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SECTION 01 11 00.98

SUMMARY OF WORK
04/06

PART 1   GENERAL

1.1   SUMMARY

The work to be performed under this project consists of providing all the 
labor, equipment, and materials necessary to Rehab the Steam Plant, which 
primarily consists of replacing boilers number 3 and 4 with 2 new high 
efficiency steam generators with a nominal 35,000 lb/hour capacity each, to 
include a new boiler combustion system.  In conjunction with the removal of 
boilers #3 and 4, the associated low voltage electrical panels and feeders 
will be removed and replaced.  Also necessary for a new boiler installation 
will be the removal of a portion of the face of building 12.  Other plant 
improvements included in this project are as follows:

Demolition of existing masonry wall and glass to accommodate 
installation of new boiler; plan for infilling opening after 
installation of new boiler; replace existing single-pane windows with 
new energy-efficient light panels; new insulated overhead door.  Paint 
handrails associated with the project (grade level, stairways, and 
upper mezzanines) safety yellow.

Demolition of existing boilers #3 and 4, including associated piping 
and control components and combustion air system. 

Installation of replacement 100 psig saturated steam boiler including 
combustion controls, feed-water, steam, burner management, chemical 
feed, economizer, boiler drum level, and master control; Boiler to have 
stack economizer package.

Provide a new combustion air system for the entire boiler plant. 
Provide a blow-down heat recovery system as well as the replacement of 
any components in poor condition including natural gas, gas component 
vents to atmosphere, boiler blow-down, boiler safety relief valve 
discharge to atmosphere, make-up water, feed-water, service air, and 
drains.

Integrate new boiler controls into NASA GRC's Energy Management Control 
System (EMCS).

Replace low pressure steam condensate collection and return pumps (two 
total) with non-electric pressure-powered type units with steam 
pressure equalization tanks, utilizing 100 psig service air as the 
motive force.

Reroute existing utility and service piping to clear the area at the 
outside building wall for boiler removal and installation.

 
Remove electrical components for boilers #3 and 4 including controls, 
wiring and power wiring for fans and blower motors; modify existing 
motor control centers (starters) that are affected by removal of 
boilers #3 and #4. Provide new conduit and wire for new boiler fans and 
blowers; install new compatible starters in existing motor control 
center to support new boiler installation; install control system for 
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new boiler including control wiring and conduits. Replace all remaining 
obsolete low voltage (208 volt) electrical distribution panels and 
associated feeders tentatively identified as panels P01, P0101, P0102, 
P0103, P0104, P0105, P0106, P02, P0202, and P0203.

Provide proper foundation for the new boiler and temporary reinforcing 
of the floor slab to accommodate the removal of the existing boiler and 
the installation of the new boiler. Temporary removal and support of 
structural steel members to accommodate the opening in the exterior 
wall to allow the removal of the existing boilers and the installation 
of the new boiler.

 
Removal of ACM prior to 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 Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Upon receipt of Government Furnished Equipment, the Contractor 
shall submit records in accordance with the paragraph entitled, 
"Government Furnished Property," of this section.

Submit the following items to the Contracting Officer:

Site Specific Health and Safety Plan (HASP); G
Utility Outages; G
Confined Space Permits; G
Connection Requests; G
Borrow Permits; G
Excavation Permits; G
Welding Permits; G
Burning Permits; G

1.3   CONTRACT DRAWINGS

Five (5) sets of full size contract drawings will be furnished to the 
contractor free of charge.  Reference publications will not be furnished.

Contractor shall immediately check furnished drawings and notify the 
Government of any discrepancies.

1.4   WORK RESCHEDULING

Normal duty hours for work shall be from 7:30 a.m. to 4:30 p.m., Monday 
through Friday.  Requests for additional work shall require written 
approval from the Contracting Officer 7 days in advance of the proposed 
work period.  Special permission will  be given in other circumstances on a 
case by case basis.

1.5   OCCUPANCY OF PREMISES

Building will be occupied during performance of work under this Contract.

Before work is started, the Contractor shall arrange with the Contracting 
Officer a sequence of procedure, means of access, space for storage of 
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materials and equipment, and use of approaches, corridors, and stairways.

1.6   ON-SITE PERMITS

1.6.1   Utility Outages and Connection Requests

Work shall be scheduled to hold outages to a minimum.

Utility outages and connections required during the prosecution of work 
that affect existing systems shall be arranged for at the convenience of 
the Government and shall be scheduled outside the regular working hours or 
on weekends.

Contractor shall not be entitled to additional payment for utility outages 
and connections required to be performed outside the regular work hours.

Requests for utility outages and connections shall be made in writing to 
the Contracting Officer at least 3 working days in advance of the time 
required.  Each request shall state the system involved, area involved, 
approximate duration of outage, and the nature of work involved.

1.6.2   Hot Work, Excavation and Confined Space Permits

  ACTIVITY            SUBMISSION DATE         SUBMISSION FORM

  Hot Work Permits    7 days prior to work    NASA Form C-7A & NASA Form C-7B
  Confined Space      7 days prior to work    NASA Form C-199
  Excavation Permit   21 days prior to work   NASA Form C-927
  
Permits shall be posted at a conspicuous location in the construction area.

Burning of trash or rubbish is not permitted.

1.7   SALVAGE MATERIAL AND EQUIPMENT

Items of material designated by the Contracting Officer to be salvage shall 
remain the property of the Government.

It shall be segregated, itemized, delivered, and off-loaded at the 
Government designated storage area located within The Glenn Research Center.

Contractor shall maintain property control records for material or 
equipment designated as salvage.  Contractor's system of property control 
may be used if approved by the Contracting Officer.  Contractor shall be 
responsible for storage and protection of salvaged materials and equipment 
until disposition by the Contracting Officer.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

Not Used

         -- End of Section --
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SECTION 01 31 19.98

PROJECT MEETINGS
04/06

PART 1   GENERAL

1.1   SUMMARY

The requirements of this Section apply to, and are a component part of, 
each section of the specifications.

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

A Project Submittal Schedule shall be submitted in accordance with 
paragraph entitled, "Project Meetings," of this section.

The Contractor shall submit a Monthly Progress Report at the first 
meeting of each month.

1.3   PRECONSTRUCTION CONFERENCE

The Contractor shall attend a preconstruction conference scheduled by the 
Contracting Officer.  Work shall not commence prior to the conference. 
Subcontractor representatives shall attend.

Discussion shall address project orientation, personnel contact, safety 
issues, permits, deficiencies, and the location of the Contractor's office.

1.4   PROJECT MEETINGS

The Contractor shall attend weekly project meetings scheduled by the 
Government.  Subcontractor representatives shall attend.

Prepare a Two-Week Planning Schedule for each weekly project meeting. 
highlighting utility outages, material deliveries, subcontractors onsite, 
equipment on site, coordination issues and updates to the master schedule 
described in Section 01 33 00, "Submittal Procedures".

Meeting Minutes shall be kept by the Contractor and distributed after 
concurrence by the Construction Manager.

A Monthly Progress Report shall be submitted which addresses the progress 
schedule, potential factors of delay, deficiencies, material delivery 
schedules, submittals, and safety issues.

A Project Submittal Schedule shall be submitted showing full coordination 
with the project schedule.  All products and tests under each submittal 
number shall be prioritized and linked to the progress schedule.
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PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

Not Used

         -- End of Section --
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SECTION 01 33 00

SUBMITTAL PROCEDURES
05/10

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 notice to proceed

Certificates of insurance

Surety bonds

List of proposed Subcontractors

List of proposed products

Construction Progress Schedule

Network Analysis Schedule (NAS)

Submittal register

Schedule of prices

Health and safety plan

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
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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.

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 
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, mix designs, analyses or other data pertaining to 
a part of work.

Design submittals, design substantiation submittals and extensions of 
design submittals.

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 accord 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 
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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.

Confined space entry permits.

Text of posted operating instructions.

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.

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 or control system.

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.

Interim "DD Form 1354" with cost breakout for all assets 30 days prior 
to facility turnover.
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1.1.2   Approving Authority

Office or designated person authorized to approve submittal.

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.  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 this section.

SD-01 Preconstruction Submittals

Submittal Register; G

1.3   SUBMITTAL CLASSIFICATION

Submittals are classified as follows:

1.4   PREPARATION

1.4.1   Transmittal Form

Transmit submittals with transmittal form prescribed by Contracting Officer 
and 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.  Process transmittal forms to record actions 
regarding samples.

1.4.2   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, except sample installations and sample panels, 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 
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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.

1.4.3   Format for SD-02 Shop Drawings

Shop 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 are to be suitable for reproduction and be of a quality to produce 
clear, distinct lines and letters with dark lines on a white background.

Present A4 8 1/2 by 11 inches sized shop drawings as part of the bound 
volume for submittals required by section.  Present larger drawings in sets.

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.    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 2 inches 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.

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

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 
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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, and approved by the Contracting Officer.  
State on the certificate that the item has been tested in 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.

Submit manufacturer's instructions prior to installation.

1.4.5   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 A4 8 1/2 by 
11 inches.

c.  Sample of Materials Exceeding A4 8 1/2 by 11 inches:  Cut down to A4 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 
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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, 
for comparison.

1.4.6   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.

1.4.7   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.

1.4.8   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.

1.4.9   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.

1.5   QUANTITY OF SUBMITTALS

1.5.1   Number of Copies of SD-02 Shop Drawings

Submit six copies of submittals of shop drawings requiring review and 
approval only by QC organization and seven copies of shop drawings 
requiring review and approval by Contracting Officer.

1.5.2   Number of Copies of SD-03 Product Data and SD-08 Manufacturer's  
Instructions

Submit in compliance with quantity requirements specified for shop drawings.

1.5.3   Number of Samples SD-04 Samples

a.  Submit two samples, or two sets of samples showing range of variation, 
of each required item.  One approved sample or set of samples will be 
retained by approving authority and one will be returned to Contractor.
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b.  Submit one sample panel or provide one sample installation where 
directed.  Include components listed in technical section or as 
directed.

c.  Submit one sample installation, where directed.

d.  Submit one sample of non-solid materials.

1.5.4   Number of Copies SD-05 Design Data and SD-07 Certificates

Submit in compliance with quantity requirements specified for shop drawings.

1.5.5   Number of Copies SD-06 Test Reports and SD-09 Manufacturer's Field 
Reports

Submit in compliance with quantity and quality requirements specified for 
shop drawings other than field test results that will be submitted with QC 
reports.

1.5.6   Number of Copies of SD-10 Operation and Maintenance Data

Submit three copies of O&M Data to the Contracting Officer for review and 
approval.

1.5.7   Number of Copies of SD-01 Preconstruction Submittals and SD-11 
Closeout Submittals

Unless otherwise specified, submit three sets of administrative submittals.

1.6   VARIATIONS / SUBSTITUTION REQUESTS

Variations from contract requirements require Government approval pursuant 
to contract Clause FAR 52.236-21 and will be considered where advantageous 
to Government.

1.6.1   Considering Variations 

Discussion with Contracting Officer prior to submission, will help ensure 
functional and quality requirements are met and minimize rejections and 
re-submittals.  When contemplating a variation which results in lower cost, 
consider submission of the variation as a Value Engineering Change Proposal 
(VECP).

