MSS SP-69 and 
a support shall be installed not over 1 foot from the pipe fitting 
joint at each change in direction of the piping.  Pipe supports shall 
be spaced not over 5 feet apart at valves.

h.  Vertical pipe shall be supported at each floor, except at 
slab-on-grade, and at intervals of not more than 15 feet, not more than 
8 feet from end of risers, and at vent terminations.

i.  Type 35 guides using steel, reinforced polytetrafluoroethylene (PTFE) 
or graphite slides shall be provided where required to allow 
longitudinal pipe movement.  Lateral restraints shall be provided as 
required.  Slide materials shall be suitable for the system operating 
temperatures, atmospheric conditions, and bearing loads encountered.

(1) Where steel slides do not require provisions for restraint of 
lateral movement, an alternate guide method may be used.  On piping
4 inches and larger, a Type 39 saddle may be welded to the pipe 
and freely rested on a steel plate.  On piping under 4 inches, a 
Type 40 protection shield may be attached to the pipe or 
insulation and freely rested on a steel slide plate.

(2) Where there are high system temperatures and welding to piping is 
not desirable, the Type 35 guide shall include a pipe cradle 
welded to the guide structure and strapped securely to the pipe.  
The pipe shall be separated from the slide material by at least 4 
inches or by an amount adequate for the insulation, whichever is 
greater.

j.  Except for Type 3, pipe hangers on horizontal insulated pipe shall be 
the size of the outside diameter of the insulation.

l.  ktructural steel attachments and brackets required to support piping, 
headers, and equipment, but not shown, shall be provided under this 
section.  Pipe hanger loads suspended from steel joist between panel 
points shall not exceed 50 pounds.  Loads exceeding 50 pounds shall be 
suspended from panel points.
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3.3.5.3   Multiple Pipe Runs

In the support of multiple pipe runs on a common base member, a clip or 
clamp shall be used where each pipe crosses the base support member. 
Spacing of the base support member shall not exceed the hanger and support 
spacing required for any individual pipe in the multiple pipe run.  The 
clips or clamps shall be rigidly attached to the common base member.  A 
clearance of 1/8 inch shall be provided between the pipe insulation and the 
clip or clamp for piping which may be subjected to thermal expansion.

3.3.6   Anchors

Anchors shall be provided where necessary to localize expansion or to 
prevent undue strain on piping.  Anchors shall consist of heavy steel 
collars with lugs and bolts for clamping and attaching anchor braces, 
unless otherwise indicated.  Anchor braces shall be installed in the most 
effective manner to secure the desired results, using turnbuckles where 
required.  Supports, anchors, or stays shall not be attached where they 
will injure the structure or adjacent construction during installation or 
by the weight of expansion of the pipeline.

3.3.7   Valves

Valves shall be installed where indicated, specified, and required for 
functioning and servicing of the systems.  Valves shall be safely 
accessible.  Swing check valves shall be installed upright in horizontal 
lines and in vertical lines only when flow is in the upward direction.  
Gate and globe valves shall be installed with stems horizontal or above. 
Valves to be brazed shall be disassembled prior to brazing and all packing 
removed.  After brazing, the valves shall be allowed to cool before 
reassembling.

3.3.8   Drains

A drain connection with a 1 inch gate valve or 3/4 inch hose bib shall be 
installed at the lowest point in the return main near the boiler.  In 
addition, threaded drain connections with threaded cap or plug shall be 
installed on the heat exchanger coil on each unit heater or unit ventilator 
and wherever required for thorough draining of the system.

3.3.9   Strainer Blow-Down Piping

Strainer blow-down connections shall be fitted with a black steel blow-down 
pipeline routed to an accessible location and provided with a blow-down 
valve.

3.4   COLOR CODE MARKING AND FIELD PAINTING

Color code marking of piping shall be as specified in Section23 03 00.00 20 
Coating of non-factory coated metals shall be in accordance with  
09 97 30.30 98 PROTECTIVE COATING OF CARBON STEEL, STAINLESS STEEL AND 
ALUMINUM ON STRUCTURES AND FACILITIES. 

3.5   MANUFACTURER'S SERVICES

Provide the services of a manufacturer's representative who is experienced 
in the installation, adjustment, and operation of the equipment specified 
to supervise the installing, adjusting, and testing of the equipment.
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3.6   TEST OF BACKFLOW PREVENTION ASSEMBLIES

Backflow prevention assemblies shall be tested in accordance with Section 
23 05 15 COMMON PIPING FOR HVAC.

3.7   Boiler SYSTEM TESTS

Submit the Qualifications of the firms in charge of installation and 
testing as specified.  Submit a statement from the firms proposed to 
prepare submittals and perform installation and testing, demonstrating 
successful completion of similar services of at least five projects of 
similar size or scope, at least 2 weeks prior to the submittal of any other 
item required by this section.  Before any covering is installed on pipe or 
heating equipment, the entire heating system's piping, fittings, and 
terminal heating units shall be hydrostatically tested and proved tight at 
a pressure of 1.5 times the design working pressure, but not less than 100 
psi.  Submit proposed test procedures for the heating system tests and fuel 
system tests, at least 2 weeks prior to the start of related testing.

a.  Before pressurizing system for test, items or equipment (e.g., vessels, 
pumps, instruments, controls, relief valves) rated for pressures below 
the test pressure shall be blanked off or replaced with spool pieces.

b.  Before balancing and final operating test, test blanks and spool pieces 
shall be removed; and protected instruments and equipment shall be 
reconnected.  With equipment items protected, the system shall be 
pressurized to test pressure.  Pressure shall be held for a period of 
time sufficient to inspect all welds, joints, and connections for 
leaks, but not less than 2 hours.  No loss of pressure will be 
allowed.  Leaks shall be repaired and repaired joints shall be retested.

c.  Repair joints shall not be allowed under the floor for floor radiant 
heating systems.  If a leak occurs in tubing located under the floor in 
radiant heating systems, the entire zone that is leaking shall be 
replaced.  If any repair is made above the floor for floor radiant 
heating systems, access shall be provided for the installed joint.  
Caulking of joints shall not be permitted.

d.  System shall be drained and after instruments and equipment are 
reconnected, the system shall be refilled with service medium and 
maximum operating pressure applied.  The pressure shall be held while 
inspecting these joints and connections for leaks.  The leaks shall be 
repaired and the repaired joints retested.

Upon completion of hydrostatic tests and before acceptance of the 
installation, submit test reports for the heating system tests.  Upon 
completion of testing complete with results, balance the heating system in 
accordance with Section 23 05 93 TESTING, ADJUSTING, AND BALANCING OF HVAC 
SYSTEMS and operating tests required to demonstrate satisfactory functional 
and operational efficiency.  The operating test shall cover a period of at 
least 24 hours for each system, and shall include, as a minimum, the 
following specific information in a report, together with conclusions as to 
the adequacy of the system:

a.  Certification of balancing.

b.  Time, date, and duration of test.
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c.  Outside and inside dry bulb temperatures.

d.  Steam pressure.

e.  Temperature of condensate feed to boiler inlet.

f.  Quantity of water feed to boiler.

g.  Boiler make, type, serial number, design pressure, and rated capacity.

h.  Fuel burner make, model, and rated capacity; ammeter and voltmeter 
readings for burner motor.

i.  Condensate pump make, model, and rated capacity, and ammeter and 
voltmeter readings for each pump motor during operation.

Indicating instruments shall be read at half-hour intervals unless 
otherwise directed.  Furnish all instruments, equipment, and personnel 
required for the tests and balancing.  Obtain necessary water and 
electricity as specified in the SPECIAL CONTRACT REQUIREMENTS.  Operating 
tests shall demonstrate that safety controls meet the requirements of 
ASME CSD-1. 

3.7.1   Water Treatment Testing

The boiler water shall be analyzed prior to the acceptance of the facility 
by the contractor.  Submit a water quality test report identifying the 
chemical composition of the boiler water.  The report shall include a 
comparison of the condition of the boiler water with the manufacturer's 
recommended conditions.  Any required corrective action shall be documented 
within the report. 

3.8   CLEANING

3.8.1   Boilers and Piping

After the hydrostatic tests have been made and before the system is 
balanced and operating tests are performed, the boilers and piping shall be 
thoroughly cleaned by filling the system with a solution consisting of 
either 1 pound of caustic soda or 1 pound of trisodium phosphate per 50 
gallons of water.  The proper safety precautions shall be observed in the 
handling and use of these chemicals. The water shall be heated to 
approximately 150 degrees F and the solution circulated in the system for a 
period of 48 hours.  The system shall then be drained and thoroughly 
flushed out with fresh water. Strainers and valves shall be thoroughly 
cleaned.  Prior to operating tests, air shall be removed from all water 
systems by operating the air vents.

3.9   FIELD TRAINING

Conduct a training course for the operating staff as designated by the 
Contracting Officer.  The training period shall consist of a total of 8 
hours of normal working time and shall start after the system is 
functionally completed but prior to final acceptance tests.

a.  The field instructions shall cover all of the items contained in the 
approved operation and maintenance manuals, as well as demonstrations 
of routine maintenance operations and boiler safety devices.
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b.  Submit system layout diagrams that show the layout of equipment, 
piping, and ductwork and typed condensed operation manuals explaining 
preventative maintenance procedures, methods of checking the system for 
normal, safe operation, and procedures for safely starting and stopping 
the system, framed under glass or laminated plastic, at least 2 weeks 
prior to the start of related testing.  After approval, these items 
shall be posted where directed.

c.  Submit six complete operation and maintenance instructions listing 
step-by-step procedures required for system startup, operation, 
shutdown, and routine maintenance, at least 2 weeks prior to field 
training.  The manuals shall include the manufacturer's name, model 
number, parts list, simplified wiring and control diagrams, 
troubleshooting guide, and recommended service organization (including 
address and telephone number) for each item of equipment.  Each service 
organization shall be capable of providing 4 hour onsite response to a 
service call on an emergency basis.

d.  Notify the Contracting Officer at least 14 days prior to date of 
proposed conduction of the training course.

        -- End of Section --
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SECTION 23 64 10

WATER CHILLERS, VAPOR COMPRESSION TYPE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 550/590 I-P (2011) Performance Rating Of 
Water-Chilling and Heat Pump Water-Heating 
Packages Using the Vapor Compression Cycle

AHRI 575 (2008) Method of Measuring Machinery Sound 
Within an Equipment Space

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ANSI/ASHRAE 15 & 34 (2010; Addenda a, b, c, d, e, f, g, h, I, 
j, k, l, n and o; Errata 2011) ANSI/ASHRAE 
Standard 15-Safety Standard for 
Refrigeration Systems and ANSI/ASHRAE 
Standard 34-Designation and Safety 
Classification of Refrigerants

AMERICAN WELDING SOCIETY (AWS)

AWS Z49.1 (2012) Safety in Welding and Cutting and 
Allied Processes

ASME INTERNATIONAL (ASME)

ASME BPVC SEC VIII D1 (2010) BPVC Section VIII-Rules for 
Construction of Pressure Vessels Division 1

ASTM INTERNATIONAL (ASTM)

ASTM A307 (2012) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM E84 (2012c) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM F104 (2011) Standard Classification System for 
Nonmetallic Gasket Materials
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 11 (1977; R 2007) Energy Management Guide for 
Selection and Use of Single Phase Motors

1.2   GENERAL REQUIREMENTS

Submit Material, Equipment, and Fixture Lists for ducts, equipment, and 
specialties including manufacturer's style or catalog numbers, 
specification and drawing A Numbers and tag numbers, warranty information, 
and fabrication site information. Provide a complete list of construction 
equipment to be used.

Submit Connection Diagrams for chillers, equipment, and specialties 
indicating the relations and connections of devices and apparatus by 
showing the general physical layout of all controls, the interconnection of 
one system (or portion of system) with another, and internal tubing, 
wiring, and other devices. Connection diagrams shall show all devices with 
their A Number and tag number per the contract drawings.

Submit Coordination Drawings for chillers, equipment, and specialties 
showing coordination of work between different trades and with the 
structural and architectural elements of work. Detail all drawings 
sufficiently to show overall dimensions of related items, clearances, and 
relative locations of work in allotted spaces. Indicate on drawings where 
conflicts or clearance problems exist between various trades.

Submit a List of Product Installations for each piece of equipment of at 
least 5 units, similar to those proposed for use, that have been in 
successful service for a minimum period of 5 years. Include in the list 
purchaser, address of installation, service organization, and date of 
installation.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

Material, Equipment, and Fixture List; G

SD-02 Shop Drawings

Connection Diagram; G
Coordination Drawings; G

SD-03 Product Data

Equipment and Performance Data; G

Water Chiller; G

Manufacturer's standard catalog data, at least highlighted to show 
material, size, options, performance charts and curves, etc. in 
adequate detail to demonstrate compliance with contract 
requirements.  Data shall include manufacturer's recommended 
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installation instructions and procedures.  Data shall be adequate 
to demonstrate compliance with contract requirements as specified 
within the paragraphs:

a.  Water Chiller

b.  Chiller Components

c.  Accessories

Verification of Dimensions; G

A letter including the date the site was visited, conformation of 
existing conditions, and any discrepancies found.

Factory Tests; G

Schedules which identify the date, time, and location for each 
test.  Schedules shall be submitted for both the Chiller 
Performance Test and the Chiller Sound Test.  The Chiller 
Performance Test schedule shall also allow the witnessing of the 
test by a Government Representative.

System Performance Tests; G

A schedule, at least 2 weeks prior to the start of related 
testing, for the system performance tests.  The schedules shall 
identify the proposed date, time, and location for each test.

Training; G

A schedule, at least 2 weeks prior to the date of the proposed 
training course, which identifies the date, time, and location for 
the training.

Water Chiller; G - field acceptance test plan
Starters; G
Motors; G
Vibration Isolators; G
Spare Parts; G
Tools; G
Refrigerant Leak Detection; G

SD-06 Test Reports

Field Acceptance Testing; G

Water Chiller - field acceptance test report; G

Factory Tests; G

Six copies of the report shall be provided in bound 8 1/2 by 11 
inch booklets.  Reports shall certify the compliance with 
performance requirements and follow the format of the required 
testing standard for both the Chiller Performance Tests and the 
Chiller Sound Tests.  Test report shall include certified 
calibration report of all test instrumentation.  Calibration 
report shall include certification that all test instrumentation 
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has been calibrated within 6 months prior to the test date, 
identification of all instrumentation, and certification that all 
instrumentation complies with requirements of the test standard.  
Test report shall be submitted 1 week after completion of the 
factory test.

System Performance Tests; G

Six copies of the report shall be provided in bound 8 1/2 by 11 
inch booklets.

SD-07 Certificates
List of Product Installations; G

Refrigeration System; G

Where the system, components, or equipment are specified to comply 
with requirements of AGA, NFPA, ARI, ASHRAE, ASME, or UL, 1 copy 
of proof of such compliance shall be provided.  The label or 
listing of the specified agency shall be acceptable evidence.  In 
lieu of the label or listing, a written certificate from an 
approved, nationally recognized testing organization equipped to 
perform such services, stating that the items have been tested and 
conform to the requirements and testing methods of the specified 
agency may be submitted.  When performance requirements of this 
project's drawings and specifications vary from standard ARI 
rating conditions, computer printouts, catalog, or other 
application data certified by ARI or a nationally recognized 
laboratory as described above shall be included. 

SD-08 Manufacturer's Instructions

Water Chiller - Installation Instruction; G

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals; G

Six complete copies of an operation manual in bound 8 1/2 by 11 
inch booklets listing step-by-step procedures required for system 
startup, operation, abnormal shutdown, emergency shutdown, and 
normal shutdown at least 4 weeks prior to the first training 
course.  The booklets shall include the manufacturer's name, model 
number, and parts list.  The manuals shall include the 
manufacturer's name, model number, service manual, and a brief 
description of all equipment and their basic operating features.  
Six complete copies of maintenance manual in bound 8 1/2 by 11 inch
 booklets listing routine maintenance procedures, possible 
breakdowns and repairs, and a trouble shooting guide.  The manuals 
shall include piping and equipment layouts and simplified wiring 
and control diagrams of the system as installed. Other information 
as required by Data Package 4 in SECTION 01 78 23 shall be 
included.

1.4   SAFETY REQUIREMENTS

Exposed moving parts, parts that produce high operating temperature, parts 
which may be electrically energized, and parts that may be a hazard to 
operating personnel shall be insulated, fully enclosed, guarded, or fitted 
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with other types of safety devices.  Safety devices shall be installed so 
that proper operation of equipment is not impaired.  Welding and cutting 
safety requirements shall be in accordance with AWS Z49.1.

1.5   DELIVERY, STORAGE, AND HANDLING

Stored items shall be protected from the weather, humidity and temperature 
variations, dirt and dust, or other contaminants.  Proper protection and 
care of all material both before and during installation shall be the 
Contractor's responsibility.  Any materials found to be damaged shall be 
replaced at the Contractor's expense.  During installation, piping and 
similar openings shall be capped to keep out dirt and other foreign matter.

1.6   PROJECT REQUIREMENTS

1.6.1   Verification of Dimensions

The Contractor shall become familiar with all details of the work, verify 
all dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

1.6.2   EQUIPMENT AND PERFORMANCE DATA

Submit equipment and performance data at design chilled water temperature 
for water chillers indicating the guaranteed KW per ton at 100-, 75-, 50-, 
25-, and 10- percent points of full compressor capacity at design condenser 
water temperature. Develop this information from data specified herein. In 
addition, submit performance data for KW/ton at 100, 75, 50 and 25 percent 
capacity utilizing ARI standard condenser water relief. 

Submit data for the lowest condenser water temperature the chiller can 
operate, at the specified chilled water supply temperature, as the load 
varies between 100-percent to 20-percent. Submit minimum and maximum 
chilled and condenser water flow rates at which the chiller can operate.

Submit proposed Functional Test Forms for approval which verify the 
equipment is properly installed, operationally functional and ready for 
Performance Testing. Refer to Section 01 91 00, COMMISSIONING for guidance 
as to what is to be included in the functional testing. 

Submit routine Factory Motor Tests similar to those delineated by NEMA MG-1 
as standard with the manufacturer.

PART 2   PRODUCTS

2.1   STANDARD COMMERCIAL PRODUCTS

Materials and equipment shall be standard Commercial cataloged products of 
a manufacturer regularly engaged in the manufacturing of such products, 
which are of a similar material, design and workmanship.

These products shall have a two year record of satisfactory field service 
prior to bid opening.  the two year record of service shall include 
applications of equipment and materials under similar circumstances and of 
similar size.

Products having less than a two year record of satisfactory field service 
shall be acceptable if a certified record of satisfactory field service for 
not less than 6000 hours can be shown.  The 6000 hour service record shall 
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not include any manufacturer's prototype or factory testing.

Satisfactory field service shall have been completed by a product that has 
been, and presently is being sold or offered for sale on the commercial 
market through the following copyrighted means:  advertisements, 
manufacturer's catalogs, or brochures.

2.2   MANUFACTURER'S STANDARD NAMEPLATES

Major equipment including chillers, compressors, compressor drivers, 
condensers, water coolers, receivers, refrigerant leak detectors, heat 
exchanges, fans, and motors shall have the manufacturer's name, address, 
type or style, model or serial number, and catalog number on a plate 
secured to the item of equipment.  Plates shall be durable and legible 
throughout equipment life.  Plates shall be fixed in prominent locations 
with nonferrous screws or bolts.

2.3   ELECTRICAL WORK

a.  Provide motors, controllers, integral disconnects, contactors, and 
controls with their respective pieces of equipment.  Provide electrical 
equipment, including motors and wiring, as specified in the electrical 
design documents.  Manual or automatic control and protective or signal 
devices required for controls and devices specified, but not shown, 
shall be provided.  For packaged equipment, the manufacturer shall 
provide controllers including the required monitors and timed restart.

b.  For polyphase motors, provide squirrel-cage induction motors, including 
motors that are part of a system, and that meet the efficiency ratings 
for premium efficiency motors in accordance with NEMA MG 11.

c.  Provide motors in accordance with NEMA MG 11 and of sufficient size to 
drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Motors shall be rated for continuous 
duty with the enclosure specified.  Motor duty requirements shall allow 
for maximum frequency start-stop operation and minimum encountered 
interval between start and stop.  Motor torque shall be capable of 
accelerating the connected load within 20 seconds with 80 percent of 
the rated voltage maintained at motor terminals during one starting 
period.  Provide motor starters complete with thermal overload 
protection and other necessary appurtenances.  Motor bearings shall be 
fitted with grease supply fittings and grease relief to outside of the 
enclosure.

d.  Provide inverter duty premium efficiency motors for use with variable 
frequency drives.

e.  Where two-speed or variable-speed motors are indicated, solid-state 
variable-speed controllers may be provided to accomplish the same 
function.  Use solid-state variable-speed controllers for motors rated 
10 hp or less and variable frequency drives for larger motors.

f. The packaged chiller shall be furnished with unit mounted reduced inrush 
starting system for each compressor. The starters shall be factory 
mounted and wired, with individual circuit breakers on multiple 
compressor units. The unit shall be wired so that the only field 
electrical connection to the packaged chiller shall be to a single 
three-phase power terminal.
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2.4   SELF-CONTAINED WATER CHILLERS, VAPOR COMPRESSION TYPE

Unless necessary for delivery purposes, units shall be assembled, 
leak-tested, charged (refrigerant and oil), and adjusted at the factory.    
Parts weighing 50 pounds or more which must be removed for inspection, 
cleaning, or repair, such as motors, gear boxes, cylinder heads, casing 
tops, condenser, and cooler heads, shall have lifting eyes or lugs.  
Chiller shall be provided with a single point wiring connection for 
incoming power supply.  

2.5   Rotary Screw Type

Chiller shall be rated in accordance with AHRI 550/590 I-P.  Chiller shall 
conform to ANSI/ASHRAE 15 & 34.  As a minimum, chiller shall include the 
following components as defined in paragraph CHILLER COMPONENTS.

a.  Refrigerant and oil

b.  Structural base

c.  Chiller refrigerant circuit

d.  Controls package

e.  Rotary screw compressor

f.  Compressor driver, electric motor

g.  Water cooler (evaporator)

h.  Water-cooled condenser coil

i.  Economizer

j.   Condenser Material/Control Valve

k.  Oiling System

l.  Oil Recovery System

2.6   CHILLER COMPONENTS

2.6.1   Refrigerant and Oil

Refrigerant shall be R-134a. Refrigerant oil shall be a compatible 
Polyolester (POE)

2.6.2   Structural Base

Chiller and individual chiller components shall be provided with  
factory-mounted structural steel base (welded or bolted) or support legs.   
Chiller and individual chiller components shall be isolated from the 
building structure by means of vibration isolators with published load 
ratings.  Vibration isolators shall have isolation characteristics as 
recommended by the manufacturer for the unit supplied and the service 
intended.
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2.6.3   Chiller Refrigerant Circuit

Chiller refrigerant circuit shall be completely piped and factory leak 
tested.  For multicompressor units, not less than 2 independent refrigerant 
circuits shall be provided.  Circuit shall include as a minimum a 
combination filter and drier, combination sight glass and moisture 
indicator, an electronic expansion valve with external equalizer, charging 
ports, compressor service valves for field-serviceable compressors, and 
superheat adjustment.

2.6.4   Controls Package

The controls package shall be housed in an electrical enclosure.  
Electrical enclosures shall be steel of not less than 14 gauge with welded 
seams.  Access cover plates shall be hinged with EM gaskets.  Design shall 
include thick cover plates, folded enclosures edges, and bolt spacer to 
prevent uneven gasket compression and enclosure deformation.  Gasket shall 
be easy to replace.  Gasket contact areas shall be tin-plated. The packaged 
chiller shall be furnished with a modulating refrigerant control system to 
optimize efficiency and compressor protection. This refrigerant control 
system will reduce the flow of efficiency robbing refrigerant vapor in the 
condenser from entering the evaporator at reduced load by directly 
modulating a motorized refrigerant valve in the liquid line entering the 
evaporator. In addition, the refrigerant control system shall measure the 
level of liquid refrigerant in the flooded evaporator and restrict 
refrigerant flow entering the evaporator upon a rise in the level, 
protecting the compressor from slugging liquid refrigerant. Fixed orifice 
control systems will not be acceptable. 

The packaged chiller shall be equipped with a microprocessor-based control 
system. The controls shall provide for compressor loading based on leaving 
chilled water temperature. It shall provide for high and low refrigerant 
pressure protection, low oil level protection, evaporator water freeze 
protection, sensor error protection, and motor load control (demand 
limiter) based on amp draw. Anti-recycle protection shall also be provided. 
The computer shall have a simple keyboard accessed input system and be 
complete with display. Input shall be accomplished through simple menu 
driven display screens. The controller shall continuously monitor 
evaporator leaving water temperature; evaporator and condenser pressure; 
compressor amp draw; and refrigerant. Controls shall be complete with all 
hardware and software to enable communication with the ECS control system 
as specified in the controls drawings and specifications and below.

The electrical control panel shall be wired to permit fully automatic 
operation during - initial start-up, normal operation, and shutdown 
conditions. The control system shall contain the following control and 
safety devices:

2.6.4.1   Manual Controls

a. Control circuit stop and start switches

b. Compressor enable switch

c. Open condenser metering control valve
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2.6.4.2   Safety Controls

a. Solid state compressor motor starter overloads (3 phase)

b. Low oil level optical sensor

c. High condenser pressure

d. Low evaporator pressure

e. Freeze protection

f. Chilled water flow loss

g. Under voltage phase failure relay

2.6.4.3   Automatic Controls

a. Compressor motor increment contactors

b. Increment start timer

c. Anti-recycle timer

d. Oil sump heater interlock relays

e. Condenser metering control valve

2.6.4.4   Refrigerant Controls

a. Motorized refrigerant flow control

b. Liquid refrigerant level sensor for evaporator

c. Compressor load and unload solenoid valves

2.6.4.5   INDICATOR LIGHTS

a. Power on

b. Compressor high oil temperature

c. Compressor motor overload

d. System common alarm

The control system shall be provided with an anti-recycle device. The 
control shall limit compressor starting to a minimum of 15 minutes between 
starts.

2.6.4.6   ECS Control System Interface

The control system shall be capable of communicating all data to a remote 
PLC through a single shielded cable.  The data shall include as a minimum 
all system operating conditions, capacity controls, and safety shutdown 
conditions.  The control system shall also be capable of receiving at a 
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minimum the following operating commands.

a.  Remote Unit Start/Stop

b.  Remote Chilled Water Setpoint

2.6.5   Compressor(s)

2.6.5.1   Rotary Screw Compressors

The unit shall be able to unload to 15% of cooling (refrigeration) capacity 
when operating with leaving chilled water and entering condenser water at 
design temperatures. The unit shall be capable of continuous operation at 
this point, with stable compressor operation, without the use of hot gas 
bypass.

The packaged chiller shall be furnished with single stage direct connected 
positive displacement rotary screw compressors, driven by a 3500 RPM motor. 
Each compressor shall include integral oil separation system, oil sump and 
oil filter. The oil differential pressure shall be controlled during 
operation to maintain proper oil lubrication throughout the lubrication 
system. An electric oil heater shall be supplied with each compressor to 
maintain oil temperature during shutdown period. Each compressor shall have 
a suction check valve, suction filter, suction service valve and a 
discharge check valve and service valve. Compressor capacity control shall 
be obtained by an electrically initiated, hydraulically actuated slide 
valve within each compressor. Provide isolation valves on all connections 
to compressor to allow condenser to be used as a pump down receiver.

2.6.6   Compressor Driver, Electric Motor

Motors, starters,  wiring, etc. shall be in accordance with paragraph 
ELECTRICAL WORK.  Motor starter shall be unit mounted with starter type, 
wiring, and accessories coordinated with the chiller manufacturer.

2.6.7   Water Cooler (Evaporator)

The evaporator vessel shall be cleanable shell and tube type with integral 
finned copper water tubes mechanically expanded into heavy fixed steel tube 
sheets. Evaporator connections shall be flanged. The shell side of the 
evaporator shall have pressure relief valves with provision for refrigerant 
venting. Evaporator shall be designed and constructed in accordance with 
the ASME Code for Unfired Pressure Vessels as well as ASHRAE 15 and 34. The 
flooded evaporator shall have a built in distributor for feeding 
refrigerant evenly under the tube bundle to produce a uniform boiling 
action and baffle plates shall be provided to ensure vapor separation. 
Water heads are to be removable for tube cleaning. Vent and drain plugs are 
to be provided in each head. All low temperature surfaces shall be factory 
insulated. Heat transfer surfaces shall be selected to reflect the 
incorporation of a fouling factor of 0.0001 (hr.*sq.ft.*°F)/BTU for the 
condenser.

2.6.8   Water-Cooled Condenser 

The condenser vessel shall all be cleanable shell and tube type with 
integral finned copper water tubes mechanically expanded into heavy fixed 
steel tube sheets. Condenser connections shall be flanged. The shell side 
of the condenser shall have pressure relief valves with provision for 

SECTION 23 64 10  Page 388



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

refrigerant venting. Condensers shall be designed, constructed in 
accordance with the ASME Code for Unfired Pressure Vessels as well as 
ASHRAE 15 and 34. The condenser shall be sized for full pump down capacity. 
Water heads are to be removable for tube cleaning. Vent and drain plugs are 
to be provided in each head. All low temperature surfaces shall be factory 
insulated. Heat transfer surfaces shall be selected to reflect the 
incorporation of a fouling factor of 0.00025 (hr.*sq.ft.*°F)/BTU for the 
condenser.

2.6.9   Economizer

To maximize energy efficiency, the packaged chiller shall be equipped with 
an economizer and electronic expansion valves. Refrigerant vapor from the 
economizer shall be fed back into an intermediate compressor stage, 
reducing the enthalpy of the refrigerant and increasing the net 
refrigeration effect of the evaporator.

2.6.10   Condenser Metering Control Valves

Valves shall be cast iron with ANSI 125 rating. Turndown shall be 100:1 or 
greater. Connections shall be ANSI flanged. Water valves shall have an 
equal percentage flow characteristic, brass plug and EPDM cartridge style 
packing which can be replaced with the valve in line. Valve leakage shall 
be  ANSI Class IV.

Valve actuators shall be selected to match the valve torque and the power 
and command input voltages as detailed on the contract drawings. 

The valves will be shipped loose by chiller manufacturer and installed by 
mechanical contractor. The chiller panel will have a switch to open the 
metering valve when the chiller is turned off. Contractor shall install the 
valve in the condenser water line as well as connect power and control 
wiring from the chiller control panel to the valve in accordance with 
refrigeration system manufacturer's instructions.

2.6.11   Oiling System

See the oiling system description under "Rotary Screw Compressors".

2.6.12   Oil Recovery System

The flooded evaporator shall be fitted with an oil recovery system. The oil 
recovery system will insure that the evaporator is operating at peak 
efficiency at all times and provide optimal energy efficiency during 
extended periods of part load. Units without oil recovery systems mounted 
on the evaporator will not be acceptable.

2.6.13   Tools

One complete set of special tools, as recommended by the manufacturer for 
field maintenance of the system, shall be provided.  Tools shall be mounted 
on a tool board in the equipment room or contained in a toolbox as directed 
by the Contracting Officer.
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2.7   ACCESSORIES

2.7.1   Refrigerant Leak Detection

Detector shall be the continuously-operating, halogen-specific type.  
Detector shall be appropriate for the refrigerant in use.  Detector shall 
be specifically designed for area monitoring and shall include 3 sampling 
points installed at each compressor.  Detector design and construction 
shall be compatible with the temperature, humidity, barometric pressure and 
voltage fluctuations of the operating area.  Detector shall have an 
adjustable sensitivity such that it can detect refrigerant at or above 3 
parts per million (ppm).  Detector shall be supplied factory-calibrated for 
the appropriate refrigerant(s).  Detector shall be provided with an alarm 
relay output which energizes when the detector detects a refrigerant level 
at or above the TLV-TWA (or toxicity measurement consistent therewith) for 
the refrigerant(s) in use.  The detector's relay shall be capable of 
initiating corresponding alarms and ventilation systems as indicated on the 
drawings.  Detector shall be provided with a failure relay output that 
energizes when the monitor detects a fault in its operation. 

2.7.2   Refrigerant Relief Valve/Rupture Disc Assembly

The assembly shall be a combination pressure relief valve and rupture disc 
designed for refrigerant usage.  The assembly shall be in accordance with 
ASME BPVC SEC VIII D1 and ANSI/ASHRAE 15 & 34.  The assembly shall be 
provided with a pressure gauge assembly which will provide local indication 
if a rupture disc is broken.  Rupture disc shall be the non-fragmenting 
type.

2.7.3   Refrigerant Signs

Refrigerant signs shall be a medium-weight aluminum type with a baked 
enamel finish.  Signs shall be suitable for indoor or outdoor service.  
Signs shall have a white background with red letters not less than 0.5 
inches in height.

2.7.3.1   Installation Identification

Each new refrigerating system shall be provided with a refrigerant sign 
which indicates the following as a minimum:

a.  Contractor's name.

b.  Refrigerant number and amount of refrigerant.

c.  The lubricant identity and amount.

d.  Field test pressure applied.

2.7.3.2   Controls and Piping Identification

Refrigerant systems containing more than 110 lb of refrigerant shall be 
provided with refrigerant signs which designate the following as a minimum:

a.  Valves or switches for controlling the refrigerant flow and the 
refrigerant compressor(s).

b.  Pressure limiting device(s).
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2.7.4   Spare Parts

Provide a list of recommended spare parts with part numbers and current 
prices.

2.7.5   Gaskets

Gaskets shall conform to ASTM F104 - classification for compressed sheet 
with nitrile binder and acrylic fibers for maximum 700 degrees F service.

2.7.6   Bolts and Nuts

Bolts and nuts, except as required for piping applications, shall be in 
accordance with ASTM A307.  The bolt head shall be marked to identify the 
manufacturer and the standard with which the bolt complies in accordance 
with ASTM A307.

2.8   FABRICATION

2.8.1   Factory Coating

Refrigeration equipment shall be supplied with the manufacturer's standard 
coating system. All metal surfaces not coated at the factory shall be 
coated in accordance with SECTION 09 97 30.30 98.

2.8.2   Factory Applied Insulation

Chiller shall be provided with factory installed insulation on surfaces 
subject to sweating including the water cooler, suction line piping, 
economizer, and cooling lines.  Factory insulated items installed indoors 
shall have a flame spread index no higher than 75 and a smoke developed 
index no higher than 150.  Flame spread and smoke developed indexes shall 
be determined by ASTM E84.  Insulation shall be tested in the same density 
and installed thickness as the material to be used in the actual 
construction.  Material supplied by a manufacturer with a jacket shall be 
tested as a composite material.  Jackets, facings, and adhesives shall have 
a flame spread index no higher than 25 and a smoke developed index no 
higher than 50 when tested in accordance with ASTM E84.

2.9   FACTORY TESTS

2.9.1   Chiller Performance Test

The Contractor and proposed chiller manufacturer shall be responsible for 
performing the chiller factory test to validate the specified full load 
capacity, full load EER, and NPLV in accordance with AHRI 550/590 I-P .  
The chiller factory test shall be performed in the presence of a Government 
representative.  The Contractor and chiller manufacturer shall provide to 
the Government a certified chiller factory test report in accordance with 
AHRI 550/590 I-P to confirm that the chiller performs as specified.  Tests 
shall be conducted in an ARI certified test facility in conformance with 
AHRI 550/590 I-P procedures and tolerances, except as indicated.  At a 
minimum, chiller capacity shall be validated to meet the scheduled 
requirements indicated on the drawings.  Tolerance or deviation shall be in 
strict accordance with AHRI 550/590 I-P.  Stable operation at minimum load 
of 15 percent of total capacity shall be demonstrated during the factory 
test.
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2.9.1.1   Temperature Adjustments

Temperature adjustments shall adhere to AHRI 550/590 I-P to adjust from the 
design fouling factor to the clean tube condition.  Test temperature 
adjustments shall be verified prior to testing by the manufacturer.  There 
shall be no exceptions to conducting the test with clean tubes with the 
temperature adjustments per AHRI 550/590 I-P.  The manufacturer shall clean 
the tubes, if necessary, prior to testing to obtain a test fouling factor 
of 0.0000.

2.9.1.2   Test Instrumentation

The factory test instrumentation shall be per AHRI 550/590 I-P and the 
calibration shall be traceable to the National Institute of Standards and 
Technology.

2.9.1.3   Test Report

A certified test report of all data shall be forwarded to the Government 
for approval prior to project acceptance.  Calibration curves and 
information sheets for all instrumentation shall be provided.

2.9.1.4   Equipment Adjustments

If the equipment fails to perform within allowable tolerances, the 
manufacturer shall be allowed to make necessary revisions to his equipment 
and retest as required.  The manufacturer shall assume all expenses 
incurred by the Government to witness the retest.

2.9.2   Chiller Sound Test

Chillers shall be sound tested at the factory prior to shipment to confirm 
the sound pressure level specified herein.  Tests and data shall be 
conducted and measured in strict accordance with AHRI 575 at the full load 
system operating conditions.  The chiller sound pressure level, in decibels 
(dB), with a reference pressure of 20 micropascals, shall not exceed 85  
dB, A weighted.  Ratings shall be in accordance with AHRI 575.  No 
reduction of entering condenser water temperature or raising of leaving 
chilled water temperature shall be allowed.  A minimum of 75 percent of the 
sound data points shall be taken along the length of the machine, and 
established as the minimum percentage of total possible points used to 
determine sound levels.  In the event that the chiller does not meet the 
dBA sound pressure level, the manufacturer shall, at his expense, provide 
sufficient attenuation to the machine to meet the specified value.  This 
attenuation shall be applied in such a manner that it does not hinder the 
operation or routine maintenance procedures of the chiller.  The 
attenuation material, adhesives, coatings, and other accessories shall have 
surface burning characteristics as determined by ASTM E84. 

2.10   SUPPLEMENTAL COMPONENTS/SERVICES

2.10.1   Chilled and Condenser Water Piping and Accessories

Chilled water,glycol and condenser water piping and accessories shall be 
provided and installed in accordance with Section 23 05 15 COMMON PIPING 
FOR ECS.
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2.10.2   Cooling Tower

Existing Cooling tower shall be refurbished in accordance with Section 
23 65 00 COOLING TOWERS.

2.10.3   Temperature Controls

Chiller control packages shall be fully coordinated with and integrated 
into the ECS Control System.

PART 3   EXECUTION

3.1   INSTALLATION

Installation of water chiller systems including materials, installation, 
workmanship, fabrication, assembly, erection, examination, inspection, and 
testing shall be in accordance with the manufacturer's written installation 
instructions, including the following:

1.  Water chiller - installation instructions

3.1.1   Refrigeration System

3.1.1.1   Equipment

Refrigeration equipment and the installation thereof shall conform to 
ANSI/ASHRAE 15 & 34.  Necessary supports shall be provided for all 
equipment, appurtenances, and pipe as required, including frames or 
supports for compressors, pumps, cooling towers, condensers, water coolers, 
and similar items.  Compressors shall be isolated from the building 
structure.  If mechanical vibration isolators are not provided, vibration 
absorbing foundations shall be provided.  Each foundation shall include 
isolation units consisting of machine and floor or foundation fastenings, 
together with intermediate isolation material.  Equipment shall be properly 
leveled, aligned, and secured in place in accordance with manufacturer's 
instructions.

3.1.2   Field Applied Insulation

Field installed insulation shall be as specified in Section 23 07 00 
THERMAL INSULATION FOR MECHANICAL SYSTEMS.

3.1.3   Field Painting

Coatings shall be in accordance with Section09 97 30.30 98 PROTECTIVE 
COATING OF CARBON, STAINLESS STEEL AND ALUMINUM ON STRUCTURES AND FACILITIES
 for field painted euipment.

3.2   MANUFACTURER'S FIELD SERVICE

The services of a factory-trained representative shall be provided for a 
minimum of 14 days.  The representative shall advise on the following:

b.  Open Machines:

(1)  Erection, alignment, testing, and dehydrating.

(2)  Charging the machine with refrigerant.
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(3)  Starting the machine.

3.3   CLEANING AND ADJUSTING

Equipment shall be wiped clean, with all traces of oil, dust, dirt, or 
paint spots removed.  Temporary filters shall be provided for all fans that 
are operated during construction, and new filters shall be installed after 
all construction dirt has been removed from the building.  System shall be 
maintained in this clean condition until final acceptance.  Bearings shall 
be properly lubricated with oil or grease as recommended by the 
manufacturer.  Belts shall be tightened to proper tension.  Control valves 
and other miscellaneous equipment requiring adjustment shall be adjusted to 
setting indicated or directed.  Fans shall be adjusted to the speed 
indicated by the manufacturer to meet specified conditions.  Testing, 
adjusting, and balancing shall be as specified in Section 23 05 93 TESTING, 
ADJUSTING, AND BALANCING FOR ECS.

3.4   FIELD ACCEPTANCE TESTING

3.4.1   Test Plans

a.  Manufacturer's Test Plans:  Within 120 calendar days after contract 
award, submit the following plans:

(1)  Water chiller - field acceptance test plan

Field acceptance test plans shall be developed by the chiller 
manufacturer detailing recommended field test procedures for that 
particular type and size of equipment.  Field acceptance test 
plans developed by the installing Contractor, or the equipment 
sales agency furnishing the equipment, will not be acceptable.

The Contracting Officer will review and approve the field 
acceptance test plan for each of the listed equipment prior to 
commencement of field testing of the equipment.  The approved 
field acceptance tests of the absorption chiller and subsequent 
test reporting.

b.  Coordinated testing:  Indicate in each field acceptance test plan when 
work required by this section requires coordination with test work 
required by other specification sections.  Furnish test procedures for 
the simultaneous or integrated testing of ECS system controls which 
interlock and interface with controls factory prewired or external 
controls for the equipment.

c.  Prerequisite testing:  Chillers for which performance testing is 
dependent upon the completion of the work covered by Section 23 05 93 
TESTING, ADJUSTING, AND BALANCING FOR ECS must have that work completed 
as a prerequisite to testing work under this section.  Indicate in each 
field acceptance test plan when such prerequisite work is required.

d.  Test procedure:  Indicate in each field acceptance test plan each 
equipment manufacturers published installation, start-up, and field 
acceptance test procedures.  Include in each test plan a detailed 
step-by-step procedure for testing automatic controls provided by the 
manufacturer.

Each test plan shall include the required test reporting forms to 
completed by the Contractor's testing representatives.  Procedures 
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shall be structured to test the controls through all modes of 
control to confirm that the controls are performing with the 
intended sequence of control.

Controller shall be verified to be properly calibrated and have the 
proper set point to provide stable control of their respective 
equipment.

e.  Performance variables:  Each test plan shall list performance variables 
that are required to be measured or tested as part of the field test.

Include in the listed variables performance requirements indicated on 
the equipment schedules on the design drawings.  Chiller 
manufacturer shall furnish with each test procedure a description 
of acceptable results that have been verified.

Chiller manufacturer shall identify the acceptable limits or tolerance 
within which each tested performance variable shall acceptably 
operate.

f.  Job specific:  Each test plan shall be job specific and shall address 
the particular cooling towers and particular conditions which exist in 
this contract.  Generic or general preprinted test procedures are not 
acceptable.

g.  Specialized components:  Each test plan shall include procedures for 
field testing and field adjusting specialized components, such as hot 
gas bypass control valves, condenser water metering/control valves,or 
pressure valves.

3.4.2   Testing

a.  Each water chiller system shall be field acceptance tested in 
compliance with its approved field acceptance test plan and the 
resulting following field acceptance test report submitted for approval:

1.  Water chiller - field acceptance test report

b.  Manufacturer's recommended testing:  Conduct the manufacturer's 
recommended field testing in compliance with the approved test plan.  
Furnish a factory trained field representative authorized by and to 
represent the equipment manufacturer at the complete execution of the 
field acceptance testing.

c.  Operational test:  Conduct a continuous 24 hour operational test for 
each item of equipment.  Equipment shutdown before the test period is 
completed shall result in the test period being started again and run 
for the required duration.  For the duration of the test period, 
compile an operational log of each item of equipment.  Log required 
entries every two hours.  Use the test report forms for logging the 
operational variables.

d.  Notice of tests:  Conduct the manufacturer's recommended tests and the 
operational tests; record the required data using the approved 
reporting forms.  Notify the Contracting Officer in writing at least 15 
calendar days prior to the testing.  Within 30 calendar days after 
acceptable completion of testing, submit each test report for review 
and approval.
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e.  Report forms:  Type data entries and writing on the test report forms.  
Completed test report forms for each item of equipment shall be 
reviewed, approved, and signed by the Contractor's test director.  The 
manufacturer's field test representative shall review, approve, and 
sign the report of the manufacturer's recommended test.  Signatures 
shall be accompanied by the person's name typed.

f.  Deficiency resolution:  The test requirements acceptably met; 
deficiencies identified during the tests shall be corrected in 
compliance with the  manufacturer's recommendations and corrections 
retested in order to verify compliance.

3.5   SYSTEM PERFORMANCE TESTS

3.5.1   General Requirements

Before each refrigeration system is accepted, tests to demonstrate the 
general operating characteristics of all equipment shall be conducted by a 
registered professional engineer or an approved manufacturer's start-up 
representative experienced in system start-up and testing, at such times as 
directed.  Tests shall cover a period of not less than 48 hours for each 
system and shall demonstrate that the entire system is functioning in 
accordance with the drawings and specifications.  Corrections and 
adjustments shall be made as necessary and tests shall be re-conducted to 
demonstrate that the entire system is functioning as specified.  Prior to 
acceptance, service valve seal caps and blanks over gauge points shall be 
installed and tightened.  Any refrigerant lost during the system startup 
shall be replaced.  If tests do not demonstrate satisfactory system 
performance, deficiencies shall be corrected and the system shall be 
retested.  Tests shall be conducted in the presence of the Contracting 
Officer or the contracting officer's representative.  Water and electricity 
required for the tests will be furnished by the Government.  Any material, 
equipment, instruments, and personnel required for the test shall be 
provided by the Contractor.  Field tests shall be coordinated with Section 
23 05 93 TESTING, ADJUSTING, AND BALANCING FOR ECS.

3.5.2   Test Report

The report shall document compliance with the specified performance 
criteria upon completion and testing of the system.  The report shall 
indicate the number of days covered by the tests and any conclusions as to 
the adequacy of the system.  The report shall also include the following 
information and shall be taken at least three different times at outside 
dry-bulb temperatures that are at least 5 degrees F apart:

a.  Date and outside weather conditions.

b.  The load on the system based on the following:

(1)  The refrigerant used in the system.
(2)  Condensing temperature and pressure.
(3)  Suction temperature and pressure.
(4)  Running current, voltage and proper phase sequence for each  

 phase of all motors.
(5)  The actual on-site setting of all operating and safety controls.
(6)  Chilled water pressure, flow  and temperature in and out of the 

 chiller.
(7)  The position of the capacity-reduction gear or gas supply   

 control valve at machine off, one-third
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 loaded, one-half loaded, two-thirds loaded, and fully loaded.

3.6   Training

Contractor shall conduct a training course for the operating staff as 
designated by the Contracting Officer.  The training period shall consist 
of a total 8 hours of normal working time and start after the system is 
functionally completed but prior to final acceptance tests. Contractor 
shall provide Operation and Maintenance Manuals 

        -- End of Section --
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SECTION 23 65 00

COOLING TOWERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN WELDING SOCIETY (AWS)

AWS Z49.1 (2012) Safety in Welding and Cutting and 
Allied Processes

ASTM INTERNATIONAL (ASTM)

ASTM A-36 (2012) Standard Specification for Carbon 
Structural Steel

ASTM A123/A123M (2012) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A153/A153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM B117 (2011) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM D1784 (2011) Standard Specification for Rigid 
Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds

ASTM D3754 (2011) "Fiberglass" 
(Glass-Fiber-Reinforced 
Thermosetting-Resin) Sewer and Industrial 
Pressure Pipe

ASTM E84 (2012c) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

COOLING TECHNOLOGY INSTITUTE (CTI)

CTI ATC-105 (2000) Acceptance Test Code

CTI Std-137 (2009) Fiberglass Pultruded Structural 
Products for Use in Cooling Towers

CTI Std-201 (2011) Standard for the Certification of 
Water Cooling Tower Thermal Performance
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CTI STD-202 Standard for Publication of Custom Cooling 
Tower Thermal Performance Test Results

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2011) Motors and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 214 (2011; Errata 2011) Standard on 
Water-Cooling Towers

NFPA 255 (2006) Standard Method of Test of Surface 
Burning Characteristics of Building 
Materials

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE J534 (2008) Lubrication Fittings

1.2   GENERAL REQUIREMENTS

Submit Records of Existing Conditions consisting of the results of 
Contractor's survey of work area conditions and features of existing 
structures and facilities within and adjacent to the tower structure. 
Commencement of work may only begin after approval of the existing 
conditions and with the contractor's acceptance.

Submit Material, Equipment, and Fixture Lists for cooling tower equipment 
and specialties including manufacturer's style or catalog numbers, 
specification and A Numbers and tag numbers, warranty information, and 
fabrication site information. Provide a complete list of construction 
equipment to be used.

Submit Detail Drawings for cooling tower equipment and specialties 
providing current factual information including deviations and amendments 
to the drawings, and concealed and visible changes in the work. Record 
drawings shall show A Numbers and tag numbers.

Submit Coordination Drawings for cooling tower equipment and specialties 
showing coordination of work between different trades and with the 
structural and architectural elements of work. Completely detail all 
drawings sufficiently to show overall dimensions of related items, 
clearances, and relative locations of work in allotted spaces. Indicate on 
drawings where conflicts or clearance problems exist between various 
trades. Coordination drawings shall show A Numbers and tag numbers.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:
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SD-01 Preconstruction Submittals

Material, Equipment, and Fixture Lists; G
Design Verification; G

SD-02 Shop Drawings

Fill Pattern; G
Piping Plans; G
Spray Nozzle Layout; G
Drift Eliminator Installation; G
Detail Drawings; G
Coordination Drawings; G

SD-03 Product Data

Chemical Feed Systems; G
Fans; G
Electric Motors; G
Gearbox and driveshaft; G
Drift Eliminators; G
Spray Valves; G
Spray Nozzles; G
Concrete Repair Mortar; G
Casing and Foundations Repair Plan; G
Float Valves; G
Bypass Valves; G
Fill; G

Verification of Dimensions; G

A letter, at least 3 weeks prior to beginning refurbishment, 
including the date the site was visited, conformation of existing 
conditions, and any discrepancies found.

SD-06 Test Reports; G

Refurbished cooling tower - field acceptance test plan; G

Refurbished cooling tower - field acceptance test report; G

SD-07 Certificates

Qualifications; G

Records of Existing Conditions; G

Cooling Tower; G

SD-08 Manufacturer's Instructions

Installation instructions; G

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals; G Data Package 3
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1.4   SAFETY REQUIREMENTS

Exposed moving parts, parts that produce high operating temperature, parts 
which may be electrically energized, and parts that may be a hazard to 
operating personnel shall be insulated, fully enclosed, guarded, or fitted 
with other types of safety devices.  Safety devices shall be installed so 
that proper operation of equipment is not impaired.  Welding and cutting 
safety requirements shall be in accordance with AWS Z49.1.  

1.5   DELIVERY, STORAGE, AND HANDLING

Stored items shall be protected from the weather, humidity and temperature 
variations, dirt and dust, or other contaminants.  Proper protection and 
care of all material both before and during installation shall be the 
Contractor's responsibility.  Any materials found to be damaged shall be 
replaced at the Contractor's expense.  During installation, piping and 
similar openings shall be capped to keep out dirt and other foreign matter.

1.6   PROJECT/SITE CONDITIONS

1.6.1   Verification of Dimensions

The Contractor shall become familiar with all details of the work, verify 
all dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

1.6.2   Drawings

Because of the small scale of the drawings, it is not possible to indicate 
all offsets, fittings, and accessories that may be required.  The 
Contractor shall carefully investigate the plumbing, fire protection, 
electrical, structural and finish conditions that would affect the work to 
be performed and shall arrange such work accordingly, furnishing required 
offsets, fittings, and accessories to meet such conditions.

1.7   TESTING

1.7.1   Capacity Testing

An independent CTI certified third party, not under the employment of the 
cooling tower manufacturer, shall test the cooling tower to determine 
whether the installed capacity meets the specified performance. A direct 
representation of the cooling tower manufacturer shall be on-site for the 
duration of the testing, as well as pre-test planning. Submit qualifications
of CTI testing firm prior to testing commencement.

1.7.2   Operational Testing

Functional Tests (FTs) and Performance Tests (PTs) shall be performed in 
accordance with Section 01 91 00 COMMISSIONING and Part 3 of this 
specification section.

1.8   Warranty

In addition to the warranty requirements specification in Division 00, 
Contract Requirements, the following major components of the cooling tower 
shall be covered by a warranty of a duration period of five years:  fans, 
fan drives, electric motors.
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PART 2   PRODUCTS

2.1   STANDARD COMMERCIAL PRODUCTS

The manufacturing company responsible for the redesign of the cooling tower 
for refurbishment shall have a current manufacturer's level membership in 
the Cooling Technology Institute (CTI). The manufacturer shall participate 
in the CTI sponsored publication of custom cooling tower test results under 
CTI STD-202.

Materials and equipment shall be standard commercial catalogued products of 
a manufacturer regularly engaged in the manufacturing of such products, 
which are of a similar material, design and workmanship.

The standard products shall have been in satisfactory commercial or 
industrial use in field service for 2 years prior to bid opening.  The 2 
year use shall include applications of equipment and materials under 
similar circumstances and of similar size.

Products having less than a 2 year field service record shall be acceptable 
if a certified record of satisfactory field operation, for not less than 
6000 hours exclusive of the manufacturer's factory tests, can be shown.  
This 6000 hour record shall not include any manufacturer's prototype or 
factory testing.

Records of satisfactory field use shall be completed by a product that had 
been, and presently is, sold, or offered for sale on a commercial market 
through the following copyrighted means: advertisements, manufacturer's 
catalogs, or brochures.  Products shall be supported by a service 
organization.  System components shall be environmentally suitable for the 
indicated locations.

2.2   MANUFACTURER'S STANDARD NAMEPLATES

Major equipment including cooling towers, cooling tower gear drive 
assemblies, fans, and motors shall have the manufacturer's name, address, 
type or style, model or serial number, and catalog number on a plate 
secured to the item of equipment.  Plates shall be durable and legible 
throughout equipment life.  Plates shall be fixed in prominent locations.

2.3   ELECTRICAL WORK

a.  Provide motors, controllers, in accordance with Section 26 05 71.00 40 
Low Voltage Overcurrent Protective Devices and Section 26 29 23 
Variable Frequency Drive Systems under 600 Volts.

b.  Provide motors in accordance with NEMA MG 1 and of sufficient size to 
drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Motors shall be rated for continuous 
duty with the enclosure specified.  Motor duty requirements shall allow 
for maximum frequency start-stop operation and minimum encountered 
interval between start and stop.  Motor torque shall be capable of 
accelerating the connected load within 20 seconds with 80 percent of 
the rated voltage maintained at motor terminals during one starting 
period. Motor bearings shall be fitted with grease supply fittings and 
grease relief to outside of the enclosure.

c. Where variable speed motors are indicated, solid-state variable-speed 
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controllers shall be provided. Inverter duty premium efficiency motors 
shall be provided for variable frequency drive applications.  Motors 
shall have efficiency labeling in accordance with NEMA MG 1

2.4   COOLING TOWER MATERIALS

Re-use the existing concrete tower super-structure and basin. Record in 
records of existing conditions and report to contracting officer. All  non- 
factory coated metals, new and remaining, shall be coated in accordance 
with Section 09 97 30.30 98 PROTECTIVE COATING OF CARBON, STAINLESS STEEL 
AND ALUMINUM ON STRUCTURES AND FACILITIES.

2.4.1   Hot-Dipped Galvanized Steel

Components fabricated of hot-dipped galvanized steel shall be not lighter 
than 16 gauge steel, protected against corrosion by hot-dipped 
galvanizing.  The coating shall conform to ASTM A153/A153M and 
ASTM A123/A123M, as applicable, and be in accordance with Section 
09 97 30.30 98 PROTECTIVE COATING OF CARBON, STAINLESS STEEL AND ALUMINUM 
ON STRUCTURES AND FACILITIES.

2.4.2   Polyvinyl Chloride (PVC) Formed Sheets

ASTM D1784 Type I, Grade 1 with flame spread rating of 25 or less per 
ASTM E84.

2.4.3   Stainless Steel 

All stainless steel shall be Type 304 and factory coated or coated in 
accordance with Section09 97 30.30 98 PROTECTIVE COATING OF CARBON, 
STAINLESS STEEL AND ALUMINUM ON STRUCTURES AND FACILITIES.

2.4.4   Fiberglass Reinforced Plastic (FRP)

FRP components shall be inert, corrosion resistant, and fire-retardant with 
a thickness of 12 ounces per square foot. FRP components shall contain an 
ultraviolet (UV) ray inhibitor as per CTI Std-137, Grade 1 or 3. Components 
manufactured of polystyrene will not be permitted.

FRP piping shall conform to ASTM D3754 Type 1 or 2 in a suitable pressure 
class for the application. The inside diameter of the pipe shall be 
consistent with the inside diameter of the fittings.

2.4.5   Hardware

Bolts shall be Type 304 stainless steel.  Each bolt shall be provided with 
neoprene and stainless steel washers under the heads.  Nails shall be 
stainless steel.  Hardware shall meet the salt-spray fog test as defined by 
ASTM B117.  Angle brackets and similar parts shall be hot-dipped galvanized 
steel.  Coatings shall conform to ASTM A153/A153M and ASTM A123/A123M, as 
applicable, and shall conform to Section 09 97 30.30 98 PROTECTIVE COATING 
OF CARBON, STAINLESS STEEL AND ALUMINUM ON STRUCTURES AND FACILITIES.

2.5   COOLING TOWERS

2.5.1   Lubrication

The lubricating points for fans, motors, and gear boxes shall be extended 
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to the outside of the unit and enclosures, such as fan shroud, for easy 
accessibility.  Hydraulic lubrication fittings shall be in accordance with 
SAE J534.  Where use of high pressure lubricating equipment,  1000 psi or 
higher, will damage grease seals or other parts, a suitable warning shall 
be affixed to the equipment in a conspicuous location.

2.5.2   Refurbished Cooling Towers

Refurbish the existing 3-cell cooling tower in accordance with this 
specification and the contract drawings. The refurbished cooling tower 
shall be re-designed to meet the performance requirements shown in the 
cooling tower schedule on the contract drawings. 

The refurbished cooling towers shall operate with N+1 redundancy. As such, 
any two of the three cells shall be capable of rejecting the total heat 
load required of the total cooling tower system. This may be accomplished 
by means of operating all three cells at partial load under normal 
conditions and increasing the load after a failure, by operating two of the 
three cells under normal conditions and switching the active cells after a 
failure, or by other means as recommended by the Contractor. Contractor 
shall submit Design Verification calculations showing the refurbished 
cooling tower will meet the required capacity. Additionally, the design 
verification shall include the sequence of operation to meet the N+1 
redundancy requirement.

Provide piping plans for the refurbished tower.

2.5.2.1   Framework, Casing, Foundations and Supports

The existing concrete casing and foundations shall be re-used. Remove 
deteriorated concrete, prepare the surface for repair, apply the repair 
mortar, and properly finish and cure the repair mortar. Submit a Casing and 
Foundations Repair Plan for approval by the Contracting Officer with the 
planned preparation, removal, and repair methods, repair materials, and 
quality management for the repair of the concrete casing. Additionally, the 
Foundation Repair Plan shall include the qualifications of the concrete 
repair contractor.

Concrete repair mortar shall be from the most recent MIT Structures 
Approved Products List most closely matching the exposure class and 
properties of the existing concrete and meeting the anticipated placement 
requirements.

2.5.2.2   Fan Deck and Cylinder

Replace fan deck with an ASTM A-36 carbon steel fan base bolted to the 
structure. Fan deck may be integral to the fan motor/gearbox assembly. Fan 
deck shall be coated in accordance with Section 09 97 30.30 98.

Fan cylinders are concrete and integral to the casing. Repair cylinders in 
accordance with "Framework, Casing, Foundations, and Supports".

2.5.2.3   Cold Water Basin

The cold water basin is concrete and integral to the tower. Repair basin in 
accordance with "Framework, Casing, Foundations, and Supports".
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2.5.2.4   Fans

Replace the fans with adjustable-pitch propeller type fans constructed of 
fiberglass reinforced vinyl-ester resin with a 300 series stainless steel 
hub. Fans shall be capable of operating at continuous temperatures of 220 
deg. F. Blades shall be coated in a UV protectant coating. Fan blade 
assembly shall be both statically and dynamically balanced after 
installation in the cooling tower. Complete fan assembly (fan and mounting) 
shall be designed to give maximum fan efficiency and long life when 
handling saturated air at high velocities. Each cooling tower fan shall be 
provided with a mechanical vibration limit switch which shall stop the 
corresponding fan motor in the event of sensing excessive fan vibration. 
Vibration switch shall be suitable for a corrosive environment.

The fan performance shall be calculated to achieve the tower performance 
shown on the contract drawings. The Contractor shall submit, as part of his 
Design Verification, replacement fan performance data with calculations 
validating the selection.

2.5.2.5   Gearbox and Driveshaft

Speed reducer gears shall be rated in accordance with CTI STD-111. Gear 
reducers shall be of the spiral single reduction type. Gearbox shall be 
mounted in accordance with manufacturer's recommendations. Each gearbox 
shall be provided with an oil level cutoff switch interlocked to the fan 
motor. Each gearbox shall be provided with an oil level sight glass, fill, 
drain, and vent lines which extend out of the fan stack. Gearboxes shall 
have a service factor of 2.0 or greater. Gearboxes shall be provided with 
an anti-rotation device. Gearbox performance shall be in accordance with 
the contract drawings.

Drive shafts shall be the full floating type with flexible couplings at 
both ends and have a service factor of 2.0 or greater. Drive shafts shall 
be of stainless steel fitted each end with flexible couplings (stainless 
steel plate type). Each drive shaft shall be provided with an ASTM A-36 
galvanized steel guard, to prevent damage to surrounding equipment in case 
of shaft failure. Provision shall be made for lubrication of all bearings. 
Bearings shall be accessible to the extent that each bearing can be 
lubricated without dismantling fan.

Drive shaft sizing shall be selected by the Contractor to meet the required 
performance. Gearbox and drive shaft selection criteria, calculations, and 
data shall be included in the Design Verification submittal.

2.5.2.6   Electric Motors

Fan motors shall be TEFC variable torque with a normal starting torque 
electric motors conforming to NEMA MG 1. Motors shall be premium 
efficiency, with Class F insulation, a service factor of at least 1.15, and 
be suitable for corrosive duty. Motor horsepower and details shall be in 
accordance with the contract drawings. New motors shall be inverter duty 
and driven by a VFD.

2.5.3   Drift Eliminators

Replace the existing drift eliminators with new PVC zigzag man-rated 
eliminators. The eliminators shall be of the 3 pass design constructed of 
PVC in accordance with ASTM D-1784. Drift eliminators shall be UV 
protected. Eliminators shall be assembled into sections making a strong, 
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stable unit. Eliminators sections shall be supported on PVC or FRP tee 
sections. Contractor shall detail the proposed drift eliminator installation
 including support details.

Drift loss shall be no greater than 0.0005% of total flow.

2.5.4   Cold Water Basin Equipment

Replace float valves. Provide float valves with adjustable arms. Valve 
sizes larger than 1/2 inch pipe size shall be the balanced piston type. 
Valve seats and disks shall be replaceable. Provide necessary pipe, 
connections, and fittings within the tower to properly secure and actuate 
the float valves. 

2.5.5   Bypass Valves

Replace bypass valve with two butterfly style valves linked together to 
function as a three-way valve. Bypass valve shall be ANSI Class 150 
wafer-body design in accordance with ASME B16.10 and MSS SP-61. Valve body 
shall be ASTM A216 Type WCB carbon steel with PTFE seats and 316 stainless 
steel disc. The seats shall provide a bubble-tight shutoff in accordance 
with MSS SP-61. The shaft shall be 316 stainless steel with a 316 stainless 
steel backed PTFE composite shaft seal. The shaft pin shall be the same 
material as the shaft. Spacers, inserts, compression rings, studs, nuts, 
drive screws, cap screws, and compression plate shall be stainless steel. 
Body seals and bearing spacers shall be PTFE. Retaining rings shall be 
Inconel. Valves shall be marked in accordance with MSS SP-25. 

Bypass valve actuator shall be electro-pneumatic in accordance with the 
contract drawings.

2.5.6   Spray Nozzles, Spray Valves and Distribution Piping

Replace spray nozzles, spray valves, and distribution piping. 

Spray nozzles shall be ABS plastic with 300 series stainless steel 
hardware. Spray nozzle pattern and spray nozzle layout shall be submitted 
by the Contractor with calculations to show that the spray nozzles selected 
will meet the performance requirements for the refurbished cooling towers.

Spray valves shall be flanged full port two piece ball valves in accordance 
with ASME B16.34 and MSS SP-72. Flanges shall be Class 150 and in 
accordance with ASME B16.5. Body and ends shall be ASTM A216 WCB carbon 
steel. Ball shall be ASTM A351 Grade CF8M stainless steel. Seats shall be 
TFM 1600. Body seals shall be spiral wound 316 SS and graphite. Thrust 
washers shall be TFM resin with carbon/graphite fillers, and stem packing 
shall be RTFE/graphite. Stem and handle shall be 300 Series stainless steel.

The distribution piping shall be shown in the piping plans submitted for 
the cooling tower refurbishment. Distribution piping shall consist of a 
centrally located header with side laterals, fittings, and nozzles. 
Distribution header and laterals shall be FRP pipe.

2.5.7   Fill

Fill shall be tile fill with a standard stacking pattern. Tile fill shall 
be of multi-cell design set without mortar. The fill pattern shall be 
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submitted by the Contractor with calculations and data to show it will meet 
the performance specifications. The tile shall have low water absorption, 
and a minimum crushing strength of 2000 psi over the gross area when the 
load is applied parallel to the cells as tested per ASTM C67.

2.5.8   Fire Safety

Towers shall conform to NFPA 214.  Fire hazard rating for plastic 
impregnated materials shall not exceed 25.  Plastics shall not drip or run 
during combustion.  Fire hazard ratings shall be in accordance with ASTM E84
or NFPA 255.

2.6   FABRICATION

Unless otherwise specified, equipment and component items, when fabricated 
from ferrous metal, shall be factory finished with the manufacturer's 
standard finish, metals not supplied with a factory finish shall be coated 
in accordance with Section 09 97 30.30 98 PROTECTIVE COATING OF CARBON, 
STAINLESS STEEL AND ALUMINUM ON STRUCTURES AND FACILITIES.

2.7   SUPPLEMENTAL COMPONENTS/SERVICES

2.7.1   Condenser Water Piping and Accessories

Condenser water piping and accessories shall be provided and installed in 
accordance with Section 23 05 15 COMMON PIPING FOR HVAC.

2.7.2   Cooling Tower Water Treatment Systems

The water treatment system shall be capable of automatically feeding 
chemicals and bleeding the system to prevent corrosion, scale, and 
biological formations. Automatic chemical feed systems shall automatically 
feed chemicals into the condenser water based on varying system conditions.

Contractor shall base water treatment on quality of water available at 
site, condenser water system equipment material characteristics and 
functional performance characteristics, operating personel capabilities, 
and requirements and guidelines of authorities having jurisdiction

The following chemicals shall be injected thru individual lines.

1.   CL-450:  Inhibitor, Non-Ionic Surfactant
2.   CL-2150:  Inhibitor, Algae, Bacteria and Fungi
3.   CL-1466:  Inhibitor, Scale and Corrosion

Condenser water shall have the following water qualities:

1.  pH: Maintain a value within 8.0 to 9.1.
2.  "P" Alkalinity: Maintain a maximum value of 100 ppm.
3.  Chemical Oxygen Demand: Maintain a maximum value of 100ppm.
4.  Soluble Copper: Maintain a maximum value of 0.20 ppm.
5.  TDS: Maintain a maximum value of 10 ppm
6.  Ammonia: Maintain a maximum value of 20 ppm.
7.  Free "OH" Alkalinity: Maintain a maximum value of 0 ppm.
8.  Micribiologicl Limits:

a. Total Aerobic Plate Count: Maintain a maximum value of 10,000 
organisms/ml.
b.  Total Anaerobic Plate Count: Maintain a maximum value of 1000 
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organisms/ml.
c.  Nitrate Reducers: Maintain a maximum value of 100 
organasims/ml.
d.  Sulfate Reducers: Maintain a maximum value of 0 organisms/ml.
e.  Iron Bacteria: Maintain a maximum value of 0 organisms/ml.

9.  Polymer Testable: Maintain a minimum value within 10 to 40.

Passivation for Galvanized Steel: For the first 60 days of operation.

1.  pH: Maintain a value within 7 to 8. 
2.  Calcium Carbonate Hardness: Maintain a value within 100 to 300 
ppm
3.  Calcium Carbonate Alkalinity: Maintain a value within 100 to 
300 ppm.

Contractor shall submit fabrication drawings and installation drawings for 
the water treatment system.

2.7.2.1   Chemical Feed Pump

One pump shall be provided for each chemical feed tank. The chemical feed 
pumps shall be positive displacement diaphragm type. The flow rate of the 
pumps shall be adjustable from 0 to 100 percent while in operation. The 
discharge pressure of pumps shall not be less than 1.5 times the line 
pressure at the point of connection. The pumps shall be provided with a 
pressure relief valve and a check valve mounted in the pump discharge.

Pumps shall have an auto-off manual switch with indicator lights. Pumps 
shall have thermal overload. A ball check system and priming system shall 
be included.

2.7.3   Tanks

Three chemical tanks shall be provided. The tanks shall be constructed of 
high density polyethylene with a hinged cover. The tanks shall have 
sufficient capacity to require recharging only once per 30 days during 
normal operation. A level indicating device shall be included with each 
tank. An electric agitator shall be provided for each tank.

Tanks shall be mounted in a spill containment system capable of holding 120 
percent of the largest tank volume. A ramp shall be provided to enable 
tanks to be installed and removed.

2.7.4   Injection Assembly

An injection assembly shall be provided at each existing chemical injection 
point along the condenser water piping. The injection assemblies shall be 
constructed of stainless steel. The discharge of the assemblies shall 
extend to the centerline of the condenser water piping. Each assembly shall 
include a shutoff valve and check valve at the point of entrance into the 
condenser water line.

2.7.5   Water Meter

Water meters shall be provided with an electric contacting register and 
remote accumulative counter. The meter shall be installed within the 
make-up water line, as indicated.
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2.7.6   Timers

Timers shall be of the automatic reset, adjustable type, and electrically 
operated. The timers shall be suitable for a 120 volt current. The timers 
shall be located within the water treatment control panel.

2.7.7   Water Treatment Control Panel

The control panel shall be a NEMA 12 enclosure mounted in the same location 
as the existing panel. The panel shall be constructed of stainless steel 
with a hinged door and lock. The panel shall contain a laminated plastic 
nameplate identifying each of the following functions:

(1) Main power switch and indicating light
(2) MAN-OFF-AUTO selector switch
(3) Indicating lamp for bleed-off valve
(4) Indicating lamp for each chemical feed pump
(5) Set point reading for each timer

The piping and fittings shall be constructed of schedule 80 PVC or 
stainless steel suitable for the water treatment chemicals.
Control system shall have continuous data logging to allow for treatment 
analysis,

2.7.8   Sequence of Operation

The chemicals shall be added based upon sensing the make-up water flow rate 
and activating appropriate timers. A separate timer shall be provided for 
each chemical. The blow down shall be controlled based upon the make-up 
water flow rate and a separate timer. The injection of the chemical 
required for biological control shall be controlled by a timer which can be 
manually set for proper chemical feed. Timer set points, blow down rates, 
and chemical pump flow rates shall be determined and set by the water 
treatment company.

2.7.9   Test Kits

One test kit of each type required to determine the water quality as 
outlined within the operation and maintenance manuals shall be provided.

PART 3   EXECUTION

3.1   INSTALLATION

Installation of cooling tower systems including materials, installation, 
workmanship, fabrication, assembly, erection, examination, inspection, and 
testing shall be in accordance with NFPA 70, and in compliance with the 
manufacturer's written installation instructions, including the following:

3.1.1   Connections to Existing Systems

Notify the Contracting Officer in writing at least 15 calendar days prior 
to the date the connections are required.  Obtain approval before 
interrupting service.  Furnish materials required to make connections into 
existing systems and perform excavating, backfilling, compacting, and other 
incidental labor as required.  Furnish labor and tools for making actual 
connections to existing systems.
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3.2   RELATED FIELD TESTING

3.2.1   Test Plans

a.  Manufacturer's Test Plans:  Within 120 calendar days after contract 
award, submit the following plans:

(1)  Refurbished cooling tower - field acceptance test plan

Field acceptance test plans shall be developed by the Contractor 
detailing recommended field test procedures for the refurbished 
cooling tower to demonstrate the effectiveness of repairs.

Contractor shall include in the Field Acceptance Test Plan a 
performance verification test. The performance verification test 
shall demonstrate the cooling tower capacity as well as water flow 
rates, air flow rates, water entering temperature, water leaving 
temperature, outside dry bulb and wet bulb temperatures, and total 
heat rejected. The purpose of the performance verification test 
will be to demonstrate the cooling tower capacity meets the 
requirements for the chiller system. 

The Contractor shall be responsible for purchasing all equipment 
and instrumentation required for the performance verification test.

The Contracting Officer will review and approve the field 
acceptance test plan for each of the listed equipment prior to 
commencement of field testing of the equipment.  The approved 
field acceptance test plans shall be the plan and procedures 
followed for the field acceptance tests of the cooling towers and 
subsequent test reporting.

b.  Coordinated testing:  Indicate in each field acceptance test plan when 
work required by this section requires coordination with test work 
required by other specification sections.  Furnish test procedures for 
the simultaneous or integrated testing of tower system controls which 
interlock and interface with controls factory prewired or external 
controls for the ECS Control System.

c.  Prerequisite testing:  Cooling towers for which performance testing is 
dependent upon the completion of the work covered by Section 23 05 93 
TESTING, ADJUSTING, AND BALANCING FOR ECS must have that work completed 
as a prerequisite to testing work under this section.  Indicate in each 
field acceptance test plan when such prerequisite work is required.

d.  Test procedure:  Indicate in each field acceptance test plan each 
equipment manufacturer's published installation, start-up, and field 
acceptance test procedures.  Include in the test static and dynamic 
balancing of the fan. Include in each test plan a detailed step-by-step 
procedure for testing automatic controls provided by the manufacturer.

Each test plan shall include the required test reporting 
forms to be completed by the Contractor's testing 
representatives.  Procedures shall be structured to test the 
controls through all modes of control to confirm that the controls 
are performing with the intended sequence of control.

Controllers shall be verified to be properly calibrated and have 
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the proper set point to provide stable control of their respective 
equipment.

e.  Performance variables:  Each test plan shall list performance variables 
that are required to be measured or tested as part of the field test.

Include in the listed variables performance requirements indicated 
on the equipment schedules on the design drawings.  Contractor 
shall furnish with each test procedure a description of acceptable 
results that have been verified.

Contractor shall identify the acceptable limits or tolerances within 
which each tested performance variable shall acceptably operate.

f.  Job specific:  Each test plan shall be job specific and shall address 
the particular cooling towers and particular conditions which exist 
with this contract.  Generic or general preprinted test procedures are 
not acceptable.

g.  Specialized components:  Each test plan shall include procedures for 
field testing and field adjusting specialized components.

3.3   Testing

a.  Each cooling tower system shall be field acceptance tested in 
compliance with its approved field acceptance test plan and the 
resulting following field acceptance test report submitted for approval:

1.  Refurbished cooling tower- field acceptance test report

b.  Manufacturer's recommended water treatment system testing:  Conduct the 
manufacturer's recommend field testing in compliance with the approved 
test plan.  Furnish a factory trained field representative authorized 
by and to represent the water treatment systems at the complete 
execution of the field acceptance testing.

c.  Operational test:  Conduct a continuous 24 hour operational test for 
the cooling tower system. Equipment shutdown before the test period is 
completed shall result in the test period being started again and run 
for the required duration.  For the duration of the test period, 
compile an operational log of each item of equipment.  Log required 
entries every two hours.  Use the test report forms for logging the 
operational variables.

d.  Notice of tests:  Conduct the manufacturer's recommended water 
treatment system tests, the operational tests, and other field 
acceptance test; record the required data using the approved reporting 
forms.  Notify the Contracting Officer in writing at least 15 calendar 
days prior to the testing.  Within 30 calendar days after acceptable 
completion of testing, submit each test report for review and approval.

e.  Report forms:  Type data entries and writing on the test report forms.  
Completed test report forms for each item of equipment shall be 
reviewed, approved, and signed by the Contractor's test director.  The 
manufacturer's field test representative shall review, approve, and 
sign the report of the manufacturer's recommended test.  Signatures 
shall be accompanied by the person's name typed.

f.  Deficiency resolution:  The test requirements acceptably met; 
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deficiencies identified during the tests shall be corrected in 
compliance with the manufacturer's recommendations and corrections 
retested in order to verify compliance.

g.  Cooling Tower with thermal performance not CTI certified to CTI Std-201 
shall have the thermal performance verified by field testing that meets 
the requirements of CTI ATC-105

        -- End of Section --
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SECTION 26 00 00.00 20

BASIC ELECTRICAL MATERIALS AND METHODS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2012; Errata 2012; INT 1-4 2012) National 
Electrical Safety Code

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

1.2   RELATED REQUIREMENTS

This section applies to certain sections of Division 02, EXISTING 
CONDITIONS and Divisions 22 and 23, PLUMBING and HEATING VENTILATING AND 
AIR CONDITIONING.  This section applies to all sections of Division 26 and 
33, ELECTRICAL and UTILITIES, of this project specification unless 
specified otherwise in the individual sections.

1.3   DEFINITIONS

a.  The technical sections referred to herein are those specification 
sections that describe products, installation procedures, and equipment 
operations and that refer to this section for detailed description of 
submittal types.

b.  The technical paragraphs referred to herein are those paragraphs in 
PART 2 - PRODUCTS and PART 3 - EXECUTION of the technical sections that 
describe products, systems, installation procedures, equipment, and 
test methods.

1.4   ELECTRICAL CHARACTERISTICS

Electrical characteristics for this project shall be 480Y/277Vthree phase, 
four wire, 60  Hz, and 208Y/120V volts secondary, three phase, four wire.