Specifically point out variations from contract requirements in transmittal 
letters.  Failure to point out deviations may result in the Government 
requiring rejection and removal of such work at no additional cost to the 
Government.

1.6.2   Proposing Variations

When proposing variation, deliver written request to the Contracting 
Officer, with documentation of the nature and features of the variation and 
why the variation is desirable and beneficial to Government.  If lower cost 
is a benefit, also include an estimate of the cost savings.  In addition to 
documentation required for variation, include the submittals required for 
the item.  Clearly mark the proposed variation in all documentation.
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1.6.3   Warranting That Variations Are Compatible

When delivering a variation for approval, Contractor warrants that this 
contract has been reviewed to establish that the variation, if 
incorporated, will be compatible with other elements of work.

1.6.4   Review Schedule Is Modified

In addition to normal submittal review period, a period of 10 working days 
will be allowed for consideration by the Government of submittals with 
variations.

1.7   SUBMITTAL REGISTER

Prepare and maintain submittal register, as the work progresses.  Use 
electronic submittal register program furnished by the Government or any 
other format.  Do not change data which is output in columns (c), (d), (e), 
and (f) as delivered by Government; retain data which is output in columns 
(a), (g), (h), and (i) as approved.  A submittal register showing items of 
equipment and materials for which submittals are required by the 
specifications is provided as an attachment.  This list may not be all 
inclusive and additional submittals may be required.  The Government will 
provide the initial submittal register in electronic format with the 
following fields completed, to the extent that will be required by the 
Government during subsequent usage.

Column (c):  Lists specification section in which submittal is 
required.

Column (d):  Lists each submittal description (SD No. and type, 
e.g. SD-02 Shop Drawings) required in each specification section.

Column (e):  Lists one principal paragraph in specification 
section where a material or product is specified.  This listing is 
only to facilitate locating submitted requirements.  Do not 
consider entries in column (e) as limiting project requirements.

The database and submittal management program will be furnished to 
Contractor on a Writable Compact Disk (CD-R), for operation on Windows 
based personal computer.

Thereafter, the Contractor is to track all submittals by maintaining a 
complete list, including completion of all data columns, including dates on 
which submittals are received and returned by the Government.

1.7.1   Use of Submittal Register

Submit submittal register as an electronic database, using submittals 
management program furnished to Contractor.  Submit with QC plan and 
project schedule.  Verify that all submittals required for project are 
listed and add missing submittals.  Coordinate and complete the following 
fields on the register submitted with the QC plan and the project schedule:

Column (a) Activity Number:  Activity number from the project 
schedule.

Column (g) Contractor Submit Date:  Scheduled date for approving 
authority to receive submittals.
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Column (h) Contractor Approval Date:  Date Contractor needs 
approval of submittal.

Column (i) Contractor Material:  Date that Contractor needs 
material delivered to Contractor control.

1.7.2   Contractor Use of Submittal Register

Update the following fields in the Government-furnished submittal register 
program or equivalent fields in program utilized by Contractor with each 
submittal throughout contract.

Column (b) Transmittal Number:  Contractor assigned list of 
consecutive numbers.

Column (j) Action Code (k):  Date of action used to record 
Contractor's review when forwarding submittals to QC.

Column (l) List date of submittal transmission.

Column (q) List date approval received.

1.7.3   Approving Authority Use of Submittal Register

Update the following fields in the Government-furnished submittal register 
program or equivalent fields in program utilized by Contractor.

Column (b) Transmittal Number:  Contractor assigned list of 
consecutive numbers.

Column (l) List date of submittal receipt.

Column (m) through (p)List Date related to review actions.

Column (q) List date returned to Contractor.

1.7.4   Contractor Action Code and Action Code

Entries for columns (j) and (o), are to be used are as follows (others may 
be prescribed by Transmittal Form):

NR - Not Received

AN - Approved as noted

A - Approved

RR - Disapproved, Revise, and Resubmit

1.7.5   Copies Delivered to the Government

Deliver one copy of submittal register updated by Contractor to Government 
with each invoice request.  Deliver in electronic format, unless a paper 
copy is requested by Contracting Officer.

1.8   SCHEDULING

Schedule and submit concurrently submittals covering component items 
forming a system or items that are interrelated.  Include certifications to 
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be submitted with the pertinent drawings at the same time.  No delay 
damages or time extensions will be allowed for time lost in late submittals.

a.  Coordinate scheduling, sequencing, preparing and processing of 
submittals with performance of work so that work will not be delayed by 
submittal processing.  Allow for potential resubmittal of requirements.

b.  Submittals called for by the contract documents will be listed on the 
register.  If a submittal is called for but does not pertain to the 
contract work, the Contractor is to include the submittal in the 
register and annotate it "N/A" with a brief explanation.  Approval by 
the Contracting Officer does not relieve the Contractor of supplying 
submittals required by the contract documents but which have been 
omitted from the register or marked "N/A".

c.  Re-submit register and annotate monthly by the Contractor with actual 
submission and approval dates.  When all items on the register have 
been fully approved, no further re-submittal is required.

d.  Carefully control procurement operations to ensure that each individual 
submittal is made on or before the Contractor scheduled submittal date 
shown on the approved "Submittal Register."

Within 30 calendar days of notice to proceed, provide, for approval by the 
Contracting Officer, the following schedule of submittals:

a.  A schedule of shop drawings and technical submittals required by the 
specifications and drawings.  Indicate the specification or drawing 
reference requiring the submittal; the material, item, or process for 
which the submittal is required; the "SD" number and identifying title 
of the submittal; the Contractor's anticipated submission date and the 
approval need date.

b.  A separate schedule of other submittals required under the contract but 
not listed in the specifications or drawings.  Schedule will indicate 
the contract requirement reference; the type or title of the submittal; 
the Contractor's anticipated submission date and the approved need date 
(if approval is required).

1.9   GOVERNMENT APPROVING AUTHORITY

When approving authority is Contracting Officer, the Government will:

a.  Note date on which submittal was received.

b.  Review submittals for approval within scheduling period specified and 
only for conformance with project design concepts and compliance with 
contract documents.

c.  Identify returned submittals with one of the actions defined in 
paragraph entitled, "Review Notations," of this section and with 
markings appropriate for action indicated.

Upon completion of review of submittals requiring Government approval, 
stamp and date approved submittals.  2 copies of the approved submittal 
will be retained by the Contracting Officer and 4 copies of the submittal 
will be returned to the Contractor.  If the Government performs a 
conformance review of other Designer of Record approved submittals, the 
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submittals will be so identified and returned, as described above.

1.9.1   Review Notations

Contracting Officer review will be completed within 7 calendar days after 
date of submission.  Submittals will be returned to the Contractor with the 
following notations:

a.  Submittals marked "approved" or "accepted" authorize the Contractor to 
proceed with the work covered.

b.  Submittals marked "approved as noted" "or approved except as noted, 
resubmittal not required," authorize the Contractor to proceed with the 
work covered provided he takes no exception to the corrections.

c.  Submittals marked "not approved" or "disapproved," or "revise and 
resubmit," indicate noncompliance with the contract requirements or 
design concept, or that submittal is incomplete.  Resubmit with 
appropriate changes.  No work shall proceed for this item until 
resubmittal is approved.

d.  Submittals marked "not reviewed" will indicate submittal has been 
previously reviewed and approved, is not required , does not have 
evidence of being reviewed and approved by Contractor, or is not 
complete.  A submittal marked "not reviewed" will be returned with an 
explanation of the reason it is not reviewed. Resubmit submittals 
returned for lack of review by Contractor or for being incomplete, with 
appropriate action, coordination, or change.

1.10   DISAPPROVED OR REJECTED SUBMITTALS

Contractor shall make corrections required by the Contracting Officer.  If 
the Contractor considers any correction or notation on the returned 
submittals to constitute a change to the contract drawings or 
specifications; notice as required under the clause entitled, "Changes," is 
to be given to the Contracting Officer.  Contractor is responsible for the 
dimensions and design of connection details and construction of work.  
Failure to point out deviations may result in the Government requiring 
rejection and removal of such work at the Contractor's expense.

If changes are necessary to submittals, the Contractor shall make such 
revisions and submission of the submittals in accordance with the 
procedures above.  No item of work requiring a submittal change is to be 
accomplished until the changed submittals are approved.

1.11   APPROVED/ACCEPTED SUBMITTALS

The Contracting Officer's approval or acceptance of submittals is not be 
construed as a complete check, and indicates only that.  Approval or 
acceptance will not relieve the Contractor of the responsibility for any 
error which may exist, as the Contractor under the Contractor Quality 
Control (CQC) requirements of this contract is responsible for dimensions, 
the design of adequate connections and details, and the satisfactory 
construction of all work.  After submittals have been approved or accepted 
by the Contracting Officer, no resubmittal for the purpose of substituting 
materials or equipment will be considered unless accompanied by an 
explanation of why a substitution is necessary.
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1.12   APPROVED SAMPLES

Approval of a sample is only for the characteristics or use named in such 
approval and is not be construed to change or modify any contract 
requirements.  Before submitting samples, the Contractor to assure that the 
materials or equipment will be available in quantities required in the 
project.  No change or substitution will be permitted after a sample has 
been approved.

Match the approved samples for materials and equipment incorporated in the 
work.  If requested, approved samples, including those which may be damaged 
in testing, will be returned to the Contractor, at his expense, upon 
completion of the contract.  Samples not approved will also be returned to 
the Contractor at its expense, if so requested.

Failure of any materials to pass the specified tests will be sufficient 
cause for refusal to consider, under this contract, any further samples of 
the same brand or make of that material.  Government reserves the right to 
disapprove any material or equipment which previously has proved 
unsatisfactory in service.

Samples of various materials or equipment delivered on the site or in place 
may be taken by the Contracting Officer for testing.  Samples failing to 
meet contract requirements will automatically void previous approvals.  
Contractor to replace such materials or equipment to meet contract 
requirements.

Approval of the Contractor's samples by the Contracting Officer does not 
relieve the Contractor of his responsibilities under the contract.

1.13   PROGRESS SCHEDULE

1.13.1   Bar Chart

a.  Submit the progress chart, for approval by the Contracting Officer, at 
the Preconstruction Conference in one reproducible and 4 copies.

b.  Prepare the progress chart in the form of a bar chart utilizing form 
"Construction Progress Chart" or comparable format acceptable to the 
Contracting Officer.

c.  Include no less than the following information on the progress chart:

(1)  Break out by major headings for primary work activity.

(2)  A line item break out under each major heading sufficient to 
track the progress of the work.

(3)  A line item showing contract finalization task which includes 
punch list, clean-up and demolition, and final construction 
drawings.

(4)  A materials bar and a separate labor bar for each line item.  
Both bars will show the scheduled percentage complete for any 
given date within the contract performance period.  Labor bar will 
also show the number of men (man-load) expected to be working on 
any given date within the contract performance period.
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(5)  The estimated cost and percentage weight of total contract cost 
for each materials and labor bar on the chart.

(6)  Separate line items for mobilization and drawing submittal and 
approval.  (These items are to show no associated costs.)

d.  Update the progress schedule in one reproduction and 4 copies every 30 
calendar days throughout the contract performance period.

1.13.2   Project Network Analysis

Submit the initial progress schedule within 21 calendar days of notice to 
proceed.  Schedule is to be updated and resubmitted monthly beginning 7 
calendar days after return of the approved initial schedule.  Updating to 
entail complete revision of the graphic and data displays incorporating 
changes in scheduled dates and performance periods.  Redlined updates will 
only be acceptable for use as weekly status reviews.

Contractor to provide a single point contact from his on-site organization 
as his Schedule Specialist.  Schedule Specialist is to have the 
responsibility of updating and coordinating the schedule with actual job 
conditions.  Schedule Specialist to participate in weekly status meetings 
and present current information on the status of purchase orders, shop 
drawings, off-site fabrication, materials deliveries, Subcontractor 
activities, anticipated needs for Government furnished equipment, and any 
problem which may impact the contract performance period.

Include the following in the project network analysis:

a.  Graphically display with the standard network or arrow diagram capable 
of illustrating the required data.  Drafting to be computer generated 
on standard 24 by 36 inch (nominal size) drafting sheets or on small ( 
11 by 17 inch minimum) sheets with separate overview and detail 
breakouts.  Provide a project network analysis that is legible with a 
clear, consistent method for continuations and detail referencing.  
Clearly delineate  the critical path on the display. Clearly indicate 
the contract milestone date on the project network analysis graphic 
display.

b.  Data is to be presented as a separate printout on paper or, where 
feasible, may be printed on the same sheet as the graphic display. Data 
is to be organized in a logical coherent display capable of periodic 
updating.

c.  Include within the data verbal activity descriptions with a numerical 
ordering system cross referenced to the graphic display.  Additionally, 
costs (broken down into separate materials and costs), duration, early 
start date, early finish date, late start date, late finish date, and 
float are to be detailed for each activity.  A running total of the 
percent completion based on completed activity costs versus total 
contract cost is to be indicated.  A system for indicating scheduled 
versus actual activity dates and durations is also to be provided.

d.  Sufficient detail to facilitate the Contractor's control of the job and 
to allow the Contracting Officer to readily follow progress for 
portions of the work should be shown within the schedule.
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1.14   STATUS REPORT ON MATERIALS ORDERS

Within 303 calendar days after notice to proceed, submit, for approval by 
the Contracting Officer, an initial material status report on all materials 
orders.  This report will be updated and re-submitted every 303 calendar 
days as the status on material orders changes.

Report to include list, in chronological order by need date, materials 
orders necessary for completion of the contract.  The following information 
will be required for each material order listed:

a.  Material name, supplier, and invoice number.

b.  Bar chart line item or CPM activity number affected by the order.

c.  Delivery date needed to allow directly and indirectly related work to 
be completed within the contract performance period.

d.  Current delivery date agreed on by supplier.

e.  When item d exceeds item c, the effect that delayed delivery date will 
have on contract completion date.

f.  When item d exceeds item c, a summary of efforts made by the Contractor 
to expedite the delayed delivery date to bring it in line with the 
needed delivery date, including efforts made to place the order (or 
subcontract) with other suppliers.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

Not Used

        -- End of Section --
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SECTION 01 35 26.98

GENERAL SAFETY REQUIREMENTS
04/06

PART 1   GENERAL

1.1   SUMMARY

The requirements of this Section apply to, and are a component part of, 
each section of the specifications.

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.

CODE OF FEDERAL REGULATIONS (CFR)

10 CFR 20 (1991) Standards for Protection Against 
Radiation

29 CFR 1910 (2001) Occupational Safety and Health 
Standards

29 CFR 1926 (2001) Safety and Health Regulations for 
Construction

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)

NASA NPG 8715.3 (2004) NASA Safety Manual

GRC-MQSA.001 Glenn Safety Manual 

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-06 Test Reports

Records shall be submitted in accordance with paragraph entitled, "
Gas Protection," of this section.

SD-07 Certificates

Statements shall be submitted for the following items in 
accordance with paragraphs entitled, "Safety Plan" and "Protection 
Plan," of this section.

Letter from employer naming OSHA required competent person.

Site Specific Health and Safety Plan G
Protection Plan G

Letter from subcontractors concurring with HASP if written by the 
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prime contractor.

License Certificates for radiation materials and equipment shall 
be submitted by the Contracting Officer prior to the start of work.

1.3.1   Site Specific Health and Safety Plan

Contractor shall submit a site specific health and safety plan to the 
Contracting Officer for approval within 10 working days after award of 
contract and it shall be approved prior to notice to proceed.  Compliance 
to the safety plan is mandatory.  A copy of this approved  plan shall be 
maintained in the Contractor's field office.  This document will be made 
available upon request from the Contracting Officer's Technical 
Representative and the Safety, Health and Environmental Division (SHED).

The Site Specific Health and Safety plan shall be submitted electronically 
and include, as a minimum, the following in accordance with Chapter 17 or 
the Glenn Safety Manual (GSM):

a.  Safety program objectives.

b.  Methods to attain safety objectives.

c.  Responsibility of key personnel for the Contractor.

d.  Safety meetings, surveys, inspections, and reports.

e.  Identification of unusual safety hazards and mitigation plan to 
allow for safe conduct of work.

f.  Disaster and emergency programs.

g.  Lists of key personnel to be contacted in times of emergency.

h.  Program to show compliance with Federal OSHA Safety and Health 
Standards 29 CFR 1910 and 29 CFR 1926 and various safety 
requirements of NASA NPG 8715.3 and Chapter 17 of the GSM.

i.  Methods to comply with the requirement for immediate reporting of 
mishaps to the Contracting Officer in accordance with NPD 8621.1G.

j.  Statement that the Contractor will not invalidate the integrity of 
safety systems without proper authorization.

k.  Procedures for emergency actions to be taken to secure dangerous 
conditions, to protect personnel, and secure work areas in the 
event of accident or an act of nature.

l.  Procedures for securing the mishap site so that the area remains 
secure until arrival of a safety investigator.  Mishap site will 
remain secured until released by the Contracting Officer per NPR 
8621.1 and GSM Chapter 21.

m.  Provide MSDS sheets for all hazardous materials which will be 
used.  Methods for handling and storage shall be identified.

1.3.2   Protection Plan

Structures, utilities, sidewalks, pavements, and other facilities 
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immediately adjacent to excavations shall be protected against damage.  
Plan for protection of adjacent NASA and Support Service Contractor (SSC) 
personnel.

1.4   GENERAL SAFETY PROVISIONS

The GRC Safety Manual, GRC-MQSA.001, is available online at 
http://smad-ext.grc.nasa.gov/shed/pub/gsm/chapter_index.shtml

Contractor shall take safety and health measures in performing work under 
this Contract.  Contractor shall meet with the Contracting Officer to 
develop a mutual understanding relative to administration of the safety 
plan.  Contractor is subject to applicable federal, state, and local laws, 
regulations, ordinances, codes, and orders relating to safety and health in 
effect on the date of this Contract.

During the performance of work under this Contract, the Contractor shall 
comply with procedures prescribed for control and safety of persons 
visiting the project site.  Contractor is responsible for his personnel and 
for familiarizing each of his subcontractors with safety requirements. 
Contractor shall advise the Contracting Officer of any special safety 
restriction he has established so that Government personnel can be notified 
of these restrictions.

1.5   SAFETY LOCKOUT/TAGOUT PROCEDURES

Contractor shall ensure that each employee is familiar with and complies 
with these procedures and 29 CFR 1910.147 and Chapter 9 or the the GSM.

Contracting Officer will, at the Contractor's request, apply  
lockout/tagout tags and take other actions that, because of experience and 
knowledge, are known to be necessary to make the particular equipment safe 
to work on.  Contractor shall verify any LO/TO.

No person, regardless of position or authority, shall operate any switch, 
valve, or equipment that has an official lockout/tagout tag attached to it, 
nor shall such tag be removed except as provided in this section.

No person shall work on any equipment that requires a lockout/tagout tag 
unless he, his immediate supervisor, project leader, or a subordinate has 
in his possession the stubs of the required lockout/tagout tags.

When work is to be performed on electrical circuits, the work shall be 
performed only by personnel qualified observing the required safety 
clearance.

A supervisor who is required to enter an area protected by a lockout/tagout 
tag will be considered a member of the protected group provided he notifies 
the holder of the tag stub each time he enters and departs from the 
protected area.

Identification markings on building light and power distribution circuits 
shall not be relied on for established safe work conditions.

Before clearance will be given on any equipment other than electrical 
(generally referred to as mechanical apparatus), the apparatus, valves, or 
systems shall be secured in a passive condition with the appropriate vents, 
pins, and locks.
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Pressurized or vacuum systems shall be vented to relieve differential 
pressure completely.

Vent valves shall be tagged open during the course of the work.

Where dangerous gas or fluid systems are involved, or in areas where the 
environment may be oxygen deficient, system or areas shall be purged, 
ventilated, or otherwise made safe prior to entry.

1.5.1   Tag Placement and Removal

Lockout/tagout tags shall be completed in accordance with the regulations 
in Chapter 9 of the GRC Safety Manual, GLM-QS-1700.1 and attached to any 
device which, if operated, could cause an unsafe condition to exist.

1.6   ACCIDENT TREATMENT AND RECORDS

Contractor shall post emergency first aid and ambulance information at 
project site.

Emergency response shall require the Contractor to call 911 on a NASA phone 
or 216 433-8888 on an outside line. 

1.7   FIRE PREVENTION AND PROTECTION

Open-flame heating devices will not be permitted because of fires.

Burning trash, brush, or wood on the project site shall not be permitted.  
All hot work requires an approved hot work authorization permit and shall 
comply with Chapter 28 and 31 of the GSM.

1.8   ELECTRICAL

Contractor shall appoint an individual responsible for the electrical 
safety of each work team to restrict entry to dangerous locations to those 
authorized by him jointly with the Government.

1.9   UNDERGROUND UTILITIES

Safety clearance from the Contracting Officer is required before any 
Contractor personnel enters a manhole.  Contractor shall have an approved 
confined space permit from SHED.

Contractor shall be responsible for removing water and debris after SHED 
approval before commencement and during execution of work in manholes.

1.10   RADIATION SAFETY REQUIREMENTS

License Certificates for radiation materials and equipment shall be 
submitted to the Contracting Officer for all specialized material and 
equipment that could cause fatal harm to construction personnel or to the 
construction project.

Workers shall be protected from radiation exposure in accordance with 
10 CFR 20.  Standards for Protection Against Radiation

Loss of radioactive material shall be reported immediately to the 
Contracting Officer.
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Actual exposure of the radiographic film or unshielding the source shall 
not be initiated until after 5 p.m. on weekdays.

In instances where radiography is scheduled near or adjacent to buildings 
or areas having limited access or one-way doors, no assumptions shall be 
made as to building occupancy.  Where necessary, the Contracting Officer 
will direct the Contractor to conduct an actual building entry, search, and 
alert.  Where removal of personnel from such a building cannot be 
accomplished and it is otherwise safe to proceed with the radiography, a 
fully instructed employee shall be positioned inside such building or area 
to prevent exiting while external radiographic operations are in process.