1.5   ADDITIONAL SUBMITTALS INFORMATION

Submittals required in other sections that refer to this section must 
conform to the following additional requirements as applicable.
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1.5.1   Shop Drawings (SD-02)

Include wiring diagrams and installation details of equipment indicating 
proposed location, layout and arrangement, control panels, accessories, 
piping, ductwork, and other items that must be shown to ensure a 
coordinated installation.  Wiring diagrams shall be supplied by Contractor 
for all new equipment as well as any existing equipment modified by the 
Contractor.  These wiring diagrams shall identify circuit terminals and 
indicate the internal wiring for each item of equipment and the 
interconnection between each item of equipment.  Drawings shall indicate 
adequate clearance for operation, maintenance, and replacement of operating 
equipment devices.

1.5.2   Product Data (SD-03)

Submittal shall include performance and characteristic curves as well as 
all technical literature for equipment being used.

1.6   QUALITY ASSURANCE

1.6.1   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.6.2   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in the technical section.

1.6.2.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.6.2.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless approved by the Contracting Officer, or specified 
otherwise.
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1.7   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.8   ELECTRICAL REQUIREMENTS

Electrical installations shall conform to IEEE C2, NFPA 70, and 
requirements specified herein.

1.9   INSTRUCTION TO GOVERNMENT PERSONNEL

Where specified in the technical sections, furnish the services of 
competent instructors to give full instruction to designated Government 
personnel in the adjustment, operation, and maintenance of the specified 
systems and equipment, including pertinent safety requirements as required. 
Instructors shall be thoroughly familiar with all parts of the installation 
and shall be trained in operating theory as well as practical operation and 
maintenance work.  Instruction shall be given during the first regular work 
week after the equipment or system has been accepted and turned over to the 
Government for regular operation.  The number of man-days (8 hours per day) 
of instruction furnished shall be as specified in the individual section. 

PART 2   PRODUCTS

2.1   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which 
shall, as a minimum, meet the requirements of NEMA 250 corrosion-resistance 
test and the additional requirements specified in the technical sections.

PART 3   EXECUTION

3.1   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Painting shall be 
as specified in the section specifying the associated electrical equipment.

        -- End of Section --
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SECTION 26 05 00.00 40

COMMON WORK RESULTS FOR ELECTRICAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D709 (2001; R 2007) Laminated Thermosetting 
Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE Stds Dictionary (2009) IEEE Standards Dictionary: Glossary 
of Terms & Definitions

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI Z535.1 (2006; R 2011) American National Standard 
for Safety--Color Code

NEMA KS 1 (2001; R 2006) Enclosed and Miscellaneous 
Distribution Equipment Switches (600 V 
Maximum)

NEMA RN 1 (2005) Polyvinyl-Chloride (PVC) Externally 
Coated Galvanized Rigid Steel Conduit and 
Intermediate Metal Conduit

NEMA VE 1 (2009) Standard for Metal Cable Tray 
Systems

NEMA WD 1 (1999; R 2005; R 2010) Standard for 
General Color Requirements for Wiring 
Devices

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

UNDERWRITERS LABORATORIES (UL)

UL 1 (2005; Reprint Jul 2007) Standard for 
Flexible Metal Conduit

UL 1277 Electrical Power and Control Tray Cables 
with Optional Optical-Fiber Members

UL 489 (2013) Molded-Case Circuit Breakers, 
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Molded-Case Switches, and Circuit-Breaker 
Enclosures

UL 6 (2007; reprint Nov 2010) Electrical Rigid 
Metal Conduit-Steel

UL 870 (2008) Standard for Wireways, Auxiliary 
Gutters, and Associated Fittings

SAE-AS33671 Strap, Tiedown, Electrical Components, 
Adjustable, Self-Clinching, Plastic, Type 
I, Class 1

1.2   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, shall be as 
defined in IEEE Stds Dictionary.

b.  The technical sections referred to herein are those specification 
sections that describe products, installation procedures, and equipment 
operations and that refer to this section for detailed description of 
submittal types.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Submit Material, Equipment, and Fixture Lists; G for the following:

Conduits, Raceways and Fittings; G

Wire and Cable; G

Splices and Connectors; G

Switches; G

Circuit Breakers; G

SD-03 Product Data

Submit manufacturer's catalog data for the following items:

Conduits, Raceways and Fittings; G

Wire and Cable; G

Splices and Connectors; G

Switches; G

Circuit Breakers; G

Spare Parts; G
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Certification; G

SD-06 Test Reports

Continuity Test; G

Phase-Rotation Tests; G

Insulation Resistance Test; G

SD-08 Manufacturer's Instructions

Submit Manufacturer's Instructions; G

1.4   PREVENTION OF CORROSION

Protect metallic materials against corrosion.  Provide equipment enclosures 
with the standard finish by the manufacturer when used for most indoor 
installations.  For all outdoor installations use NEMA 4X enclosures.  Do 
not use aluminum when in contact with earth or concrete and, where 
connected to dissimilar metal, protect by approved fittings and treatment.  
Ferrous metals such as, but not limited to, anchors, bolts, braces, boxes, 
bodies, clamps, fittings, guards, nuts, pins, rods, shims, thimbles, 
washers, and miscellaneous spare parts not of corrosion-resistant steel 
shall be hot-dip galvanized except where other equivalent protective 
treatment is specifically approved in writing.

1.5   GENERAL REQUIREMENTS

Submit material, equipment, and fixture lists for the following items 
showing manufacturer's style or catalog numbers, specification and drawing 
reference numbers, warranty information, and fabrication site.

Submit manufacturer's instructions including special provisions required to 
install equipment components and system packages.  Special notices shall 
detail impedances, hazards and safety precautions.

Submit certification required to install equipment components and system 
packages.

1.6   POSTED OPERATING INSTRUCTIONS

Provide for each system and principal item of equipment as specified in the 
technical sections for use by operation and maintenance personnel.  The 
operating instructions shall include the following:

a.  Wiring diagrams, control diagrams, and control sequence for each 
principal system and item of equipment.

b.  Start up, proper adjustment, operating, lubrication, and shutdown 
procedures.

c.  Safety precautions.

d.  The procedure in the event of equipment failure.

e.  Other items of instruction as recommended by the manufacturer of each 
system or item of equipment.
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Print or engrave operating instructions and frame under glass or in 
approved laminated plastic.  Post instructions where directed.  For 
operating instructions exposed to the weather, provide weather-resistant 
materials or weatherproof enclosures.  Operating instructions shall not 
fade when exposed to sunlight and be secured to prevent easy removal or 
peeling.

1.7   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

1.8   FIELD FABRICATED NAMEPLATES

ASTM D709.  Provide laminated plastic nameplates for each equipment 
enclosure, relay, switch, and device; as specified in the technical 
sections or as indicated on the drawings.  Each nameplate inscription shall 
identify the function and, when applicable, the position.  Nameplates shall 
be melamine plastic, 0.125 inch thick, black with white center core.  
Surface shall be matte finish.  Corners shall be square.  Accurately align 
lettering and engrave into the core.  Minimum size of nameplates shall be 
one by 2.5 inches.  Lettering shall be a minimum of 0.25 inch high normal 
block style.

PART 2   PRODUCTS

2.1   MATERIALS

Materials and equipment to be provided shall be the standard cataloged 
products of manufacturers regularly engaged in the manufacture of the 
products.

2.1.1   Rigid Steel Conduit

Rigid steel conduit shall comply with UL 6 and be galvanized by the hot-dip 
process.  Rigid steel conduit shall be  polyvinylchloride (PVC) coated in 
accordance with NEMA RN 1, where located outdoors.

Fittings for rigid steel conduit shall be threaded.

Gaskets shall be solid.  Conduit fittings with blank covers shall have 
gaskets, except in clean, dry areas or at the lowest point of a conduit run 
where drainage is required.

Covers shall have captive screws and  be accessible after the work has been 
completed.

2.1.2   Electrical Metallic Tubing (EMT)

EMT shall not be used.

2.1.3   Flexible Metallic Conduit

Flexible metallic conduit shall comply with UL 1 and be galvanized steel.

Fittings for flexible metallic conduit shall be specifically designed for 
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such conduit.

Provide liquidtight flexible metallic conduit with a protective jacket of 
PVC extruded over a flexible interlocked galvanized steel core to protect 
wiring against moisture, oil, chemicals, and corrosive fumes.

Specifically design fittings for liquidtight flexible metallic conduit for 
such conduit.

2.1.4   Intermediate Metal Conduit

Intermediate metal conduit shall not be used.

2.1.5   Rigid Nonmetallic Conduit

Rigid nonmetallic conduit shall not be used.

2.1.6   Wireways and Auxiliary Gutters

Wireway and auxiliary gutters shall be a minimum 4 by 4 inch trade size 
conforming to UL 870.

2.1.7   Surface Raceways and Assemblies

Surface metal raceways and multi-outlet assemblies shall conform to NFPA 70.  
Receptacles shall conform to NEMA WD 1, Type 5-15R.

2.1.8   Cable Trays

Provide ladder type cable trays conforming to NEMA VE 1 and contract 
drawings.

2.2   WIRE AND CABLE

Provide single stranded copper conductors type THHN/THWN insulated where 
not installed in cable tray. Provide UL Listed and labeled cable tray rated 
cable assembly with stranded copper conductors where installed in cable 
trays.

Flexible cable shall be Type SO and contain a grounding conductor with 
green insulation.

Conductors installed in plenums shall be marked plenum rated.

Phase conductors used for VFD's shall be shielded VFD multiconductor cable 
in accordance with UL 1277

2.3   SPLICES AND CONNECTORS

Make all splices with approved indentor crimp-type connectors and 
compression tools.

Joints shall be wrapped with an insulating tape that has an insulation and 
temperature rating equivalent to that of the conductor.  There shall be no 
splices allowed for cables 10 AWG or smaller.

No splices shall be allowed for controls cables specified in the contract 
drawings.
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2.4   SWITCHES

2.4.1   Safety Switches

Safety switches shall comply with NEMA KS 1, and be the heavy-duty type 
with enclosure, voltage, current rating, number of poles, and fusing as 
indicated.  Switch construction shall be such that, when the switch handle 
in the "ON" position, the cover or door cannot be opened.  Cover release 
device shall be coinproof and  be so constructed that an external tool 
shall be used to open the cover.  Make provisions to lock the handle in the 
"OFF" position, but the switch shall not be capable of being locked in the 
"ON" position.

Provide switches of the quick-make, quick-break type.  Approve terminal 
lugs for use with copper conductors.

Provide motor disconnect switches with an early break auxiliary contact to 
disable solid state starters and variable frequency drives before 
disconnecting the circuit. This style switch is not required for starters 
other than solid state starters and drives.

Safety color coding for identification of safety switches shall conform to 
ANSI Z535.1.

2.5   PULL BOXES

Furnish all pull and junction boxes with screw-fastened covers.

2.6   CIRCUIT BREAKERS

Circuit-breaker interrupting rating shall be no less than 65,000 amperes 
root-mean-square (rms) symmetrical at 480 volts.  Multipole circuit 
breakers shall be the common-trip type with a single handle.  Molded case 
circuit breakers shall be bolt-on type conforming to UL 489.  All breakers 
greater than 250A shall be provided with dry contacts to indicate the 
on/off state of the circuit breaker. Provide circuit breakers of matching 
type where required to be installed in existing motor control centers.

PART 3   EXECUTION

3.1   CONDUITS, RACEWAYS AND FITTINGS

Conduit runs between outlet and outlet, between fitting and fitting, or 
between outlet and fitting shall not contain more than the equivalent of 
three 90-degree bends, including those bends located immediately at the 
outlet or fitting.

Do not install crushed or deformed conduit.  Avoid trapped conduit runs 
where possible.  Take care to prevent the lodgment of foreign material in 
the conduit, boxes, fittings, and equipment during the course of 
construction.  Clear any clogged conduit of obstructions or be replaced.

3.1.1   Rigid Steel Conduit

Make field-made bends and offsets with approved hickey or conduit bending 
machine.  Conduit elbows larger than 2-1/2 inches shall be long radius.  
All conduit bends shall have a bend radius no smaller than 6 times the 
conduits diameter.
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Provide all conduit stubbed-up through concrete floors for connections to 
free-standing equipment with the exception of motor-control centers, 
cubicles, and other such items of equipment, with a flush coupling when the 
floor slab is of sufficient thickness.  Otherwise,provide a floor box set 
flush with the finished floor.  Conduits installed for future use shall be 
terminated with a coupling and plug set flush with the floor.

3.1.2   Electrical Metallic Tubing (EMT)

EMT shall not be used.

3.1.3   Flexible Metallic Conduit

Use flexible metallic conduit to connect recessed fixtures from outlet 
boxes in ceilings, transformers, and other approved assemblies.

Bonding wires shall be used in flexible conduit as specified in NFPA 70, 
for all circuits.  Flexible conduit shall not be considered a ground 
conductor.

Electrical connections to vibration-isolated equipment shall be made with 
flexible metallic conduit.

Liquidtight flexible metallic conduit shall be used in wet and oily 
locations and to complete the connection to motor-driven equipment.

3.1.4   Intermediate Metal Conduit

Intermediate Metal Conduit shall not be used.

3.1.5   Rigid Nonmetallic Conduit

Rigid PVC conduit shall not be used.

3.1.6   Wireway and Auxiliary Gutter

Straight sections and fittings shall be bolted together to provide a rigid, 
mechanical connection and electrical continuity.  Dead ends of wireways and 
auxiliary gutters shall be closed.  Plug all unused conduit openings.

Wireways for overhead distribution and control circuits shall be supported 
at maximum 5-foot intervals.

Auxiliary gutters used to supplement wiring spaces for equipment not 
contained in a single enclosure shall contain no switches, overcurrent 
devices, appliances, or apparatus and be not more than 30 feet long.

3.1.7   Surface Raceways and Assemblies

Surface raceways shall be mounted plumb and level, with the base and cover 
secured.  Minimum circuit run shall be three-wire with one wire designated 
as ground.

3.1.8   Cable Trays

Support cable trays from ceiling hangers, equipment bays, or floor or wall 
supports.  Cable trays may be mounted on equipment racks. Provide support 
when the free end extends beyond 3 feet.  Maximum support spacing shall be 
6 feet.  Trays 10-inches wide or less shall be supported by one hanger.  
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Trays greater than 10-inches wide shall be supported by two hangers.  Bond 
cable trays at splices.

3.2   WIRING

Feeder and branch circuit conductors shall be color coded as follows:

  CONDUCTOR            COLOR 480 VAC           COLOR 208 VAC

  Phase A                 Brown                   Black

  Phase B                 Orange                  Red

  Phase C                 Yellow                  Blue

  Neutral                 White                   White

  Equipment Grounds       Green                   Green

Conductors up to and including AWG No. 6 shall be manufactured with colored 
insulating materials.  Conductors larger than AWG No. 6 shall have ends may 
be identified with color plastic tape in outlet, pull, or junction boxes.

Splice in accordance with the NFPA 70.  Provide conductor identification 
within each enclosure where a tap, splice, or termination is made and at 
the equipment terminal of each conductor.  Terminal and conductor 
identification shall match as indicated.

Where several feeders pass through a common pullbox, the feeders shall be 
tagged to clearly indicate the electrical characteristics, circuit number, 
and panel designation.

Triplex conductors installed in cable tray. Use conductor tie downs every 
18 inches. Tiedown shall conform to SAE-AS33671

3.3   SAFETY SWITCHES

Securely fasten switches to the supporting structure or wall, utilizing a 
minimum of four 1/4 inch bolts.  Do not use sheet metal screws and small 
machine screws for mounting.  Do not mount switches in an inaccessible 
location or where the passageway to the switch may become obstructed.  
Mounting height shall be 5 feet above floor level, when possible.

3.4   BOXES AND FITTINGS

Furnish and install pullboxes where necessary in the conduit system to 
facilitate conductor installation.  Conduit runs longer than 100 feet or 
with more than three right-angle bends shall have a pullbox installed at a 
convenient intermediate location.

Securely mount boxes and enclosures to the building structure with 
supporting facilities independent of the conduit entering or leaving the 
boxes.

3.5   IDENTIFICATION PLATES AND WARNINGS

Furnish and install identification plates for lighting and power 
panelboards, motor control centers, all line voltage heating and 
ventilating control panels, fire detector and sprinkler alarms, door bells, 
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pilot lights, disconnect switches, manual starting switches, and magnetic 
starters.  Process control devices and pilot lights shall have 
identification plates.

Furnish and install identification plates for all line voltage enclosed 
circuit breakers, identifying the equipment served, voltage, phase(s) and 
power source.  Circuits 480 volts and above shall have conspicuously 
located warning signs in accordance with OSHA requirements.

3.6   FIELD TESTING

Submit Test Reports in accordance with referenced standards in this section.

After completion of the installation and splicing, and prior to energizing 
the conductors, perform  wire and cable continuity and insulation tests as 
herein specified before the conductors are energized.

Contractor shall provide all necessary test equipment, labor, and personnel 
to perform the tests, as herein specified.

Isolate completely all wire and cable from all extraneous electrical 
connections at cable terminations and joints.  Substation and switchboard 
feeder breakers, disconnects in combination motor starters, circuit 
breakers in panel boards, and other disconnecting devices shall be used to 
isolate the circuits under test.

Perform insulation-resistance test on each field-installed conductor with 
respect to ground and adjacent conductors.  Applied potential shall be 500 
volts dc for 300 volt rated cable and 1000 volts dc for 600 volt rated 
cable.  Take readings after 1 minute and until the reading is constant for 
15 seconds.  Minimum insulation-resistance values shall not be less than 25 
Megohms for 300 volt rated cable and 100 Megohms for 600 volt rated cable.  
For circuits with conductor sizes 8 AWG and smaller insulation resistance 
testing is not required.

Perform continuity test to insure correct cable connection (i.e correct 
phase conductor, grounded conductor, and grounding conductor wiring) end-to 
end.  Any damages to existing or new electrical equipment resulting from 
contractor mis-wiring will be repaired and re-verified at contractor's 
expense.  All repairs shall be approved by the CO prior to acceptance of 
the repair.

Conduct phase-rotation tests on all three-phase circuits using a 
phase-rotation indicating instrument.  Perform phase rotation of electrical 
connections to connected equipment clockwise, facing the source.

Final acceptance will depend upon the successful performance of wire and
cable under test.  Do not energize any conductor until the final test 
reports are reviewed and approved by the CO.

        -- End of Section --
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SECTION 26 05 63.00 98

COORDINATED POWER SYSTEM PROTECTION AND ARC FLASH ANALYSIS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 1584 (2002, Am 1 2004, Int 1-3 2008) Guide for 
Performing Arc-Flash Hazard Calculations

IEEE 242 (2001; Errata 2003) Recommended Practice 
for Protection and Coordination of 
Industrial and Commercial Power Systems - 
Buff Book

IEEE 399 (1997) Brown Book IEEE Recommended 
Practice for Power Systems Analysis

IEEE C2 (2012; Errata 2012; INT 1-4 2012) National 
Electrical Safety Code

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA Z535.4 (2011) American National Standard for 
Product Safety Signs and Labels

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

NFPA 70E (2012) Standard for Electrical Safety in 
the Workplace

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Fault Current and Arc Flash Analysis Review Submittals;G
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Protective Device Coordination Study Review Submittals; G

Proposed Test Plan; G

SD-03 Product Data

Fault Current and Arc Flash Analysis; G

Protective Device Coordination Study; G

Equipment; G

System Coordinator; G

Installation Procedures; G

SD-06 Test Reports

Field Testing; G

SD-07 Certificates

Certificates of Conformance for Devices and Equipment; G

1.3   ADMINISTRATIVE REQUIREMENTS

1.3.1   Pre-Installation Submittals and Meetings

No later than 60 days after Contract Award, submit the following to the 
Contracting Officer for review and approval:

a.  Fault Current and Arc Flash Analysis Review Submittals

b.  Protective Device Coordination Study Review Submittals

c.  Proposed Test Plan

The Contractor shall provide review submittals as follows:

a.  90 percent submittal:  Study is complete except for disposition of 
Government comments.  Submit within 60 days after contract award.

b.  100 percent submittal:  Incorporates approved Government comments.  
Setting sheets and test procedures from these documents are to be used 
to implement protective device settings.  Submit within 90 days after 
Contract award.

1.3.1.1   Proposed Test Plan

Submit a proposed test plan, consisting of complete field test procedure 
including tests to be performed, test equipment required, and tolerance 
limits, including complete testing and verification of the ground fault 
protection equipment, where used.

1.3.1.2   Review and Final Submittals Format

For review and final submittals, submit 1 bound copie and a PDF file 
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formatted on Compact Disc (CD) and or electronic storage media.  Also 
provide on a final submittal CD all power system analysis software data 
files necessary to restore and edit the model.

Submit performance test reports in booklet form showing all field tests 
performed to adjust each component and all field tests performed to prove 
compliance with the specified performance criteria, upon completion and 
testing of the installed system.  Indicate in each test report the final 
position of controls.

a.  Equipment data

Submit data consisting of manufacturer's time-current characteristic curves 
for individual protective devices, recommended settings of adjustable 
protective devices, and recommended ratings of non-adjustable protective 
devices.

Review protective device submittals of equipment to be provided and 
indicate any options or modifications required to achieve the requirements 
of this section.  No time extensions or similar contact modifications will 
be granted for work arising out of the requirements for this study.  The 
Government is not responsible for any changes to equipment, device ratings, 
settings, or additional labor for installation of equipment or devices 
ordered and/or procured prior to approval of the study.

b.  Installation Procedures

Submit written description of procedures including diagrams, instructions, 
and precautions required to properly install, adjust, calibrate, and test 
the devices and equipment.

1.3.2   Final Submittals

After completion of installation and testing submit the following to the 
Contracting Officer for review and approval:

Field Test Results - Submit in booklet form showing all field tests 
performed to adjust each component and all field tests performed to 
prove compliance with the specified performance criteria, upon 
completion and testing of the installed system.  Indicate in each test 
report the final position of controls.

1.3.3   Field Changes

If field changes are required due to discrepancies between the setting 
sheet documents and the available setting selections on the protective 
device, submit within 10 days after installation the following to the 
Contracting Officer for review and approval:

a.  Fault Current and Arc Flash Analysis

b.  Protective Device Coordination Study

1.4   QUALITY ASSURANCE

Ensure all work performed is in conformance with the following standards:

IEEE C2
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IEEE 1584

NEMA Z535.4

NETA ATS

NFPA 70

NFPA 70E

1.4.1   System Coordinator

Provide documentation verifying that system coordination, recommended 
ratings and settings of protective devices, and design analysis are 
prepared (performed/reviewed/approved) by a registered professional 
electrical power engineer with a minimum of 3 years of current experience 
in the coordination of electrical power systems.

1.4.2   System Installer

Ensure all final calibration, testing, adjustment, and placing into service 
of the protective devices is accomplished by a manufacturer's product field 
service engineer or independent testing company with a minimum of two years 
of current product experience in protective devices.

1.5   RELATED REQUIREMENTS

Section 26 08 00 APPARATUS INSPECTION AND TESTING applies to this Section.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

The power system covered by this specification consists of:  

Drawing:  79K39602

The Government will provide the short circuit values for the following 
connection points on the electrical system:

T1040A PRIMARY

T1040B PRIMARY

T1050A PRIMARY

T1050B PRIMARY

T1052A PRIMARY

T1052B PRIMARY

The Government will provide the existing protective device settings for the 
following devices on the electrical system:

SWITCHGEAR 1040A MAIN CIRCUIT BREAKER

SECTION 26 05 63.00 98  Page 434



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

SWITCHGEAR 1040B MAIN CIRCUIT BREAKER

SWITCHGEAR 1050A MAIN CIRCUIT BREAKER

SWITCHGEAR 1050B MAIN CIRCUIT BREAKER

SWITCHGEAR 1052A MAIN CIRCUIT BREAKER

SWITCHGEAR 1052B MAIN CIRCUIT BREAKER

2.2   ARC FLASH LABELS

Provide weatherproof detailed arc flash warning labels for all electrical 
equipment as required by NFPA 70 and NFPA 70E, including, medium voltage 
switches, transformers, switchgear main breakers, switchgear bus-tie 
breaker, switchgear feeder breakers, switchgear cable compartments, 
switchboards, panel boards, motor control centers, enclosed breakers, 
safety switches automatic transfer switches, motor starters, control 
panels, and other equipment modified or installed by the project that is 
likely to require examination, adjustment, servicing, or maintenance while 
energized.

2.2.1   Label Format

Label format is to be NFPA 70E detailed format type.  Conform in detail 
with samples provided at the time of award.  Format includes different 
colors and formatting per NEMA Z535.4 for different hazard levels and the 
following information:

a.  Flash hazard boundary

b.  Incident energy

c.  Hazard Category and PPE

d.  Shock Voltage

e.  Minimum insulated glove rating

f.  Limited approach boundary distance

g.  Restricted approach boundary distance

h.  Prohibited approach boundary distance

2.2.2   Label Content

Ensure arc flash label content is based on the operational scenario, fault 
location, and fault type (arcing or bolted) that results in the highest 
incident energy.

2.3   COORDINATED POWER SYSTEM PROTECTION

Prepare and submit analyses to demonstrate that the equipment selected and 
system constructed meet the contract requirements for ratings, 
coordination, and protection.  Include a fault current and arc flash 
analysis, equipment evaluation report, and a protective device coordination 
study.  Submit Certificates of Conformance verifying that the studies have 
been prepared (performed/reviewed/approved) by a registered professional 
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engineer with demonstrated experience in power system coordination in the 
last 3 years.  Provide a list of references complete with points of 
contact, addresses and telephone numbers.  The selection of the engineer is 
subject to the approval of the Contracting Officer.

Prepare and submit short circuit studies, load flow studies, coordination 
studies, and arc-flash hazard analysis in accordance with NETA ATS and as 
specified herein.

2.3.1   Scope of Analyses

Ensure the fault current and arc flash analysis, and protective device 
coordination study begin at 480V Secondary of distribution transformers.

2.3.2   Determination of Facts

Perform field inspections to determine and document the time-current 
characteristics, features, and nameplate data for each existing protective 
device. 

2.3.3   Single Line Diagram

Prepare a single line diagram to show the electrical system buses, devices, 
transformation points, and all sources of fault current (including 
generator and motor contributions).  A fault-impedance diagram or a 
computer analysis diagram may be provided.  Ensure each bus, device or 
transformation point has a unique identifier.  If a fault-impedance diagram 
is provided, show impedance data.  Show the location of switches, breakers, 
and circuit interrupting devices on the diagram together with available 
fault data, and the device interrupting rating.

2.3.4   Fault Current Analysis

2.3.4.1   Method

Perform the fault current analysis in accordance with methods described in 
IEEE 242, and IEEE 399.  Single line drawings based on existing hardware 
will be provided to the Contractor for reference.  Utilize specialized 
computer aided engineering software designed for fault current analysis, 
including the following capabilities:

a.  Single-ended substation source operation

b.  Double-ended substation source operation

Perform analysis and provide separate study report generated for each 
operational scenario.

2.3.4.2   Data

Utilize actual hardware data in fault calculations.  Ensure bus 
characteristics and transformer impedance are those proposed.  Document all 
data in the report.

2.3.4.3   Fault Current Availability

Provide balanced three-phase fault, bolted line-to-line fault, and 
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line-to-ground fault current values at each voltage transformation point 
and at each power distribution bus.  Show the maximum and minimum values of 
fault available at each location in tabular form on the diagram or in the 
report.

2.3.5   Coordination Study

Ensure the study demonstrates that the maximum possible degree of 
selectivity has been obtained between devices specified, consistent with 
protection of equipment and conductors from damage from overloads and fault 
conditions.  Include a description of the coordination of the protective 
devices in this project.  Provide a written narrative describing:

a.  Which devices may operate in the event of a fault at each bus; the 
logic used to arrive at device ratings and settings;

b.  Situations where system coordination is not achievable due to device 
limitations (an analysis of any device curves which overlap);

c.  Coordination between upstream and downstream devices; and relay 
settings.

d.  Provide recommendations to improve or enhance system reliability by 
reducing the incident energy level, and detail where such changes would 
involve additions or modifications to the contract and cost damages 
(addition or reduction).

Provide composite coordination plots on log-log graph paper.

a.  Provide separate plots for phase and ground faults.

b.  Include applicable cable and transformer damage curves on phase fault 
plots.

c.  Limit the number of protective device curves on any plot to 5 .

2.3.6   Study report

Include the following in the report:

a.  A cover sheet and table of contents.  Provide separate sections with 
all applicable content, for all operating scenarios.

b.  A narrative describing:

(1)  The analyses performed;

(2)  The basis and methods used;

(3)  The desired method of coordinated protection of the power system.

c.  Descriptive and technical data for existing devices and new protective 
devices proposed, including manufacturers published data, nameplate 
data, time-current curves, and definition of the fixed or adjustable 
features of the existing or new protective devices.

d.  Document existing power system data including time-current 
characteristic curves and protective device ratings and settings.
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e.  Provide time-current characteristics curves for each bus in the system, 
as required to ensure coordinated power system protection between 
protective devices or equipment, including recommended ratings and 
settings of all protective devices in tabulated form.

f.  Provide all calculations performed for the analyses, including computer 
analysis programs utilized, the name of the software package, 
developer, and version number.  Include all information input to 
(define) nodes such as cable data, conduit type, circuit length, 
transformer impedance, bus impedance, generator impedances, etc.  For 
all nodes include phase fault short circuit levels and X/R ratios, 
ground fault short circuit levels and X/R ratios, load flow levels, arc 
flash energy (for both bolted and arcing short circuit levels), and 
motor starting studying results.  Indicate which study options have 
been chosen which the software utilizes to generate the Short Circuit 
Analysis and Arc Flash Hazard Analysis results; use preferred method 
below when available.  Options included are, but not limited to the 
following:

(1)  Standard used for arc-flash calculations: (IEEE 1584 - preferred 
method).

(2)  240 Volt Exceptions (report Cat 0 if XFMR less than 125kVA - 
preferred method).

(3)  Maximum arcing time: (2 sec - preferred - fully dependent on task 
performed).  For certain tasks, such as working in manholes, 
elevated work areas, or underneath equipment, it may not be 
possible for trained personnel to distance themselves from the Arc 
Flash within 2 seconds.

(4)  Motor fault contributions: (5 cycles preferred - motors with 50 
hp or greater are to be evaluated).

(5)  Levels Mis-coordination checked (5 levels-preferred).

(6)  Mis-coordination Ratio: (80 percent - preferred - ensure Cleared 
Fault Threshold matches Mis-coordination Ratio).

(7)  Flash Boundary Calculation Adjustments above 1kV, Trip Time less 
than =0.1s: (1.5 cal/square meter - preferred).

(8)  Properly categorize all equipment types in Arc Flash Evaluation: 
(Ensure switchgear, panel boards have proper gap distance).

(9)  Short Circuit Study Utilized: (Comprehensive-preferred).

(10)  Fault types analyzed: (Three Phase, Single Line to Ground, Line 
to Line, Line to Line to Ground, All -preferred).

g.  Single line diagram(s)

h.  Protective device setting sheets, as separate pages, suitable for use 
by installing technicians, separate from other report analysis and 
data.  Include recommended changes to existing protective device 
settings and settings for all new protective devices.  Provide all 
information to field install the settings, including settings or 
features not used or turned off.
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i.  Tabulated Arc Flash data for all equipment requiring an arc flash 
warning label and all modified equipment also requiring an arc flash 
label.

j.  Equipment Evaluation Report (EER) showing the AIC/SCCR ratings for all 
equipment evaluated and the required rating for the application where 
the equipment is installed.  Ensure the EER identifies underrated and 
marginally rated equipment.  Underrated equipment is defined as 
equipment with actual AIC/SCCR ratings that do not meet the required 
AIC/SCCR rating for the application/installation.  Marginally rated 
equipment is defined as equipment within 90 percent to 100 percent of 
the required rated AIC/SCCR for the application/installation.

PART 3   EXECUTION

3.1   INSTALLATION

Install and test protective devices settings in accordance with the 
manufacturer's published instructions and in accordance with the protective 
device coordination study protective device setting sheets and test plan.

Affix detailed arc flash warning labels to all electrical equipment as 
required by NFPA 70 and NFPA 70E.

3.2   FIELD TESTING

3.2.1   General

Section 26 08 00 APPARATUS INSPECTION AND TESTING, applies to this section, 
with the additions and modifications specified herein.  Submit Performance 
Test Reports in booklet form showing all field tests performed to adjust 
each component and all field tests performed to prove compliance with the 
specified performance criteria, upon completion and testing of the 
installed system.  Indicate in each test report the final position of 
controls.  Submit Certificates of Conformance for Devices and Equipment to 
the Contracting Officer, certifying that all devices or equipment meet the 
requirements of the contract documents.

3.2.2   Safety

Provide and use safety devices such as arc flash personal protective 
equipment, electrically insulating rubber gloves, protective barriers, and 
danger signs to protect and warn personnel in the test vicinity.  Replace 
any devices or equipment which are damaged due to improper test procedures 
or handling.

3.2.3   Molded-Case Circuit Breakers

Visually inspect circuit breakers.  Verify current ratings and adjustable 
settings incorporated in accordance with the coordination study.

3.2.4   Power Circuit Breakers

3.2.4.1   General

Visually inspect the circuit breaker and implement settings in accordance 
with the coordination study.
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3.2.4.2   Current Injection Tests

Test with approved settings installed in accordance with NETA ATS and the 
Test Plan; document results in the field test reports.

a.  Determine long time pick-up value and delay by primary current 
injection.

b.  Determine short time pick-up value and delay by primary current 
injection.

c.  Determine instantaneous pick-up value by primary current injection.

d.  Determine ground-fault pick-up value and delay by primary current 
injection.

e.  Test trip unit functions by secondary current injection or in 
accordance with the manufacturer's requirements.

        -- End of Section --
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SECTION 26 05 71.00 40

LOW VOLTAGE OVERCURRENT PROTECTIVE DEVICES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C57.13 (2008) Standard Requirements for 
Instrument Transformers

IPC - ASSOCIATION CONNECTING ELECTRONICS INDUSTRIES (IPC)

IPC D330 (1992) Design Guide Manual

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C12.1 (2008) Electric Meters Code for 
Electricity Metering

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA AB 3 (2012) Molded Case Circuit Breakers and 
Their Application

NEMA FU 1 (2002; R 2007) Low Voltage Cartridge Fuses

NEMA ICS 1 (2000; R 2008; E 2010) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Controllers, Contactors, and Overload 
Relays Rated 600 V

NEMA ICS 5 (2000; R 2010) Control Circuit and Pilot 
Devices

NEMA ICS 6 (1993; R 2011) Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

UNDERWRITERS LABORATORIES (UL)

UL 489 (2013) Molded-Case Circuit Breakers, 
Molded-Case Switches, and Circuit-Breaker 
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Enclosures

UL 508 (1999; Reprint Apr 2010) Industrial 
Control Equipment

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals; G

Prior to the beginning of construction, submit manufacturer's 
equipment and performance data for the following items including 
use life, system functional flows, safety features, and mechanical 
automated details.

Fuses

SD-02 Shop Drawings; G

Submit Connection Diagrams and Fabrication Drawings for the 
following items in accordance with paragraph entitled, "General 
Requirements," of this section.

Submit Installation drawings for the following items in accordance 
with the paragraph entitled, "Installation," of this section.

Control Devices
Protective Devices
Circuit Breakers
Overload Relays
Contactors
Soft Start Controllers
Transformers

SD-03 Product Data; G

Submit manufacturer's equipment and performance data for the 
following items including use life, system functional flows, 
safety features, and mechanical automated details.

Motor Control
Instrument Transformers
Enclosures
Circuit Breakers
Control Devices
VFD's (Variable Frequency Drives)
Indicating Lights

SD-06 Test Reports

Acceptance Checks and Tests; G

Submittal shall include acceptance criteria and limits for each 
test in accordance with NETA "TEST VALUES".

SD-07 Certificates
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Submit certificates for Circuit Tests on similar motor-control or 
submit motor-circuit protector (MCP) units under actual conditions 
in lieu of factory tests on the actual units provided. 

SD-08 Manufacturer's Instructions; G

Submit manufacturer's instructions for the following items, 
including special provisions required to install equipment 
components and system packages.  Provide detail on resistance 
impedances, hazards and safety precautions within the special 
notices.

Control Devices
Protective Devices

SD-10 Operation and Maintenance Data; G

Submit Operation and Maintenance Manuals for the following 
equipment:

Magnetic Motor Controllers
Combination Motor Controllers
Circuit Breakers

1.3   GENERAL REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to 
work specified in this section.

SECTION 26 08 00 Apparatus Inspection and tests applies to work specified 
in this section.

Submit Connection Diagrams showing the relations and connections of control 
devices and protective devices by showing the general physical layout of 
all controls, the interconnection of one system (or portion of system) with 
another, and internal tubing, wiring, and other devices.

Submit Fabrication Drawings for control devices and protective devices 
consisting of fabrication and assembly details to be performed in the 
factory.

PART 2   PRODUCTS

2.1   MOTOR CONTROL

Conform to NEMA ICS 1, NEMA ICS 2, and UL 508 for motor controllers.  
Provide controllers that have thermal overload protection in each phase 
where indicated.

Provide motor starter units of matching type where required to be installed 
in existing motor control centers.
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2.1.1   Magnetic Motor Controllers

2.1.1.1   Full-Voltage Controllers

Provide full-voltage, full magnetic devices in accordance with NEMA ICS 1, 
NEMA ICS 2, and UL 508 for magnetic motor controllers for the control and 
protection of single- and three-phase, 60-hertz, squirrel-cage induction 
motors.

Provide operating coil assembly that operates satisfactorily between 85 and 
110 percent of rated coil voltage.  Provide 120 volts, 60 hertz motor 
control circuits.

Provide controller with two normally open and two normally closed auxiliary 
contacts rated per NEMA ICS 1 and NEMA ICS 2 in addition to the sealing-in 
contact for control circuits.

Provide solderless pressure wire terminal connectors for line-and 
load-connections to controllers.

Where indicated on the drawings, include three manual reset thermal 
overload devices for overcurrent protection, one in each pole of the 
controller.  Provide thermal overload relays of melting-alloy type with 
continuous current ratings and service-limit current ratings, and with a 
plus or minus 15 percent adjustment to compensate for ambient operating 
conditions.

Provide an externally operable manual-reset button to re-establish control 
power to the holding coil of the electromagnet.  After the controller has 
tripped from overload, ensure that resetting the motor-overload device does 
not restart the motor.

Provide enclosure in accordance with NEMA 250, Type 1X indoors.  Provide 
enclosure in accordance with NEMA 250, Type 4X outdoors.

2.1.1.2   Reduced-Voltage Starters

Conform to the requirements for full-voltage controllers for 
reduced-voltage starters, except for voltage, and to the following 
additional requirements.

Provide solid state reduced voltage starters.

Fully protect the motor during all phases of motor starting with an 
overload device in each motor leg.  Rate starter contacts to withstand the 
switching surges during selector to full voltage.  Provide starter that 
contains the necessary sensing and timing devices to monitor motor 
operation and select the correct time for selector to full voltage.

Ventilate solid-state starters for starting cycles as well as any follow-on 
restart-run cycles.  Operate external control circuits or solid-state 
starters at a maximum of 120 volts ac.

For solid-state starters, provide adjustable starting torque from 0 to 50 
percent of applied voltage, minimum. Provide bypass contactor to bypass the 
SCR controllers once full voltage has been obtained. Bypass contactor shall 
be rated for full voltage starting in case of an emergency.

Provide thermal-magnetic breakers as specified in paragraph entitled 
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"Circuit Breakers". Manufacturer's standard MCP may be used in lieu of 
molded-case circuit breakers.

2.1.2   Combination Motor Controllers

Following requirements are in addition to the requirements specified for 
magnetic motor controller and reduced-voltage starter:

Provide combination motor controllers for the control and protection of 
single-and three-phase 60-hertz alternating-current squirrel-cage 
induction motors with branch-circuit disconnecting and protective 
devices  in accordance with NEMA ICS 1, NEMA ICS 2, and NEMA ICS 6.

For combination motor controllers include magnetic motor controllers 
and molded-case circuit breakers or MCP in metal enclosures in 
accordance with NEMA 250 or motor-control center draw-out assemblies 
with control-power transformers, selector switches, pushbuttons, and 
indicating lights as follows:

Provide full-voltage, full-magnetic devices as specified in this 
section under paragraph entitled, "Full Voltage Controllers

Provide reduced-voltage devices as specified in this section under 
paragraph entiled, "Reduced Voltage Starters."

Provide thermal-magnetic breakers as specified in paragraph 
entitled, "Circuit Breakers.  Manufacturer's standard MCP may be 
used in lieu of molded-case circuit breakers.

Provide control-power transformers 120-volt ac maximum, selector 
switches, pushbuttons, and pilot lights as required.

Identify combination motor controllers with identification plates 
affixed to front cover of the controller.

2.1.2.1   Nonreversing Combination Motor Controllers

Following requirements are in addition to the requirements for magnetic 
motor controllers:

For nonreversing combination motor controllers for the control and 
protection of single-speed squirrel-cage induction motors, include a 
magnetic controller with molded-case circuit breaker or MCP with 
selector switch or start/stop pushbutton and indicating light in the 
cover of the enclosure.

Provide rating of three-phase single-speed full-voltage magnetic 
controllers for nonplugging and nonjogging duty in accordance with 
NEMA ICS 1 and NEMA ICS 2.

Provide wiring and connections for full-voltage single-speed magnetic 
controllers in accordance with NEMA ICS 1 and NEMA ICS 2.

2.2   ENCLOSURES

2.2.1   Equipment Enclosures

Provide enclosures for equipment in accordance with NEMA 250.
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Contain equipment installed inside, clean, dry locations in an  enclosure. 
Metal enclosures shall at a minimum provide shielding attenuation of 26 
decibels (dB). Metal enclosures shall provide Electromagnetic (EM) 
shielding and sealing of intentional apertures (such as doors, removable 
panels, usable panel holes and penetrations, cable feed through, cooling 
ducts, and fan mounts) as necessary to meet the shielding attenuation 
requirements. Treatment methods may include but are not limited to EM 
screening, EM gaskets cable feed through or bulkhead connector, conductive 
taping, conductive coatings, and latch/operator reinforcement.

Electrical enclosures shall be steel of not less than 14 gauge with welded 
seams.  Access cover plates shall be hinged with EM gaskets.  Design shall 
include thick cover plates, folded enclosures edges, and bolt spacer to 
prevent uneven gasket compression and enclosure deformation.  Gasket shall 
be easy to replace.  Gasket contact areas shall be tin-plated.

Contain equipment installed in wet or outdoor locations in a NEMA Type 4X 
watertight, corrosion-resistant sheet-steel enclosure, constructed to 
prevent entrance of water when tested in accordance with NEMA ICS 6 for 
Type 4 enclosures.

Provide free-standing enclosures for motor control equipment larger than 
300 HP.

2.3   CIRCUIT BREAKERS

Provide circuit breakers that conform to UL 489, and NEMA AB 3.

2.3.1   Molded-Case Circuit Breakers

Provide molded case, manually operated, trip-free, circuit breakers, with 
inverse-time thermal-overload protection and instantaneous magnetic 
short-circuit protection as required.  Completely enclose circuit breakers 
in a molded case, with the calibrated sensing element factory-sealed to 
prevent tampering.

Locate thermal-magnetic tripping elements in each pole of the circuit 
breaker, and provide inverse-time-delay thermal overload protection and 
instantaneous magnetic short-circuit protection.  Provide instantaneous 
magnetic tripping element, that is adjustable and accessible from the front 
of the breaker on frame sizes larger than 100 amperes.

Size breaker  as required for the continuous current rating of the 
circuit.  Provide breaker class as required.

Provide sufficient interrupting capacity of the panel and lighting branch 
circuit breakers, to successfully interrupt the maximum short-circuit 
current imposed on the circuit at the breaker terminals.  Provide circuit 
breaker interrupting capacities with a minimum of 65,000 amperes and that 
conform to NEMA AB 3.

Provide the common-trip type multipole circuit breakers having a single 
operating handle and a two-position on/off indication.  Provide circuit 
breakers with temperature compensation for operation in an ambient 
temperature of 104 degrees F.  Provide circuit breakers that have root mean 
square (rms) symmetrical interrupting ratings sufficient to protect the 
circuit being supplied.  Interrupting ratings may have selective type 
tripping (time delay, magnetic, thermal, or ground fault).
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2.4   FUSES

Provide a complete set of fuses for all switches and switchgear. Rate fuses 
that have a voltage rating of not less than the circuit voltage.

Make no change in continuous-current rating, interrupting rating, and 
clearing or melting time of fuses unless written permission has first been 
secured.

Provide nonrenewable cartridge type fuses for ratings 30 amperes, 125 volts 
or less.  Provide renewable cartridge type fuses for ratings above 30 
amperes 600 volts or less with time-delay dual elements, except where 
otherwise indicated.  Conform to NEMA FU 1 for fuses.

Install special fuses such as extra-high interrupting-capacity fuses, fuses 
for welding machines, and capacitor fuses where required. Plug fuses are 
not permitted.

Label fuses showing UL class, interrupting rating, and time-delay 
characteristics, when applicable.  Additionally, clearly list fuse 
information on equipment drawings.

Provide porcelain fuse holders when field-mounted in a cabinet or box.  Do 
not use fuse holders made of such materials as ebony asbestos, Bakelite, or 
pressed fiber for field installation.

2.5   CONTROL DEVICES

2.5.1   Control-Circuit Transformers

Provide control-circuit transformers within the enclosure of magnetic 
contactors and motor controllers when the line voltage is in excess of 120 
volts.  Provide encapsulated dry type, single-phase, 60-hertz transformer, 
with a 120-volt (or 24-volt) isolated secondary winding.

Do not provide a transformer with a rated primary voltage less than the 
rated voltage of the controller, or a rated secondary current less than the 
continuous-duty current of the control circuit.

Provide voltage regulation of the transformer such that, with rated primary 
voltage and frequency, the secondary voltage is not less than 95 percent 
nor more than 105 percent of rated secondary voltage.

Provide source of supply for control-circuit transformers at the load side 
of the main disconnecting device.  Protect secondary winding of the 
transformer and control-circuit wiring against overloads and short 
circuits, with fuses selected in accordance with NEMA ICS 6.  Ground 
secondary winding of the control-circuit transformer in accordance with 
NEMA ICS 6.

2.5.2   Magnetic Control Relays

Provide magnetic control relays for energizing and de-energizing the coils 
of magnetic contactors or other magnetically operated devices, in response 
to variations in the conditions of electric control devices in accordance 
with NEMA ICS 1, and NEMA ICS 2.

Provide core-and-coil assembly that operates satisfactorily with coil 
voltages between 85 and 110 percent of their voltage rating.
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Provide relays that are designed to accommodate normally open and normally 
closed contacts.

Provide 120-volt, 60-hertz magnetic control relays with a continuous 
contact rating of 10 amperes, and with current-making and -breaking ability 
in accordance with NEMA ICS 1 and NEMA ICS 2, two normally open and two 
normally closed.

2.5.3   Pushbuttons and Switches

2.5.3.1   Pushbuttons

For pushbuttons for low-voltage ac full-voltage magnetic controllers, 
provide heavy-duty oiltight NEMA 250, Type 12, momentary-contact devices 
rated 600 volts, with pilot light, and with the number of buttons and the 
marking of identification plates as shown.  Furnish pushbutton color code 
in accordance with NEMA ICS 6.

Provide pushbuttons that are designed with normally open, circuit-closing 
contacts; normally closed circuit-opening contacts; and two-circuit 
normally open and normally closed circuit-closing and -opening contacts.  
Provide pushbutton-contact ratings in accordance with NEMA ICS 1 and 
NEMA ICS 2 with contact designation A600.

2.5.3.2   Selector Switches

Provide heavy-duty oiltight maintained-contact selector switches for 
low-voltage control circuits, with the number of positions and the marking 
of identification plates in accordance with NEMA ICS 1 and NEMA ICS 2.

2.5.3.3   Miscellaneous Switches

Provide float, limit, door, pressure, proximity, and other types of 
switches in accordance with IPC D330 and of the types and classes indicated.

2.6   Protective Relays

Provide solid-state static-type trips for low-voltage power circuit
breakers in accordance with EIA 443 and IEEE C37.17.

Provide a trip unit that employs a combination of discreet components and
integrated circuits to provide the time-current protection functions
required in a modern selectively coordinated distribution system.

Provide complete system selective coordination by utilizing a combination
of the following time-current curve-shaping adjustments: ampere setting;
long-time delay; short-time pickup; short-time delay; instantaneous pickup;
and ground fault.

Provide switchable or easily defeatable instantaneous and ground fault
trips.

Make all adjustments using non-removable, discrete step, highly reliable
switching plugs for precise settings. Provide a sealable, transparent
cover over the adjustments to prevent tampering.

Furnish trip devices with three visual indicators to denote the automatic
tripping mode of the breaker including: overload; short circuit; and
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ground fault.

Wire trip unit to appropriate terminals whereby an optional remote
automatic trip accessory can be utilized to provide the same indication.

Make available for use a series of optional automatic trip relays for use
with the trip unit to provide remote alarm and lockout circuits.

Provide all trip units with test jacks for in-service functional testing of
the long-time instantaneous and ground fault circuits using a small
hand-held test kit.

2.7   FACTORY TESTING

Perform factory tests on control and low voltage protective devices in 
accordance with the manufacturer's recommendations.

Conduct short-circuit tests in accordance with Section 2 of NEMA ICS 1.

2.8   INDICATING LIGHTS

2.8.1   General-Purpose Type

For indicating lights, provide oiltight LED instrument devices with 
threaded base and collar for flush-mounting.  Provide indicating lights 
color coded in accordance with NEMA ICS 5.

2.9   FINISH

Protect metallic materials against corrosion.  Provide equipment with the 
standard finish by the manufacturer when used for most indoor installations.

PART 3   EXECUTION

3.1   INSTALLATION

Install Control devices and protective devices that are not factory 
installed in equipment, in accordance with the manufacturer's 
recommendations and field adjusted and operation tested.  Conform to NFPA 70, 
NEMA ICS 1 and NEMA ICS 2 requirements for installation of control and 
protective devices.

3.2   FIELD TESTING

Demonstrate to operate as indicated control and protective devices not 
factory installed in equipment.

Perform acceptance checks and tests and field tests in accordance with the 
latest edition of NETA ATS. In addition perform any test listed in this 
section, Field Testing.

Field adjust reduced-voltage starting devices to obtain optimum operating 
conditions.  Provide test meters and instrument transformersthat conform to 
ANSI C12.1 and IEEE C57.13.

Do not energize control and protective devices until recorded test data has 
been approved.  Provide final test reports  with a cover letter/sheet 
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clearly marked with the System name, Date, and the words "Final Test 
Reports - Forward to the Systems Engineer/Condition Monitoring 
Office/Predictive Testing Group for inclusion in the Maintenance Database."

        -- End of Section --
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SECTION 26 08 00

APPARATUS INSPECTION AND TESTING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

1.2   RELATED REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to 
this section with additions and modifications specified herein.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-06 Test Reports

Acceptance tests and inspections; G

SD-07 Certificates

Qualifications of organization, and lead engineering technician; G

Acceptance test and inspections procedure; G

1.4   QUALITY ASSURANCE

1.4.1   Qualifications

Contractor shall engage the services of a qualified testing organization to 
provide inspection, testing, calibration, and adjustment of the electrical 
distribution system and generation equipment listed in paragraph entitled 
"Acceptance Tests and Inspections" herein.  Organization shall be 
independent of the supplier, manufacturer, and installer of the 
equipment.   The organization shall be a first tier subcontractor.  No work 
required by this section of the specification shall be performed by a 
second tier subcontractor.

a.  Submit name and qualifications of organization.  Organization shall 
have been regularly engaged in the testing of electrical materials, 
devices, installations, and systems for a minimum of 5 years.  The 
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organization shall have a calibration program, and test instruments 
used shall be calibrated in accordance with NETA ATS.

b.  Submit name and qualifications of the lead engineering technician 
performing the required testing services.  Include a list of three 
comparable jobs performed by the technician with specific names and 
telephone numbers for reference.  Testing, inspection, calibration, and 
adjustments shall be performed by an engineering technician, certified 
by NETA or the National Institute for Certification in Engineering 
Technologies (NICET) with a minimum of 5 years' experience inspecting, 
testing, and calibrating electrical distribution and generation 
equipment, systems, and devices.

1.4.2   Acceptance Tests and Inspections Reports

Submit certified copies of inspection reports and test reports.  Reports 
shall include certification of compliance with specified requirements, 
identify deficiencies, and recommend corrective action when appropriate.  
Type and neatly bind test reports to form a part of the final record.  
Submit test reports documenting the results of each test not more than 10 
days after test is completed.

1.4.3   Acceptance Test and Inspections Procedure

Submit test procedure reports for each item of equipment to be field tested 
at least 45 days prior to planned testing date.  Do not perform testing 
until after test procedure has been approved.

PART 2   PRODUCTS

Not used.

PART 3   EXECUTION

3.1   ACCEPTANCE TESTS AND INSPECTIONS

Testing organization shall perform acceptance tests and inspections.  Test 
methods, procedures, and test values shall be performed and evaluated in 
accordance with NETA ATS, the manufacturer's recommendations, and paragraph 
entitled "Field Quality Control" or "Field Testing" of each applicable 
specification section.  Tests identified as optional in NETA ATS are  
required unless otherwise specified.  Equipment shall be placed in service 
only after completion of required tests and evaluation of the test results 
have been completed.  Contractor shall supply to the testing organization 
complete sets of shop drawings, settings of adjustable devices, and other 
information necessary for an accurate test and inspection of the system 
prior to the performance of any final testing.  Contracting Officer shall 
be notified at least 14 days in advance of when tests will be conducted by 
the testing organization.  Perform acceptance tests and inspections on 
applicable equipment and systems specified in the following sections:

a.  Section 26 24 19.00 40 Motor Control Centers.

b.  Section 26 05 63.00 98 Coordinated Power System Protection and Arc 
Flash Analysis.  

c.  Section 26 05 71.00 40 Low Voltage Overcurrent Protective Devices.
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3.2   SYSTEM ACCEPTANCE

Final acceptance of the system is contingent upon satisfactory completion 
of acceptance tests and inspections.

3.3   PLACING EQUIPMENT IN SERVICE

A representative of the approved testing organization shall be present when 
equipment tested by the organization is initially energized and placed in 
service.

        -- End of Section --
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SECTION 26 24 19.00 40

MOTOR CONTROL CENTERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASME INTERNATIONAL (ASME)

ASME B1.1 (2003; R 2008) Unified Inch Screw Threads 
(UN and UNR Thread Form)

ASME B1.20.1 (1983; R 2006) Pipe Threads, General 
Purpose (Inch)

ASTM INTERNATIONAL (ASTM)

ASTM B187/B187M (2011) Standard Specification for Copper, 
Bus Bar, Rod and Shapes and General 
Purpose Rod, Bar and Shapes

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C57.12.01 (2005) General Requirements for Dry-Type 
Distribution and Power Transformers 
Including Those with Solid-Cast and/or 
Resin-Encapsulated Windings

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 1 (2000; R 2008; E 2010) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Controllers, Contactors, and Overload 
Relays Rated 600 V

NEMA ICS 4 (2010) Terminal Blocks

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA ST 1 (1988; R 1994; R 1997) Specialty 
Transformers (Except General Purpose Type)

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

UNDERWRITERS LABORATORIES (UL)

UL 1063 (2006; Reprint Jul 2012) Machine-Tool 
Wires and Cables

UL 44 (2010) Thermoset-Insulated Wires and Cables

UL 489 (2013) Molded-Case Circuit Breakers, 
Molded-Case Switches, and Circuit-Breaker 
Enclosures

UL 845 (2005; Reprint Jul 2011) Motor Control 
Centers

1.2   SYSTEM DESCRIPTION

These specifications include the design, fabrication, assembly, wiring, 
testing, delivery, installation and testing of the items of equipment and 
accessories and spare parts listed in the Schedule and shown on the 
drawings.

Within 30 calendar days after date of award, submit for the approval of the 
Contracting Officer six (6) copies of electrical equipment drawings, 
including all switchboards, motor control units, and protective devices.  
Provide a single-line diagram, equipment list and nameplate schedule.

1.2.1   Rules

The equipment shall conform to the requirements of NFPA 70 unless more 
stringent requirements are indicated herein or shown.  Equipment must meet 
NEMA and UL construction and rating requirements as specified.  No 
equivalent will be acceptable.  Immediately notify the Contracting Officer 
of any requirements of the specifications or Contractor proposed materials 
or assemblies that do not comply with UL or NEMA.  International 
Electrotechnical Commission (IEC) rated equipment will not be considered an 
acceptable alternative to specified NEMA ratings.

1.2.2   Coordination

The general arrangement of the motor control centers is shown on the 
contract drawings.  Any modifications of the equipment arrangement or 
device requirements as shown on the drawings is subject to the approval of 
the Contracting Officer.  If any conflicts occur necessitating departures 
from the drawings, details of and reasons for departures shall be submitted 
and approved prior to implementing any change.  Completely assemble all 
equipment at the factory.  The motor control centers may be disassembled 
into sections, if necessary, for convenience of handling, shipping, and 
installation.

1.2.3   Standard Products

Material and equipment shall be standard products of a manufacturer 
regularly engaged in their manufacture and shall essentially duplicate 
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items that have been in satisfactory use for at least 2 years prior to bid 
opening.  All materials shall conform to the requirements of these 
specifications.  Materials are to be of high quality, free from defects and 
imperfections, of recent manufacture, and of the classification and grades 
designated.  All materials, supplies, and articles not manufactured by the 
Contractor shall be the products of other recognized reputable 
manufacturers.  If the Contractor desires for any reason to deviate from 
the standards designated in these specifications, he shall, after award, 
submit a statement of the exact nature of the deviation, and shall submit, 
for the approval of the Contracting Officer, complete specifications for 
the materials which he proposes to use.

1.2.4   Nameplates

Make nameplates of laminated sheet plastic or of anodized aluminum 
approximately 1/8 inch thick, engraved to provide white letters on a black 
background.  Fasten the nameplates to the equipment in proper positions 
with anodized round-head screws.  Lettering shall be minimum 1/2 inch 
high.  Nameplate designations shall be in accordance with lists on the 
drawings, and as a minimum provide for the following equipment:

a.  Motor Control Centers

b.  Individual items of equipment mounted in the Motor Control Centers

Provide equipment of the withdrawal type with nameplates mounted on the 
removable equipment in locations visible when the equipment is in place.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.    Submit 
the following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Drawings; G

Shop Drawings; G

Within 30 calendar days after date of award, submit for the 
approval of the Contracting Officersix (6) copies of outline 
drawings of all equipment to be furnished under this contract, 
together with weights and overall dimensions.  Drawings shall show 
the general arrangement and overall dimensions of the motor 
control centers.  These drawings shall show space requirements, 
details of any floor supports to be embedded in concrete and 
provisions for conduits for external cables.

Provide as built drawings in AutoCAD DXF format. Drawings shall 
include general arrangement, 3-line diagrams, control schematics, 
and connection diagrams.

Motor Control Centers; G

SD-03 Product Data

Equipment; G
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Within 30 calendar days after date of award submit for approval 
six (6)d to demonstrate fully that all parts of the equipment will 
conform to the requirements and intent of the specifications.  
Data shall include descriptive data showing typical construction 
of the types of equipment proposed, including the manufacturer's 
name, type of molded case circuit breakers or motor circuit 
protectors, performance capacities and other information 
pertaining to the equipment. 

SD-06 Test Reports

Factory Tests; G

Submit six (6) complete reproducible copies of the factory 
inspection results and six (6) complete reproducible copies of the 
factory test results in booklet form, including all plotted data 
curves, all test conditions, a listing of test equipment complete 
with calibration certifications, and all measurements taken.  
Contractor's and Contracting Officer's Representatives must sign 
and date report.

Acceptance Checks and Tests; G

Submittal shall include acceptance criteria and limits for each 
test in accordance with NETA "TEST VALUES."

SD-07 Certificates

Motor Control Centers; G

Submit certification of factory test reports. Certification shall 
be signed by official authorized to certify on behalf of the 
manufacturer, attesting that the motor control center meets the 
specified requirements.  The statement must be dated after the 
award of this contract, must state the Contractors name and 
address, must name the project and location, and must list the 
specific requirements which are being certified.

SD-08 Manufacturer's Instructions

Submit manufacturer's instructions for the following including 
special provisions required to install equipment components and 
system packages.  Detail within special notices hazards and safety 
precautions.

Motor Control Units

Protective Devices

1.4   General Requirements

Section 26 08 00 Apparatus Inspection and Tests applies to work specified 
in this section.

1.5   DELIVERY, STORAGE, AND HANDLING

Ship the equipment as completely assembled and wired as feasible so as to 
require a minimum of installation work.  Each shipping section shall be 
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properly match marked to facilitate reassembly, and shall be provided with 
removable lifting channels with eye bolts for attachment of crane slings to 
facilitate lifting and handling.  Any relay or other device which cannot 
withstand the hazards of shipment when mounted in place on the equipment 
shall be carefully packed and shipped separately.  Mark these devices with 
the number of the panel which they are to be mounted on and fully 
identified.  All finished painted surfaces and metal work shall be wrapped 
suitably or otherwise protected from damage during shipment.  Prepare all 
parts for shipment so that slings for handling may be attached readily 
while the parts are in a railway car or transport truck. Carefully package 
and clearly mark all spare parts and accessories.

1.6   MAINTENANCE

1.6.1   Accessories and Tools

A complete set of accessories and special tools unique to equipment 
provided and required for erecting, handling, dismantling, testing and 
maintaining the apparatus to be furnished by the Contractor.

1.6.2   Spare Parts

Furnish spare parts as specified below.  All spare parts shall be of the 
same material and workmanship, shall meet the same requirements, and shall 
be interchangeable with the corresponding original parts furnished.

a.  2 - Fuses of each type and size.

b.  1 - Circuit breaker auxiliary switch.

c.  2 - Operating coils for each size ac contactor.

d.  1 - Operating coil for each size dc contactor.

e.  2 - Complete sets of 3-pole stationary and moving contact assemblies 
for each size ac contactor.

f.  1 - Complete set of 2-pole stationary and moving contact assemblies for 
each size dc contactor.

g.  3 - Contactor overload relays of each type and rating, each relay with 
a complete set of contact blocks.

h.  1 - Spare set of heater elements for each heater rating provided.

i.  2 - Indicating lamp assemblies of each type.

j. 1 - Control transformer of each type and rating.

k.  1 - Control relay of each type and rating.

l.  1 - Contactor auxiliary contact of each type.

m.  4 - One quart containers of finish paint for indoor equipment.

n.  2 -  One quart containers of the paint used for the exterior surfaces 
of outdoor equipment.

o.  4 - Keys for motor control center door lock.
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PART 2   PRODUCTS

2.1   CONNECTIONS

All bolts, studs, machine screws, nuts, and tapped holes shall be in 
accordance with ASME B1.1.  The sizes and threads of all conduit and 
fittings, tubing and fittings, and connecting equipment shall be in 
accordance with ASME B1.20.1.  All ferrous fasteners shall have 
rust-resistant finish and all bolts and screws shall be equipped with 
approved locking devices.  Manufacturer's standard threads and construction 
may be used on small items which, in the opinion of the Contracting 
Officer, are integrally replaceable, except that threads for external 
connections to these items and meet the above requirements.

2.2   MOLDED CASE CIRCUIT BREAKERS

Molded case circuit breakers shall conform to the applicable requirements 
of UL 489.  The circuit breakers shall be manually-operated, shall be 
quick-make, quick-break, common trip type, and shall be of automatic-trip 
type unless otherwise specified or indicated on the drawings.  Operate all 
poles of each breaker simultaneously by means of a common handle.  The 
operating handles shall clearly indicate whether the breakers are in "On," 
"Off," or "Tripped" position and shall have provisions for padlocking in 
the "Off" position.  Provide personnel safety line terminal shields for 
each breaker.  The circuit breakers shall be products of only one 
manufacturer, and shall be interchangeable when of the same frame size.  

2.2.1   Trip Units

Except as otherwise noted, the circuit breakers, of frame sizes and the 
trip unit ratings as shown on the drawings, shall be provided with 
combination thermal and instantaneous magnetic or solid state trip units.  
The Government reserves the right to change the indicated trip ratings, 
within frame limits, of the trip devices at the time the shop drawings are 
submitted for approval.  The breaker trip units shall be interchangeable 
and the instantaneous magnetic trip units shall be adjustable on frame 
sizes larger than 150 amperes.  Nonadjustable instantaneous magnetic trip 
units shall be set at approximately 10 times the continuous current ratings 
of the circuit breakers. 

2.2.2   480-Volt AC Circuits

Circuit breakers for 480-volt or 277/480-volt ac circuits shall be rated 
600 volts ac, and shall have an UL listed minimum interrupting capacity of 
65,000 symmetrical amperes at 600 volts ac.

2.3   WIRING

All control wire is to be stranded tinned copper switchboard wire with 
600-volt flame-retardant insulation Type SIS meeting UL 44 or Type MTW 
meeting UL 1063, and shall pass the VW-1 flame tests included in those 
standards.  Hinge wire shall have Class K stranding.  Current transformer 
secondary leads shall be not smaller than No. 10 AWG.  The minimum size of 
control wire shall be No. 14 AWG.  Power wiring for 480-volt circuits and 
below shall be of the same type as control wiring and the minimum size 
shall be No. 12 AWG.  Give special attention to wiring and terminal 
arrangement on the terminal blocks to permit the individual conductors of 
each external cable to be terminated on adjacent terminal points.
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2.4   TERMINAL BLOCKS

Control circuit terminal blocks for control wiring shall be molded or 
fabricated type with barriers, rated not less than 600 volts.  The 
terminals shall be removable binding, fillister or washer head screw type, 
or of the stud type with contact and locking nuts.  The terminals are to be 
no less than No. 10 in size and having sufficient length and space for 
connecting at least two indented terminals for 10 AWG conductors to each 
terminal.  The terminal arrangement is subject to the approval of the 
Contracting Officer and not less than four (4) spare terminals or 10 
percent, whichever is greater, shall be provided on each block or group of 
blocks.  Modular, pull apart, terminal blocks will be acceptable provided 
they are of the channel or rail-mounted type.  Submit data showing that the 
proposed alternate will accommodate the specified number of wires, are of 
adequate current-carrying capacity, and are constructed to assure positive 
contact between current-carrying parts.

2.4.1   Types of Terminal Blocks

2.4.1.1   Short-Circuiting Type

Furnish short-circuiting type terminal blocks for all current transformer 
secondary leads and shall have provision for shorting together all leads 
from each current transformer without first opening any circuit.  Terminal 
blocks shall meet the requirements of paragraph CONTROL CIRCUIT TERMINAL 
BLOCKS above.

`
2.4.1.2   Load Type

Provide load terminal blocks rated no less than 600 volts and of adequate 
capacity for the conductors for NEMA Size 3 and smaller motor controllers 
and for other power circuits except those for feeder tap units.  The 
terminals shall be of either the stud type with contact nuts and locking 
nuts or of the removable screw type, having length and space for at least 
two indented terminals of the size required on the conductors to be 
terminated.  For conductors rated more than 50 amperes, screws shall have 
hexagonal heads.  Conducting parts between connected terminals shall have 
adequate contact surface and cross-section to operate without overheating.  
Each connected terminal shall have the circuit designation or wire number 
placed on or near the terminal in permanent contrasting color.

2.4.2   Marking Strips

Provide white or other light-colored plastic marking strips, fastened by 
screws to each terminal block, for wire designations.  Make the wire 
numbers with permanent ink.  The marking strips shall be reversible to 
permit marking both sides, or two marking strips shall be furnished with 
each block.  Marking strips shall accommodate the two sets of wire 
numbers.  Each device to which a connection is made shall be assigned a 
device designation in accordance with NEMA ICS 1 and each device terminal 
to which a connection is made shall be marked with a distinct terminal 
marking corresponding to the wire designation used on the Contractor's 
schematic and connection diagrams.  The wire (terminal point) designations 
used on the Contractor's wiring diagrams and printed on terminal block 
marking strips may be according to the Contractor's standard practice; 
however, provide additional wire and cable designations for identification 
of remote (external) circuits for the Government's wire designations.  
Prints of drawings submitted for approval will be so marked and returned to 
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the Contractor for addition of the designations to the terminal strips and 
tracings, along with any rearrangement of points required.

2.5   SPACE HEATERS

Provide space heaters where indicated on the drawings and control using an 
adjustable 50 to 90 degrees F thermostat, magnetic contactor, and a 
molded-case circuit breaker .  The space heaters shall be 250-watt, 240 
volt strip elements operated at 120 volts and shall be supplied from the 
motor control center bus.  The contactors shall be open type, 
electrically-held, rated 30 amperes, 2-pole, with 120-volt ac coils.

2.6   MOTOR CONTROL CENTERS

Design each motor control center for operation on 480-volts ac, 3-phase, 
60-Hz system, and  ensure that equipment conforms to all the applicable 
requirements of NEMA ICS 1, NEMA ICS 2, NEMA ICS 4, NEMA ICS 6, UL 845 and 
NFPA 70.  List and label vertical sections and individual units under UL 845
 where ever possible.  In lieu of the UL listing, certification from any 
nationally recognized, adequately equipped, testing agency that the 
individual units and vertical sections have been tested and conform to the 
UL requirements of that agency will be acceptable when approved by the 
Contracting Officer.  Provide NEMA Class I, type C motor control centers in 
accordance with NEMA ICS 2.

2.6.1   Enclosures

Each motor control center shall consist of the required number of vertical 
sections of 90 inches nominal height, bolted together, with steel channel 
sills and suitable for mounting against a wall.  Vertical section shall be 
20 inches deep and buses, control wiring, control transformers, small power 
transformers, terminal blocks, line terminals, cable supports, and clamps 
shall be accessible from the front.  Enclosure shall be NEMA Type 1A 
gasketed.  Fabricate the control centers from smooth select steel sheets 
shaped and reinforced to form rigid free-standing structures.  Metal 
thickness for enclosures shall be not less than specified in NEMA ICS 6 
without exception.  Fabricate and bolt vertical edges of sections exposed 
to view so that the joints will not pass a 1/16 inch gage.  Design each 
structure for addition of future sections required.  Isolate individual 
compartments from adjacent compartments.  Make provisions for leveling the 
entire assembled motor-control center sections and bolting them together so 
that they form a contiguous structural enclosure.

Lifting angles shall be 7 gage, and shall be provided on the top of each 
section, and shall extend the entire width of the section, and shall be 
capable of supporting the entire weight of the motor-control center section 
without distortion.  Provide base channels with holes to facilitate floor 
mounting and leveling.

2.6.1.1   Unit Compartments

Each operating unit shall contain equipment as shown on the drawings, 
mounted in an individual cell.  The unit assembly, except main circuit 
breakers, panelboards and auxiliary control devices, shall be drawout type 
removed from the front, without rear access or disturbing other units in 
the control center assembly.  All drawout type unit assemblies shall have 
positive guide rail system to ensure alignment of connection to vertical 
bus.  Units shall be mechanically interlocked with the door to prevent 
removal while in the energized position.  Each removable unit shall have 
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provision for padlocking in a position in which it is disconnected from the 
vertical bus although not removed from the stationary structure.  Provide 
all ventilating openings with corrosion-resistant insect-proof screens on 
the inside.  Provide bus closing plugs for all unused openings in vertical 
bus barriers.

Compartments for future combination motor-control units shall be complete 
with hardware, buses, and hinged doors ready to receive future draw-out 
units.  Compartments for spare combination motor-control units shall be 
complete with buses, hinged doors, and draw-out units but without load 
terminal connections.  Spare spaces shall be complete with buses and 
screwed-on front cover plates.

2.6.1.2   Motor Control Center Doors and Covers

Provide each unit compartment, including blank compartments for future use, 
with either a flange-formed or a rolled-edge door.  Mount each door on 
fully-concealed or continuous full-length piano-type hinges and provide 
with positive fasteners.  Prevent door sag by proper alignment of hinges 
made of sufficiently strong material.  Interlock the door fastenings to 
prevent opening when the equipment is energized.  The external operating 
handle shall clearly indicate whether the equipment is in an "ON", "OFF" or 
"TRIPPED" position.

2.6.1.3   Horizontal Wireways

Structure shall have a minimum 300mm 9 inches high wireway at the top and a 
150mm 9 inches minimum wireway at the bottom.  Both horizontal wireways 
shall run the length of the structure Provide a master terminal block 
compartment with full length wireway space at the top. Install type C 
assemblies. Provide cover plates on the side of the assembly to permit 
extension of the horizontal bus and wireway when vertical sections are 
added.

2.6.1.4   Vertical Wireways

Provide vertical wireways in all vertical sections accepting multiple 
plug-in components.  Vertical wireways shall connect with horizontal 
wireways at the top and bottom and be a minimum 4 inches wide.  Provide 
barriers in sections containing both ac and dc vertical buses.  Provide 
doors on each vertical wireway.  The exposed surface of any door shall not 
deviate more than 1/16 inch from a true plane.

2.6.1.5   Sills

Channel iron foundations, complete with bolts and drilled holes for 
grouting and anchoring to the floor, shall be furnished for the complete 
length (front and rear) of each motor control center assembly.  The 
channels shall be designed for flat mounting and maximum channel depth 
shall be 1-1/2 inches.  Additional channel or substantial metal trim shall 
be provided flush with the end panels to completely enclose the bases 
across the ends of the equipment assemblies.

2.6.1.6   Shutters

Drawout units shall have shutters which close when the unit is withdrawn to 
isolate the vertical bus.
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2.6.1.7   Thermostatically Controlled Strip Heaters

Thermostatically controlled strip heaters as specified in paragraph 
entitled, "Space Heaters," of this section, shall be provided in all motor 
control centers.

2.6.2   Buses

All buses shall be of tinned copper and shall be tin or silver-plated 
throughout.  Copper bars and shapes for bus conductors shall conform to the 
applicable requirements of ASTM B187/B187M.  All splices for field assembly 
shall be bolted with at least two bolts and shall employ the use of 
"Belleville" washers in the connection.  The bus ratings shall be based on 
a 65 degree Celsius maximum temperature rise in accordance with UL 845 
requirements.  Bus shall have a short-circuit current rating of not less 
than 65,000 RMS symmetrical amperes.  Support all bus work on wet process 
porcelain insulators, glass polyester, or suitable molded material.

2.6.2.1   Horizontal Bus

Provide each control center assembly with a three-phase main horizontal 
bus, with a continuous current rating not less than 800 amperes, located 
across the top of each vertical section.  Drill the ends of horizontal 
buses for future extensions.  

2.6.2.2   Vertical Bus

Provide each vertical section with a three-phase vertical bus with a 
continuous current rating of 600 amperes connected to the horizontal bus by 
brazing, welding, or bolting.  Extend vertical buses from the horizontal 
bus to the bottom of the lowest available unit mounting space.  Isolate the 
vertical bus from wireways and equipment in compartments.

2.6.2.3   Ground Bus

Provide a tin-plated copper ground bus full width at the bottom of the 
motor control center line-up.  Provide a full clamp-type solderless copper 
or copper alloy lug for No. 2/0 AWG stranded copper cable at each end of 
the bus for connection to the station grounding system.  Ground bus shall 
be capable of carrying the rated short-circuit current available in the 
motor-control center.

2.6.3   Combination Starters

Combination motor controller units shall contain motor circuit protectors, 
auxiliary and pilot devices and a magnetic contactor with thermal overload 
relays.  The ratings of motor circuit protectors, air circuit breakers, 
contactors, motor controllers and other devices shall be as shown on the 
drawings.  All combination motor controller units shall have short circuit 
ratings equal to 65,000 or greater.  Where control push-buttons, indicating 
lamps, "Hand-Off-Automatic" switches, and similar control devices are 
associated with a unit, mount them on the unit compartment door.  
Door-mounted components shall not interfere with access within the 
compartments.  Motor circuit protectors shall be only part of the 
combination starters as required by NFPA 70 and shall conform to all 
requirements of paragraph entitled, "Molded Case Circuit Breakers," of this 
section except that trip units shall have provision for locking the 
selected trip setting.
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2.6.3.1   Magnetic Contactors

Magnetic contactors shall be of the NEMA sizes indicated on the drawings.  
The rating, performance and service characteristics shall conform to the 
requirements of NEMA ICS 2 for contactors with continuous current ratings 
for the duty indicated.  Contactors for motor control shall be rated for 
full-voltage starting (Class A controllers).  Contactors shall be suitable 
for at least 200,000 complete operations under rated load without more than 
routine maintenance.  Minimize the interruption arc and flame by suitable 
arc chutes or other means so that no damage will be done to other portions 
of the device.  The arc chutes, if provided, shall be easily removable 
without removing or dismantling other parts.  The contacts shall be easily 
removable.  All current-carrying contact surfaces shall be silver-surfaced 
or of other approved material to prevent the formation of high resistance 
oxides.  The contactor shall operate without chatter or perceptible hum 
while energized.  Coils shall be suitable for continuous operation 120-volt 
ac circuits.  Alternating-current contactors shall be three-pole, except 
where otherwise noted, and shall be insulated for 600 volts ac and of the 
electrically- operated, magnetically-held type.  

2.6.3.2   Auxiliary Contacts

Each controller shall be provided with a minimum of three auxiliary 
contacts which can be easily changed from normally open to normally 
closed.  Provide a fourth auxiliary contact and red and green indicating 
lights.

2.6.3.3   Overload Relays

Except as otherwise indicated, each controller shall be provided three NEMA 
Class 20 thermal overload relays with external manual reset.  Prior to 
shipment of the control centers, the Contracting Officer will furnish the 
ratings of the heater elements to be installed in the relays by the 
Contractor.

2.6.3.4   Individual Control Transformers

Where 120 volt ac control of contactors is indicated or required, provide 
an individual control transformer on the load side of the unit disconnect.  
The control transformers shall be rated 480-120 volts and shall conform to 
the requirements for control transformers in NEMA ST 1.  Control 
transformers shall have adequate volt-ampere capacity for the control 
functions indicated.  Install transformers with primary fuses.  Primary 
fuses shall be Class J.  Except as otherwise indicated on the drawings, 
provide each control transformer with a fuse in one secondary lead and have 
the other secondary lead grounded.

2.6.4   Molded Case Circuit Breakers in Unit Compartments

Molded case circuit breakers for installation in unit compartments shall 
meet the requirements of paragraph entitled, "Molded Case Circuit 
Breakers," of this section.

2.6.5   Distribution Transformers

Dry type transformers for power and lighting loads shall be furnished with 
voltage and kVA ratings as indicated on the drawings.  The transformers 
shall conform to the requirements for general-purpose transformers in 
IEEE C57.12.01.  Protect each transformer on the primary side with a molded 

SECTION 26 24 19.00 40  Page 468



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

case circuit breaker as indicated on the drawings. 

Provide a fuse for each transformer secondary sized as indicated on the 
drawings.  Where size is not indicated, size according to NFPA 70.

2.6.6   Wiring for Motor Control Centers

All wiring shall meet the requirements of paragraph entitled, "Wiring," of 
this section. Provide heavy-duty clamp type terminals for terminating all 
power cables entering the control centers.