1.11   FACILITY OCCUPANCY CLOSURE

Streets, walks, and other facilities occupied and used by the Government 
shall not be closed or obstructed without written permission from the 
Contracting Officer.

1.12   PROTECTION OF WORK

Prior to performing any excavation work or any surface penetrations 6 inches
or deeper (such as driving stakes more than 6 inches in the ground) on any 
ground surface, the Contractor shall obtain from the Facilities Division 
(FD) the current subsurface utility drawing of the particular area to be 
worked on and an approved confined space permit.  Contractor shall stake 
out subsurface high voltage cables, communication cables, and pipe lines 
indicated within the scope of the work contemplated.  After exposure, the 
Contractor shall obtain agreement from the Contracting Officer on how much 
closer to cable or pipe the excavations can be permitted.

Contractor shall notify the Contracting Officer, 48 hours prior to the 
start of excavation work or surface penetration, to enable the Contracting 
Officer to review measures being taken to prevent hazard to employees and 
possible damage to subsurface utilities.  Where emergency conditions 
preclude the 48 hours advance notification, the Contractor shall 
immediately inform the Contracting Officer of his intention to initiate 
work prior to actual start of activity.

After obtaining clearance from the Contracting Officer, the Contractor 
shall proceed with excavating work, or other surface penetration work.  
Contractor, however, shall temporarily halt any machine excavation work or 
other surface penetration when approaching within 10 feet of the staked-out 
cable or pipe line until the Contractor has exposed the cable or pipe by 
hand excavation to fix its location.

1.13   GAS PROTECTION

Contractor shall have one or more employees properly trained in operation 
of gas testing equipment and formally qualified as gas inspectors who shall 
be on duty during times workmen are in confined spaces.  Their primary 
functions shall be to test for gas and operate testing equipment.  Unless 
equipment of constant supervisory type with automatic alarm is employed, 
gas tests shall be made at least every 2 hours or more often when character 
of ground or experience indicates gas may be encountered.  A gas test shall 
be made before workmen are permitted to enter the excavation after an idle 
period exceeding one-half hour.

Readings shall be permanently recorded daily, indicating the concentration 
of gas, number and location of drilled piers, point of test, date, and time 
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of test.

Special requirements, coordination, and precautions will apply to areas 
that contain a hazardous atmosphere or, by virtue of their use or physical 
character, may be oxygen deficient.  A check by Government is required 
prior to entering confined space.  Surveillance and monitoring shall be 
required in these types of work spaces by both Contractor and Government 
personnel.

1.14   ROOFING AND COATING

At the beginning of each work day the Contractor shall check with the 
Contracting Officer before proceeding to work on the roof to ensure safe 
work conditions.

1.15   WELDING, FLAME CUTTING, AND MELTING

Contractor shall clear welding and cutting operations with the Contracting 
Officer before operations begin and obtain a hot work authorization 
permit.  Contractor shall conduct and complete the pre-operation checklist 
prior to hot work activity.

Contractor shall discontinue burning, welding, or cutting operations 1 hour 
prior to the end of the normal work day.  A firewatch shall remain at the 
site for 1 hour after discontinuing these operations to make thorough 
inspection of the area for possible sources of latent combustion.

1.16   HIGH NOISE LEVEL PROTECTION

Operations performed by the Contractor that involve the use of equipment 
with output of high noise levels (jackhammers, air compressors, and 
explosive device activated tools) shall be approved in writing by the 
Contracting Officer prior to commencement of work.

1.17   SEVERE STORM PLAN

In the event of a severe storm warning, the Contractor shall:

a.  Secure outside equipment and materials and place materials 
possible to damage in protected locations.

b.  Check surrounding area, including roof, for loose material, 
equipment, debris, and other objects that could be blown away or 
against existing facilities.

c.  Ensure that temporary erosion controls are adequate.

1.18   CONFINED SPACE

Comply with the requirements in Chapter 16 of the GRC Safety Manual, 
29 CFR 1910.146 and NPR 8715.3.  Any potential for a hazard in the confined 
space requires a permit system to be used. 

a.  Entry Procedures.  Prohibit entry into a confined space by 
personnel for any purpose, including hot work, until the competent 
person has conducted appropriate tests to ensure the confined or 
enclosed space is safe for the work intended and that all 
potential hazards are controlled or eliminated and documented.    
for entry procedures.) All hazards pertaining to the space shall 
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be reviewed with each employee during review of the entry permit.

b.  Forced air ventilation is required for all confined space entry 
operations and the minimum air exchange requirements must be 
maintained.

c.  Ensure the use of rescue and retrieval devices in confined spaces 
greater than 5 feet in depth.

d.  Manholes and excavations require continuous atmosphere monitoring 
with audible alarm for toxic gas detection and low oxygen levels.

e.  Include training information for employees who will be involved as 
entrant attendants for the work.

f.  Entry Permit.  Use C-199 , completed by the entry supervisor.  
Post the permit in a conspicuous place close to the confined space 
entrance.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

Not Used

         -- End of Section --
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SECTION 01 35 43.98

ENVIRONMENTAL PROTECTION PROCEDURES
04/06

PART 1   GENERAL

1.1   SUMMARY

The pollution prevention, environmental compliance, and sustainability 
provisions described in this section apply to all work under this contract.

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.

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

29 CFR 1910.120 (2002) Hazardous Waste Operations and 
Emergency Response

29 CFR 1910.1200 (1996) Hazard Communication

29 CFR 1910 (2001) Occupational Safety and Health 
Standards

40 CFR 82 (2003) Protection of Stratospheric Ozone

40 CFR 112 (2005) Subpart B Requirements for 
Petroleum Oils and Non-Petroleum Oils

40 CFR 261 Identification and Listing of Hazardous 
Waste

40 CFR 265.16 (2003) Personnel Training

40 CFR 262 Standards Applicable to Generators of 
Hazardous Waste

40 CFR 273.2 (2003) Batteries

40 CFR 273.3 (2003) Pesticides

40 CFR 273.4 (2003) Mercury Thermometers

40 CFR 273.5 (2003) Lamps

40 CFR 173 (2005) Shippers -- general requirements 
for shipments and packagings

40 CFR 177 (2005) Carriage by public highway

40 CFR 178 (2005) Specifications for packagings

40 CFR 761 (2005) Polychlorinated biphenyls (PCBs) 
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manufacturing, processing, distribution in 
commerce, and use prohibitions

49 CFR 100-185 (2002) Transportation

49 CFR 171 General Information, Regulations, and 
Definitions

50 CFR 17 (2002) Endangered and Threatened Wildlife 
and Plants

1.3   SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00, 
"SUBMITTAL PROCEDURES," in sufficient detail to show full compliance with 
the specification:

SD-01 Preconstruction Submittals

Environmental protection plan; G

Dirt and dust control plan; G

Request for Wastewater, at least 7 days before commencement of 
discharge.  The request shall include the estimated discharge 
volume, discharge rate, source of the wastewater and the duration 
of discharge.  Analysis of the wastewater might be needed to 
obtain the discharge approval.

Hazardous Materials Inventories Statement (HMIS) and Material 
Safety Data Sheets (MSDS), at project commencement and as 
necessary to reflect changes in materials stored.

A copy of the Hazard Communication Written Program per 29 CFR 1910.1200(e).

MSDSs of all products before bringing these materials on-site.

List of Solid Waste, Hazardous Waste, Construction Debris (CD) and 
Commercial/Industrial Fill (CIF) Subcontractors four weeks prior 
to removal from site.

Treatment, Storage and Disposal Facility List:  The Contractor 
shall submit a list of storage and disposal facilities (TSDF) that 
perform treatment, storage, or disposal services under this 
contract.  Each facility shall have, as a minimum, EPA RCRA 
interim status or state approval as a treatment of disposal 
facility and be in good standing with regulatory community.  
Recycling facilities shall meet all federal, state and local 
regulations.  The Contractor shall not use a facility other than 
those initially approved for use under this contract without first 
obtaining the written approval of the COTR.

SD-06 Test Reports

Site Inspection Checklists, every week for projects handling 
hazardous materials.

RCRA 90-Day Waste Accumulation Site Inspection Checklists, weekly 
for all hazardous waste storage areas for the duration of the 
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on-site project work.

Hazardous Waste Profiles, and supporting analytical data three 
weeks prior to disposal for NASA GRC Waste Management Team (WMT) 
to review prior to Environmental Management Branch (EMB) signature.

Laboratory analysis

Disposal Requirements

SD-07 Certificates

TSDF Letter of Acceptance and Hazardous Waste Manifests one week 
prior to shipment and for review by WMT and signature by NASA GRC 
Safety, Health & Environmental Division (SHED) immediately prior 
to shipment.

Final, signed hazardous waste manifests completed by the 
contractor and disposal facility in accordance with 40 CFR 261.  
The NASA Waste Management Team shall receive the final signed 
manifest directly from the disposal facility.  In the event the 
contractor receives the final signed manifest, it shall be 
immediately forwarded to the NASA Waste Management Team.   For 
Solid Waste/CD/CIF all documents shall be forwarded to the 
Contracting Officer by the Contractor.

SD-11 Closeout Submittals

Some of the records listed below are also required as part of 
other submittals.  For the "Records" submittal, maintain on-site a 
separate three-ring Environmental Records binder and submit at the 
completion of the project.  Make separate parts to the binder 
corresponding to each of the applicable sub items listed below.

Preconstruction survey

Waste determination documentation

Disposal documentation for solid, hazardous, and regulated waste

Contractor employee training records in compliance with 
40 CFR 265.16, 29 CFR 1910.120, 29 CFR 1910.1200 and 40 CFR 82.

Regulatory notification

Erosion and sediment control inspection reports

Solid waste disposal report

Contractor Hazardous Material Inventory Log; G

Hazardous Waste/Debris Management

Reclamation of Equipment Containing Hazardous Waste Residues:  The 
Contractor shall submit to the COTR the facility to which 
equipment containing hazardous material residues are shipped for 
reclamation, such as electrical wrapped with asbestos and 
electrical panels containing asbestos.  The disclosure shall be 
documented on the Bill of Lading or by other written means.  This 
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process shall be managed by the WMT.

Disposal of Non-Hazardous Waste Containing Hazardous Material 
Residue:  The Contractor shall submit to the COTR the facility to 
which equipment containing hazardous material residues are shipped 
for disposal, such as steel coated with lead paint.  The 
disclosure shall be documented on the Bill of Lading or by other 
written means.  Supporting analytical data shall be included to 
document the equipment is not hazardous waste.

1.4   GENERAL RESPONSIBILITIES

Conduct project activities in a manner that protects surface/ground water 
and air quality, conserves resources, and minimizes the use of toxic 
chemicals and hazardous materials.

Minimize environmental pollution and damage that may occur as the result of 
construction and demolition operations.  The environmental resources within 
the project boundaries and those affected outside the limits of permanent 
work shall be protected during the entire duration of this contract.

The Contracting Officer will notify the Contractor in writing of any 
observed noncompliance with Federal, State, or local environmental laws or 
regulations, permits, GRC Environmental Policy, and Federal Executive 
Orders.   The Contractor shall, after receipt of such notice, inform the 
Contracting Officer of the proposed corrective action and take such action 
when approved by the Contracting Officer in consultation with the 
Environmental Management Branch.  The Contracting Officer may issue an 
order stopping all or part of the work until satisfactory corrective action 
has been taken.  No time extension shall be granted or equitable 
adjustments allowed to the Contractor 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 of 
Federal Law.

The Contractor shall be responsible for payment of all fines/fees for 
violation or non-compliance with Federal, State, Regional and local 
environmental laws and regulations.

1.5   CONSTRUCTION AND DEMOLITION DEBRIS (C&DD) MANAGEMENT

Any removed or demolished item that meets the definition of C&DD shall be 
evaluated for reuse and/or recycling.  The Contractor shall reuse or 
recycle any item that can be segregated from the waste stream and reused or 
recycled in a cost effective manner.  The WMT manages the Construction 
Waste Management Program.  All reuse, recycling and disposal activities 
shall be coordinated with the WMT.  The Contractor shall submit a manifest 
for any C&DD materials that will be reused off site, recycled or disposed 
of to the COTR, which will then be reviewed and approved by the WMT for 
transportation off-site.  Materials that will be reused or recycled shall 
be segregated and manifested individually.   NASA has specifically targeted 
the following materials for reuse or recycling: Asphalt, Concrete, 
Gravel/Stone, Commercial/Industrial Fill Soil, Topsoil, Trees/Bushes, 
Ferrous and Non-Ferrous Metals, Concrete Block, Bricks, Carpeting, and 
Ceramic Tiles.

1.6   DEFINITIONS

Construction and Demolition Debris - Those materials resulting from the 
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alteration, construction, destruction, rehabilitation, or repair of any 
manmade physical structure, including, without limitation, houses, 
buildings, industrial or commercial facilities, or roadways. "Construction 
and demolition debris" does not include materials identified or listed as 
solid wastes, infectious wastes, or hazardous wastes pursuant to Chapter 
3734 of the Revised Code and rules adopted under it; or materials from 
mining operations, nontoxic fly ash, spent nontoxic foundry sand, and slag; 
or reinforced or non-reinforced concrete, asphalt, building or paving 
brick, or building or paving stone that is stored for a period of less than 
two years for recycling into a usable construction material.  For the 
purpose of this definition, "materials resulting from the alteration, 
construction, destruction, rehabilitation, or repair of any manmade 
physical structure," are those structural and functional materials 
comprising the structure and surrounding site improvements, such as brick, 
concrete and other masonry materials, stone, glass, wall coverings, 
plaster, drywall, framing and finishing lumber, roofing materials, plumbing 
fixtures, heating equipment, electrical wiring and components containing no 
hazardous fluids or refrigerants, insulation, affixed carpeting, asphalt 
substances, metals incidental to any of the above, and weathered railroad 
ties and utility poles.  "Materials resulting from the alteration, 
construction, destruction, rehabilitation, or repair" do not include 
materials whose removal has been required prior to demolition, and 
materials which are otherwise contained within or exist outside the 
structure such as solid wastes, yard wastes, furniture, and appliances. 
Also excluded in all cases are liquids including containerized or bulk 
liquids, fuel tanks, drums and other closed or filled containers, tires, 
and batteries.

"Clean hard fill" - C&DD which consists only of reinforced or 
non-reinforced concrete, asphalt concrete, brick, block, tile, and/or stone 
which can be reutilized as construction material. Brick in clean hard fill 
includes but is not limited to refractory brick and mortar. Clean hard fill 
does not include materials contaminated with solid wastes, hazardous 
wastes, or infectious wastes.

Hazardous Material - Any material that poses a significant present or 
potential hazard to human health and safety or to the environment if 
released into the workplace or the environment.  Common examples are oil, 
fuel, caustic and acid cleaners, mineral spirits, petroleum distillate 
based solvents, oil based paints, aerosol spray paints, coolants and 
antifreeze, and solvents/cleaners containing chlorinated compounds.

Hazardous Waste - As defined in 40 CFR 261.3.

Non-Hazardous Solid Waste - Includes rubbish, debris, garbage, and other 
discarded solid materials resulting from industrial, commercial, 
construction, and agricultural operations, and from community activities. 
Also includes soil with contaminant levels above Voluntary Action Program 
(VAP) commercial/industrial fill standards.

Non-Sewerable - Wastewater that contains at least one contaminant above the 
allowable discharge limit set by the Publicly Owned Treatment Works (POTWs) 
for discharge to the sanitary sewer.

Reclamation - A process to recover or regenerate a usable product.  
Examples are recovery of lead from spent batteries and regeneration of 
spent solvents.

Recycling - In general, the use of discarded materials and objects in 
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original or changed form rather than disposing of them. Examples include 
paper, cardboard boxes, empty containers and certain elements of 
Construction and Demolition Debris, including but not limited to metal 
building materials, piping, electrical, wiring, concrete, and masonry 
building materials, gypsum products and various floor coverings.

Solid Waste - As defined in 40 CFR 261.2.

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 may require a permit to discharge 
water from the State of Ohio.

Universal Waste - Universal Waste means any of the following hazardous 
wastes that are subject to the universal waste requirements of 40 CFR part 
273:

(1) Batteries as described in 40 CFR 273.2
(2) Pesticides as described in 40 CFR 273.3
(3) Thermostats as described in 40 CFR 273.4; and
(4) Lamps as described in 40 CFR 273.5.

1.7   NATURAL AND CULTURAL RESOURCES

The Contractor shall conduct activities in a manner that does not 
unnecessarily negatively impact fauna or flora, and in accordance with 
50 CFR 17.  The Contractor shall minimize interference with, disturbance 
to, and damage to all fish, wildlife, and plants including their habitat.  
The Contractor shall be responsible for the protection of threatened and 
endangered animal and plant species including their habitat in accordance 
with Federal, State, and local laws and regulations.

If during excavation or other construction activities any previously 
unidentified or unanticipated historical, archaeological, and cultural 
resources are discovered or found, all activities that may damage or alter 
such resources shall be temporarily suspended.  Resources covered by this 
paragraph include but are not limited to any human skeletal remains or 
burials, artifacts, shell, midden (refuse heap), bone, charcoal, or other 
deposits, rock or coral alignments, pavings, wall, or other constructed 
features, and any indication of agricultural or other human activities.  
Upon such discovery or find, the Contractor shall immediately notify the 
Contracting Officer so that the appropriate authorities may be notified and 
a determination made as to their significance.  The Contractor shall cease 
all activities that may result in impact to or the destruction of these 
resources.  The Contractor shall secure the area and prevent employees or 
other persons form trespassing on, removing, or otherwise disturbing such 
resources.  The Contractor may proceed with work in areas devoid of 
cultural resources.

1.8   WASTEWATER DISCHARGE PERMITS

In accordance with the Clean Water Act and State of Ohio regulations, a 
specific Incidental Sewer Discharge permit is required before discharging 
wastewaters to the sanitary sewer system from project activities such as 
excavation dewatering, cleaning operations, and decontamination water.

The Contractor shall complete and submit a Request for Incidental Sewer 
Discharge form to the Contracting Officer at least 7 days prior to the 
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planned discharge of contaminated groundwater or other wastewater.  The 
Contracting Officer will inform the GRC SHED of this request and obtain 
approval for discharge.  The request shall include the estimated discharge 
volume, discharge rate, source of the wastewater and the duration of 
discharge.  Analyses may be needed to obtain discharge approval from SHED.

1.8.1   Wastewater Discharge

With the exception of non-contaminated groundwater from an excavation, 
wastewater from Contractor operations shall be containerized by the 
Contractor until the Contractor is notified of discharge approval.

The Contractor shall record and submit information specified in the 
discharge permit issued to the project including, but not limited to, the 
location of discharge, dates of discharge, quantity of water discharged, 
source of the wastewater, dates wastewater was sampled and analyzed (if 
required), and filtering method (if required).

Non-sewerable wastewater that is hazardous waste shall be managed and 
disposed of properly by the Contractor.  Non-sewerable wastewater that is 
nonhazardous waste shall be treated, managed, and disposed of properly by 
the Contractor. 

1.9   AIR QUALITY

Construction operations and materials used on the project shall be in 
compliance with federal, state, and local air pollution standards, rules 
and regulations.

Chlorofluorocarbons (CFCs), Hydrochlorofluorocarbon (HCFC), Other Ozone 
Depleting Substances (ODS) and their substitutes.

Class I Ozone Depleting Substances shall not be used in the performance 
of this contract, nor be provided as part of the equipment without 
prior written permission from the SHED.  This prohibition shall prevail 
over any other provision, specification, drawing, or referenced 
documents.  A list of Class I ODS may be obtained from US EPA or their 
web page at http://www.epa.gov/ozone/ods.html.

  
Class II Ozone Depleting Substances shall not be used in the 
performance of this contract, nor be provided as part of the equipment 
without prior written permission from the SHED.  This prohibition shall 
prevail over any other provision, specification, drawing, or referenced 
documents.  A list of Class II ODS may be obtained from US EPA or their 
web page at http://www.epa.gov/ozone/ods2.html.

Chemicals used in lieu of ozone depleting substances (Substitutes or 
alternatives) must conform with US EPA's Significant New Alternatives 
Policy (SNAP) program.  These rules are summarized on the US EPA web 
page at http://www.epa.gov/ozone/snap/lists/index.html.

Service, maintain, renovate, and demolish ODS and ODS Substitute 
containing equipment in accordance with 40 CFR 82.  The Contractor 
shall ensure that ODS refrigerants and their substitutes are handled by 
a certified technician.  The recovery equipment shall meet applicable 
EPA requirements and be certified with US EPA.

Hazardous Air Pollutants (HAPs).
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The list of specific chemicals and compounds defined as HAPs in Section 
112b of the 1990 Clean Air Act Amendments is available from Ohio EPA 
on-line at: http://www.epa.state.oh.us/dapc/general/haplist.html.  This 
listing is subject to change and only the currently listed items 
require tracking. 

 
The use of HAPs and materials containing HAPs is allowed at GRC however 
the airborne release of HAPs shall be minimized at all times. 

 
Records of the use of HAPs and materials containing HAPs must be 
provided to the CO for forwarding to the Environmental Management 
Branch.  At a minimum, this should include Material Safety Data Sheets 
and quantities of each HAP and materials containing HAPs used.

  
Product and waste HAPs and materials containing HAPs must be stored in 
such a way as to prevent their release to the atmosphere. 

Prohibition of Air Pollution Nuisances

No air pollution generating activity shall be allowed if it is expected 
to cause an air pollution nuisance.

   
No air pollution generating activity shall be allowed to continue if it 
is found to be an air pollution nuisance.

1.10   HAZARDOUS WASTE LIABILITY

Hazardous Waste Liability - For the purpose of this contract, the 
Contractor shall be responsible for any release or threatened release of 
the materials or substances handled under this contract, as well as any 
liabilities resulting or arising from or related to this contract, and 
shall bear all costs pertaining to such releases including, but not limited 
to, responses, remediation, testing, or disposal costs, and further shall 
defend and indemnify the Government for any costs including, but not 
limited to, any judgments, penalties, assessments, litigation, or attorney 
fees.