2.6.6.1   Contractor's Wiring

Form wiring into groups, suitably bound together, properly supported and 
run straight horizontally or vertically.  There shall be no splices in the 
wiring.  The manufacturer's standard pressure-type wire terminations for 
connections to internal devices will be acceptable.  Add terminal blocks 
for wiring to devices having leads instead of terminals.  Use ring tongue 
indented terminals on all wires terminated on control terminal blocks for 
external or interpanel connections and at shipping splits.  All stud 
terminals shall have contact nuts and either locking nuts or lockwashers.

2.6.6.2   External Connections

Power and control cables will enter the control centers at the top. 

2.6.6.3   Terminal Blocks

Terminal blocks shall meet the requirements of paragraph TERMINAL BLOCKS 
above.  In no case shall the terminals provided for circuit breakers or 
contactors accommodate less than the number or size of conductors shown on 
the drawings.  Give special attention to wiring and terminal arrangement on 
the terminal blocks to permit the individual conductors of each external 
cable to be terminated on adjacent terminal points.

2.6.7   Accessories and Control Devices

Control accessories shall be provided, and shall be suitable for mounting 
on the front of, or inside, the control centers as indicated on the 
drawings.  Control accessories shall meet the applicable requirements of 
NEMA ICS 2.  Mount relays and other equipment that mechanical vibration 
will not cause false operation.

2.6.7.1   Control Stations

Push-button stations and selector switches shall conform to NEMA ICS 2, 
shall be of the heavy-duty, oil-tight type, rated 600 volts ac, and have a 
contact rating designation of A600.  Provide switches with escutcheon 
plates clearly marked to show operating positions.  

2.6.7.2   LED Indicating Lights

Furnish red and green LED's where shown on the drawings, indicating contact 
"open" and "closed" position.  The LED's shall be accessible and 
replaceable from the front of the control center through a finished opening 
in the compartment door.  The LED assemblies shall be of the heavy duty 
oiltight, watertight, and dusttight type.
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2.6.7.3   Control Relays

Control relays shall be of the electrically operated, magnetically held, 
self-reset, open type, suitable for mounting inside the starter 
compartments, and shall be Struthers-Dunn Model 219XCXPL-28VDC .  Contacts 
shall be as indicated on the drawings and shall have a contact rating 
designation of A600 or N600, as required, in accordance with NEMA ICS 2.

Provide a Struthers-Dunn Model 219XCXPL-28VDC Relay with each MCC unit 
labeled as "Unregulated Power Supply."

2.7   PAINTING

Interior and exterior steel surfaces of equipment enclosures shall be 
thoroughly cleaned and then receive a rust-inhibitive phosphatizing or 
equivalent treatment prior to painting.  Exterior surfaces shall be free 
from holes, seams, dents, weld marks, loose scale or other imperfections.  
Interior surfaces shall receive not less than one coat of 
corrosion-resisting paint in accordance with the manufacturer's standard 
practice.  Prime exterior surfaces, fill where necessary, and give no less 
than two coats baked enamel with semigloss finish.  Equipment located 
indoors shall be ANSI Light Gray .  All touch-up work shall be done with 
manufacturer's coatings as supplied under paragraph entitled, "Spare 
Parts," of this section.

2.8   FACTORY TESTS

Each item of equipment supplied under this contract shall be given the 
manufacturer's routine factory tests and tests as specified below, to 
insure successful operation of all parts of the assemblies.  All tests 
required herein shall be witnessed by the Contracting Officer unless waived 
in writing, and no equipment shall be shipped until it has been approved 
for shipment by the Contracting Officer.  Notify the Contracting Officer a 
minimum of 14 days prior to the proposed date of the tests so that 
arrangements can be made for the Contracting Officer to be present at the 
tests.  The factory test equipment and the test methods used shall conform 
to the applicable NEMA Standards, and shall be subject to the approval of 
the Contracting Officer.  Reports of all witnessed tests shall be signed by 
witnessing representatives of the Contractor and Contracting Officer.  Bear 
the cost of performing all tests and include in the prices bid in the 
schedule for equipment.

2.8.1   Motor Control Centers Tests

2.8.1.1   Dielectric Tests

Each motor control center shall be completely assembled and given 
dielectric tests in accordance with NEMA ICS 1.

2.8.1.2   Operational Tests

The correctness of operation of each air circuit breaker and magnetic 
contactor and of all control devices, accessories and indicating lamps, 
shall be checked.  These checks shall be made at rated voltage with power 
supplies to the main buses.  All magnetic contactors shall also be checked 
for proper operation with power at 90 percent of rated voltage.
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2.8.1.3   Short Circuit Tests

If the unit is not UL labeled for the specified short circuit, the 
Contractor may submit design tests demonstrating that satisfactory 
short-circuit tests, as specified in NEMA ICS 2, have been made on a motor 
control center of similar type of construction and having the same 
available short circuit current at the motor terminals, including any motor 
contributions, as the motor control centers specified to be furnished under 
these specifications.

PART 3   EXECUTION

3.1   INSTALLATION

Complete assembly shall be electrically and mechanically connected and 
assembled from coordinated subassemblies shipped in complete sections from 
the manufacturer.  Installation shall be aligned, leveled, and secured to 
the supporting construction in accordance with the manufacturer's 
recommendations.

3.2   FIELD QUALITY CONTROL

Perform acceptance checks and tests and field tests in accordance with the 
latest edition of NETA ATS as defined in SECTION 26 08 00 Apparatus 
Inspection and Testing. In addition perform any test listed in this 
section, Field Quality Control.

Provide test equipment, labor, and personnel to perform the tests 
required.  Conduct continuity tests using a dc device with bell or buzzer.

Motor-control centers shall be completely isolated from extraneous 
electrical connections.  Substation feeder breakers, circuit breakers in 
switchboards, and other disconnecting devices shall be used to isolate the 
motor-control center under test.

Prior to final acceptance the motor control center shall be energized and 
loaded (to the maximum load possible, but not less than 10 percent of 
expected full load)for a minimum of 10 minutes and the temperature 
measured, with a non-contact device, to verify connection integrity.  The 
temperature detector shall be accurate within 0.5 degrees C.  Each phase 
temperature of 3 phase circuits and individual connections compared to 
other similarly loaded connections shall be within 3 degrees C of each 
other.  Temperatures outside these values warrant investigation.

Conduct phase-rotation tests on all three-phase circuits using a 
phase-rotation indicating instrument.  Phase rotation of electrical 
connections to motors and other connected equipment shall be clockwise.

Record test data and include location and identification of motor-control 
centers and megohm readings versus time.

Final acceptance shall depend upon the satisfactory performance of the 
motor-control centers under test.  No motor-control center shall be 
energized until recorded test data have been approved by the Contracting 
Officer.  Provide final test reports to the Contracting Officer.  Reports 
shall have a cover letter/sheet clearly marked with the System name, Date, 
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and the words "Final Test Reports - Forward to the Systems 
Engineer/Condition Monitoring Office/Predictive Testing Group for inclusion 
in the Maintenance Database."

        -- End of Section --
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 SECTION 26 29 23

VARIABLE FREQUENCY DRIVE SYSTEMS UNDER 600 VOLTS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 519 (1992; R 1993; Errata 2004) Recommended 
Practices and Requirements for Harmonic 
Control in Electrical Power Systems

IEEE C62.41.1 (2002; R 2008) Guide on the Surges 
Environment in Low-Voltage (1000 V and 
Less) AC Power Circuits

IEEE C62.41.2 (2002) Recommended Practice on 
Characterization of Surges in Low-Voltage 
(1000 V and Less) AC Power Circuits

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (2000; R 2008; E 2010) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA ICS 3.1 (2009) Guide for the Application, 
Handling, Storage, Installation and 
Maintenance of Medium-Voltage AC 
Contactors, Controllers and Control Centers

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA ICS 61800 (2005) Adjustable Speed Electrical Power 
Drive Systems

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-461 (2007; Rev F) Requirements for the Control 
of Electromagnetic Interference 
Characteristics of Subsystems and Equipment
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U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 508C (2002; Reprint Nov 2010) Power Conversion 
Equipment

1.2   RELATED REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS apply to this 
section with additions and modifications specified herein.

1.3   SYSTEM DESCRIPTION

1.3.1   Performance Requirements

1.3.1.1   Electromagnetic Interference Suppression

Computing devices, as defined by 47 CFR 15, MIL-STD-461 rules and 
regulations, shall be certified to comply with the requirements for class A 
computing devices and labeled as set forth in part 15.

1.3.1.2   Electromechanical and Electrical Components

Electrical and electromechanical components of the Variable Frequency Drive 
(VFD) shall not cause  electromagnetic interference to adjacent electrical 
or electromechanical equipment while in operation.

1.3.2   Electrical Requirements

1.3.2.1   Power Line Surge Protection

IEEE C62.41.1 and IEEE C62.41.2, IEEE 519 Control panel shall have surge  
protection, included within the panel to protect the unit from damaging 
transient voltage surges.  Surge arrestor shall be mounted near the 
incoming power source and properly wired to all three phases and ground.  
Fuses shall not be used for surge protection.

1.3.2.2   Sensor and Control Wiring Surge Protection

I/O functions as specified shall be protected against surges induced on 
control and sensor wiring installed outdoors and as shown.  The inputs and 
outputs shall be tested in both normal mode and common mode using the 
following two waveforms:

a.  A 10 microsecond by 1000 microsecond waveform with a peak voltage of 
1500 volts and a peak current of 60 amperes.

b.  An 8 microsecond by 20 microsecond waveform with a peak voltage of 1000 
volts and a peak current of 500 amperes.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.   The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:
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SD-02 Shop Drawings

Schematic diagrams; G

Interconnecting diagrams; G

Installation drawings; G

  Submit drawings for government approval prior to equipment 
construction or integration.  Modifications to original drawings 
made during installation shall be immediately recorded for 
inclusion into the as-built drawings.

SD-03 Product Data

Variable frequency drives; G

Wires and cables; G

Equipment schedule; G

  Include data indicating compatibility with motors being driven.

SD-06 Test Reports

VFD Test; G

Performance Verification Tests; G

Endurance Test; G

SD-08 Manufacturer's Instructions

Installation instructions; G

SD-09 Manufacturer's Field Reports
Factory test results; G

SD-10 Operation and Maintenance Data

Variable frequency drives, Data Package 4; G

  Submit in accordance with Section 01 78 23 OPERATION AND 
MAINTENANCE DATA.  Provide service and maintenance information 
including preventive maintenance, assembly, and disassembly 
procedures.  Include electrical drawings from electrical general 
sections.  Submit additional information necessary to provide 
complete operation, repair, and maintenance information, detailed 
to the smallest replaceable unit.  Include copies of as-built 
submittals.  Provide routine preventative maintenance 
instructions, and equipment required.  Provide instructions on how 
to modify program settings, and modify the control program.  
Provide instructions on drive adjustment, trouble-shooting, and 
configuration.  Provide instructions on process tuning and system 
calibration.
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1.5   QUALITY ASSURANCE

1.5.1   Schematic Diagrams

Show circuits and device elements for each replaceable module.  Schematic 
diagrams of printed circuit boards are permitted to group functional 
assemblies as devices, provided that sufficient information is provided for 
government maintenance personnel to verify proper operation of the 
functional assemblies.

1.5.2   Interconnecting Diagrams

Show interconnections between equipment assemblies, and external 
interfaces, including power and signal conductors.  Include for enclosures 
and external devices.

1.5.3   Installation Drawings

Show floor plan of each site, with V.F.D.'s and motors indicated.  Indicate 
ventilation requirements, adequate clearances, and cable routes.

1.5.4   Equipment Schedule

Provide schedule of equipment supplied. Schedule shall provide a cross 
reference between manufacturer data and identifiers indicated in shop 
drawings.  Schedule shall include the total quantity of each item of 
equipment supplied.  For complete assemblies, such as VFD's, provide the 
serial numbers of each assembly, and a sub-schedule of components within 
the assembly.  Provide recommended spare parts listing for each assembly or 
component.

1.5.5   Installation instructions

Provide installation instructions issued by the manufacturer of the 
equipment, including notes and recommendations, prior to shipment to the 
site.  Provide operation instructions prior to acceptance testing.

1.5.6   Factory Test Results

Document test results and submit to government within 7 working days after 
completion of test.

1.6   DELIVERY AND STORAGE

Equipment delivered and placed in storage shall be stored with protection 
from the weather, humidity and temperature variations, dirt and dust, or 
other contaminants.

1.7   WARRANTY

The complete system shall be warranted by the manufacturer for a period of 
one year, or the contracted period of any extended warrantee agreed upon by 
the contractor and the Government, after successful completion of the 
acceptance test.  Any component failing to perform its function as 
specified and documented shall be repaired or replaced by the contractor at 
no additional cost to the Government.  Items repaired or replaced shall be 
warranted for an additional period of at least one year from the date that 
it becomes functional again, as specified in the FAR CLAUSE 52.246-21.
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1.8   MAINTENANCE

1.8.1   Spare Parts

Manufacturers provide spare parts in accordance with recommended spare 
parts list.

1.8.2   Maintenance Support

During the warranty period, the Contractor shall provide on-site, on-call 
maintenance services by Contractor's personnel on the following basis:  The 
service shall be on a per-call basis with 36 hour response.  Contractor 
shall support the maintenance of all hardware and software of the system.  
Various personnel of different expertise shall be sent on-site depending on 
the nature of the maintenance service required.  Costs shall include 
travel, local transportation, living expenses, and labor rates of the 
service personnel while responding to the service request.  The provisions 
of this Section are not in lieu of, nor relieve the Contractor of, warranty 
responsibilities covered in this specification.  Should the result of the 
service request be the uncovering of a system defect covered under the 
warranty provisions, all costs for the call, including the labor necessary 
to identify the defect, shall be borne by the Contractor.

PART 2   PRODUCTS

2.1   VARIABLE FREQUENCY DRIVES (VFD)

Provide frequency drive to control the speed of induction motor(s).  The 
VFD shall include the following minimum functions, features and ratings.

b.  a converter stage per UL 508C shall change fixed voltage, fixed 
frequency, ac line power to a fixed dc voltage. The converter shall 
utilize a full wave bridge design incorporating diode rectifiers. 
Silicon Controlled Rectifiers (SCR) are not acceptable.  The converter 
shall be insensitive to three phase rotation of the ac line and shall 
not cause displacement power factor of less than .95 lagging under any 
speed and load condition.

b.  An inverter stage shall change fixed dc voltage to variable frequency, 
variable voltage, ac for application to a standard NEMA design B 
squirrel cage motor.  The inverter shall be switched in a manner to 
produce a sine coded pulse width modulated (PWM) output waveform.

c.  The VFD shall be capable of supplying 120 percent of rated full load 
current for one minute at maximum ambient temperature.

d.  The VFD shall be designed to operate from a 480 volt, plus or minus 10 
percent, three phase, 60 Hz supply, and control motors with a 
corresponding voltage rating.

e.  Acceleration and deceleration time shall be independently adjustable 
from one second to 60 seconds.

f.  Adjustable full-time current limiting shall limit the current to a 
preset value which shall not exceed 120 percent of the controller rated 
current.  The current limiting action shall maintain the V/Hz ratio 
constant so that variable torque can be maintained.  Short time 
starting override shall allow starting current to reach 175 percent of 
controller rated current to maximum starting torque.
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g.  The controllers shall be capable of producing an output frequency over 
the range of 3 Hz to 60 Hz (20 to one speed range), without low speed 
cogging.  Over frequency protection shall be included such that a 
failure in the controller electronic circuitry shall not cause 
frequency to exceed 110 percent of the maximum controller output 
frequency selected.

h.  Minimum and maximum output frequency shall be adjustable over the 
following ranges:  1) Minimum frequency 3 Hz to 50 percent of maximum 
selected frequency; 2) Maximum frequency 40 Hz to 60 Hz.

i.  The controller efficiency at any speed shall not be less than 96 
percent.

j.  The controllers shall be capable of being restarted into a motor 
coasting in the forward direction without tripping.

k.  Protection of power semiconductor components shall be accomplished 
without the use of fast acting semiconductor output fuses.  Subjecting 
the controllers to any of the following conditions shall not result in 
component failure or the need for fuse replacement:

1.  Short circuit at controller output

2.  Ground fault at controller output

3.  Open circuit at controller output

4.  Input undervoltage

5.  Input overvoltage

6.  Loss of input phase

7.  AC line switching transients

8.  Instantaneous overload

9.  Sustained overload exceeding 115 percent of controller rated 
current

10.  Over temperature

11.  Phase reversal 

l.  Solid state motor overload protection shall be included such that 
current exceeding an adjustable threshold shall activate a 60 second 
timing circuit.  Should current remain above the threshold continuously 
for the timing period, the controller will automatically shut down.

m.  A slip compensation circuit shall be included which will sense changing 
motor load conditions and adjust output frequency to provide speed 
regulation of NEMA B motors to within plus or minus 0.5 percent of 
maximum speed without the necessity of a tachometer generator.

n.  The VFD shall be factory set for manual restart after the first 
protective circuit trip for malfunction (overcurrent,undervoltage, 
overvoltage or overtemperature) or an interruption of power.  The VFD 

SECTION 26 29 23  Page 480



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

shall be capable of being set for automatic restart after a selected 
time delay. If the drive faults again within a specified time period 
(adjustable 0-60 seconds), a manual restart will be required.

o.  The VFD shall include external fault reset capability.  All the 
necessary logic to accept an external fault reset contact shall be 
included.

p.  Provide critical speed lockout circuitry to prevent operating at 
frequencies with critical harmonics that cause resonant vibrations. The 
VFD shall have a minimum of three user selectable bandwidths.

q.  Provide the following operator control and monitoring devices mounted 
on the front panel of the VFD:

1.  Manual speed potentiometer.

2.  Hand-Off-Auto ( HOA ) switch.

3.  Power on light.

4.  Drive run power light.

5.  Local display.

r.  Provide properly sized NEMA rated by-pass and isolation contactors to 
enable operation of motor in the event of VFD failure. Mechanical and 
electrical interlocks shall be installed between the by-pass and 
isolation contactors.  Provide a selector switch and transfer delay 
timer.

s.  Provide 5 percent line reactor. 

2.2   ENCLOSURES

Provide equipment enclosures conforming to NEMA 250, NEMA ICS 61800, 
NEMA ICS 6.

Electrical enclosures shall be steel of not less than 14 gauge with welded 
seams.  Access cover plates shall be hinged with EM gaskets.  Design shall 
include thick cover plates, folded enclosures edges, and bolt spacer to 
prevent uneven gasket compression and enclosure deformation.  Gasket shall 
be easy to replace.  Gasket contact areas shall be tin-plated.

2.3   WIRES AND CABLES

All wires and cables shall conform to NEMA 250, NEMA ICS 61800, NFPA 70.

2.4   NAMEPLATES

Nameplates external to NEMA enclosures shall conform with the requirements 
of Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS.  
Nameplates internal to enclosures shall be manufacturer's standard, with 
the exception that they must be permanent.
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PART 3   EXECUTION

3.1   INSTALLATION

Per NEMA ICS 3.1, install equipment in accordance with the approved 
manufacturer's printed installation drawings, instructions,  wiring 
diagrams, and as indicated on project drawings and the approved shop 
drawings.  

3.2   FIELD QUALITY CONTROL

Specified products shall be tested as a system for conformance to 
specification requirements prior to scheduling the acceptance tests.  
Contractor shall conduct performance verification tests in the presence of 
Government representative, observing and documenting complete compliance of 
the system to the specifications.  Contractor shall submit a signed copy of 
the test results, certifying proper system operation before scheduling 
tests.

3.2.1   VFD Test

A proposed test plan shall be submitted to the contracting officer at least 
28 calendar days prior to proposed testing for approval.  The tests shall 
conform to NEMA ICS 1, NEMA ICS 61800, and all manufacturer's safety 
regulations.  The Government reserves the right to witness all tests and 
review any documentation.  The  contractor shall inform the Government at 
least 14 working days prior to the dates of testing.  Contractor shall 
provide video tapes, if available, of all training provided to the 
Government for subsequent use in training new personnel.  All training 
aids, texts, and expendable support material for a self-sufficient 
presentation shall be provided, the amount of which to be determined by the 
contracting officer.

3.2.2   Performance Verification Tests

"Performance Verification Test" plan shall provide the step by step 
procedure required to establish formal verification of the performance of 
the VFD.  Compliance with the specification requirements shall be verified 
by inspections, review of critical data, demonstrations, and tests.  The 
Government reserves the right to witness all tests, review data, and 
request other such additional inspections and repeat tests as necessary to 
ensure that the system and provided services conform to the stated 
requirements.  The contractor shall inform the Government 14 calendar days 
prior to the date the test is to be conducted.

3.2.3   Endurance Test

Immediately upon completion of the performance verification test, the 
endurance test shall commence.  The system shall be operated at varying 
rates for not less than 192 consecutive hours, at an average effectiveness 
level of .9998, to demonstrate proper functioning of the complete PCS.  
Continue the test on a day-to-day basis until performance standard is met.  
During the endurance test, the contractor shall not be allowed in the 
building.  The system shall respond as designed.
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3.3   DEMONSTRATION

3.3.1   Training

Coordinate training requirements with the Contracting Officer.

3.3.1.1   Instructions to Government Personnel

Provide the services of competent instructors who will give full 
instruction to designated personnel in operation, maintenance, calibration, 
configuration, and programming of the complete control system.  Orient the 
training specifically to the system installed.  Instructors shall be 
thoroughly familiar with the subject matter they are to teach.  The 
Government personnel designated to attend the training will have a high 
school education or equivalent.  The number of training days of instruction 
furnished shall be as specified.  A training day is defined as eight hours 
of instruction, including two 15-minute breaks and excluding lunch time; 
Monday through Friday.  Provide a training manual for each student at each 
training phase which describes in detail the material included in each 
training program.  Provide one additional copy for archiving.  Provide 
equipment and materials required for classroom training.  Provide a list of 
additional related courses, and offers, noting any courses recommended.  
List each training course individually by name, including duration, 
approximate cost per person, and location of course.  Unused copies of 
training manuals shall be turned over to the Government at the end of last 
training session.

3.3.1.2   Operating Personnel Training Program

Provide one 2 hour training session at the site at a time and place 
mutually agreeable between the Contractor and the Government.  Provide 
session to train 4 operation personnel in the functional operations of the 
system and the procedures that personnel will follow in system operation.  
This training shall include:

a.  System overview

b.  General theory of operation

c.  System operation

d.  Alarm formats

e.  Failure recovery procedures

f.  Troubleshooting

3.3.1.3   Engineering/Maintenance Personnel Training

Accomplish the training program as specified.  Training shall be conducted 
on site at a location designated by the Government.  Provide a one day 
training session to train 4 engineering personnel in the functional 
operations of the system.  This training shall include:

a.  System overview

b.  General theory of operation

c.  System operation
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d.  System configuration

e.  Alarm formats

f.  Failure recovery procedures

g.  Troubleshooting and repair

h.  Maintenance and calibration

i.  System programming and configuration

        -- End of Section --
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SECTION 40 05 13.96

WELDING PROCESS PIPING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT)

ASNT SNT-TC-1A (2011; Text Correction 2013) Recommended 
Practice for Personnel Qualification and 
Certification in Nondestructive Testing

ASNT SNT-TC-1A Q&A Bk A (2010) Supplement to Recommended Practice 
No. SNT-TC-1A (Q&A Book): Radiographic 
Testing Method

ASNT SNT-TC-1A Q&A Bk D (2011; Text Correction 2011) Supplement to 
Recommended Practice No. SNT-TC-1A (Q&A 
Book): Liquid Penetrant Testing Method

AMERICAN WELDING SOCIETY (AWS)

AWS A2.4 (2012) Standard Symbols for Welding, 
Brazing and Nondestructive Examination

AWS A3.0M/A3.0 (2010) Standard Welding Terms and 
Definitions

AWS B2.1/B2.1M (2009) Specification for Welding Procedure 
and Performance Qualification

AWS QC1 (2007) Standard for AWS Certification of 
Welding Inspectors

AWS Z49.1 (2012) Safety in Welding and Cutting and 
Allied Processes

ASME INTERNATIONAL (ASME)

ASME B31.1 (2012) Power Piping

ASME B31.3 (2012) Process Piping

ASME BPVC SEC II-C (2010) BPVC Section II-Materials Part 
C-Specifications for Welding Rods 
Electrodes and Filler Metals

ASME BPVC SEC IX (2010) BPVC Section IX-Welding and Brazing 
Qualifications
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1.2   DEFINITIONS AND SYMBOLS

Definitions shall be in accordance with AWS A3.0M/A3.0.  Symbols shall be 
in accordance with AWS A2.4.

1.3   PERFORMANCE REQUIREMENTS

Quality of all joint preparation, welding, and examination is the 
Contractor's responsibility for.  Clearly identify and record all materials 
used in the welding operations.  The inspection and testing defined in this 
specification are minimum requirements.  Additional inspection and testing 
shall be the responsibility of the Contractor when it is deemed necessary 
to achieve the quality required.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Pressure Piping; G

SD-03 Product Data

Welding Operations; G

SD-07 Certificates

Qualifications; G

1.5   QUALIFICATIONS

Welding procedures, welders, and welding operators previously qualified by 
test may be accepted for the work without requalification, provided that 
all of the following conditions are fulfilled:

a.  Copies of the welding procedures, the procedure qualification test 
records, and the welder and welding operator performance qualification 
test records are submitted and approved in accordance with paragraph 
SUBMITTALS.

b.  Testing was performed by an approved testing laboratory or technical 
consultant or by the Contractor's approved quality assurance 
organization.

c.  The welding procedures, welders, and welding operators were qualified 
in accordance with ASME BPVC SEC IX, or AWS B2.1/B2.1M, AR-2 level; and 
base materials, filler materials, electrodes, equipment, and processes 
conformed to the applicable requirements of this specification.

d.  The requirements of paragraph "Renewal of Qualification" below are met 
and records showing name of employer and period of employment using the 
process for which qualified are submitted as evidence of conformance.
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1.5.1   Welding Procedures Qualification

Record in detail and qualify the Welding Procedure Specifications for every 
proposed welding procedure.  Qualification for each welding procedure shall 
conform to the requirements of ASME B31.1, ASME B31.3, and to this 
specification.  The welding procedures shall specify end preparation for 
butt welds including cleaning, alignment, and root openings.  Preheat, 
interpass temperature control, and postheat treatment of welds shall be as 
required by approved welding procedures, unless otherwise indicated or 
specified.  The type of backing rings or consumable inserts, if used, shall 
be described and if they are to be removed, the removal process shall be 
described.  Copies of the welding procedure specifications and procedure 
qualification test results for each type of welding required shall be 
submitted in accordance with paragraph SUBMITTALS.  Approval of any 
procedure does not relieve the Contractor of the sole responsibility for 
producing acceptable welds.  Welding procedures shall be identified 
individually and shall be referenced on the detail drawings or keyed to the 
contract drawings.

1.5.2   Welder and Welding Operator Performance

Each welder and welding operator assigned to work shall be qualified in 
accordance with ASME B31.1, or ASME B31.3, (depending on system).

1.5.2.1   Certification

Before assigning welders or welding operators to the work, provide the 
Contracting Officer with their names together with certification that each 
individual is performance-qualified as specified.  The certification shall 
state the type of welding and positions for which each is qualified, the 
code and procedure under which each is qualified, date qualified, and the 
firm and individual certifying the qualification tests.

1.5.2.2   Identification

Identify each particular weld with the personal number, letter, or symbol 
assigned to each welder or welding operator.  To identify welds, written 
records indicating the location of welds made by each welder or welding 
operator shall be submitted, and each welder or welding operator shall 
apply the personal mark adjacent to the welds using a rubber stamp or 
felt-tipped marker with permanent, weatherproof ink or other methods 
approved by the Contracting Officer that do not deform the metal.  For seam 
welds, identification marks shall be placed adjacent to the welds at 3 foot 
intervals.  Identification by die stamps or electric etchers will not be 
allowed.

1.5.2.3   Renewal of Qualification

Requalification of a welder or welding operator is required under any of 
the following conditions:

a.  When a welder or welding operator has not used the specific welding 
process for a period of 3 months; the period may be extended to 6 
months if the welder or welding operator has been employed on some 
other welding process.

b.  When a welder or welding operator has not welded with any process 
during a period of 3 months, all the personal qualifications shall be 
considered expired, including any extended by virtue of a., above.
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c.  There is specific reason to question the person's ability to make welds 
that will meet the requirements of the specifications.

d.  The welder or welding operator was qualified by an employer, other than 
those firms performing work under this contract, and a qualification 
test has not been taken within the preceding 12 months.

e.  Renewal of qualification for a specific welding process under 
conditions a., b., and d., above, needs to be made on only a single 
test joint or pipe of any thickness, position, or material to 
reestablish the welder's or welding operator's qualification for any 
thickness, position, or material covered under previous qualification.

1.5.3   Inspection and NDE Personnel

All inspection and NDE personnel shall be qualified in accordance with the 
following requirements.

1.5.3.1   Inspector Certification

Welding inspectors shall be qualified in accordance with AWS QC1.

1.5.3.2   NDE Personnel

NDE personnel shall be certified, and a written procedure for the control 
and administration of NDE personnel training, examination, and 
certification shall be established.  The procedures shall be based on 
appropriate specific and general guidelines of training and experience 
recommended by ASNT SNT-TC-1A, ASNT SNT-TC-1A Q&A Bk A and
ASNT SNT-TC-1A Q&A Bk D.

1.6   REGULATORY REQUIREMENTS

This section covers the welding of pressure piping systems.  Submit detail 
drawings showing location, length, and type of welds; and indicating 
postweld heat treatment and NDE as required.  Deviations from applicable 
codes, approved procedures, and approved detail drawings will not be 
permitted without prior written approval.  Materials or components with 
welds made offsite will not be accepted if the welding does not conform to 
the requirements of this specification, unless otherwise specified.  
Develop procedures for welding all metals included in the work.  Welding 
shall not be started until welding procedures, welders, and welding 
operators have been qualified.  Qualification testing shall be performed by 
an approved testing laboratory, or by the Contractor if approved by the 
Contracting Officer.  Notify the Contracting Officer at least 24 hours in 
advance of the time and place of the tests.  When practicable, perform the 
qualification tests at or near the worksite.  Maintain current records of 
the test results obtained in the welding procedure, welding operator, 
welder performance qualifications, and nondestructive examination (NDE) 
procedures readily available at the site for examination by the Contracting 
Officer.  The procedures for making transition welds between different 
materials or between plates or pipes of different wall thicknesses shall be 
qualified. ASME B31.1, or ASME B31.3, depending on system requirements for 
branch connections may be used in lieu of detailed designs.  Unless 
otherwise specified, the choice of welding process shall be the 
responsibility of the Contractor.  Safety precautions shall conform to 
AWS Z49.1.
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1.7   DELIVERY, STORAGE, AND HANDLING

All filler metals, electrodes, fluxes, and other welding materials shall be 
delivered to the site in manufacturers' original packages and stored in a 
dry space until used.  Packages shall be properly labeled and designed to 
give maximum protection from moisture and to insure safe handling.

1.7.1   Material Control

Materials shall be stored in a controlled access and clean, dry area that 
is weathertight and is maintained at a temperature recommended by the 
manufacturer.  The materials shall not be in contact with the floor and 
shall be stored on wooden pallets or cribbing.

1.7.1.1   Damaged Containers

Low-hydrogen steel electrodes shall be stored in their sealed shipping 
container.  If the seal is damaged during shipment or storage, and the 
damage is not immediately detected, the covered electrodes in that 
container shall be rebaked in accordance with the manufacturer's 
instructions prior to issuance or shall be discarded.  If a container is 
damaged in storage and the damage is witnessed, the electrodes from that 
container shall be immediately placed in a storage oven.  The storage oven 
temperature shall be as recommended by the manufacturer or the welding 
material specification.

1.7.1.2   Partial Issues

When a container of covered electrodes is opened and only a portion of the 
content is issued, the remaining portion shall, within 1/2 hour, be placed 
in a storage oven.

1.7.2   Damaged Materials

Materials which are damaged shall be discarded.  Covered electrodes which 
are oil or water-soaked, dirty, or on which the flux has separated from the 
wire shall be discarded.

PART 2   PRODUCTS

2.1   MATERIALS

Provide welding materials which comply with ASME BPVC SEC II-C.  Welding 
equipment, electrodes, welding wire, and fluxes shall be capable of 
producing satisfactory welds when used by a qualified welder or welding 
operator using qualified welding procedures.

PART 3   EXECUTION

3.1   WELDING OPERATIONS

Perform welding in accordance with qualified procedures using qualified 
welders and welding operators.  Submit detailed procedures which define 
methods of compliance to contract drawings and specifications.  Inspection 
and material procurement records.  System and material testing and 
certification records.  Written records and drawings indicating location of 
welds made by each welder or welding operator.

Welding shall not be done when the quality of the completed weld could be 
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impaired by the prevailing working or weather conditions.  The Contracting 
Officer will determine when weather or working conditions are unsuitable 
for welding.  

3.1.1   Base Metal Preparation

Oxy-fuel cutting shall not be used on austenitic stainless steel or 
nonferrous materials.

3.1.2   Weld Joint Fit-Up

Parts that are to be joined by welding shall be fitted, aligned, and 
retained in position during the welding operation by the use of bars, 
jacks, clamps, or other mechanical fixtures.  Welded temporary attachments 
shall not be used except when it is impractical to use mechanical 
fixtures.  When temporary attachments are used, they shall be the same 
material as the base metal, and shall be completely removed by grinding or 
thermal cutting after the welding operation is completed.  If thermal 
cutting is used, the attachment shall be cut to not less than 1/4 inch from 
the member and the balance removed by grinding.  After the temporary 
attachment has been removed, the area shall be visually examined.

3.1.3   Preheat and Interpass Temperatures

Preheat temperatures shall meet the requirements specified by ASME B31.1 or 
ASME B31.3 depending on system.  However, in no case shall the preheat be 
below 50 degrees F for ferritic steel or austenitic stainless steel, or 32 
degrees F for nonferrous alloys.  The maximum interpass temperatures shall 
not exceed 300 degrees F for austenitic stainless steels, nickel alloys, 
and copper alloys; and 500 degrees F for carbon steels.  Preheat techniques 
shall be such as to ensure that the full thickness of the weld joint 
preparation and/or adjacent base material, at least 3 inches in all 
directions, is at the specified temperature.  Preheating by induction or 
resistance methods is preferred.  When flame heating is used, only a 
neutral flame shall be employed.  Oxy-fuel heating shall not be used on 
austenitic stainless steel or nickel-alloy materials; however, air-fuel 
heating is acceptable if controlled to insure that the surface temperature 
does not exceed 150 degrees F.  Interpass temperatures shall be checked on 
the surface of the component within 1 inch of the weld groove and at the 
starting location of the next weld pass, and for a distance of about 6 
inches ahead of the weld, but not on the area to be welded.

3.1.4   Production Welding Instructions

a.  Welding shall not be done when the ambient temperature is lower than 0 
degree F.

b.  Welding is not permitted on surfaces that are wet or covered with ice, 
when snow or rain is falling on the surfaces to be welded, or during 
periods of high winds, unless the welders and the work are properly 
protected.

c.  Gases for purging and shielding shall be welding grade and shall have a 
dew point of minus 40 degrees F or lower.

d.  Back purges are required for austenitic stainless steels and nonferrous 
alloys welded from one side and shall be set up such that the flow of 
gas from the inlet to the outlet orifice passes across the area to be 
welded.  The oxygen content of the gas exiting from the purge vent 
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shall be less than 2 percent prior to welding.

e.  The purge on groove welds shall be maintained for at least three layers 
or 3/16 inch.

f.  Removable purge dam materials shall be made of expandable or flexible 
plugs, such as plexiglass, plywood (which shall be dry when used), 
etc.  Wood dams shall be kiln-dried quality.  Nonremovable purge dams 
and purge dam adhesives shall be made of water soluble materials.  
Purge dams shall not be made of polyvinyl alcohol.

g.  Any welding process which requires the use of external gas shielding 
shall not be done in a draft or wind unless the weld area is protected 
by a shelter.  This shelter shall be of material and shape appropriate 
to reduce wind velocity in the vicinity of the weld to a maximum of 5 
mph (440 fpm).

h.  Welding of low-alloy and hardenable high-alloy steels may be 
interrupted provided a minimum of at least 3/8 inch thickness of weld 
deposit or 25 percent of the weld groove is filled, whichever is 
greater, and the preheat temperature is maintained during the time that 
welding is interrupted.  If the temperature falls below the minimum 
preheat temperature before all welding has been completed on a joint, 
or, where required, before post weld heat treatment, a liquid penetrant 
or magnetic particle examination shall be performed to insure sound 
deposited metal before reheating.  Welding of other materials may be 
interrupted without restriction provided a visual inspection is 
performed before welding is resumed.

i.  Tack welds to be incorporated in the final welds shall have their ends 
tapered by grinding or welding technique.  Tack welds that are cracked 
or defective shall be removed and the groove shall be retacked prior to 
welding.  Temporary tack welds shall be removed, the surface ground 
smooth, and visually inspected.  For low-alloy and hardenable 
high-alloy steels, the area shall be magnetic particle examination 
inspected.

j.  When joining ferritic steel pressure piping components to austenitic 
stainless steel pressure piping components and postweld heat treatment 
is required, the following requirements apply:

(1) The weld-end preps of ferritic steel components, which are to be 
welded to austenitic stainless steel, shall be buttered with one 
of the following weld filler metals and shall conform to the 
specified requirements: ASME BPVC SEC II-C, SFA 5.14, 
Classification ERNiCr-3; or ASME BPVC SEC II-C, SFA 5.11, 
Classification ENiCrFe-2.

(2) The ferritic steel weld-end prep shall be buttered, receive a 
postweld heat treatment as required by ASME B31.1 or ASME B31.3 
depending on system and then be machined with the applicable 
weld-end preparation.  After machining, the buttered layer shall 
be a minimum of 1/4 inch thick.

(3) Pressure piping transition joints shall be completed using 
ERNiCr-3 or ENiCrFe-2 weld filler metals.  No further postweld 
heat treatment shall be performed.

k.  When joining ferritic steel pressure piping components to austenitic 
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stainless steel pressure piping components and postweld heat treatment 
is not required, prepare and weld the joint using either ERNiCr-3 or 
ENiCrFe-2 filler metals.  For service temperatures of 200 degrees F or 
less, stainless filler metal 309 ASME BPVC SEC II-C, SFA 5.4 or 5.9 is 
permissible in lieu of the nickel-based alloys.

l.  Grinding of completed welds is to be performed only to the extent 
required for NDE, including any inservice examination, and to provide 
weld reinforcement within the requirements of ASME B31.1 or ASME B31.3 
depending on system.  If the surface of the weld requires grinding, 
reducing the weld or base material below the minimum required thickness 
shall be avoided.  Minimum weld external reinforcement shall be flush 
between external surfaces.

3.1.5   Postweld Heat Treatment

a.  Postweld heat treatment shall be performed in accordance with ASME B31.1
 or ASME B31.3 depending on system.  Temperatures for local postweld 
heat treatment shall be measured continuously by thermocouples in 
contact with the weldment.

b.  Postweld heat treatment of low-alloy steels, when required, shall be 
performed immediately upon completion of welding and prior to the 
temperature of the weld falling below the preheat temperature.  
However, postweld heat treatment may be postponed after the completion 
of the weld, if, immediately after the weld is completed, it is 
maintained at a minimum temperature of 300 degrees F or the preheat 
temperature, whichever is greater, for 2 hours per inch of weld 
thickness.

c.  For low-alloy steels, the cooling rates shall be such that temper 
embrittlement is avoided.