1.11   HAZARDOUS WASTE TRANSPORTATION

Certified Waste Haulers shall be utilized.  Government directed waste shall 
be transported to the disposal facility or interim storage facility without 
delay, in accordance with Department of Transportation (DOT) manifest 
regulations.  The Contractor shall notify the Government if 10 days or more 
have a elapsed during shipment.

1.12   SUSTAINABILITY

The Contractor shall conduct its activities in a manner that conserves 
resources and minimizes pollution in accordance with Executive Order 13101 
"Greening the Government Through Waste Prevention, Recycling and Federal 
Acquisition" and Executive Order 13123 "Greening the Government Through 
Efficient Energy Management".

Minimize the amount of energy required during construction and 
operation by using resource efficient construction techniques, building 
systems (including HVAC, heating, electrical, water, lighting, 
heat-pumps and boilers), insulation, fixtures, appliances, and controls.
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Whenever possible, utilize energy efficient office equipment through 
the Environmental Protection Agency's Energy Star labeling program (@ 
http://www.epa.gov/energystar/).

Use automated monitors and controls for energy, water, waste, 
temperature, moisture, and ventilation.

Conserve water with systems that reduce consumption and recycle water 
through reclamation and treatment systems.

Maximize the reduction, reuse, recycling or composting of waste and 
scrap materials.

Minimize waste, spillage, pilferage, spoil, and misuse of building 
materials.

Follow federal Comprehensive Procurement Guidelines (@ 
http://www.epa.gov/epaoswer/non-hw/procure/) for building materials and 
products, and select materials that have a long-life cycle; select 
least toxic materials; select recyclable materials; select materials 
that are resource-efficient; select materials with the maximum recycled 
content; select materials harvested on a sustained yield basis; select 
products causing the least pollution during their manufacture, use and 
reuse.

1.13   TRAINING REQUIREMENTS

Personnel handling hazardous materials shall have received Hazard 
Communication Training per 29 CFR 1910.1200(h), and personnel handling 
hazardous waste shall have received appropriate DOT and Hazardous Waste and 
Emergency Response Operations (HAZWOPER) Emergency Response Awareness Level 
Training per 29 CFR 1910.120.  Employee training documents shall be kept at 
the jobsite.

Personnel containing spills or conducting cleanup of small spills shall 
have received First Responder Operators level training per 29 CFR 1910.120. 
(Note: Personnel with First Responder Operators level training can contain 
a spill to stop its spread from a safe distance.  Their function is to 
contain the release from a safe distance, keep it from spreading, and 
prevent exposures. 

Personnel generating hazardous waste shall have receive training on the 
proper management of hazardous waste per 40 CFR 265.16.

Personnel Handling Refrigerants shall have training in accordance with 
40 CFR 82.

1.14   CHEMICAL USAGE, STORAGE, AND HANDLING

Hazardous material shall be used only as described on the Material Safety 
Data Sheet and/or Contractor's written instructions.  The Contractor shall 
wear the protective equipment recommended by the manufacturer of the 
hazardous material.  Containers of hazardous materials and hazardous wastes 
shall be kept closed except when in use.  Containers of liquid hazardous 
materials shall be stored in secondary containment at the end of each work 
shift.
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1.14.1   Hazardous Materials Storage

Hazardous materials storage shall be in accordance with Federal, State, and 
local regulations, and the General Storm Water Permit.  Hazardous materials 
shall be handled in a manner that minimizes the potential for releases.  
All liquid hazardous materials must be secondarily contained.  Adequate 
spill response equipment shall be readily available.

Hazardous materials and hazardous wastes shall be labeled, handled 
properly, and stored in secondary containment at the end of each work day.  
Secondary containment shall be of adequate size and compatible with the 
materials stored.  Storage areas shall be properly labeled and secured.

At the beginning of the project, an accurate inventory of hazardous 
materials and hazardous wastes to be generated including the estimated 
maximum quantity of each hazardous material to be brought on-site shall be 
provided to the COTR.  Material Safety Data Sheets (MSDSs) for hazardous 
materials shall be maintained by the Contractor so they are immediately 
available to assist emergency response personnel in the event of a 
hazardous materials incident. Copies of the MSDSs shall be provided in the 
Health and Safety Plan (HASP).

1.14.2   Refuse Bins

Refuse bins shall not be overloaded.  Liquid materials shall not be placed 
in dumpsters or bins.  Leaking dumpsters shall be replaced.  Dumpsters and 
bins shall not be cleaned on-site.  Dumpsters shall remain covered except 
when actively being loaded.

1.14.3   Site Inspections

The project site and storage areas shall be inspected weekly to ensure 
compliance.  Compliance status shall be verified by the Contractor.  The 
checklists shall be submitted to the COTR, within 48 hours following the 
inspection.

1.14.4   Labeling

Containers, drums, vessels, tanks, and associated piping containing 
hazardous materials shall be labeled in accordance with 29 CFR 1910.1200 
(f).

Hazardous material labels must have a description of the contents 
(including percentages of components for compounds), an appropriate hazard 
warning and the name and address of the manufacturer or other responsible 
party.

Hazardous waste and solid waste containers shall be appropriately marked, 
pending analysis, in accordance with 40 CFR 262 with, at a minimum, 
accumulation start date and contents and documented during weekly 
inspections.

PART 2   PRODUCTS

Not Used
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PART 3   EXECUTION

3.1   SITE OPERATIONS AND MAINTENANCE

Site Operations shall be conducted in accordance with the Clean Water Act 
and GRC Storm Water Pollution Prevention Plan.

Equipment Fueling and Maintenance - Equipment fluid changes and fueling 
shall be conducted over drip pans to prevent spilled materials from 
contacting the ground surface.  The operator of leaking equipment shall 
contain and control the leak.  The Contractor shall contact the Waste 
Management Team through the Contracting Officer to coordinate proper 
disposal of waste materials generated during equipment maintenance.

3.1.1   Paint Clean-up

Painting operations must be conducted in accordance with GRC Storm Water 
Pollution Prevention Plan and applicable State of Ohio requirements.

Water Based Paints:

The Contractor shall paint out as much excess paint as possible from 
brushes, rollers, and equipment before starting clean up.  Rinse 
brushes, rollers, and other tools over a sink that drains to the 
sanitary sewer using water only.  Tools and equipment shall not be 
cleaned into streets, gutters, storm drains, or creeks.  Dispose of dry 
brushes, rollers, rags, and drop cloths as solid waste.

Disposal of containers with any liquids as a solid waste is 
prohibited.  These materials must be used elsewhere or handled as a 
regulated waste and disposed of in accordance with paragraph entitled 
Contractor Disposal.

Oil Based Paints:

The Contractor shall paint out as much excess paint as possible from 
brushes, rollers, and equipment before starting clean up.  Cleaning 
solutions shall be containerized and disposed of as hazardous waste.  
Reuse thinners and solvents by pouring back into original container 
through a filter.

Dispose of waste thinners, solvents, paint sludge, and solutions from 
cleaning of equipment and tools as hazardous waste.  Containers with 
residual product shall be managed as a hazardous waste and disposed of.

3.1.2   Concrete/Asphalt Cutting and Core Drilling

The Contractor shall prevent not allow slurry run-off from saw cutting or 
core drilling to enter the storm or sanitary sewer collection systems.  
Catch basins and drains shall be protected.

3.1.3   Sweeping

Roadways and on-site paved areas impacted by the project shall be cleaned 
to the satisfaction of the COTR and swept at the end of each phase or at 
project completion.  Hosing down paved areas and streets is prohibited.
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3.1.4   Sewage Sludge

Sewage Sludge and Compost Materials containing human waste is prohibited 
from use at GRC.

3.1.5   Draining, Tanks, Piping, and Equipment

Tanks, piping, and equipment shall be drained as required.  Devices to 
properly contain the product shall be provided by the Contractor.  Storm 
drains in the vicinity shall be covered during drainage operations.

The Government will obtain the necessary sanitary sewer discharge permits 
if the discharge is sewerable.  Non-sewerable water shall be treated to a 
level to allow discharge to the sanitary sewer or managed and disposed of 
properly by the Government.

3.1.6   Monitoring Wells

Monitoring Wells shall not be disturbed for any reason. If they are 
disturbed, inadvertently or not, the contractor shall incur all costs 
associated with the abandonment (i.e. removal) of the well in accordance 
with Ohio EPA requirements.

3.2   CONTAMINATED SOIL MANAGEMENT

The Contractor shall immediately stop work and notify the COTR if soil 
appears discolored or has an odor different from what is expected.

3.3   PCBs/PCB CONTAMINATED EQUIPMENT

All PCB-contaminated material shall be handled in accordance with 40 CFR 761.

The Contractor shall dial 911 from any NASA phone or 216-433-8888 from an 
outside phone to inform Emergency Dispatch  of any spills or leaks of 
PCB-contaminated material.

The contractor shall notify the Contracting Officer of any PCB-contaminated 
material that needs disposal.

3.4   SPILL PREVENTION, CONTROL AND REPORTING

All liquid petroleum products must be secondarily contained in accordance 
with Annex Q of GRC's Emergency Preparedness Plan and 40 CFR 112. Spill 
clean-up materials (such as rags, absorbent booms/pads), and tools (such as 
shovels and brooms) shall be maintained at the project site and be readily 
accessible.  Releases of hazardous materials to the environment shall be 
contained and measures implemented to prevent leaks and spills from 
entering storm drains.

Dial 911 from any NASA phone or 216-433-8888 from an outside phone to 
inform Emergency Dispatch of any spills or leaks

3.5   HAZARDOUS WASTE DISPOSAL

The Contractor shall label, package, and secondarily contain hazardous 
waste in accordance with 49 CFR 171, 40 CFR 173, 40 CFR 177, and 40 CFR 178.

Storage of hazardous waste shall not exceed 90 days from the date of 
generation  in accordance with 40 CFR 262. Hazardous waste shall be shipped 
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for disposal no later than 90 days from the date of generation/accumulation 
start date.

No hazardous material or waste shall remain at the worksite upon completion 
of the project unless specified otherwise.

3.5.1   Hazardous Waste Manifest

NASA Glenn Research Center shall be designated as the generator on the 
manifest and only approved GRC SHED personnel shall sign any shipping 
documents, including Uniform Hazardous Waste Manifests.

NASA Glenn Research Center Safety, Health and Environmental Division (SHED) 
shall be designated as the emergency contact.

The Contractor shall perform transportation services in compliance with 
49 CFR 100-185.

The Contractor shall use only disposal facilities that have a valid permit 
to manage hazardous waste, and shall be responsible for determining that 
permit allows for the type of management and disposal intended for that 
waste.  The Contractor shall be responsible for ensuring that any party 
handling hazardous waste, including subcontractors, transporters, and TSDFs 
are in compliance with applicable federal, state, and local regulations. 
GRC SHED shall have final approval of TSDFs.

3.5.2   Containerized Hazardous Waste

Hazardous wastes and other materials shipped by the Contractor with wastes 
from other facilities shall not be commingled.

3.5.3   Bulk Hazardous Waste

Bulk hazardous waste shipments shall be weighed to confirm shipping weight.

3.5.4   Miscellaneous Hazardous Waste

Fluorescent light tubes, mercury containing and PCB lighting ballasts and 
thermostats shall be turned over to the Government for recycling.

         -- End of Section --
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SECTION 01 42 00

SOURCES FOR REFERENCE PUBLICATIONS
05/09

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 B 564 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.

ACI 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:   703-600-0355
Fax:  703-562-1942
E-mail:  fdietz@ahrinet.org
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Internet: http://www.ahrinet.org

AMERICAN ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA)
1827 Walden Office Square
Suite 550
Schaumburg, IL  60173-5774
Ph:   847-303-5664
Fax:  847-303-5774
E-mail: webmaster@aamanet.org
Internet:  http://www.aamanet.org

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)
444 North Capital Street, NW, Suite 249
Washington, DC  20001
Ph:   202-624-5800
Fax:  202-624-5806
E-Mail: info@aashto.org
Internet:  http://www.transportation.org

AMERICAN BEARING MANUFACTURERS ASSOCIATION (ABMA)
2025 M Street, NW, Suite 800
Washington, DC  20036
Ph:   202-367-1155
Fax:  202-367-2155
E-mail: info@americanbearings.org
Internet:  http://www.abma-dc.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 LUMBER STANDARDS COMMITTEE (ALSC)
P.O. Box 210
Germantown, MD 20875-0210
Ph:   301-972-1700
Fax:  301-540-8004
E-mail:  alsc@alsc.org
Internet:   http://www.alsc.org

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
1819 L Street, NW, 6th Floor
Washington, DC 20036
Ph:   202-293-8020
Fax:  202-293-9287
E-mail:  info@ansi.org
Internet:  http://www.ansi.org/

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)
1801 Alexander Bell Drive
Reston, VA  20191-4400
Ph:   703-295-6300 - 800-548-2723
Fax:  703-295-6222
E-mail:  member@asce.org
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Internet:  http://www.asce.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 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:   610-832-9500
Fax:  610-832-9555
E-mail: service@astm.org
Internet:  http://www.astm.org

SECTION 01 42 00  Page 3



NASA GRC Steam Plant B12 Project N0. 11421

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)
355 Lexington Avenue
17th Floor
New York, NY  10017
Ph:  212-297-2122
Fax: 212-370-9047
E-mail: assocmgmt@aol.com
Internet:  http://www.buildershardware.com

CSA AMERICA INC (CSA/AM)
8501 East Pleasant Valley Road
Cleveland, OH  44131-5575
Ph:  216-524-4990
Fax: 216-520-8979
E-mail:  cathy.rake@csa-america.org
Internet:  http://www.csa-america.org

CAST IRON SOIL PIPE INSTITUTE (CISPI)
5959 Shallowford Road, Suite 419
Chattanooga, TN  37421
Ph:   423-892-0137
Fax:  423-892-0817
Internet:  http://www.cispi.org

CONCRETE REINFORCING STEEL INSTITUTE (CRSI)
933 North Plum Grove Road
Schaumburg, IL  60173-4758
Ph:   847-517-1200
Fax:  847-517-1206
Internet:  http://www.crsi.org/

ELECTRONIC INDUSTRIES ALLIANCE (EIA)
2500 Wilson Boulevard
Arlington, VA  22201-3834
Ph:  703-907-7500
Fax: 703-907-7501
Internet:  http://www.eia.org

U.S. DEPARTMENT OF ENERGY (DOE)
1000 Independance Ave. SW
Washington, DC  20585
Ph: 800-342-5363
Fax: 202-586-4403
E-mail: dmteam@hq.doe.gov
Internet:  http://www.eh.doe.gov/

FM GLOBAL (FM)
1301 Atwood Avenue
P.O. Box 7500
Johnston, RI 02919
Ph:   401-275-3000
Fax:  401-275-3029
E-mail:  information@fmglobal.com
Internet:  http://www.fmglobal.com

GLASS ASSOCIATION OF NORTH AMERICA (GANA)
2945 SW Wanamaker Drive, Suite A
Topeka, KS  66614
Ph:   785-271-0208
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Fax:  785-271-0166
E-mail:  gana@glasswebsite.com
Internet:  http://www.glasswebsite.com

GREEN SEAL (GS)
1001 Connecticut Avenue, NW
Suite 827
Washington, DC 20036-5525
Ph:   202-872-6400
Fax:  202-872-4324
E-mail:  greenseal@greenseal.org
Internet: http://www.greenseal.org

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
445 Hoes Lane
Piscataway, NJ  08855-1331
Ph:   732-981-0060
Fax:  732-981-1712
E-mail: customer-services@ieee.org
Internet:  http://www.ieee.org

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)
P.O. Box 1568
Carrollton, GA 30112
Ph:   770-830-0369
Fax:  770-830-8501
Internet: http://www.icea.net

INSULATING GLASS MANUFACTURERS ALLIANCE (IGMA)
1500 Bank Street, Suite 300
Ottawa, Ontario CANADA K1H 1B8
Ph:   613-233-1510
Fax:     613-482-9436
E-mail:  info@igmaonline.org
Internet: http://www.igmaonline.org

INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS 
(IAPMO)
5001 E. Philadelphia St.
Ontario, CA 91761
Ph:   909-472-4100
Fax:  909-472-4150
E-mail:  iampo@iampo.org
Internet:  www.iampo.org

INTERNATIONAL CODE COUNCIL (ICC)
5360 Workman Mill Road
Whittier, CA  90601
Ph:   562-699-0541
Fax:  562-699-9721
E-mail:  webmaster@iccsafe.org
Internet: www.iccsafe.org

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)
P.O. Box 687
106 Stone Street
Morrison, CO  80465
Ph:  303-697-8441
Fax: 303-697-8431
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E-mail: neta@netaworld.org
Internet:  http://www.netaworld.org

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)
1, rue de Varembe'
Case Postale 56
CH-1211 Geneve 20  Switzerland
Ph:   41-22-749-0111
Fax:  41-22-733-3430
E-mail:  central@iso.ch
Internet:  http://www.iso.ch

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

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)
127 Park Street, NE
Vienna, VA  22180-4602
Ph:   703-281-6613
Fax:  703-281-6671
E-mail:  info@mss-hq.com
Internet:  http://www.mss-hq.com

MASTER PAINTERS INSTITUTE (MPI)
2800 Ingleton Avenue
Burnaby, BC CANADA V5C
Ph: 888-674-8937
Fax: 888-211-8708
E-mail: info@paintinfo.com
Internet:  http://www.paintinfo.com/mpi

MIDWEST INSULATION CONTRACTORS ASSOCIATION (MICA)
16712 elm Circle
Omaha, NE  68130
Ph:   800-747-6422
Fax:  402-330-9702
E-mail:  info@micainsulation.org
Internet:  http://www.micainsulation.org

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)
Publication(s) Available From
Superintendent of Documents
U.S. Government Printing Office
Washington, DC  20402
Ph:  202-783-3238

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)
800 Roosevelt Road, Bldg C, Suite 312
Glen Ellyn, IL  60137
Ph:   630-942-6591
Fax:  630-790-3095
E-mail:  naamm@gss.net
Internet:  http://www.naamm.org
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NATIONAL BOARD OF BOILER AND PRESSURE VESSEL INSPECTORS (NBBPVI)
1055 Crupper Avenue
Columbus, OH  43229-1183
Ph:   614-888-8320
Fax:  614-847-1147
E-mail:  getinfo@national board.org
Internet:  http://www.nationalboard.org

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

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

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

NATIONAL ROOFING CONTRACTORS ASSOCIATION (NRCA)
10255 West Higgins Road, Suite 600
Rosemont, IL  60018
Ph:   847-299-9070
Fax:  847-299-1183
Internet:  http://www.nrca.net

NSF INTERNATIONAL (NSF)
789 North Dixboro Road
P.O. Box 130140
Ann Arbor, MI  48113-0140
Ph:   734-769-8010 or 800-NSF-MARK
Fax:  734-769-0109
E-mail: info@nsf.org
Internet: http://www.nsf.org

PIPE FABRICATION INSTITUTE (PFI)
666 5th Avenue, #325
New York, NY 10103
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
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PLUMBING AND DRAINAGE INSTITUTE (PDI)
800 Turnpike Street, Suite 300
North Andover, MA  01845
Ph:   978-557-0720 or 800-589-8956
Fax:  978-557-0721
E-Mail: info@pdionline.org
Internet:  http://www.pdionline.org

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)
4201 Lafayette Center Drive
Chantilly, VA  20151-1209
Ph:   703-803-2980
Fax:  703-803-3732
E-mail: info@smacna.org 
Internet:  http://www.smacna.org

STEEL DOOR INSTITUTE (SDI/DOOR)
c/o Wherry Associates
30200 Detroit Road
Cleveland, OH  44145-1967
Ph:   440-899-0010
Fax:  440-892-1404
E-mail:  leh@wherryassoc.com
Internet:  http://www.steeldoor.org

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

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)
2500 Wilson Blvd,. Suite 300
Arlington, VA 22201
Ph:  703-907-7700
Fax: 703-907-7727
Internet:  http://www.tiaonline.org

UNDERWRITERS LABORATORIES (UL)
333 Pfingsten Road
Northbrook,  IL  60062-2096
Ph:  847-272-8800
Fax: 847-272-8129
E-mail:  customerexperiencecenter@us.ul.com
Internet:  http://www.ul.com/

U.S. DEPARTMENT OF DEFENSE (DOD)
Order DOD Documents from:
National Technical Information Service (NTIS)
5285 Port Royal Road
Springfield, VA  22161
Ph:  703-605-6585
FAX: 703-605-6900
E-mail: info@ntis.gov
Internet:  http://www.ntis.gov
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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. ENVIRONMENTAL PROTECTION AGENCY (EPA)
Ariel Rios Building
1200 Pennsylvania Avenue, N.W.
Washington, DC  20460
Ph:   202-272-0167
Internet:  http://www.epa.gov

--- Some EPA documents are available only from: 
National Technical Information Service (NTIS)
5285 Port Royal Road
Springfield, VA  22161
Ph:  703-605-6585
Fax: 703-605-6900
E-mail: info@ntis.gov
Internet: http://www.ntis.gov

U.S. FEDERAL COMMUNICATIONS COMMISSION (FCC)
445 12th Street SW
Washington, DC 20554
Phone:    888-CALL-FCC 
Fax:      866-418-0232
Internet:  http://www.fcc.gov
E-mail:   fccinfo@fcc.gov
Order Publications 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
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PART 3   EXECUTION

Not used

        -- End of Section --
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SECTION 01 45 00.98

QUALITY CONTROL
04/06

PART 1   GENERAL

1.1   SUMMARY

The requirements of this Section apply to, and are a component part of, 
each section of the specifications.

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-06 Test Reports

Contractor shall submit the following items in accordance with the 
paragraph entitled, "Records," of this section.