3.2   EXAMINATIONS, INSPECTIONS, AND TESTS

Visual inspection of 100 percent of welds shall be performed by the 
Contractor to detect surface and internal discontinuities in completed 
welds.  All tack welds, weld passes, and completed welds shall be visually 
inspected.  When inspection and testing indicates defects in a weld joint, 
the weld shall be repaired by a qualified welder in accordance with 
paragraph CORRECTIONS AND REPAIRS.

3.2.1   Visual Inspection

Weld joints shall be inspected visually as follows:

a.  Before welding - for compliance with requirements for joint 
preparation, placement of backing rings or consumable inserts, 
alignment and fit-up, and cleanliness.

b.  During welding - for cracks and conformance to the qualified welding 
procedure.

c.  After welding - for cracks, contour and finish, bead reinforcement, 
undercutting, overlap, and size of fillet welds.

3.2.2   Inspection and Tests by the Government

The Government will perform inspection and supplemental nondestructive or 
destructive tests as deemed necessary.  The cost of supplemental NDE will 
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be borne by the Government.  The correction and repair of defects and the 
reexamination of weld repairs shall be performed by the Contractor at no 
additional cost to the Government.  Inspection and tests will be performed 
as required for visual inspection and NDE, except that destructive tests 
may be required also.  When destructive tests are ordered by the 
Contracting Officer and performed by the Contractor, and the specimens or 
other supplemental examinations indicate that the materials and workmanship 
do not conform to the contract requirements, the cost of the tests, 
corrections, and repairs shall be borne by the Contractor.  When the 
specimens or other supplemental examinations of destructive tests indicate 
that materials or workmanship do conform to the specification requirements, 
the cost of the tests and repairs will be borne by the Government.  When 
destructive tests are made, repairs shall be made by qualified welders or 
welding operators using welding procedures which will develop the full 
strength of the members cut.  Welding shall be subject to inspection and 
tests in the mill, shop, and field.  When materials or workmanship do not 
conform to the specification requirements, the work may be rejected at any 
time before final acceptance of the system containing the weldment.

3.3   ACCEPTANCE STANDARDS

3.3.1   Visual

The following indications are unacceptable:

a.  Cracks.

b.  Undercut on surface which is greater than 1/32 inch deep.

c.  Weld reinforcement greater than 3/16 inch.

d.  Lack of fusion on surface.

e.  Incomplete penetration (applies only when inside surface is readily 
accessible).

f.  Convexity of fillet weld surface greater than 10 percent of longest leg 
plus 0.03 inch.

g.  Concavity in groove welds.

h.  Concavity in fillet welds greater than 1/16 inch.

i.  Fillet weld size less than indicated or greater than 1.25 times the 
minimum indicated fillet leg length.

3.4   CORRECTIONS AND REPAIRS

Defects shall be removed and repaired as specified in ASME B31.1, or
ASME B31.3, depending on system unless otherwise specified.  Disqualifying 
defects discovered between weld passes shall be repaired before additional 
weld material is deposited.  Wherever a defect is removed, and repair by 
welding is not required, the affected area shall be blended into the 
surrounding surface eliminating sharp notches, crevices, or corners.  After 
defect removal is complete and before rewelding, the area shall be examined 
by the same test method which first revealed the defect to ensure that the 
defect has been eliminated.  After rewelding, the repaired area shall be 
reexamined by the same test method originally used for that area.  Any 
indication of a defect shall be regarded as a defect unless reevaluation by 
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NDE or by surface conditioning shows that no disqualifying defects are 
present.  The use of any foreign material to mask, fill in, seal, or 
disguise welding defects will not be permitted.

        -- End of Section --
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SECTION 40 95 00
 

ECS CONTROLS AND INSTRUMENTATION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASME INTERNATIONAL (ASME)

ASME B16.18 (2012) Cast Copper Alloy Solder Joint 
Pressure Fittings

ASME B16.22 (2012) Standard for Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B16.26 (2011) Standard for Cast Copper Alloy 
Fittings for Flared Copper Tubes

ASME B31.1 (2012) Power Piping

ASTM INTERNATIONAL (ASTM)

ASTM B117 (2011) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM B32 (2008) Standard Specification for Solder 
Metal

ASTM B545 (1997; R 2009) Standard Specification for 
Electrodeposited Coatings of Tin

ASTM B75/B75M (2011) Standard Specification for Seamless 
Copper Tube

ASTM B88 (2009) Standard Specification for Seamless 
Copper Water Tube

ASTM D1238 (2010) Melt Flow Rates of Thermoplastics 
by Extrusion Plastometer

ASTM D1693 (2012) Standard Test Method for 
Environmental Stress-Cracking of Ethylene 
Plastics

ASTM D635 (2010) Standard Test Method for Rate of 
Burning and/or Extent and Time of Burning 
of Self-Supporting Plastics in a 
Horizontal Position

ASTM D638 (2010) Standard Test Method for Tensile 
Properties of Plastics
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ASTM D792 (2008) Density and Specific Gravity 
(Relative Density) of Plastics by 
Displacement

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 299 (2006) Standard Method for Measuring the 
Effectiveness of Electromagnetic Shielding 
Enclosures

IEEE Stds Dictionary (2009) IEEE Standards Dictionary: Glossary 
of Terms & Definitions

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 1 (2000; R 2008; E 2010) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA ICS 6 (1993; R 2011) Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
Code

UNDERWRITERS LABORATORIES (UL)

UL 1449 (2006; Reprint Jul 2012) Surge Protective 
Devices

UL 508 (1999; Reprint Apr 2010) Industrial 
Control Equipment

UL 508A (2001; Reprint Feb 2010) Industrial 
Control Panels

1.2   DEFINITIONS

Definitions, symbols, and engineering unit abbreviations shall conform to 
this specification and IEEE Stds Dictionary, as applicable.

1.2.1   Owner

The regional or local user responsible for managing all aspects of the 
operation, including:  network connections, workstation management, 
submittal review, technical support, control parameters, and daily 
operation.  The Owner for this project is NASA.

1.2.2   Bridge

Network hardware that connects two or more network segments at the physical 
and data link layers.  A bridge may also filter messages.

1.2.3   Broadcast

A message sent to all devices on a network segment.
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1.2.4   Central Processing Unit (CPU) Module

Digital high speed processor modules designed for in-rack mounting with 
internal battery backed internal RAM, LED status lights and built-in 
communication ports.

1.2.5   Communications Module

Ethernet TCP/IP and Control Net based module designed for in-rack mounting, 
10/100 Mbps data transfer rate with either copper or fiber optic conductor.

1.2.6   Device

Any control system component.

1.2.7   Ethernet

A family of local-area-network technologies providing high-speed networking 
features over various media.

1.2.8   Firmware

Software programmed into read only memory (ROM), flash memory, electrically 
erasable programmable read only memory (EEPROM), or erasable programmable 
read only memory (EPROM) chips.

1.2.9   Functional Test

Functional Test (FT):  Test of individual components/elements of the 
control system to make sure the wiring is completed, setpoints and similar 
parameters are fully defined and acceptable, individual points are 
operational in all modes and the OWS/HMI graphical interfaces are 
functioning.

1.2.10   Gateway

Communication hardware connecting two or more different protocols, similar 
to human language translators.  The Gateway translates one protocol into 
equivalent concepts for the other protocol.  In PLC applications, a gateway 
has Modbus on one side and non-Modbus (usually proprietary) protocols on 
the other side.

1.2.11   Human Machine Interface (HMI)

A device that allows for system interrogation, monitoring and access to 
system operating parameters generally at the "floor" level (i.e. on the 
PLC).

1.2.11.1   SUPERVISORY CONTROL AND DATA ACQUISITION (SCADA)

A device that allows for system interrogation, monitoring and access to 
system operating parameters generally at the "control room" level (i.e. on 
the PLC).

1.2.12   Hub

A device for connecting multiple ethernet devices together on a network.
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1.2.13   Internet Protocol (IP, TCP/IP, UDP/IP)

A communication method, the most common use is the World Wide Web.  At the 
lowest level, a method for conveying and routing packets of information 
over various LAN media.  Two common protocols using IP are User Datagram 
Protocol (UDP) and Transmission Control Protocol (TCP).  UDP conveys 
information to well-known "sockets" without confirmation of receipt. TCP 
establishes "sessions", which have end-to-end confirmation and guaranteed 
sequence of delivery.

1.2.14   Input/Output (I/O)

Physical inputs and outputs to and from a device, although the term 
sometimes describes software, or "virtual" I/O. See also "Points".  PLC I/O 
reside in discrete modules which plug into slots on racks.  Remote I/O 
refers to input/output modules located in racks without an integral CPU, 
but are interconnected to racks with a CPU.

1.2.15   IP Subnet

Internet protocol (IP) identifies individual devices with a 32-bit number 
divided into four groups from 0 to 255.  Devices are often grouped and 
share some portion of this number.  For example, one device has IP address 
209.185.47.68 and another device has IP address 209.185.47.82.  These two 
devices share Class C subnet 209.185.47.00.

1.2.16   Local-Area Network (LAN)

A communication network that spans a limited geographic area and uses the 
same basic communication technology throughout.

1.2.17   Network

Communication technology for data communications.  Approved network types 
are Ethernet TCP/IP, Modbus TCP and other Modbus protocols.

1.2.18   Peer-to-Peer

Peer-to-peer refers to devices where any device can initiate and respond to 
communication with other devices.

1.2.19   PID

Proportional, integral, and derivative control; three parameters used to 
control modulating equipment to maintain a setpoint.

1.2.20   Programmable Logic Controller

An electronic digital controller, consisting of power, communications, 
processor and input/output modules with internal programming logic, which 
performs control functions.

1.2.21   PLC System

A network of programmable logic controllers, communication architecture, 
and user interfaces.  A PLC system may include programming, sensors, 
actuators, switches, relays, factory controls, operator workstations, human 
machine interface, and various other devices, components, and attributes.
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1.2.22   Power Supplies

Modular components for PLC racks, provide power for the system rack 
components (CPU, communications and I/O modules) and provide for adequate 
shutdown time upon a loss of power.

Panel power supplies provide conversion of 120 volt AC input power to 
regulated VDC output for powering PLC power and supplies and control panel 
devices/circuits.

1.2.23   Points

Physical and virtual inputs and outputs.  See also "Input/Output".

1.2.24   Rack

A physical piece of hardware with a specific number of slots which accepts 
PLC automation platform modules such as power supplies, CPU's, 
communication network, and discrete input/output modules.  It distributes 
the power and provides communication to all modules located in the rack, 
also referred to as a chassis or backplane.

1.2.25   Repeater

A network component that connects two or more physical segments at the 
physical layer.  A repeater is most commonly used to extend the physical 
length of a network.

1.2.26   Router

A router is a component that joins together two or more networks using 
different LAN technologies.

1.2.27   Signal Wiring

Signal and/or device wiring is wiring between controllers and end devices 
(input/output devices).  It includes multi-conductor cabling and wiring 
between devices such as switches, indicators, displays, relays and similar 
items.

1.2.28   Wiring

The term wiring is inclusive of all types of wiring and cabling, inclusive 
of power, communication, and signal systems, and includes associated 
conduit and raceway systems.

1.3   ENVIRONMENTAL CONTROL SYSTEM (ECS) REFURBISHMENT DESCRIPTION

The LC39B Environmental Control System (ECS) provides conditioned air purge 
to launch vehicle compartments to maintain environmental conditions.  There 
are three major plenums in the ECS, the North Plenum, South Plenum and the 
Interm Cryogenic propulsion Stage (ICPS) Plenum that will each service 
different portions of the launch vehicle (to be determined based on the 
vehicle configuration).  There will be a total of 12 ducts (8 installed and 
4 spare) which will supply air to the pad surface for use by the Mobile 
Launcher (ML) and the Launch Vehicle (LV).  The environmental parameters to 
be controlled for each of the ducts are defined in the contract drawings.  
The Pad B ECS interfaces to the Mobile Launcher via the stub tower just 
after the ML is mated to the Pad.  The conditioned air purge is provided 

SECTION 40 95 00  Page 504



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

continuously until disconnected during launch countdown activities.

The process Environmental Control System (ECS)shall be used to monitor and 
control the operation of process equipment as specified and in accordance 
with the the sequence of operations and control schematics shown on the 
contract drawings.  The control system shall provide for operator 
interaction, overall control system supervision, and process equipment 
control and monitoring.  Provide hardware configured and sized to support 
expansion, of Optional Air Supply Ducts, as specified and shown on the 
contract drawings.

The following outlines the Contractor's scope of work as it relates to the 
ECS Instrumentation and Controls refurbishment.

a.  The existing controls process equipment, such as but not limited to, 
sensors and transducers shall be refurbished and/or replaced as defined 
in the contract drawings.

b.  The existing controls RIO Enclosures shall be reused and modified per 
contract drawings and specifications.

c.  New RIO enclosures shall be provided to handle the additional I/O 
required by the planned future flow Circuits to the pad surface.

d.  All wiring and cabling between the existing RIO enclosures and the 
Process Equipment being refurbished shall be reused. The contractor 
shall reuse, where possible, all wiring and cabling between the 
existing RIO enclosures and equipment being replaced.

e.  The Contractor shall provide a final detailed controls hardware design 
for the ECS controls and instrumentation and all supporting 
verification and validation software required for this project.

f.  The existing PLC Processor Racks in the ECS control room (109A)shall be 
left as is and not be used in the verification and validation of the 
new Controls equipment.

g.  The Contractor shall supply a temporary Redundant PLC processor system 
to be used in the development, verification, validation, and acceptance 
testing of all of the Controls hardware and refurbished ECS Process 
equipment.  This PLC system shall be housed in a roll-around enclosure 
and be located in the ECS Control Room during verification and 
validation testing.  All of the temporary Redundant PLC and hardware 
and software used during the verification and validation shall be the 
property of NASA at the completion of the project.

h.  The existing ECS SCADA, and operator PC's, shall not be used or 
modified by the contractor.

i.  The Contractor supplied CPVS (Contractor Provided Verification 
Software) software shall be used to verify and validate the operation 
of the refurbished ECS equipment as well as the ECS performance 
specifications outlined in the contract documents.  It shall not be in 
the Contractor's scope to provide the final Operations application 
software for LCC operation.

j.  The contractor shall provide an Allen Bradley Factory TalkView and 
operator PC in the ECS control room to develop the contractor supplied 
CPVS SCADA and PLC software.
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k. TheECS equipment and PLC RIO shall be designed, built, and programmed  
for redundancy as per contract drawings and specifications.  However, 
the SCADA and PLC software shall only have to demonstrate and simulate  
redundancy based upon process equipment, 60Hz power, and mechanical 
failure. The contractor shall not have to prove redundancy based on 
failure of the 28VDC power system, the 28VDC power bus, or a failure of 
a PLC system A or B CPU.

l.  After installation of the ECS Controls, Instrumentation and Cabling, 
the contractor shall perform end to end calibrations for all ECS System 
Transducers prior to verification and validation. 

m.  The contractor shall provide a temporary 28 VDC system which shall be 
used to power remote I/O enclosure 37462 during verification, 
validation, and acceptance testing.

1.3.1   General Requirements

The Contractor is solely responsible for detailed field verification, 
demolition, hardware design, Shop drawings, installation, programming, 
Control System, graphics, performance verification testing, calibration, 
commissioning, and training associated with providing a complete, fully 
functional PLC-based control system which meets the requirements of the 
design documents, contract drawings, and system sequences of operation.  
Approval of individual system components and drawings shall not relieve the 
Contractor of the responsibility to coordinate with existing facility 
conditions, the characteristics and wiring configuration of existing 
sensors and controlled devices, and provide all necessary engineering, 
components, programming, testing, verification, and calibration.

Control enclosures, cable tray, and junction box layouts shown on the 
contract drawings and documents are for the purpose of demonstrating the 
intent of coordination with existing facility conditions, ECS systems, 
cables, and wiring which are to be demoed, reused, or replaced.  The final 
detailed design of the control enclosures, cable tray, junction boxes, and 
panels shall include, but are not limited to, determining and sizing power 
supplies, fusing, heat dissipation considerations, type and quantity of PLC 
components and accessories.  Control enclosure, cable tray, and junction 
box layout, configuration and mounting is the exclusive responsibility of 
the Contractor.  The Contractor shall provide detailed shop drawings for 
approval by the Contracting Officer before fabrication can proceed.

All necessary wiring within panels and between panels and input/output 
devices shall be provided by the Contractor; this wiring is not shown on 
the contract drawings or documents.  Generally 120-volt power will be 
extended to control panels under Division 26.  All other wiring including 
extension of power wiring to input/output devices is the responsibility of 
this section.

The Contractor shall be responsible for coordinating with NASA, all 
demolition, design, installation, programming, performance verification 
testing, and commissioning, for the ECS sub-systems, network/LAN 
communications, and controls wiring which interfaces between the existing 
KGCS ECS Remote I/O (RIO) and the ECS verification and validation PLCs, 
field devices, and SCADA supplied and installed by the Contractor.

SCADA graphics development shall be in accordance with the requirements 
defined in 700EFW00002 "Human Machine Interface (HMI) Programming 
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Guidelines; Kennedy Ground Control System (KGCS) and Sequence of operations 
contained in the contract drawings.

Software development shall be coordinated with the requirements of the 
contract drawing sequences of operation. I/O point naming should be 
consistent with the contract drawings, document designations, and 
nomenclature.

NASA shall be responsible for the design, programming, and configuration of 
the existing KGCS PLC's and LLC SCADA software; The Contractor shall be 
responsible for providing and installing the operator interface computer, 
and cabling as well as provide NASA with the SCADA software, SCADA 
Configuration Software and PLC software required to program the 
verification and validation PLC's and KGCS SCADA systems.

Provide three (3) design review meetings held at KSC throughout the 
duration of the contract.  The first meeting will be a kickoff meeting.  
The second meeting will be a hardware and software design review and the 
remaining meeting will be primarily software review. The kickoff meeting 
will be held within one hundred twenty (120) days of contract award and 
will be an informal review of the overall project requirements and include 
a discussion of the following topics;

Controls hardware that will be used for the project

Controls hardware Design and Fabrication status and review

Controls software that will be used for the project

Controls software Design Status and review 

Control Room Verification and Validation SCADA and PLC software status 
and review

Government coordination, turnover, and discussion of PLC/SCADA programs 
that will be used and developed for the project

Project submittal requirements

Project sequencing requirements

Qualifications and Certifications

Lessons learned from previous Controls construction projects

The final two (2) software review meetings are described in detail in 
accordance with paragraph entitled, "Submittals" of this section.  
Additional informal review meetings are encouraged whenever necessary.

1.3.1.1   Control System Shop Drawings Title Sheet

Provide a title sheet for the control system shop drawing set.  Include the 
project title, project location, contract number, the controls contractor 
preparing the drawings, an index of the control drawings in the set, and a 
legend of the symbols and abbreviations used throughout the control system 
drawings.
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1.3.1.2   List of I/O Points

Also known as a Point Schedule, provide for each input and output (I/O) 
point physically connected to a PLC/RIO:  point name, point description, 
point type (Analog Output (AO), Analog Input (AI), Binary (discrete) Output 
(BO/DO), Binary (discrete) Input (BI/DI), point sensor range, point 
actuator range, point address, and point connection terminal number. Unique 
schedules for each PLC shall be provided.  Where remote I/O is used, 
provide a unique schedule for each grouping (rack) of I/O points.

1.3.1.3   Control System Components List

Provide a complete list of control system components including all controls 
wiring installed and existing devices and controls wiring interfaced with, 
on this project, to include both existing and new devices.  Include for 
each controller and device:  control system schematic name, control system 
schematic designation, device description, manufacturer, and manufacturer 
part number and identify whether it is new or existing.  For sensors, 
include point name, sensor range, and operating limits.  For valves, 
include body style, Cv, design flow rate, pressure drop, valve 
characteristic (linear or equal percentage), and pipe connection size.  For 
actuators, include point name, spring or non-spring return, modulating or 
two-position action, normal (power fail) position, nominal control signal 
operating range (5 volts DC or 4-20 milliamps), and operating limits. For 
controls cabling, include manufacturer, manufacturer part number, cable 
type, and identify whether it is new or existing.

1.3.1.4   Control System Schematics

The Contractor shall provide dimensionally accurate control system 
schematics to detail the location, and installation of the Contractor 
supplied ECS subsystems.  The control system schematics shall consist of 
unique schematics for each PLC, remote I/O panel, interface junction box, 
hardwired control circuit, and control panel.  The control system 
schematics shall include the following:

a.  Building floor plan showing location of all input and output devices, 
controlled equipment, controllers, starter, variable frequency drive, 
PLC, remote I/O enclosure, and networking device coordinated with the 
nomenclature used for the component wiring diagrams and PLC 
communication schematics.  The intent of this drawing is to provide the 
physical location of all components, both new and existing.

b.  Flow diagram for each system illustrating the ECS equipment and I/O 
sensors/devices

c.  Name or symbol for each control system component, such as V-1 for a 
valve

d.  Written sequence of operation for the ECS equipment

e.  Valve Schedules, with normal (power fail) position

f.  Sensors/Transducer Schedules, device type, range, and component name

g.  Complete parts list with description, manufacturer, model number and 
quantity.
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1.3.1.5   Enclosure and Panel Layout Drawings

The Contractor shall provide dimensionally accurate enclosure and panel 
layout drawings to detail the fabrication of the Contractor supplied 
subsystems.  The enclosure and panel layouts shall consist of unique 
drawings for each PLC, remote I/O panel, interface junction box, and 
control panel.  The enclosure and panel layout drawings shall include the 
following:

a.  PLC Enclosure and Panel layouts for verification and validation PLC's 
illustrating the Enclosure fabrication, interface connectors, and label 
details, and the enclosure panel layout of PLC/controller, Terminal 
Blocks, cable duct, power supplies, breakers, fuses, and related 
controls equipment.

b.  Remote I/O Enclosure and Panel layouts for each ECS system illustrating 
the Enclosure fabrication, interface connectors, and label details, and 
the enclosure panel layout of PLC/controller, Terminal Blocks, cable 
duct, power supplies, breakers, fuses, and related controls equipment.

c.  Junction box (if required) and Panel layouts for each junction box 
illustrating the fabrication and label details, and the panel layout of 
Terminal Blocks, cable duct, interface connectors, and related controls 
equipment.

d.  Complete parts list with description, manufacturer, model number and 
quantity for each layout drawing.

1.3.1.6   Component Wiring Diagrams

Provide a wiring diagram for each type of input device and output device 
typical schematics for identical equipment is not allowed.  Indicate how 
each device is wired and powered; showing typical connections and 
termination points at the digital controller and power supply.  Show for 
all, but not limited to, field connected devices such as control relays, 
motor starters, variable frequency drives, actuators, sensors, and 
transmitters.

1.3.1.7   Point to Point Wiring Diagram

Point-to-point wiring diagrams shall be provided for each PLC/controller 
control system inclusive of communications networking, power sources and 
I/O points.  The diagram(s) shall be comprehensive and include wiring being 
installed under this contract, as well as existing wiring and devices being 
interfaced with. Refer to specification Section 02 41 00 DEMOLITION.  
Organize wiring diagrams by PLC, remote PLC I/O, interface junction box, 
system controller, device control circuits, and control panel

1.3.1.8   Terminal Strip Diagrams

Provide a diagram of each new and existing terminal strip.  Indicate the 
terminal strip location, termination numbers, wire color, wire tag 
designation and associated point names.  These diagrams may be contained 
within the component wiring diagrams.

1.3.1.9   Communication Architecture Schematic

Provide a schematic showing the project's entire Ethernet communication 
network, including addressing used for LANs, LAN devices including routers 
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and bridges, Control Net networks and connection to remote I/O gateways, 
controllers, workstations, and field interface devices.  If applicable, 
show connection to existing networks.

1.3.1.10   Software

On the communication architecture schematic provide a listing of all of the 
software including the version number installed on each device.  Provide a 
summary table/legend with a numeric-alphabetic identifier for each type of 
software and mark each device with the appropriate software identifier(s).

1.3.1.11   Operation

The control system provided under this specification shall operate using 
ladder logic type and supervisory control to provide the required sequences 
of operation.  Input data to the PLC/RIO shall be obtained by using 
instruments and controls interfaced to mechanical, electrical, utility 
systems and other systems as shown and specified.  All required setpoints, 
settings, alarm limits, and sequences of operation shall be as identified 
sequences of operation shown on the contract drawings.  The number and 
location of control panels shown on drawings shall be provided as a minimum.

1.3.1.12   Operation and Maintenance Data Requirements

Outline the step-by-step procedures required for system startup, operation 
and shutdown.  Include in the instructions layout, wiring and control 
diagrams of the system as installed, the manufacturer's name, model number, 
service manual, parts list and a brief description of all equipment and 
their basic operating features.

List routine maintenance procedures, possible breakdowns and repairs and 
troubleshooting guides.

1.4   SUBMITTALS

Submit detailed and annotated manufacturer's data, drawings, and 
specification sheets for each item listed, that clearly show compliance 
with the project specifications.

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

Existing Control Device Conditions; G

Documenting the existing condition and functionality of all 
existing control devices slated to remain.

Provide a Sensor Location Summary; G

SD-02 Shop Drawings

Shop drawings shall be produced in AutoCAD Version 2011 or later; 
graphics shall be produced in AutoCAD Version 2011, Visio or other 
protocol as approved by the Contracting Officer.
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Include the following in the project's control system drawing set:

Control System Shop Drawings Title Sheet; G

List of I/O Points; G

Control System Components List; G

Control System Schematics; G

Point-to-Point Wiring Diagrams; G

Component Wiring Diagrams; G

Enclosure and Panel Layout Drawings; G

PLC Panel Layout Drawings; G

Remote I/O Panel Layout Drawings; G

Junction Box Panel Layout Drawings; G

Terminal Strip Diagrams; G

Communication Architecture Schematic; G

Software 10%; G  Provide an initial software submittal including 
an overview of the proposed system architecture for the Pad 39B 
ECS system, identifying program locations, purpose, language and 
rudimentary logical flow charts showing the interaction between 
sub-systems.  Initiate an I/O point description listing showing 
each point, its naming convention, units of measure, properties, 
range, alarm value(s), failed state, and password level 
accessibility.  Identify areas/fields where government input is 
needed to provide clarification or establish requirements.  
Provide specific examples of programming and text-based commentary 
defining variables, the program purpose, SOO and purpose.  The 
intent of this submittal is for the Contractor to provide a high 
level overview of the proposed system, as well as seek input from 
the Government to enable the Contractor to proceed with software 
development in an effort to minimize rework effort on the part of 
the Contractor.

Software 50%; G  Build upon the information presented in the 10% 
submittal.  Provide specific examples of programming and text 
based commentary defining variables, the program purpose, SOO and 
purpose. Provide an updated I/O point description listing showing 
each point, its naming convention, units of measure, properties, 
range, alarm value (s), failed state, and password level 
accessibility. The intent of this submittal is for the Contractor 
to provide a more detailed overview of the proposed system, as 
well as seek input from the Government to enable the Contractor to 
proceed with software development in an effort to minimize rework 
effort on the part of the Contractor.  Submit documentation for 
PLC and SCADA programming in both hard copy and electronic copy in 
the application program format.  Submit documentation for the 
validation and verification PLC control enclosures outlined in 
Section 1.3, paragraph (g), in both hard copy and electronic 
format.  Include an on-site meeting to review the submitted 
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information with the Contracting Officer's representative.

Software 90%; G  Submit documentation incorporating 50% submittal 
comments for PLC and SCADA programming in both hard copy and 
electronic copy in the application program format.  Include an 
on-site meeting to review the submitted information with the 
Contracting Officer's representative.

Graphics 10%; G  Provide an initial graphics submittal identifying 
the number, type and format of the graphic screens to be provided, 
and the "look and feel" of the graphics interface for both the PLC 
SCADA's and the operators workstation.  Identify areas where 
additional information is needed from the Government for further 
graphic development.  Provide a color hard copy and arrange for an 
on-site follow-up meeting to present the graphics on a PC in a 
dynamic format.

Graphics 50%; G  Submit documentation for each graphical screen 
(data and pictorial) for each Operators Workstation SCADA, as well 
as PLC programming.  Provide a color hard copy and arrange for an 
on-site follow-up meeting where the graphics can be presented on a 
PC in a dynamic format.

Graphics 90%; G  Submit documentation for each graphical screen 
(data and pictorial) for each control enclosure and controller 
connected to the Operators Workstation SCADA, fully incorporating 
the 50% review comments.  Provide a color hard copy and arrange 
for an on-site follow-up meeting where the graphics can be 
presented on a PC in a dynamic format.

 
SD-03 Product Data

Programmable Logic Controllers; G

Include PLC components including modules (CPU's, power supplies, 
communications/network, input/output cards, remote input/output 
cards), racks, display units/terminals, SCADA's and modular wiring 
connectors.

PLC and System Software; G

Operator Workstation; G

Operating System Software; G

SCADA Software; G

SCADA Configuration Software; G

SCADA and PLC Development Software; G

Sensors and Input Hardware; G

Output Hardware; G

Surge and Transient Protection; G

Indicators; G
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Electrical Devices; G

Pneumatic Tubing; G

Programmable Logic Controller Network; G

Enclosures; G

Junction Boxes; G

Cable Identification; G

Chiller, SCR and VFD Interfaces; G

Power Supplies; G

Terminal Blocks; G

SD-05 Design Data

Functional Test Plan ; G
Calibration Report; G
Pre-Functional Testing Checklist; G

SD-06 Test Reports

Pre-Functional Test Checklist; G
Functional Test Report
PLC Panel Test; G

SD-07 Certificates

Contractor's Qualifications; G

SD-10 Operation and Maintenance Data

Training Manuals; G

Controls System Operators Manuals; G

SD-11 Closeout Submittals

Training Documentation; G

Software Documentation and Licenses; G

1.5   RELATED WORK

Related work specified elsewhere that applies to the work of this section 
includes:

Section 01 78 00 CLOSEOUT SUBMITTALS

Section 01 78 23 OPERATION AND MAINTENANCE DATA

Section 01 91 00.00 98 COMMISSIONING
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Section 01 78 00 CLOSEOUT SUBMITTALS

Section 02 41 00 DEMOLITION

Section 26 05 00.00 40 COMMON WORK RESULTS FOR ELECTRICAL

1.6   QUALITY ASSURANCE

1.6.1   Standard Products

Provide material and equipment that are standard manufacturer's products 
currently in production and supported by a local service organization.

1.6.2   Delivery, Storage, and Handling

Handle, store, and protect equipment and materials to prevent damage before 
and during installation according to manufacturer's recommendations, and as 
approved by the Contracting Officer.  Replace damaged or defective items.

1.6.3   Operating Environment

Protect components from humidity and temperature variation, dust, and 
contaminants.  If components are stored before installation, keep them  
within the manufacturer's limits.

1.6.4   Finish of New Equipment

New equipment finishing shall be factory provided.  Manufacturer's standard 
factory finishing shall be proven to withstand 125 hours in a salt-spray 
fog test.  Equipment located outdoors shall be proven to withstand 500 
hours in a salt-spray fog test.

Salt-spray fog test shall be according to ASTM B117, with acceptance 
criteria as follows: immediately after completion of the test, the finish 
shall show no signs of degradation or loss of adhesion beyond 0.125 inch on 
either side of the scratch mark.

1.6.5   Verification of Existing Conditions

The Contractor shall document the existing control device conditions to 
include verification of proper functionality of system I/O devices which 
are to remain.  The Contractor shall use the existing Andover OWS to verify 
points in conjunction with field observations.  Provide a listing of all 
points arranged by facility to include point identifier, name, output or 
input type (voltage/current), range and the results of the testing 
(pass/fail).  Coordinate with the requirements of Section 02 41 00 
DEMOLITION.

1.6.6   Verification of Dimensions

The Contractor shall verify all dimensions in the field, and advise the 
Contracting Officer of any discrepancy before performing work.  PLC/RIO 
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panel size and layout shown on the contract drawings is intended to only 
show a conceptual general layout of selected enclosure components.  The 
control panel designer shall verify available enclosure space, minimum 
clearances between components and is solely responsible for sizing of cable 
management systems.  Overall panel sizes shall be considered as minimum 
size unless stated otherwise and shall not be reduced in size without 
approval from the Contracting Officer. Enclosure layouts shall follow the 
conceptual arrangement to the extent possible.  Where alternate panel sizes 
or component locations are required or suggested/desirable submit a block 
diagram prior to the development of full PLC panel layout drawings, Remote 
I/O panel layout drawings, and junction box panel layout drawings.

1.6.7   Contractor's Qualifications

Submit documentation certifying the controls Contractor performing the work 
has completed at least three PLC system installations utilizing Allen 
Bradley Control Logix PLC's, with at least as many points, and programmed 
sequences of operation.

The Contractor shall have at least 1 individual proficient in the use of 
Factory Talk View SCADA software.  Proficiency will be exhibited by 
satisfactory completion of not less than 3 projects utilizing Factory Talk 
View.

1.6.8   Modification of References

The advisory provisions in ASME B31.1 and NFPA 70 are mandatory.  
Substitute "shall" for "should" wherever it appears and interpret all 
references to the "authority having jurisdiction" and "owner" to mean the 
Contracting Officer.

1.6.9   Project Phasing

The control system work for this project shall be performed in phases and  
proceed in the following order:

a.  Perform phase-by-phase field verification of existing conditions, 
submit and receive approval for system as-built documentation.

b.  Submit and receive approval on the Shop Drawings, Product Data, and 
Certificates specified under the paragraph entitled SUBMITTALS.

c.  Fabricate/refurbish PLC/RIO/Junction box and perform factory testing.

d.  Perform the control system installation work in phases, including all 
field check-outs and tuning.  This will need to be coordinated with the 
Major ECS equipment installation and other NASA work being performed on 
site.

e.  Submit and receive approval of the Functional Test Plan and the 
Pre-Functional Testing Checklist for each project phase as specified 
under the paragraph FUNCTIONAL TESTING.  Calibrate all devices and 
submit calibration report.

f.  Complete the Pre-Functional testing checklist and submit for approval.  
Once approved, perform the Functional Testing for each project phase.

g.  Submit and receive approval on the Functional Test Report (PT) for each 
project phase.  Participate in system commissioning.
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h.  Submit and receive approval on the Training Documentation specified 
under the paragraph INSTRUCTION TO GOVERNMENT PERSONNEL.  Submit at 
least 30 days before training.

i.  Submit and receive approval of the Controls System Operators Manual for 
each Contractor supplied system specified under the paragraph CONTROLS 
SYSTEM OPERATORS MANUALS.

j.  Deliver the final Controls System Operators Manuals.

k.  Conduct the Phase I Training.

l.  Conduct the Phase II Training.

m.  Submit and receive approval of Closeout Submittals.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT (GENERAL)

2.1.1   Standard Products

Materials and equipment shall be standard unmodified products of a 
manufacturer regularly engaged in the manufacturing of such products.  
Units of the same type of equipment shall be products of a single 
manufacturer.  Items of the same type and purpose shall be identical and 
supplied by the same manufacturer, unless replaced by a new version 
approved by the Government.

2.1.2   Nameplates

Each major component of equipment shall have the manufacturer's name and 
address, and the model and serial number in a conspicuous place.  Laminated 
plastic nameplates shall be provided for equipment devices and panels 
furnished.  Each nameplate shall identify the device, such as pump "P-1" or 
valve "VLV-402".  Labels shall be coordinated with the schedules and the 
process and instrumentation drawings.  Laminated plastic shall be 1/8 inch 
thick, white with black center core.  Nameplates shall be a minimum of 1 by 
3 inches with minimum 1/4 inch high engraved block lettering.  Nameplates 
for devices smaller than 1 by 3 inches shall be attached by a nonferrous 
metal chain.  All other nameplates shall be attached to the device.

2.2   MATERIALS AND EQUIPMENT (PLC SYSTEM)

2.2.1   PLC System

a.  Provide networked Redundant PLC System for verification and validation 
of the ECS Systems and Subsystems.  Include all programming, objects, 
and services required to meet the sequences of operation detailed in 
the contract drawings and documentation.  Provide Ethernet and Control 
Net communications between the KGCS SCADA system and ECS PLC system as 
outlined in the contract drawings and documentation.  With exception of 
the Chiller supplied controls, all PLC equipment, Software, and SCADA 
interface shall be of the same manufacturer to ensure compatibility.

b.  Provide an operator workstation with complete interface software 
capable of programming, configuring, and monitoring all of the ECS 
PLC's and networked equipment.  The workstation shall be located in the 
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ECS Control Room.

2.2.2   Programmable Logic Controllers

Programmable logic controllers shall be based on Control Logix 5000 
Platform and shall be as manufactured by Allen Bradley.  PLC's shall be of 
customizable modular construction including CPU's, power supplies, 
networking/communications and input/output modules and related components.

All additional remote I/O enclosures required shall be located in the ECS 
Equipment Room and shall be provided to match the existing Allen Bradley 
RIO enclosures currently installed in the Pad B ECS Room.  Any 
modifications to the design of the additional RIO enclosures must be 
approved by the Contracting Officer. 

2.2.3   Environmental Limits

PLC modules shall be suitable for, or placed in protective enclosures 
suitable for the environment (temperature, humidity, dust, and vibration) 
where they are located.

Store PLCs according to manufacturer's requirements.  As a minimum, store 
indoors in clean, dry space with uniform temperature to prevent 
condensation.  Protect PLCs from exposure to dirt, fumes, water, corrosive 
substances, and physical damage.  Also, protect the PLC from all forms of 
electrical and magnetic energy that could reasonably cause damage.

2.2.4   Central Processing Units

CPU modules shall be of type Allen Bradley 1756-L63 Control Logix 
processors designed and selected to support the processing, input/output, 
memory and logic programming requirements.  Redundant Control Net 
communication ports shall be provided.  Modules shall include lithium 
battery memory back-up if required.  Programming languages shall include 
ladder logic.  Modules shall be identified with the model number and color 
code, include a LED status array, removable hinged door with customizable 
identification label, battery slot, slide switches for memory write 
protection and start-up communications parameters and communications port.  
Provide sufficient memory to store programs in the CPU, as well as data as 
required by the system architecture.  The CPU shall be compatible with the 
latest version of RS Logix 5000 and RS Linx programming software for 
Control Logix.

2.2.5   Memory

Provide sufficient memory for each CPU to support the required control, 
communication, and programming documentation to allow the control programs 
to be stored for future upload to a laptop.  Protect programs residing in 
memory with EEPROM, flash memory, or internal battery with a minimum 
service life of 8 years.

2.2.6   PLC Power Supply Modules

Power supply modules shall be of the standalone, summable or redundant type 
as indicated or as required.  Power supplies shall provide power to the 
system rack modules and protect the system from noise and voltage swings.  
Power supplies shall accept 24VDC input power and provide to +5 volts DC 
for the requirements of the CPU, the communication and I/O modules.  Power 
supplies shall be selected to power the rack modules inclusive of 
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anticipated power demand of empty slots.

Control panel designer shall provide independent line fuses or circuit 
breakers, per the manufacturer's recommendation, for each power Supply, 
Input Module, Output Module, and other modules with separately derived 
power requirements.

Control panel designer shall insure that communication signals, 4-20mA/0-5V 
signals, embedded HART signals, etc. are properly conditioned for the PLC 
and protected from all sources of radiated energy or harmonics.

2.2.7   Wiring Terminations

Use screw or spring clamp terminal wiring terminations for all 
field-installed devices.  Use terminal blocks wiring systems consisting of 
DIN rail mounted terminal blocks, multi-conductor cables with "D" pin 
terminal block connectors, between I/O modules and terminals.

2.2.8   Input and Output Modules

Provide NASA qualified UL 508 listed input and output modules for all PLC's 
as follows:

a.  Provide discrete input/output modules as required to satisfy the points 
lists indicated on the contract drawings.  Size modules to provide the 
larger of 10-percent spare of each type, or 2 spares.

b.  Binary Input Modules:  Binary input modules shall have up to 32 24-volt 
inputs or 16 110VAC inputs.

c.  Analog Input Modules:  Analog input modules shall provide up to 8 
inputs and monitor low-voltage (0-10VDC), current (4-20mA), or 
resistance (thermistor or RTD) signals.

d.  Binary Output Modules:  Binary output modules shall have up to 32  
24-volt outputs, up to 8 relay outputs, or up to 16 110VAC outputs.

e.  Analog Output Modules:  Analog output modules shall send up to 8  
modulating 0-10VDC or 4-20mA signals to control output devices.

f.  Modules shall be identified on the front with the model number and 
color-coded, have status indicating LED lights and a removable hinged 
door with customizable identification label.

g.  Provide accessory items required to interface modules and devices to 
wiring systems including screw or spring clip terminal blocks and  
jumpers.

2.2.9   Programmable Logic Controller Network

Provide Redundant Control Net and Ethernet intra-network with control 
products, communication media, connectors, repeaters, hubs, Tees, and 
routers.  For the Pad 39B ECS systems a Redundant Control Net as well as an 
Ethernet network is to be provided.  Refer to the Contract drawings and 
documentation.

2.2.10   Communication Modules

Single format Ethernet network modules, used for Ethernet, for rack 
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mounting, accepting twisted pair or optical medium, 10/100 Mbps data rate, 
10 Base-T/100 Base-TX (RJ45) or 100 Base-FX (MT/RJ) physical interface, 
provide with the latest firmware revision.

2.2.11   Enclosures

Provide each new remote I/O, and Junction box in a factory fabricated 
enclosure.  Temporary enclosures located indoors shall protect against dust 
and have a minimum NEMA 12 rating, except where indicated otherwise and be 
UL 508A listed.  Enclosure shall be of the free-standing floor or wall 
mount type as indicated in the contract drawings.  The temporary enclosures 
shall be of the general size and arrangement indicated; size and style 
shown on the documents are conceptual, final size and type shall be 
coordinated with existing conditions and shown on the approved panel layout 
drawings.  Floor mount enclosure shall be manufactured from not less than 
12-gauge stainless steel, wall mount enclosure shall be manufactured from 
not less than 16-gauge steel; all seams continuously welded and ground 
smooth, have integral lifting eyes, 3-point latches, latch rod rollers, oil 
resistant door gasket, continuous door hinge, and a thermoplastic data 
pocket shall be included on the inside of the front door.  Enclosure shall 
include internal mounting channels affixed by welding to the top center and 
bottom of side and rear panels with rear and side solid interior panels 
provided.  Wall mounted enclosure shall be provided with the manufacturers 
wall mount brackets.  Exterior finish for all enclosures shall be 316 
stainless steel.  Provide custom cutout for mounting control components 
such as switches, indicators, and connectors.  Enclosures shall have a 
hinged lockable door and a removable metal back panel.  Provide like-keyed 
locks for all enclosures and a set of two keys at each enclosure, with one 
key inserted in the lock.

Temporary verification and validation PLC's enclosure shall be of roll 
around type and shall be as called out in contract drawings.

All Permanent Remote I/O Enclosures shall follow the requirements of parts 
2.2.33, 2.2.34, in this section and the contract drawings. 

2.2.12   Enclosure Cable Management Systems

Provide pre-manufactured PVC cable management/wire duct systems for 
organizing, routing, and managing cable/wiring within panels.  Troughs 
shall be 4-sided with slotted sides, solid cover and back and include all 
mounting hardware as required for screw mounting to the back or side plane; 
double back tape and/or adhesive systems shall not be used.

Size to provide no more than 50-percent fill.

2.2.13   Cable Identification

Each cable or wire within a panel shall be uniquely identified using a heat 
shrink laser printable radiation cross-linked polyolefin material, with a 
shrink ratio of 3 to 1, suitable for both indoor and outdoor use.  
Identification labels shall be rated for use from -67 - 275 degrees F, be 
0.53 mil wall thickness sleeve length to suit identification text field.

2.2.14   Main Power Switch and Receptacle

Provide each control enclosure with a main external power circuit breaker 
located inside the enclosure.  Also provide each enclosure with a separate 
120 VAC power strip with a minimum of 1 receptacle.
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2.2.15   Remote I/O Modules

Provide remote I/O modules per contract drawings.  Provide all necessary 
connection accessories including 'T' connectors, end of line terminators, 
'F' connectors, earth blocks and similar items to connect RIO modules back 
to main PLC Systems.

2.2.16   PLC and System Software

Provide not less than 1 licensed copy of all software, configuration and 
installation tools/software, plug-ins, service tools and databases 
necessary to configure all of the ECS systems and subsystems within the 
ECS.  Software documentation and licenses are to be turned over at the end 
of construction.

2.2.17   Programming

Provide programming to execute the sequence of operations as indicated in 
the contract drawings.  Provide all programming to configure and program 
all PLC's, Supervisory Control and Data Acquisition (SCADA), and operators 
work stations.  Provide programming routines in simple, easy-to-follow 
logic with detailed text comments describing what the logic does and how it 
corresponds to the project's written sequences of operation.  All PLC 
platforms shall be programmed using the same programming software.  
Programmable/set-up of PLC's will utilize the latest versions of the 
manufacturers programming software RS Linx and RS Logix 5000, including 
specialist tools, function block libraries, and maintenance and diagnostic 
packages as required to configure, test, and diagnose the controllers to 
accomplish the specified sequences of operations.  All programming 
platforms and configuration tools shall be approved by the contracting 
officer prior to purchase and implementation.  Supervisory Control and Data 
Acquisition (SCADA) software shall be the latest version of Allen Bradley's 
Factory Talk View.

a.  To the maximum extent possible, PLC and graphic-based programming shall 
follow the requirements outlined in Document 700EFW00001, and Document 
700EFW00002.  Function blocks shall be assembled with interconnecting 
lines, depicting the control sequence in a flowchart.  Graphic programs 
shall be viewable in real time showing present values and logical 
results from each function block.  Other programming languages are 
acceptable on a case-by-case basis but must be specifically reviewed 
and approved by the Contracting Officer prior to deployment.

b.  For ladder logic programs, utilize contacts, coils, compares timers, 
special blocks and similar devices represented diagrammatically.

c.  Software programming shall be successfully factory tested by the 
Contractor prior to delivery of Contractor fabricated/configured PLC 
control enclosures to the project site.  Testing shall include 
simulated I/O to demonstrate the specified sequences, including but not 
limited to, control actions, modes of operation, alarms, safeties, 
failures, trending, and graphic displays.  The Contractor is 
responsible for providing all services and hardware/software necessary 
for testing at the panel fabrication site.  Each fabricated and 
assembled control panel shall be successfully tested with a PLC panel 
test affidavit provided attesting to the full functionality of the 
panel.  At the Governments option, testing may be witnessed in-person 
by at least 3 Government representatives at the place of 
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fabrication/testing.  Provide not less than 14 days notice of each test 
to the Contracting Officer.

d.  Provide Software 10%, Software 50% and Software 90% submittals.  
Provide separate submittals for the Verification and Validation PLC 
system being provided by the Contractor.  Combining submittals for 
similar systems shall be decided prior to the Software 10% review and 
be approved by the Contracting officer.   Provide hard copy of all 
submittals and schedule a live demonstration to be performed at KSC 
within 10 days of the submittal.  Approval of the submittal allows for 
further development to the next specified submittal level.  
Non-approval of the submittal shall require the Contractor to revise 
and resubmit the current submittal and perform a follow-up on-site 
demonstration.

e.  For programming and checkout of the ECS Control System and equipment, 
the Contractor shall:

I.   Purchase two Allen Bradley 1756-L63 Processors and all 
 supporting equipment needed to perform Verification, Validation, 
 and Acceptance Testing of all ECS Systems and Subsystems per
 contract requirements and specifications.

II.  Purchase the software development tools required to program the 
 Allen Bradley PLC's.  Software development tool shall be the
 latest versions of RS Linx and RS Logix 5000.

III. Provide to NASA all purchased hardware, software, and developed 
 code used in the Factory Testing of the ECS Controls System(s).

2.2.18   Parameter Modification

Parameter setpoints (time delays, set points, minimums, maximums, PID loop 
tuning parameters, etc.) shall not be embedded or hard code)in programs, 
they shall be coded to be adjustable in the PLC SCADA and at an operator's 
workstation.  Setpoint access and allowable range of adjustment shall be 
restricted through the use of password protection.

2.2.19   Short Cycling Prevention/System Protection

Provide adjustable setpoint differentials, min/max positions, and minimum 
on/off times to prevent equipment short cycling, and to protect systems 
from low/high pressure/flow conditions.  Configure systems such that if 
control variable information fails or is otherwise unavailable, the system 
reverts to a safe condition or freezes in-place as appropriate.

2.2.20   Equipment Status Delay

Provide an adjustable delay from when equipment is commanded on or off and 
when the control program looks to the status input for confirmation.

2.2.21   Run Time Accumulation

Use the Elapsed Time Property or similar method to provide re-settable run 
time accumulation for each Binary Output Object connected to mechanical 
loads greater than 1 HP, electrical loads greater than 10 KW, or wherever 
else specified.  Accumulate run-hours in the PLC memory.
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2.2.22   Object Property Override

Allow writeable object property values to accept overrides to any valid 
value.  Where specified or required for the sequence of control, the 
'Out_Of_Service' property of Objects shall be modifiable.  When documented, 
exceptions to these requirements are allowed for life, machine, and process 
safeties.  All exceptions must be approved by the Contracting Officer.

2.2.23   Alarms and Events

Alarms and events shall be capable of having programmed time delays and 
high-low limits.  Generally, all alarms will be generated at the PLC level; 
however, critical alarms shall be generated at the PLC.  Alarms/events 
shall be programmed to report to the SCADA, operator workstation computer, 
and based on SCADA software, be displayed and optionally printed, as 
defined at the workstation and be stored on the server.  Where 
communications networks become inoperable, alarms/events shall be stored 
within controlled equipment and/or the PLC until the network is connected 
to a user interface device or the network restored.  Provide alarms/events 
in agreement with the point schedule, and sequences of operation.  At a 
minimum, provide programming to initiate alarms/events any time a piece of 
equipment fails to operate, a control point is outside normal range or 
condition, communication to a device is lost, a device has failed, or a 
controller has lost its memory.

2.2.24   Trending/Graphing

Trend data collected by the PLC shall be broadcast over the network and 
stored in the server.  Trends shall be viewable at the operator 
workstations.

2.2.25   Device Diagnostics

Each controller shall have diagnostic LEDs for power, communication, and 
device fault condition.  The PLC system shall recognize and report a 
non-responsive controller.

2.2.26   Power Loss

Upon restoration of power, the PLC system shall perform an orderly restart 
and restoration of control.

2.2.27   Operator Workstation

The workstation shall run the SCADA software, be capable of accessing all 
PLC system devices and communicate to the ECS Validation and Verification 
PLC's using the Ethernet TCP/IP protocol.  The workstation shall be capable 
of displaying, modifying, creating, archiving, and deleting (as 
applicable): all points, objects, object properties, programming, alarms, 
trends, messages, schedules, and reports.  One workstation  shall be 
provided.

2.2.28   Operator Workstation Hardware

Configure according to system manufacturer's specifications.  Install to 
permit complete monitoring and troubleshooting of the Pad 39B ECS PLC 
systems.

At a minimum the workstation hardware shall include:  A desktop personal 
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computer with Operating System Software Microsoft Windows XP Professional 
SP3 or Windows 7 Professional W XP Mode 32 Bit operating system or equal, 
Intel Core i7 processor, minimum 3.1 GHZ, and RAM exceeding capability and 
speed required by operating system and application software, solid-state 
type hard drive capacity exceeding software requirements minimum of 128 GB, 
8X internal DVD ROM drive with archive creator software, 4 USB 2.0 ports, 
10/100 network interface card, Ethernet card, 26-inch LCD monitor, sound 
card with speakers, 101 character keyboard, optical mouse, separate black 
and white and color laser printers with USB port and cable (or wireless), 3 
matching color and black toner cartridges, 120-volt 800 VA uninterruptible 
power supply with automatic voltage regulation and 4 minimum battery 
back-up outlets and 2 surge protected outlets, Microsoft Office bundled 
software, Adobe Acrobat Writer, and Symantec Ghost disk imaging software or 
equal.  Provide all original licenses, installation media, documentation, 
and recovery CDs capable of restoring the original configuration.  Provide 
a manufacturer's 3-year next business day on-site warranty with the 
Government listed as the warranty owner.

2.2.29   Password Protection

Provide at least 3 levels of password protection for operator interfaces.  
The lowest level, manager, only allows viewing graphics.  The second level, 
operator, allows viewing graphics, creating trend logs/graphs, commanding 
equipment on/off, acknowledging alarms, assigning maintenance status and 
changing selected setpoints and alarm values.  The highest level, system 
administrator, provides all administrator rights and allows full access to 
all programming, including setting new passwords and access levels.  
Provide automatic log out if no keyboard or mouse activity is detected 
after a user-defined time delay.

2.2.30   SCADA and PLC Development Software

Provide all workstation Factory Talk View (Allen Bradley) software with the 
manufacturer's installation CDs and licenses.  Configure the software 
according to the software requirements and design specifications, and 
manufacturer's specifications.
 
The workstation software shall permit complete monitoring, modification, 
and troubleshooting interface with the PLC systems.  The operator interface 
with the software shall be menu-driven with appropriate displays and menu 
commands to manipulate the PLC system's objects, point data, operating 
schedules, control routines, system configuration, trends, alarms, 
messages, graphics, and reports.  Trends shall be capable of graphic 
display in real time, with multiple variables plotted as functions of 
time.  Each alarmed point shall be capable of displaying its alarm history, 
showing when it went into alarm, if and when it was acknowledged, and when 
it went out of alarm.  The modification of PLC system parameters and object 
properties shall be accomplished with "fill in the blank" and/or "point and 
drag" methods.  Modifications shall download to the appropriate controllers 
at the operator's request.

Provide trend services capable of trending all object present values set 
points, and other parameters indicated for trending on project schedules.  
Trends may be associated into groups, and a trend report may be set up for 
each group.  Trends are stored with trend intervals from 10 seconds up to 
60 minutes as programmed in the server.  The minimum number of consecutive 
trend values stored at one time shall be 10,000 per variable.  When trend 
memory is full, the most recent data shall overwrite the oldest data.
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Graphic representation shall include column, line, bar, scatter or area 
format on an X, Y axis as standard with the SCADA software.  Axis shall be 
fully scalable, and include an option for both left and right hand (dual) 
axis.  Not less than 5 sets of data points shall be capable of being 
displayed graphically, with unique color assignment capability for each 
data set.  Graphics shall include a legend to identify each data set.

2.2.31   Graphics Software

Graphics software shall be configured to allow for display of both 
tabularized data and pictorial graphics.  The present value/status of all 
points shall be captured both in tabular and pictorial formats.

Provide Graphics 10% submittal, Graphics 50% submittal and Graphics 90% 
submittals.  Provide hard copies and schedule a live demonstration to be 
performed at KSC within 10 days of the submittal.  Approval of the 
submittal allows for further development and submittal of the next 
specified level.  Non-approval of the submittal shall require the 
Contractor to revise and resubmit the current submittal and perform a 
follow-up on-site demonstration.
 
The Government has developed existing SCADA interfaces for the ECS Control 
System.  The Contractor shall submit a request to the Contracting Officer 
for the sample project and this project shall be used as a reference guide 
for the initial development of the new screens.
 
Pictorial graphics shall be provided by the Contractor for each system and 
item of equipment.  Each tabularized data page shall be provided with a 
corresponding pictorial graphic page, displaying the same data.  Multiple 
pictorial graphics pages shall be provided where necessary due to the 
amount of information.  Arrange point values and names on the pictorial 
graphic displays in their appropriate physical locations with respect to 
the floor plan or equipment graphic displayed.  Tabularized data shall 
utilize color coding to distinguish equipment states 
(on-off-auto-maintenance), as well as alarms.  Data shall be grouped and 
organized on screens to mimic that currently in use at the facilities.  The 
appearance, "feel" and functionality of the screens shall capture and 
resemble the existing screens, to include hidden icons and symbols used to 
alert the operators of current conditions, status and alarms.  Graphics 
shall allow the operator to monitor current status, view zone and equipment 
summaries, use point-and-click navigation between graphic pages, and edit 
setpoints and parameters directly from the screens.  Items in alarm shall 
be displayed using a different color or other obvious visual indicator.  
Provide graphics with the following:

a.  Pictorial Graphic Types:  Provide graphic displays for the ECS Control 
Systems.  Indicate dynamic point values, operating statuses, alarm 
conditions, and control setpoints on each display.  Provide summary 
pages where appropriate.

b.  Graphic Title:  Provide a prominent, descriptive title on each graphic 
page.

c.  Dynamic Update:  When the workstation is on-line, all graphic I/O 
object values shall update with change-of-value services, or by 
operator selected discrete intervals.

d.  Graphic Linking:  Provide forward and backward linking between 
sub-plans, and equipment.
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e.  Graphic Editing:  Provide installed software to create, modify, and 
delete the graphics.

2.2.32   Special Requirements

Equipment located outdoors, not provided with climate controlled enclosure, 
shall be capable of operating in the ambient temperature range indicated in 
paragraph ENVIRONMENTAL CONDITIONS, unless otherwise specified.  Equipment 
and wiring must be in accordance with NFPA 70, with proper consideration 
given to environmental conditions such as moisture, dirt, corrosive agents, 
EM classifications, and hazardous area classification. 

2.2.33   EMI Shielded Cabinets and Pull Boxes

Cabinets and pull boxes shall be modified NEMA 4 in accordance with 
NEMA ICS 6 made of corrosion resistant steel of not less than 14 gauge 
thick with welded seams and galvanized bulkhead cover plates.  Access cover 
plates shall be hinged with EM gaskets and 3 inch maximum bolt spacing.  
Design shall include thick cover plates, folded enclosure edges, and bolt 
spacers to prevent uneven gasket compression and enclosure deformation.  
Gasket shall be easy to replace.  Gasket contact areas shall be tin-plated 
using the electrodeposited type I method in accordance with ASTM B545.  
Conduit hub shall be circumferentially EM welded to the enclosure.  The 
cabinets shall be finished with a corrosion-inhibiting primer and two coats 
of baked or finish enamel.  Cabinets shall be provided with mounting 
brackets for wall mounting or legs for floor mounting.  Cabinets and boxes 
of each type shall be factory tested in accordance with IEEE 299 and Table 
I of this specification.

2.2.34   Enclosure Installation

Install the EMI shielded cabinet in accordance with this specification, and 
the recommendations of the manufacturer.  Handle and install shielding 
steel without damage.  Penetrations of the shield, other than those 
indicated on the drawings, will not be permitted, including fasteners and 
mounting bolts, without prior written authorization from the Contracting 
Officer.

2.3   SENSORS AND INPUT HARDWARE

The control system shall be complete including sensors, field 
preamplifiers, signal conditioners, offset and span adjustments, 
amplifiers, transducers, transmitters, control devices, engineering units 
conversions and algorithms for the applications; and shall maintain the 
specified end-to-end process control loop accuracy from sensor to display 
and final control element.  Connecting conductors shall be suitable for 
installed service.  Enclosures shall be rated for NEMA 4 indoors and NEMA 
4X outdoors.

All pressure, temperature and humidity sensors/transmitters/transducers 
shall be GFE.

Where new sensors are to be installed in existing locations, verification 
of existing physical constraints shall be performed prior to ordering of 
devices.  Submit a sensor location summary for each facility system 
documenting the following information:

For temperature sensor; the well location, material of 
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construction, bore size, bore depth and process connection size.
 
For flow meters; the tap location, diameters of upstream and 
downstream piping provided, diameter of the pipe and size of the 
ball valve.
 
For pressure sensors; the tap location, and the isolation valve 
size.

In cases where immersion temperature sensor wells are existing, they may be 
reused; however the Contractor must coordinate replacement temperature 
sensor dimensions with the existing wells.  Similarly, insertion type flow 
meters are to be replaced with new; the Contractor has to ascertain 
existing mounting distances to ensure new meters are properly located 
within the pipe; magnetic based meters are very sensitive to proper 
upstream and downstream pipe lengths.  Where the Contractor fails to verify 
existing constraints, he shall provide new temperature wells and/or flow 
meter taps at no additional cost to the Government.

2.3.1   Transmitters

Unless indicated otherwise, each sensor shall be provided with a 
transmitter, selected to match the sensor.  Except where specifically 
indicated otherwise on the drawings, the transmitter shall be provided with 
a 5 digit or analog visual display of the measured parameter and shall 
provide a 4-20mA or 0-5VDC output signal proportional to the level of the 
measured parameter.  Accuracy shall be plus or minus 0.5 percent of full 
scale reading with output error not exceeding plus or minus 0.5 percent of 
full scale.  Transmitter shall be located where indicated, mounted 
integrally with the sensor, pipe mounted, wall mounted or installed in the 
control panel.  The distance between the sensor and transmitter shall not 
exceed the manufacturer's recommendation.  Field preamplifiers and signal 
conditioners shall be included when necessary to maintain the accuracy from 
sensor to the programmable logic controller or recorder. 

2.3.1.1   Sensor/Transmitter Calibration

The contractor shall perform end to end calibrations, from the remote I/O 
enclosures out to the sensor/transmitter, for all new and existing sensors 
and transmitters. This end to end calibration shall be performed prior to 
verification and validation testing.

2.3.2   Field-Installed Temperature Sensors

Provide the same sensor type throughout the project, unless otherwise 
approved by the Contracting Officer.

2.3.2.1   Resistance Temperature Detectors (RTDs)

RTD's shall be of types as specified in the contract drawings. Final 
selection of RTD's shall be approved by the NASA contracting officer.

2.3.2.2   Temperature Sensor Details

Temperature sensors shall be of types specified in the contract drawings.

Final selection of temperature sensors shall be approved by the NASA 
contracting officer.

SECTION 40 95 00  Page 526



NASA KSC PAD 39B ENVIRONMENTAL CONTROL SYSTEM REFURBISHMENT 79K39603, Rev. A
Final

2.3.3   Pressure Transmitters

2.3.3.1   Remote Pressure Transmitters

Pressure transmitter shall be of types specified in the contract drawings. 
Final selection of pressure transmitters shall be approved by the NASA 
contracting officer.

All pressure transmitters shall be configured with separate isolation and 
calibration ball valve(s).

2.3.4   Water Flow Measurement Stations

2.3.4.1   Orifice Plate

Water flow measurement stations shall be of the orifice plate type with no 
moving parts and at the Mobile Refrigeration Unit Connections; accuracy of 
+/- 1.5% of reading, fluid temperature between 15 to 250 degrees F, 
manifold block for connection of external DP gage/transmitter, 316 
stainless steel wetted metal components, weathertight NEMA 4 aluminum 
enclosure.  All meters shall be wet calibrated in a NIST traceable flow 
laboratory. Contractor to supply/install orifice plates and supply one DP 
gage/transmitter per contract drawings to government for use during 
commissioning and troubleshooting.  

2.3.5   Pneumatic to Electric Switch

Pressure switch (including differential pressure switch), Type 400, 
watertight enclosure NEMA 4, UL listed, 15A 120VAC SPDT contacts range of 0 
- 30 psi, 500 psi proof pressure, diaphragm sealed piston actuator, +/- 1 
percent of range repeatability; basis of design ASHCROFT "B-Series".

2.3.6   Airflow Switches

Provide UL approved airflow switches, with pressure range of 0.5 to 15 
inches wg, and electrical rating of 110 volts ac, 10 ampere.

2.3.7   Switches

Provide switches as indicated on the contract drawings and documentation.

Provide adjustable switches with indicating plates and accessible 
adjustment.  Calibrate and mark minimum-positioning switches that control 
dampers in percent of maximum airflow determined by airflow test.

2.3.8   Flow Sensor

Liquid flow indication shall be provided in gpm.  Pressure taps shall 
incorporate appropriate snubbers.  Unless indicated otherwise, the flow 
transmitter shall produce a signal that is proportional to the volumetric 
flow rate, compensated for fluid temperature, and shall have an accuracy of 
plus or minus 0.5 percent of full flow.  Flow transmitter shall be located 
within 15 feet of the flow element.  The flow transmitter shall include a 
digital readout of the volumetric flow rate to 2 significant figures.  The 
controller shall provide a 4-20mA or 0-10VDC output signal to the 
programmable logic controller, proportional to the measured parameter.
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2.3.9   Displacement Type Level Switch

Liquid level switch shall be displacement type, having a minimum of two 
tandem floats with each float independently activating a set of Form C 
contacts at two different level settings.  Each switch shall have a narrow 
differential band.  The mounting connections shall be threaded, flanged or 
surface mounted to suit the application.  All surfaces in contact with the 
tank contents shall be austenitic stainless steel.  The switch enclosure 
shall be explosion proof for use in a hazardous environment, complete with 
a sealed water tight junction box, terminal block, and mounting plate.  
Each set of contacts shall be snap action, dry contact type with one 
normally open and one normally closed, contact rated in accordance with 
NEMA ICS 1.  The switch shall be actuated by a magnetically equipped 
stainless steel displacer.  Repetitive accuracy shall be plus or minus 1/4 
inch of actual displacer setting.

2.3.10   Level Instrumentation

Pressure taps shall incorporate appropriate snubbers.  Relays and housing 
shall be intrinsically safe or explosion proof as required by the NFPA 
hazard rating for compatibility with the contents of the tank or sump.  

2.3.11   Pneumatic to Electric (PE) Switch

Each switch shall have an adjustable set point range of 3.0 to 20 psi gage 
and an adjustable differential from 2.0 to 6.0 psi.  Contacts shall be Form 
C rated in accordance with NEMA ICS 1.

2.4    OUTPUT HARDWARE

2.4.1   Output Signal Conversion

2.4.1.1   Electronic-to-Pneumatic Transducers

Two wire (loop powered) current to pressure (I/P) transmitter; 4-20 mA 
input, Accuracy of +/- 0.25 percent of span including linearity, hysteresis 
and repeatability.

2.4.1.2   Electric to Pneumatic Solenoid Switch

Three-way spring return 24 VDC coil solenoid valve, 6.0 CFM at 100 psig, 
rated for 100 psig, similar and equal to Humphrey "Mini-Myte".  Provide 
with accessory mounting bases, plugs, bushings and exhaust metering as 
required.

2.4.2   Electrical Devices

2.4.2.1   Control Relays

Relays shall be double pole, double throw, UL listed, with contacts of the 
type and rating for the intended application, indicator light, and dust 
proof enclosure.  The indicator light shall be lit when the coil is 
energized and off when coil is not energized.  Relays shall be the socket 
type, plug into a fixed base, and replaceable without tools or removing 
wiring.

Modular type "Relay in a Box" (RIB) type devices may be used for stop/start 
control of A/C motor start circuits where specifically approved by the 
Contracting Officer.
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2.4.2.2   Wire Splices

Wire to wire splices shall be of the heat shrinkable, nylon insulated, 
crimp type with adhesive lining.  Operating temperature of -67 to 257 
degrees F, 2:1 shrink ratio, cut through resistance of 70 pounds, pullout 
minimum of 25 pounds, UL listed.  All splices shall be made with a 
calibrated crimping tool.  Basis of design is Raychem D-406 Series.

2.4.2.3   Terminal Blocks

Terminal blocks shall be of spring-cage or universal screw type, Din-rail 
mount, and of modular construction. Single, double, or triple level shall 
be used as required.

2.4.2.4   Signal Isolation

DIN rail mount, single channel signal splitter, 4-20 mA input, 4-20 mA 
output, accuracy of +/- 0.05 percent of span, zero and span calibration 
pots, UL listed.  Basis of Design Moore Industries ECT-DIN.

2.5   ELECTRICAL POWER AND DISTRIBUTION

2.5.1   Power Supplies

2.5.1.1   PLC 

Provide intelligent, supervised power supply to energize PLC and associated 
components, fiber switch, end-devices, and other related equipment.  Unit 
shall be installed in enclosure which is sized to accommodate all enclosure 
powerloads plus 20 percent and field installed DIN rail with 8 terminals in 
addition to the control panel.  The following features are required:

1.  Input 115VAC / 28 VDC output.
2.  5, 10, or 20A amp supply current as necessary.
3.  Internal Transient suppression on input supply power.
4.  Filtered and electronically regulated outputs.
5.  Short circuit and thermal overload protection.
6.  DC fail supervision (form 'C' contacts).
7.  AC input and DC output LED indicators.

Basis for Design is Phoenix Contact QUINT Series type power supplies.

2.5.2   Surge and Transient Protection

Provide each PLC and remote I/O controller with surge and transient power 
protection.  Surge and transient protection shall consist of the following 
devices, installed externally to the controllers.

2.5.2.1   Power Line Surge Protection

Provide surge suppressors on the incoming power at each controller or 
grouped terminal controllers.  Surge suppressors shall be rated in 
accordance with UL 1449, third edition.  Devices shall be provided with the 
lowest clamping voltage for a 120V application (or other if used).  Unit 
may be wired in parallel and shall have LED status indicator(s).
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2.5.2.2   Controller Input/Output Protection

Provide controller inputs and outputs with surge protection via optical 
isolation, metal oxide varistors (MOV), or silicon avalanche devices for 
all ECS input and output signals/circuits between facility buildings.  
Fuses are not permitted for surge protection.  Protection shall be listed 
for PLC control circuit applications.

2.5.3   Wiring

Provide complete electrical wiring for the ECS System, including wiring to 
transformer primaries.  Unless indicated otherwise, provide all normally 
visible or otherwise exposed power, signal and device wiring and cabling in 
conduit. Where conduit is required, control circuit wiring shall not run in 
the same conduit as power wiring over 100 volts.  Circuits operating at 
more than 100 volts shall be in accordance with Section 26 05 00.00 40, 
COMMON WORK RESULTS FOR ELECTRICAL.  Run all circuits in conduit, metallic 
tubing, metal cable tray/raceways, or armored cable.

2.5.3.1   Power Wiring

The following requirements are for field-installed wiring:

a.  Wiring for 28 V circuits shall be insulated copper 16 AWG minimum and 
rated for 300 VAC service.

b.  Wiring for 120 V circuits shall be insulated copper 12 AWG minimum and 
rated for 600 VAC service.

2.5.3.2   Analog Signal Wiring

Field-installed analog signal wiring shall be 16 AWG single or multiple 
twisted pair.  Each cable shall be 100 percent shielded and have a minimum 
20 AWG drain wire.  Each wire shall have insulation rated for 600 VAC 
service.  Cables shall have an overall aluminum-polyester or tinned-copper 
cable-shield tape.

2.6   INDICATORS

2.6.1   Pressure Gauges for Pneumatic Controls

Provide a pressure gauge at each pneumatic control input and output.  
Gauges shall have a 2-inch diameter face and a 0 to 30 psi scale with 1 psi 
graduations.

2.7   PNEUMATIC POWER SUPPLY AND TUBING

2.7.1   Pneumatic Tubing

2.7.1.1   Copper Tubing

Provide ASTM B75/B75M or ASTM B88 rated tubing.  Tubing 0.375 inch outside 
diameter and larger shall have minimum wall thickness equal to ASTM B88, 
Type M.  Tubing less than 0.375 inch outside diameter shall have minimum 
wall thickness of 0.025 inch.  Exposed tubing and tubing for working 
pressures greater than 30 psig shall be hard copper.  Fittings shall be 
ASME B16.18 or ASME B16.22 solder type using ASTM B32 95-5 tin-antimony 
solder, or ASME B16.26 compression type.
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2.7.1.2   Polyethylene Tubing

Polyethylene tubing may only be used in systems with working pressure of 30 
psig or less which is located within PLC enclosures.  Provide 
flame-resistant, multiple polyethylene tubing in flame-resistant protective 
sheath with mylar barrier, or unsheathed polyethylene tubing in rigid 
metal, intermediate metal, or electrical metallic tubing conduit for areas 
where tubing is exposed.  Single, unsheathed, flame-resistant polyethylene 
tubing may be used within control panels.  Provide compression or brass 
barbed push-on type fittings.  Extruded seamless polyethylene tubing shall 
conform to the following:

a.  Minimum Burst Pressure Requirements: 100 psig at 75 degrees F to 25
    psig at 150 degrees F.

b.  Stress Crack Resistance:  ASTM D1693, 200 hours minimum.

c.  Tensile Strength (Minimum):  ASTM D638, 1100 psi.

d.  Flow Rate (Average):  ASTM D1238, 0.30 decigram per minute.

e.  Density (Average):  ASTM D792, 57.5 pounds per cubic feet.

f.  Burn rate:  ASTM D635

2.7.2   Chiller, SCR, and VFD Interfaces

All Subsystem Control Interface Requitements are detailed in the contract 
drawings.

PART 3   EXECUTION

3.1   INSTALLATION

Perform the installation under the direct supervision of system integrators 
regularly employed in the installation of Allen Bradley Control Logix PLC 
systems, with specific experience with the hardware and software 
specified.  Work shall be performed by a Factory Authorized 
Representative.  ECS system information is to be transmitted to and 
displayed at the operator workstations located in ECS Control Room.

Integrate ECS system interfaces of all machines with the contractor 
supplied SCADA, located in ECS Control Room to allow for display of all 
information and modification of available operating parameters through the 
workstation as further developed during the software reviews.

Equipment shall be installed as indicated and in accordance with the 
manufacturer's recommendations, including conduit, wiring, controllers, 
wiring devices, sensors, and miscellaneous devices as required and 
necessary to provide a completely functional and operational system, to 
include all points defined on the contract drawings, specified herein and 
as required to execute all sequences of operation.

Devices shall be securely attached to the equipment, panel and/or structure 
as appropriate, conduit/cable-tray shall be properly supported.  Attachment 
of din rails, wiring troughs, and similar items shall only be by mechanical 
means (self-tapping screws).
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3.1.1   Naming and Addressing

Provide unique naming and addressing for networks and devices, where 
possible, follow existing naming convention.  PLC IP addresses will be as 
assigned by the Government.  Network installation shall be performed as 
specified in the contract drawings.

a.  MAC Address

Every network device shall have an assigned and documented Media Access 
Control (MAC) Address unique to its network.  For Ethernet networks, 
document the MAC Address assigned at its creation.

b.  Network Numbering

Assign unique numbers to each new network installed on the 
internetwork.  Provide ability for changing the network number; either 
by device switches, network computer, or field operator interface. 

c.  Device Object Identifier Property Number

Assign unique Device tags for each device on the internetwork.  Provide 
for future modification of the device tag; either by device switches, 
network computer, or field interface.  

d.  Assign Field Interface Control (FIC) numbers to all PLC's, following 
standard convention used for the Kennedy Ground Control System (KGCS).

3.1.2   Local Area Networks

Obtain Government approval before connecting new networks with existing 
networks. Network numbers and device instance numbers shall remain unique 
when joining networks.  Do not change existing network addressing without 
Government approval.

3.1.3   Routers, Bridges, and Switches

Provide the quantity of routers, bridges, and switches necessary for 
communications shown on the Facility Network Plan.  Configure each device 
and bridge, router, or switch to communicate on its network segment.

3.1.4   Wiring Criteria

a.  Run circuits in conduit parallel or at right angles to the building 
structure.

b.  Do not run binary control circuit wiring in the same conduit as power 
wiring over 50 volts.  Where analog signal wiring requires conduit, do 
not run in the same conduit with AC power circuits or control circuits 
operating at more than 50 volts.

c.  Provide circuit and wiring protection required by NFPA 70.

d.  Run all wiring located inside ECS Room in cable tray and outdoors in 
rigid conduit.

e.  Do not use aluminum-sheathed cable or aluminum conduit.

f.  Input/output identification:  Permanently label each field-installed 
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wire, cable, and pneumatic tube at each end with descriptive text using 
a commercial heat shrink type wire marking system that fully encircles 
the wire, cable, or tube.  Locate the markers within 2 inches of each 
termination.  Match the names and I/O number to the project's point 
list.  Similarly label all power wiring serving control devices, 
including the word "power" in the label.  Label each pneumatic tube.  
Label all terminal blocks with alpha/numeric labels.  All wiring and 
the wiring methods shall be in accordance with UL 508A.

g.  For controller power, provide 120 VAC circuits, with ground.  Provide 
each circuit with a dedicated breaker, and run wiring in its own 
conduit, separate from any control wiring.  Connect the controller's 
ground wire to the electrical panel ground; conduit grounds are not 
acceptable.

h.  Surge Protection:  Install surge protection according to manufacturer's 
instructions.  Multiple controllers fed from a common power supply may 
be protected by a common surge protector, properly sized for the total 
connected devices.

i.  Grounding:  Ground controllers and enclosures to a good earth ground as 
specified in the contract drawings.  Conduit grounding is not 
acceptable; all grounding shall have a direct path to the building 
earth ground.  Ground sensor drain wire shields at the controller end.

j.  The Contractor shall be responsible for correcting all associated 
ground loop problems.

k.  Run wiring in panel enclosures in a cable management system sized for 
no more than 50-percent fill.

l.  Fill conduit and cable-tray to maximum of 40-percent of area and 
include 1 pull string in each conduit.

m.  Make all final terminations to equipment.  Tighten per manufacturer's 
recommendations.

n.  Provide sufficient slack and flexible connections to allow for 
vibration of piping and equipment, without stress to wiring or 
terminations.

o.  All wiring connections to the PLC shall be made at Terminal blocks, 
terminal strips, or fast-blocks.  No more than 2 wires shall be landed 
onto any one terminal.

p.  Wire connections to sensors shall be at its termination point, 
soldered, or using crimp splice connectors or wire nuts.  Wire nuts may 
only be used at connection to sensors.

q.  All wiring within enclosures shall be run in wire trough, neatly 
bundled and anchored with screws to prevent restriction to devices and 
terminals.  Devices shall be anchored to panels using self-tapping 
screw connectors.  Panels shall be labeled on the exterior with 
engraved phenolic nameplates.

r.  Install wiring in sleeves where wiring passes through walls and patch 
holes made.

s.  Wire splices shall only be used on existing wiring which is to be 
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reused and only as specifically approved by the Contracting Officer to 
coordinate with existing conditions.  Where approved, splices shall be 
of the heat shrink sleeve type and be crimped with a calibrated 
crimping tool.  Where wire-to-wire splices are used, the wire on both 
sides of the splice shall have the same color insulation.

3.1.5   Accessibility

Install all equipment so that parts requiring periodic inspection, 
operation, maintenance, and repair are readily accessible.  Install PLC 
controllers, data ports, and like equipment in locations freely accessible 
through access doors.

3.1.6   Programmable Logic Controllers and Remote I/O

a.  Shop fabricate panels and install internal devices, wiring and 
components.  Arrange and select panel components to meet the project 
specifications, paying particular attention to coordinating with reuse 
of sensor wiring where possible without the use of wire splices.  Test 
panel operability in the presence of the Contracting Officer 
representatives prior to delivery to KSC.  Install enclosures generally 
as depicted on the drawings, coordinating with the final dimensions of 
the approved panel layout drawings prepared by the Contractor.

b.  Locate control enclosures at the locations shown on the contract 
drawings.  Secure to floor, walls and /or steel framework, provide 
miscellaneous strut-type framework as necessary for secure mounting.

c.  Provide enclosures for remote I/O and install in locations shown on the 
contract drawings.

d.  Provide cable-fast terminal blocks for landing of I/O with 
interconnecting cables between cable-fast terminal blocks and Quantum 
PLC I/O cards.

e.  Provide interconnecting cabling between processor and HMI screens, and 
other components, devices and remote panels as required.

f.  Provide for 28V enclosure power supplies; coordinate 120 VAC panel 
power cabling with Division 26.

g.  All connections to the enclosures (connectors) shall follow all NASA 
EMI standards, ESD requirements for the area andbe firmly affixed and 
made in a neat and good workmanship manner. 

3.1.7   Temperature Sensors

Replace existing and install new temperature sensors in locations as 
indicated in contract drawings and provide a good representation of sensed 
media.  Installations in dead spaces are not acceptable.  Calibrate sensors 
according to manufacturer's instructions.  Do not use sensors designed for 
one application in a different application.

3.1.7.1   Immersion Temperature Sensors

Provide thermo-wells for sensors measuring piping where new locations are 
shown.  Locate wells to sense continuous flow conditions.  Do not install 
wells using extension couplings.  Provide thermal conductivity material 
within the well to fully coat the inserted sensor.
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3.1.8   Pressure Sensors

Locate pressure sensors as indicated in contract drawings and documentation.

3.1.9   Component Identification Labeling

Provide a unique heat shrink-sleeve type identification label on each 
cable/conductor.  Provide black plastic labels with engraved bold white 
block lettering permanently attached to each control panel and manual panel 
displays.  Have the labels and wording approved by the Contracting Officer 
prior to installation.

3.1.10   Network and Telephone Communication Lines

When network connections by the Government are required, provide the 
Contracting Officer at least 60 days advance notice of need.

3.1.11   Operators Workstation/Servers

Install operator's workstations in the ECS Control Room, coordinate 
layout/location of PC's, monitors, and UPS with plant facility personnel 
and provide cable lengths to suit hardware locations.  Coordinate location 
of peripheral equipment such as servers, routers and hubs.

3.1.12   Software/Programming

Install all software and provide for all programming for the ECS control 
system.  For custom programs controlling similar equipment such as building 
loop valve control, keep program structure consistent for each building to 
the extent possible.

For custom programming provide commentary as to the program purpose, SOO 
reference from the original contract documents, and definition of all 
variables/points used.

For programs that include PID control of a valve or pump, provide for an 
initial start-up timer routine which opens the valve/starts the pump at a 
minimum position/speed then ramps up based on the timer function, or 
similar strategy to control ramp-up/ramp-down.  Tune all PID loops to 
provide for stable operation.

Capture and document all programming changes during initial testing, 
performance verification and commissioning.

3.1.13   Flow Meters

Install flow meters in the general locations indicated on the contract 
drawings.  Identify proposed locations for new flow meters in the field on 
piping systems for approval by the Contracting Officer.  Pay particular 
attention to the manufacturers requirements for upstream/downstream 
straight pipe lengths for both new and existing meter locations and alert 
Contracting Officer where these requirements cannot be met, prior to 
submission of flow meter shop drawings.  In those instances where the 
manufacturers requirements cannot be met, the Government may direct the 
Contractor to use dual turbine type meters.
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3.2   CONTROLS SYSTEM OPERATORS MANUALS

Provide electronic and printed copies of a Controls System Operators 
Manual, coordinate with requirements of Sections 01 78 00 CLOSEOUT 
SUBMITTALS, and 01 78 23 OPERATION AND MAINTENANCE DATA.  The manual shall 
be specific to the project, written to actual project conditions, and 
provide a complete and concise depiction of the installed work.  Provide 
information in detail to clearly explain all operation requirements for the 
control system.
 
Provide with each manual: CDs of the project's control system drawings, 
control programs, data bases, graphics, and all items listed below.  
Include gateway back-up data and configuration tools where applicable.  
Provide CDs in jewel case with printed and dated project-specific labels on 
both the CD and the case.  For text and drawings, use Adobe Acrobat or MS 
Office file types.  When approved by the Government, AutoCAD and Visio 
files are allowed.  Give files descriptive English names and organize in 
folders.  

Provide printed manuals in sturdy 3-ring binders with a title sheet on the 
outside of each binder indicating the project title, project location, 
contract number, and the controls contractor name, address, and telephone 
number.  Each binder shall include a table of contents and tabbed dividers, 
with all material neatly organized.  Manuals shall include the following:

a.  A copy of the as-built control system (shop) drawings set, with all 
items specified under the paragraph "Submittals."  Indicate all field 
changes and modifications.  Point-to-point wiring diagrams shall be an 
exact representation of the installed conditions.

b.  A copy of the project's design drawings, including any official 
modifications and revisions.

c.  A copy of the project's approved Product Data submittals provided under 
the Paragraph Submittals.

d.  A copy of the project's approved Performance Verification Testing Plan 
and Report.

e.  Printouts of all control system programs, including controller setup 
pages if used.  Include plain-English narratives of application 
programs, flowcharts, and source code.

f.  Printouts of all physical input and output object properties, including 
tuning values, alarm limits, calibration factors, and set points.

g.  A table entitled AC Power Table listing the electrical power source for 
each programmable logic controller.  Include the building electrical 
panel number, panel location, and circuit breaker number.

h.  The PLC manufacturer's hardware and software manuals in both print and 
CD format with printed project-specific labels.  Include installation 
and technical manuals for all controller hardware, operator manuals for 
all controllers, programming manuals for all controllers, operator 
manuals for all workstation software, installation and technical 
manuals for the workstation and notebook, and programming manuals for 
the workstation software.

i.  A list of qualified control system service organizations for the work 
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provided under this contract.  Include their addresses and telephone 
numbers.

j.  A written statement entitled Technical Support stating the control 
system manufacturer or authorized representative will provide toll-free 
telephone technical support at no additional cost to the Government for 
a minimum of two years from project acceptance, will be furnished by 
experienced service technicians, and will be available during normal 
weekday working hours.  Include the toll-free technical support 
telephone number.

k.  For all software not currently under Government license, a written 
statement entitled "Software Upgrades" stating software and firmware 
patches and updates will be provided upon request at no additional cost 
to the Government for a minimum of two years from contract acceptance.  
Include a table of all PLC and SCADA system software and firmware 
provided under this contract, listing the original release dates, 
version numbers, part numbers, and serial numbers.

In each PLC and remote I/O enclosure, provide laminated copies of the 
point-to-point wiring diagram for that panel, inside of a plastic pouch 
mounted inside the door.

3.3   FUNCTIONAL TESTING (FT)

3.3.1   General

The FT shall demonstrate compliance of the control system work with the 
contract requirements.  The FT shall be performed by the Contractor and 
witnessed and approved by the Government and Certified Commissioning 
Officer.  Provide separate testing for each phase and index by system.  
Prior to FT, the Contractor shall perform his own Pre-Functional Testing.  
A meeting to review the Functional Testing is required to coordinate all 
aspects of the FT and shall include the Contractor's QA representative, the 
Contractor's FT administrator, the Contracting Officer's representative 
prior to the start of FT.  FT shall be performed in conjunction with 
commissioning work specified in Section 01 91 00.00 98 COMMISSIONING.  In 
general these requirements are intended to be the initial function tests 
(FT's) performed as a precursor to the Commissioning Performance Tests 
(PT's).

3.3.2   Functional Testing Plan

Submit a detailed FT Plan of the proposed testing for Government approval.  
Develop the FT Plan specifically for the control system in this contract.  
The FT Plan shall be an clear list of test items arranged in a logical 
sequence.  Include the intended test procedure, the expected response, and 
the pass/fail criteria for every component tested.  The list which is to be 
used shall be submitted for approval prior to performing any testing.
 
The plan shall clearly describe how each item is tested, indicate where 
assisting personnel are required, and include what procedures are used to 
simulate conditions.  There shall be a separate sheet for each item to be 
tested.  Include a separate column for each checked item and extra space 
for comments.  Where sequenced control functions are tested, insert the 
routine from the projects sequence of operation.  For each test area, 
include signature and date lines for the Contractor's FT administrator, the 
Contractor's QA representative, the Certified Commissioning Officer, the 
Contracting Officer's representative to acknowledge successful completion.  
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Refer to the paragraph entitled FUNCTIONAL TESTING in Section 01 91 00.00 98
 COMMISSIONING for additional requirements.  Submit copies of the proposed 
Functional Tests in electronic format (Microsoft Word or Excel files) for 
review, commenting and editing by the Governments Contracting Officer as 
part of the shop drawing review process.

3.3.3   Calibration

Prior to starting FT's, calibrate all I/O points, new and existing.

All testing equipment shall be of sufficient quality and accuracy to test 
and/or measure system performance with the tolerances specified in the 
specifications.  If not otherwise noted, the following minimum requirements 
apply:  Temperature sensors and digital thermometers shall have a certified 
calibration within the past year to an accuracy of 0.5 degrees F.  Pressure 
sensors shall have an accuracy of + or - 2.0 percent of the value range 
being measured (not full range of meter) and have been calibrated within 
the last year.  All equipment shall be calibrated according to the 
manufacturer's recommended intervals and when dropped or damaged.  
Calibration tags shall be affixed or certificates readily available.

Submit a calibration report for each device, one page per device.  Group 
and identify data by building, type of device, and device point name.

As part of the FT's, include a check of each points calibration.

3.3.4   FT Sample Size

Test all sensors, flow meters, valves, transducers, equipment and building 
pumps/bridge valves unless otherwise directed (100% testing).
 
The Government and Certified Commissioning Officer will witness all 
testing, the Certified Commissioning Officer will approve all tests. 

3.3.5   Pre-Functional Test Checklist
 
Prior to the start of Functional Testing to be witnessed by the Certified 
Commissioning Officer, the Contractor shall have verified complete system 
functionality by completion of Pre-Functional Testing checklist.  Submit 
the following for Government approval documenting satisfactory completion 
of the Pre-FT's as a list with items checked off once verified.  Provide a 
detailed explanation for any items that are not completed or verified.

a.  Verify all required installation work is successfully completed, and 
all ECS control equipment is working correctly.

b.  Verify all required control system components, wiring, and accessories 
are installed.

c.  Verify the installed control system architecture matches approved 
drawings.

d.  Verify all control circuits operate at the proper voltage and are free 
from grounds or faults.

e.  Verify all required surge protection is installed.

f.  Verify the A/C Power Table specified in CONTROLS SYSTEM OPERATORS 
MANUALS are accurate.
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g.  Verify all network communications function properly, including 
uploading and downloading programming changes.

h.  Verify communications are error free.

i.  Verify each programmable logic controller's programming is backed up.

j.  Verify all wiring, components, and panels are properly labeled.

k.  Verify all required points are programmed.

l.  Verify all sensor readings are accurate and calibrated.

m.  Verify each control valve and actuator goes to normal position upon 
loss of power.

n.  Verify all control loops are tuned for smooth and stable operation.  
View trend data where applicable.

o.  Verify each PLC/controller works properly in stand-alone mode.

p.  Verify all workstations, human machine interfaces, all system and 
database software is installed, and graphic pages are created for each 
workstation and SCADA.

q.  Verify the as-built (shop) control drawings are completed.

The completed Pre-Functional Test Checklist shall be submitted for 
approval, documenting satisfactory completion of the tests, and that the 
Contractor is ready to begin Functional Testing.

3.3.6   Conducting Functional Testing

a.  Conduct Government-witnessed FT after approval of the FT Plan and the 
completed Pre-FT Checklist.  Notify the Contracting Officer of the 
planned FT at least 15 days prior to testing.  Provide an estimated 
time table required to perform the testing.  Furnish personnel, 
equipment, instrumentation, and supplies necessary to perform all 
aspects of the FT.  Ensure that testing personnel are regularly 
employed in the testing and calibration of PLC systems.  Using the 
project's as-built control system (shop) drawings, the project's 
mechanical design drawings, the approved Pre-FT Checklist, and the 
approved FT Plan, conduct the FT.

b.  During testing, identify any items that do not meet the contract 
requirements and if time permits, conduct immediate repairs and 
re-test.  Otherwise, deficiencies shall be investigated, corrected, and 
re-tested.  Document each deficiency and corrective action taken.

c.  If re-testing is required, follow the procedures for the initial FT.  
The Government may require re-testing of any control system components 
affected by the original failed test.  If in the sole opinion of the 
Contracting Officer, with input from the Certified Commissioning 
Officer determines the failure rate of the FT's is unacceptably high, 
the FT will be suspended and the Contractor will be directed to 
re-perform the Pre-Functional testing and resubmit the checklist.  
Repetitious type failures/unmet requirements will be evidence that the 
Contractor has not demonstrated due diligence in performing 
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Pre-Functional testing.

d.  All FT's shall be witnessed and approved by the Certified Commissioning 
Officer; provide a column for the Certified Commissioning Officer to 
sign off on each FT.

3.3.6.1   Programmable Logic Controller Capability and Labeling

Test the following for each controller:

a.  Memory:  Demonstrate that programmed data, parameters, and trend/ alarm 
history collected during normal operation is not lost during power 
failure.

b.  Direct Connect Interface:  Demonstrate the ability to connect directly 
to each type of controller with a portable electronic device like a 
notebook computer.  Show that maintenance personnel interface tools 
perform as specified in the manufacturer's technical literature.

c.  Stand Alone Ability:  Demonstrate controllers provide stable and 
reliable stand-alone operation using default values or other method for 
values normally read over the network.

d.  Wiring and AC Power:  Demonstrate the ability to disconnect any 
controller safely from its power source using the AC Power Table.  
Demonstrate the ability to match wiring labels easily with the control 
drawings.  Demonstrate the ability to locate a controller's location 
using the Communication Architecture Schematic and floor plans.

e.  Nameplates and Tags:  Show the nameplates and tags are accurate and 
permanently attached to control panel doors.

3.3.6.2   Workstation and Software Operation

For every user workstation:

a.  Show points lists agree with naming conventions.

b.  Show that graphics are complete.

3.3.6.3   Communications and Interoperability Areas

Demonstrate proper interoperability of data sharing, alarm and event 
management, trending, scheduling, and device and network management.  If 
available or required in this specification, use a protocol analyzer to 
assist with identifying devices, viewing network traffic, and verifying 
interoperability.  These requirements must be met even if there is only one 
manufacturer of equipment installed.  Testing includes the following:

a.  Data Presentation:  On each Operator Workstation, demonstrate graphic 
display capabilities.

b.  Reading of Any Property:  Demonstrate the ability to read and display 
any used readable object property of any device on the network.

c.  Setpoint and Parameter Modifications:  Show the ability to modify all 
setpoints and tuning parameters in the sequence of control or listed on 
project schedules.  Modifications are initiated by an operator using 
workstation graphics, or by completing a field in a menu with 
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instructional text.

d.  Peer-to-Peer Data Exchange:  Show all devices are installed and 
configured to execute sequences (without the need for operator or 
workstation intervention), to implement the project sequence of 
operation, and to share global data.

e.  Alarm and Event Management:  Show that alarms/events are installed and 
prioritized.  Demonstrate time delays and other logic is set up to 
avoid nuisance tripping.  Show that operators with sufficient privilege 
can read and write alarm/event parameters.  Show that operators with 
sufficient privilege can change routing for each alarm/event including 
the destination, priority, day of week, time of day, and the type of 
transition involved.

f.  Archival Storage of Data:  Show that data archiving is handled by the 
operator workstation/server.

g.  Modification of Trend Log Object Parameters:  Show that an operator 
with sufficient privilege can change the logged data points, sampling 
rate, and trend duration.

Device and Network Management:  Show the following capabilities:

(1) Display of Device Status Information

(2) Display of Object Information

(3) Silencing Devices that are Transmitting Erroneous Data

(4) Remote Device Re-initialization

(5) Backup and Restore Device Programming and Master Database(s)

3.3.6.4   Control Loop Stability and Accuracy

For all control loops tested, give the Government trend graphs of the 
control variable over time, demonstrating that the control loop responds to 
a 20 percent sudden change of the control variable set point without 
excessive overshoot and undershoot.  If the process does not allow a 20 
percent set point change, use the largest change possible.  Show that once 
the new set point is reached, it is stable and maintained.  Control loop 
trend data shall be in real-time with the time between data points 30 
seconds or less.

3.3.6.5   Functional Test Report

Upon successful completion of the FT, submit a FT Report to the Government 
and prior to the Government taking use and possession of the facility.  Do 
not submit the report until all problems are corrected and successfully 
re-tested.  The report shall include the annotated FT Plan used during the 
FT.  Where problems were identified, explain each problem and the 
corrective action taken.  Include a written certification that the 
installation and testing of the control system is complete and meets all of 
the contract's requirements.  Once the FT is submitted and approved, 
participate in Commissioning Functional Testing to verify sequences of 
operation.
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3.3.7   Execution of Sequence of Operation

As part of the work and Performance Tests (PT's) specified in Section 
01 91 00.00 98 COMMISSIONING, demonstrate that the ECS system operates 
properly through the complete sequence of operation, interactions between 
sequences and systems are accounted for, "bumpless" operation between 
modes, and ability to globally read and modify parameters over the 
internetwork.

3.4   TRAINING REQUIREMENTS

Provide a qualified instructor (or instructors) with two years minimum 
field experience with the installation and programming of similar PLC 
systems.  Orient training to the specific systems installed.  Coordinate 
training times with the Contracting Officer and ECS Owner after receiving 
approval of the training course documentation.  Training shall take place 
at the job site and/or a nearby Government-furnished location.  A training 
day shall occur during first and second shift hours, last no longer than 8 
hours (4 hours per shift) and include 2 15-minute breaks.  The project's 
approved Controls System Operators Manual shall be used as the training 
text.  The Contractor shall ensure the training manuals are submitted, 
approved, and available to hand out to the trainees before the start of 
training.

3.4.1   Training Documentation

Submit training documentation for review 30 days minimum before training.  
Documentation shall include an agenda for each training day, objectives, a 
synopses of each lesson, and the instructor's background and 
qualifications.  The training documentation can be submitted at the same 
time as the project's Controls System Operators Manual.

There will be two distinct organized training milestones; the first one 
will be after the first building is converted from DDC to PLC operation; 
the second one will be towards the conclusion of the project once the Pad 
39B ECS system is converted.  The two distinct training milestones will 
each consist of fundamentals followed by operations.

3.4.2   Phase I Training - Fundamentals

The Phase I training session shall last 2 days for the first milestone, 3 
days for the second milestone and be conducted in a classroom environment 
with complete audio-visual aids provided by the contractor.  Provide each 
trainee a printed 8.5 by 11 inch hard-copy of all visual aids used.  Upon 
completion of the Phase I Training, each trainee should fully understand 
the project's PLC system fundamentals.  The first day training session 
shall include the following:

a.  PLC (Allen Bradley Control Logix) and SCADA fundamentals

b.  This project's list of control system components

c.  This project's list of I/O points

d.  This project's device and network communication architecture

e.  This project's sequences of control, and:

(1)  Alarm capabilities
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(2)  Trending capabilities

(3)  Troubleshooting communication errors

(4)  Troubleshooting hardware errors

The second day training session shall consist of an open question and 
answer discussion between the Contractor's programmers and the Government 
maintenance and system engineers.

3.4.3   Phase II Training - Operation

Provide Phase II Training shortly after completing Phase I Training.  The 
Phase II training session shall last 2 days for the first milestone, and 3 
days for the second milestone and be conducted at the PLC system 
workstation, at a HMI, and at other site locations as necessary.  Upon 
completion of the Phase II Training, each trainee should fully understand 
the project's PLC and controller systems operation.  The first and second 
day training session shall include the following:

a.  A walk-through tour of the mechanical system and the installed PLC 
components (controllers, surge protection, switches, sensors, etc.)

b.  A discussion of the components and functions at each PLC and controller 
panel

c.  Logging-in and navigating at each operator interface type

d.  Modifying setpoints

e.  Creating, editing, and viewing trends

f.  Creating, editing, and viewing alarms

g.  Demonstrate switching between manual and automatic at the OWS

h.  Discussion of the components and functions at the manual panel

The third day training session shall include the following:

a.  Using each operator interface to find, read, and write to specific 
controllers

b.  Modifying and downloading control program changes

c.  Backing-up and restoring programming and data bases

d.  Modifying graphic text, backgrounds, dynamic data displays, and links 
to other graphics

e.  Creating new graphics and adding new dynamic data displays and links

f.  Alarm and Event management

g.  Adding and removing network devices

The third day training session shall also include an open question and 
answer discussion between the contract programmers and the Government 
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maintenance and system engineer.

        -- End of Section --
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SECTION 43 21 13

PUMPS:  WATER, CENTRIFUGAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASME INTERNATIONAL (ASME)

ASME B1.1 (2003; R 2008) Unified Inch Screw Threads 
(UN and UNR Thread Form)

ASME B16.1 (2010) Gray Iron Pipe Flanges and Flanged 
Fittings Classes 25, 125, and 250

ASME B16.5 (2009) Pipe Flanges and Flanged Fittings:  
NPS 1/2 Through NPS 24 Metric/Inch Standard

ASTM INTERNATIONAL (ASTM)

ASTM A153/A153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A307 (2012) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A829-SAE 4140 (2012) CR MO-Alloyed Vacuum Degassed Steels

ASTM F593 (2002; R 2008; E 2012) Stainless Steel 
Bolts, Hex Cap Screws, and Studs

HYDRAULIC INSTITUTE (HI)

HI 1.1-1.2 (2008) Rotodynamic (Centrifugal) Pump for 
Nomenclature and Definitions

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO G6.3 (2012) Dynamic Balancing of Centrifugal 
Pump Impeller

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2011) Motors and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; Errata 2 2012) National Electrical 
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1.2   SYSTEM DESCRIPTION

1.2.1   Selection Criteria

Design pumps using hydraulic criteria based upon actual model developmental 
test data.  Select pumps at a point within the maximum efficiency for a 
given impeller casing combination.  Deviations within 3 percent of maximum 
efficiency are permissible, provided the lesser efficiency is not less than 
the scheduled efficiency.  Pumps having impeller diameters larger than 90 
percent of the published maximum diameter of the casing or less than 15 
percent larger than the published minimum diameter of the casing will be 
rejected.  Acceptable maximum impeller diameter calculations shall not be 
based on percentage of impeller diameter range for a given casing.

1.2.2   Conformance With Agency Requirements

Where materials or equipment are specified to be an approved type, the seal 
or label of approval from a nationally recognized testing agency, 
adequately equipped and competent to perform such services, shall be 
attached thereto.  A written certificate from the testing agency shall 
accompany the materials or equipment and shall be submitted to the 
Contracting Officer stating that the items have been tested and that they 
conform to the applicable requirements of the specifications and to the 
standards listed herein.  The certificate shall indicate the methods of 
testing used by the testing agency.  In lieu of a certificate from a 
testing agency, published catalog specification data, accompanied by the 
manufacturer's certified statement to the effect that the items are in 
accordance with the applicable requirements of the specifications and the 
referenced standards, will be considered by the Contracting Officer and may 
be acceptable as evidence that the items conform with agency requirements.

1.2.3   Safety Requirements

Fully enclose or properly guard gears, couplings, projecting set-screws, 
keys, and other rotating parts, so located that any person can come in 
close proximity thereto.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  The 
following shall be submitted in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Installation; G

SD-03 Product Data

Materials and Equipment; G
Operating Instructions; G

SD-06 Test Reports

Field Tests; G
Factory Tests; G
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SD-07 Certificates

Manufacturer's Representative; G

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals Data Package 3; G

1.4   QUALITY ASSURANCE

Provide the services of a manufacturer's representative experienced in the 
installation, adjustment, and operation of the equipment specified.  The 
representative shall supervise the installation, adjustment, and testing of 
the equipment.  Provide up to 5 days service at no expense to the 
Government.  Submit the names and qualifications of the manufacturer's 
representative and written certification from the manufacturer that the 
representative are technically qualified.

1.5   DELIVERY, STORAGE, AND HANDLING

Protect all equipment, delivered and designated for storage, from the 
weather, humidity and temperature variations, dirt and dust, or other 
contaminants.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

Provide materials and equipment which are as specified below, as shown, and 
are suitable for the service intended.  Provide materials and equipment 
which are new and unused, except for tests.  Where two or more pieces of 
equipment performing the same function are required, they shall be 
duplicate products of the same manufacturer.

Submit manufacturer's descriptive data and technical literature, 
performance charts and curves for all impeller sizes for a given casing, 
catalog cuts, and installation instructions.  Spare parts data for each 
different item of material and equipment specified, after approval of the 
detail drawings and not later than 2 months prior to the date of beneficial 
occupancy.  Data shall include a complete list of parts and supplies, with 
current unit prices and source of supply.

2.1.1   Standard Products

Provide material and equipment which are the standard products of a 
manufacturer regularly engaged in the manufacture of such products and that 
essentially duplicate equipment that has been in satisfactory waterworks 
operation at least 2 years prior to bid opening.  Equipment shall be 
supported by a service organization that is, in the opinion of the 
Contracting Officer, reasonably convenient to the jobsite.  Pumps and 
motors of the same types shall each be the product of one manufacturer.

2.1.2   Description

The condenser and chilled water glycol pumps shall be horizontal 
centrifugal water pumps of the types indicated and specified.  The single 
driving units for the pumps shall be electric motors as indicated and 
specified.  
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2.1.3   Nameplates

Pumps and motors shall have a standard nameplate securely affixed in a 
conspicuous place showing the manufacturer's name, address, type or style, 
model, serial number, and catalog number.  In addition, the nameplate for 
each pump shall show the capacity in gpm at rated speed in rpm and head in 
feet of water.  Nameplate for each electric motor shall show at least the 
minimum information required by 10.38 NEMA MG 1.  

2.2   CENTRIFUGAL WATER PUMPS

The pumps shall be the centrifugal, single-stage, double sucton type. 

2.2.1   Pump Drives

The pumps shall have electric motor drives and shall be directly connected 
to the driving units through flexible couplings. 

2.2.2   Pump Construction

Except as below specified, centrifugal water pumps shall be constructed in 
accordance with the Hydraulic Institute HI 1.1-1.2.

2.2.3   Pump Characteristics

The pumps shall be capable of discharging quantities at total discharge 
heads measured at the discharge flange in accordance with the contract 
drawings.

Pumps shall operate at optimum efficiencies to produce the most economical 
pumping system under the conditions encountered and shall be sized to make 
optimum match with the system head curve.  Pumps shall furnish not less 
than 150 percent of rated capacity at a total discharge head of not less 
than 65 percent of total rated head.  The shutoff total head shall be not 
greater than 120 percent of total rated head.

2.2.4   Pump Casings

Pump casings shall be cast iron.

Pump casings shall be horizontally split with upper and lower halves bolted 
together. ASME B16.1 Class 125 flanged suction and discharge connections 
shall be located in lower half. Removal of upper half shall permit 
inspection, maintenance or removal of entire rotating element without 
disturbing suction or discharge piping or driver. Seats for stuffing box 
bushing shall be cast and bored integrally with lower half casing. Casing 
shall be supported by integrally cast feet. Upper half shall have taps for 
seal piping, priming and vents. Lower half shall have taps for gauges and 
draining. Casing shall have permanently fixed stainless steel nameplate.

2.2.5   Impellers

Impellers shall be of enclosed double suction design and shall be 
constructed of bronze, carefully finished with smooth water passageways, 
and shall be statically and dynamically balanced.  Impellers shall be 
securely keyed to the pump shaft. Impeller shall be balanced to ISO G6.3. 
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2.2.6   Wearing Rings

Wearing rings of bronze shall be provided for impellers.  Wearing rings of 
bronze shall be provided for pump casings.  Casing rings shall be securely 
fixed in position to prevent rotation.  Rings shall be renewable and 
designed to ensure ease of maintenance.

2.2.7   Shaft

Shaft shall be of ASTM A829-SAE 4140 steel, accurately machined, and shall 
be of sufficient size and strength to perform the work required.  Bronze 
renewable shaft sleeves shall be provided Shaft shall be completely sealed 
by gaskets between the shaft sleeves and impeller hubs to ensure shaft is 
kept dry during operation.

2.2.7.1   Shaft Sleeves

Shall be bronze and held in position by sleeve nuts located outside the 
stuffing box area. Shall be key driven at the impeller end. An O-ring seal 
shall be provided to prevent leakage between sleeves and sleeve nuts.

2.2.8   Packing Seals

Packing shall be non-asbestos. At no time during startup or run-in shall 
the gland drip less water than 80 drops per minute.  After not less than 40 
operating hours and upon permission of the Contracting Officer, leakage 
rate may be reduced to 50 drops per minute or to the rate recommended by 
packing manufacturer.

2.2.8.1   Gland

Gland shall be 316 SS with ASTM F593 stainless steel eyebolts and pins or 
studs.  Hex-nuts shall be bronze or nongalling stainless steel. Gland shall 
be split so it is unnecessary to unbolt gland halves to repack stuffing box.

2.2.8.2   Stuffing boxes

Stuffing boxes shall be integral with casing. Stuffing boxes shall contain 
die-formed packing, split, removable lantern rings and renewable stuffing 
box throat bushings. Stuffing boxes shall have tapped openings for water 
sealing either from casing or from outside source.

2.2.9   Mechanical Seals

Mechanical seals shall be single cartridge carbon vs. silicon carbide.  
Mechanical seals shall be constructed in a manner and of materials 
particularly suitable for the temperature service range and quality of 
water being pumped.  Seal construction shall not require external source 
cooling for pumped-fluid service temperatures up to 250 degrees F.  Seal 
pressure rating shall be suitable for maximum system hydraulic conditions.  
Bypass flushing water supply shall be free of iron rust products and other 
abrasive materials and shall be directed onto face of seal without dead 
ending.  All piping and accessories shall be provided.  Throttling bushing 
shall have clearances to minimize leakage in case of complete seal failure 
without restriction of flushing water.  Mechanical seals shall not be 
subjected to hydrostatic test pressures in excess of the manufacturer's 
recommendations.
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2.2.10   Couplings

Couplings shall be of the heavy-duty flexible type, keyed and locked to the 
shaft.  The outside surface of the couplings for horizontal pumps shall be 
machined parallel to the axis of the shaft.  The faces of the couplings 
shall be machined perpendicular to the axis of the shaft.  Disconnecting 
the couplings shall be accomplished without removing the driver half or the 
pump half of the couplings from the shaft.   Flexible couplings shall not 
be used to compensate for misalignment of pump.

2.2.11   Balance

All rotating parts of the equipment shall operate throughout the required 
range without excessive end thrust, vibration, or noise.  Defects of this 
type that cannot be eliminated by installation adjustments will be 
sufficient cause for rejection of the equipment.  Pump impeller assemblies 
shall be statically and dynamically balanced to within 1/2 percent of W 
times R squared, where W equals weight and R equals impeller radius.  Shaft 
construction shall be substantial to prevent seal or bearing failure due to 
vibration.  Total shaft peak-to-peak dynamic deflection measured by 
vibrometer at pump-seal face shall not exceed 2.0 mils under shutoff-head 
operating conditions. 

2.2.12   Bearings

Double row ball bearing shall be provided on thrust end; single row deep 
grove ball bearing on coupling end. Thrust bearing shall be held in 
position on shaft with tapered snap ring and locked in bearing housing. 
Radial bearing shall be free to float axially in housing to take radial 
load only. Housings shall be completely sealed by Inpro VBX labyrinth seals 
to exclude moisture and dirt making units suitable for outdoor 
installation. Shall be grease lubricated with reliefs to prevent over 
lubrication.

2.2.13   Lubrication

Bearings on horizontal-shaft pumps shall be or grease type.  Grease type 
bearings shall be provided with fittings for a grease gun and, if the 
bearings are not easily accessible, with grease tubing extending to 
convenient locations. The grease fittings shall be of a type that prevent 
over lubrication and the buildup of pressure injurious to the bearings.

2.2.14   Base Plates

Horizontal-shaft centrifugal pumps shall be provided with a common base for 
mounting each pump and driving unit of the pump on the same base. Each base 
shall be constructed of cast iron with a raised lip tapped for drainage. 
The drainage structure shall collect the packing box leakage and shall have 
a 1/2 inch NPT connection to connect it to a drain.

2.2.15   Piping Connections

The pump suction and discharge shall be provided with flanged connections 
of suitable size and suitably arranged for piping shown.  Pipe flanges 
shall conform to ASME B16.1 and ASME B16.5. Piping shall be installed to 
preclude the formation of air pockets.
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2.2.16   Finish

Pump shall have painted or enameled finish as is standard with the 
manufacturer. 

2.3   ELECTRICAL EQUIPMENT

Electrical equipment shall conform to electrical design documents.  
Electrical motor driven equipment herein specified shall be provided 
complete with motors, motor starters, and controls.  Motor controls, 
equipment, and wiring shall be in accordance with NFPA 70.

2.3.1   Electric Motors

Each electric motor-driven pump shall be driven by a totally-enclosed fan 
cooled continuous-duty electric motor. Motor shall have a 1.15 service 
factor.  Motors shall be squirrel-cage induction motors having 
normal-starting-torque and low-starting-current characteristics, and shall 
be of sufficient size so that the nameplate horsepower rating will not be 
exceeded throughout the entire published pump characteristic curve.  
Integral size motors shall be the premium efficiency type in accordance 
with NEMA MG 1. Motor bearings shall provide smooth operations under the 
conditions encountered for the life of the motor.  Adequate thrust bearing 
shall be provided in the motor to carry the weight of all rotating parts 
plus the hydraulic thrust and shall be capable of withstanding upthrust 
imposed during pump starting.  Motors shall be rated 480 volts, 3 phase, 60 
Hz and such rating shall be stamped on the nameplate. Motors shall conform 
to NEMA MG 1.

2.3.2   Control Equipment

Controls shall be in accordance with the controls specifications and 
drawings.

2.4   EQUIPMENT APPURTENANCES

2.4.1   Attachments

All necessary bolts, nuts, washers, bolt sleeves, and other types of 
attachments for the installation of the equipment shall be furnished with 
the equipment.  Bolts shall conform to the requirements of ASTM A307 and 
nuts shall be hexagonal of the same quality as the bolts used. Threads 
shall be clean-cut and shall conform to ASME B1.1. Bolts, nuts, and washers 
specified to be galvanized or not otherwise indicated or specified, shall 
be zinc coated after being threaded, by the hot-dip process conforming to 
ASTM A153/A153M as appropriate.  Bolts, nuts, and washers specified or 
indicated to be stainless steel shall be Type 316.

2.4.2   Equipment Guards

Equipment driven by open shafts shall be provided with all-metal guards 
enclosing the drive mechanism. Guard shall be constructed of galvanized 
sheet steel . Guards shall be secured in position by steel braces or straps 
which will permit easy removal for servicing the equipment. The guards 
shall conform in all respects to all applicable safety codes and 
regulations.
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2.4.3   Tools

A complete set of all special tools which may be necessary for the 
adjustment, operation, maintenance, and disassembly of all equipment shall 
be furnished.  Special tools are considered to be those tools which because 
of their limited use are not normally available, but which are necessary 
for the particular equipment. Special tools shall be high-grade, smooth, 
forged, alloy, tool steel. One pressure grease gun for each type of grease 
required for motors shall also be furnished. All tools shall be delivered 
at the same time as the equipment to which they pertain. Properly store and 
safeguard such tools until completion of the work, at which time they shall 
be delivered to the Contracting Officer.

2.5   FACTORY TESTS

Pumps shall be hydrostatically tested by the manufacturer or a nationally 
recognized testing agency in compliance with Hydraulic Institute Standards. 
Where two or more identical pumps are specified, only one representative 
pump shall be tested. Certified test results shall be submitted to the 
Contracting Officer.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all dimensions 
in the field and advise the Contracting Officer of any discrepancy before 
performing the work.

3.2   INSTALLATION

Install each pump and motor in accordance with the written instructions of 
the manufacturer. Pumps shall be located on existing equipment pads as 
shown in the contract drawings. Existing foundation to be reused. Patch as 
needed.

3.2.1   System Coordination

Prior to installation, submit drawings containing complete wiring and 
schematic diagrams and any other details required to demonstrate that the 
system has been coordinated and will properly function as a unit. Show 
proposed layout and anchorage of equipment and appurtenances, and equipment 
relationship to other parts of the work including clearances for 
maintenance and operation. Provide a complete listing of equipment and 
materials.

3.2.2   Operating Instructions

Proposed diagrams, instructions, and other sheets, prior to posting.  
Approved wiring and control diagrams showing the complete layout of the 
entire system, including equipment, piping valves, and control sequence, 
framed under glass or in approved laminated plastic, shall be posted where 
directed. Condensed operating instructions explaining preventive 
maintenance procedures, methods of checking the system for normal safe 
operation, and procedures for safely starting and stopping the system shall 
be prepared in typed form, framed as specified above for the wiring and 
control diagrams, and posted beside the diagrams. The framed instructions 
shall be posted before acceptance testing of the systems.
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3.3   FIELD TESTS

After installation of the pumping units and appurtenances is complete, 
carry out operating tests to assure that the pumping installation operates 
properly.  Tests shall assure that the units and appurtenances have been 
installed correctly, that there is no objectionable heating, vibration, or 
noise from any parts, and that all manual and automatic controls function 
properly. If any deficiencies are revealed during any tests, such 
deficiencies shall be corrected and the tests shall be reconducted. Make 
arrangements to have the manufacturer's representatives present when field 
equipment tests are made.

3.3.1   Procedures

 Subject each pumping unit to a running field test in the presence of the 
Contracting Officer for a minimum of 2 hours. Operate each pumping unit at 
its rated capacity or such other point on its head-capacity curve selected 
by the Contracting Officer. Provide an accurate and acceptable method of 
measuring the discharge flow.

3.3.2   Insulation Resistance Testing

For submersible pumping units, an insulation resistance test of the cable 
and the motor shall be conducted prior to installation of the pump, during 
installation of the pump, and after installation is complete. The 
resistance readings shall not be less than 10 megohms.

3.3.3   Reporting

Submit test reports in booklet form showing all field tests performed to 
adjust each component and all field tests performed to prove compliance 
with the specified performance criteria, upon completion and testing of the 
installed system. Each test report shall indicate the final position of 
controls.

3.4   FIELD PAINTING

3.4.1   Touch-Up Painting

Factory painted items requiring touching up in the field shall be 
thoroughly cleaned of all foreign material and shall be primed and 
topcoated with the manufacturer's standard factory finish.

3.4.2   Exposed Uncoated Surfaces

Exposed uncoated surfaces shall be coated in accordance with Section
09 97 30.30 98 PROTECTIVE COATING OF CARBON, STAINLESS STEEL AND ALUMINUM 
ON STRUCTURES AND FACILITIES.

3.5   CLOSEOUT ACTIVITIES

3.5.1   Operation and Maintenance Manuals

Submit complete sets of instructions containing the manufacturer's 
operating and maintenance instructions for each piece of equipment. One 
complete set at the time the tests procedure is submitted; remaining sets 
before the contract is completed. Permanently bind each set, including a 
hard cover. Inscribe the following identification on the covers:  the words 
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"OPERATING AND MAINTENANCE INSTRUCTIONS," name and location of the 
building, name of the Contractor, and contract number. Place flysheets 
before instructions covering each subject. Instruction sheets shall be 
approximately 8-1/2 by 11 inches, with large sheets of drawings folded in.  
Instructions shall include, but not be limited to, the following:

a.  System layout showing piping, valves, and controls.

b.  Approved wiring and control diagrams.

c.  A control sequence describing startup, operation, and shutdown.

d.  Operating and maintenance instructions for each piece of equipment, 
including lubrication instructions and troubleshooting guide.

e.  Manufacturer's bulletins, cuts, and descriptive data; and parts list 
and recommended spare parts.

        -- End of Section --
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