Quality Control Data; G
Quality Control Coordinating Actions; G
Quality Control Training; G
Inspection Records; G
Letters of Authority or Delegation; G
Field Tests; G
Factory Tests; G

SD-07 Certificates

Contractor shall submit a detailed written statement describing 
procedures that will be implemented to achieve quality on the 
project according to the paragraph entitled, "Quality Assurance 
(QA) Plan," of this section.

Contractor shall submit the following in accordance with the 
paragraph entitled, "Qualifications," of this section.

Contractor's Quality Representative Qualifications
Special Certifications

1.2.1   Quality Assurance (QA) Plan

QA plan shall address the following:

Description of the authority, responsibilities and coordinating 
procedures, of on-site/off-site quality assurance personnel, including 
those QA personnel not under direct control of the Contractor.

QA plan shall list personnel designated by the Contractor to accomplish 
the work required by the contract.

QA plan shall also contain an appendix with a copy of each form, report 
format, or similar record to be used in the QA program.
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Contractor's organization that handles construction contract activities.

Contractor's operational plan for accomplishing and reviewing work 
controls, fabrication controls, certifications, and documentation of 
quality control operations, inspections, and test records, including 
those for subcontractors.

These provisions shall include the methods to be used during the 
procurement cycle (order to delivery) for those materials or equipment 
that require source inspections, shop fabrications, or similar 
operations located separately from the work site.

Description of on-site personnel training.

Certification(s) of personnel, procedures, processes, and equipment.

Nondestructive testing requirements.

Identification of independent certifying and testing laboratories.

1.2.2   Records

Records shall include all quality control data; factory tests or 

manufacturer's certifications, quality control coordinating actions; 
records of quality control training/certifications as well as routine 
hydrostatic, electrical continuity, grounding, welding, line cleaning, 
field tests and similar tests.  Quality records shall be available for 
examination by the Contracting Officer.

Legible copies of the test and inspection records shall be furnished to the 
Contracting Officer.  Records shall cover work placement traceable to the 
contract schedule, specifications and drawings, and shall be verified by 
the Contractor.

Contractor shall submit for approval, the narrative description of an 
inspection system which provides for compliance with the quality 
requirements and technical criteria of the contract within 7 calendar days 
after notice to proceed.

Contractor shall submit a monthly performance report that summarizes the 
quality operations.  This report shall identify inspections made, tests 
performed, nonconformances, corrective actions taken, status of 
plans/procedures being developed, and status of open items/problems in work.

Contractor shall submit Letters of Authority or Delegation outlining the 
authority and responsibilities of quality control personnel along with a 
copy of the letter of delegation to the Contracting Officer that defines 
delegated duties and responsibilities.

1.3   QUALITY ASSURANCE

1.3.1   Qualifications

Contractor's Quality Representative Qualifications shall be submitted to 
the Contracting Officer for approval.  Quality Representative may be 
assigned to more than one contract provided that the assigned contracts are 
located at the same site.
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When approval or certification of special processes, operating personnel, 
and special equipment or procedures is required by the specifications, the 
Contractor shall obtain necessary approvals or special certifications prior 
to starting the work.

1.3.2   Quality Control Requirements

Contractor shall provide a quality control program encompassing:  selection 
of construction materials and sources; suppliers; subcontractors; on-site 
and off-site fabrication of Contractor-furnished assemblies; on-site and 
off-site assembly; erection; work procedures; workmanship; inspection; and 
testing.

Contractor's program shall provide document systems ensuring that quality 
provisions of contract schedule, specifications, and drawings have been 
performed.

1.3.2.1   Management and Organization

Contractor shall designate an individual within the on-site organization 
whose sole responsibility shall be the day-to-day on-site management and 
direction of the Quality Program.

The Quality Program Manager shall report to the Contractor's management and 
shall have the necessary authority to discharge contractual 
responsibilities.

1.3.2.2   Identification and Data Retrieval

Contractor shall have an identification and data retrieval system.

Records, drawings, submittals, and equipment shall be identified by 
referencing the Contract Number; Contract Specification Number; Contract 
Drawing Number; Submittal Document Number; Contract Change Number; and the 
Contractor's Drawing Number System.

1.3.2.3   Procurement

Contractor shall be responsible for controlling procurement sources and 
those of his subcontractors to ensure that each purchase meets quality 
requirements.

1.3.2.4   Receiving Inspection System

Contractor shall maintain a site receiving inspection system that ensures 
procured materials and equipment are inspected and tested.

Receiving inspection records shall accompany each procurement delivery to 
the construction site.  Records of site receiving inspections shall be 
maintained by the Contractor.

Records shall show defects, discrepancies, dispositions, and waivers, 
including evidence of Government source inspection.

1.3.2.5   Nonconforming Articles and Material Control

The Contractor shall control nonconformances discovered by the Contractor, 
subcontractors, suppliers or Government quality representatives to prevent 
their use and to correct deficient operations.
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a.  Contractor shall prepare a "nonconformance" report for each 
instance comprising:

(1)  A unique and traceable number.

(2)  Identification of the nonconforming article or material.

(3)  A description of the nonconformance and the applicable 
requirement.

(4)  Cause or reason for the nonconformance.

(5)  Remedial actions taken or recommended.

(6)  Disposition of the nonconforming article or material.

b.  The Contractor shall identify and mark each nonconforming article 
for removal from the work area.

c.  The Contractor shall monitor and correct deficient operations.

1.3.2.6   Fabrication, Process, and Work Control

Contractor's procedures and controls shall ensure compliance with 
requirements in contract specifications and drawings.

Contractor shall establish in-process inspections, to ensure compliance 
with quality requirements.

Special processes may include, but are not limited to, plating, anodizing, 
nondestructive testing, welding, and soldering.

1.3.2.7   Quality Control Records

Quality control records shall be maintained at a central on-site location.
         
Maintenance of quality control records shall not relieve the Contractor 
from submitting samples, test data, detail drawings, material certificates, 
or other information required by each section in the specification.

Contractor shall ensure each record is identified and traceable to specific 
requirements in the specifications and drawings.

1.3.2.8   Drawings and Change Control

Drawing-control system shall be maintained to provide revised drawings and 
ensure continuous removal of obsolete drawings from work areas.  Changes 
involving interface with other work areas, or affecting materials 
controlled by others shall be controlled by the Contractor.  This system 
shall be integrated with the document requirements of the contract.

Drawing changes shall be clearly annotated.  Implemented changes shall be 
clearly identified and associated drawings shall be revised accordingly.  
Drawings that have been approved, or approved as noted, by the Contracting 
Officer shall be used for fabrication and inspection.
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1.3.3   Quality Inspections

1.3.3.1   Government Inspections

Work performed under this contract will be subject to inspection by the 
Contracting Officer.  Changes to the specifications or drawings will not be 
allowed without written authorization of the Contracting Officer.

When the Contracting Officer determines that inspected work needs to be 
corrected, the Contracting Officer will be allowed 24 hours to complete 
reinspection of the corrected work.

Contracting Officer shall also be notified in writing before backfilling or 
encasing any underground utility so that work may be inspected.  Failure to 
notify the Contracting Officer before backfill or encasement occurs shall 
require the work be uncovered at no additional cost to the Government.

Contractor's program is subject to continuous evaluation, review, and 
verification by the Contracting Officer.  Contractor will be notified in 
writing of any noncompliance and will be given 5 calendar days to correct 
identified deficiencies.

1.3.3.2   Contractor's Quality Inspections

Contractor shall implement an inspection system.  Documentation shall 
indicate quality control through records of inspections, tests, and 
procedures.

Contractor's quality assurance system shall include the following:

a.  Single Contractor's representative responsible for on-site 
communication and operation of the inspection program.

b.  Purchasing control system documenting project procurement to 
drawings, specifications, and approved submittals.

c.  Receiving inspection system documenting inspections for each 
procurement.

d.  Documentation for handling and disposing of nonconforming 
components and materials.

e.  Inspection records for each specific section of the specification 
and drawings.

f.  Identification of test(s) to be performed, test procedures, 
records, and independent organizations used.

g.  Documenting and maintaining certification or re-certification of 
procedures.

h.  Management of government-furnished equipment, components, and 
materials.

i.  Calibration of gages, tools, measuring instruments, and 
independent laboratories used.

Contractor shall establish a system of scheduled or random audits to ensure 
task completion.
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1.3.4   Field Services

1.3.4.1   Responsibility for Inspection and Testing

Contractor shall be responsible for all inspections and tests, and the 
accompanying documentation for each inspection and test.  Contractor may 
utilize independent inspection and testing laboratories or services as 
approved by the Contracting Officer.

Contractor shall also be responsible for tests of construction materials 
utilizing the services of an approved independent testing laboratory.

1.3.4.2   Inspection and Test Records

Contractor shall provide on-site records of each inspection and test 
performed throughout the life of the contract.  Records shall include, but 
not be limited to, factual evidence that the required inspections or tests 
have been performed, including type and number of inspections or tests 
involved, identification of operators and inspectors, result of inspections 
or tests, nature of defects, causes for rejection, proposed remedial 
action, and corrective actions taken.

Inspection records, test procedures, test results, and associated forms be 
verified by and provided to the Contracting Officer.  Final test data shall 
have a cover letter/sheet clearly marked with the system name, date, and 
the words "Final Test Data - Forward to the Systems Engineer/Condition 
Monitoring Office/Predictive Testing Group for inclusion in the Maintenance 
Database."

1.4   HANDLING AND STORAGE

Contractor shall provide controls, procedures and documentation with each 
shipment, that meet requirements of each section of the specifications.

The Contractor shall include documentation with each shipment.  The data 
shall consist of documentation required by the contract along with 
specifications required to identify, store, preserve, operate, and maintain 
the items shipped.

1.5   SEQUENCING AND SCHEDULING

Contractor shall notify the Government at least 48 hours prior to scheduled 
inspections and tests.

Contractor shall provide 24 hour notice to the Government of the date when 
the contract work will begin at the site.

When Contractor suspends work for 5 calendar days or longer prior to 
completion, the Contracting Officer shall be notified.   Work shall not 
resume without notification of the Contracting Officer.

Contracting Officer shall be notified at least 48 hours in advance of 
backfilling or encasing any underground utility.

PART 2   PRODUCTS

Not Used
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PART 3   EXECUTION

Not Used

         -- End of Section --
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SECTION 01 50 00.98

TEMPORARY FACILITIES AND CONTROLS
04/06

PART 1   GENERAL

1.1   SUMMARY

Requirements of this Section apply to, and are a component of, each section 
of the specifications.

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.

FEDERAL AVIATION ADMINISTRATION (FAA)

FAA AC 70/7460-1 (Rev H; Change 1 - 2) Obstruction Marking 
and Lighting 

 
1.3   SUBMITTALS

Not Used

PART 2   PRODUCTS

2.1   CONSTRUCTION SIGN

Contractor shall provide a construction identification sign.

Sign shall comprise a face sheet of 4- by 8-foot exterior grade plywood, 
1/2-inch thick, mounted on a substantial frame of treated lumber.  Frame 
and sign shall be given one coat of lead-free alkyd primer paint and two 
coats of an exterior type white enamel.

2.2   CONSTRUCTION DETAILS

Lettering and further details of construction shall be in accordance with 
the drawings.

PART 3   EXECUTION

3.1   TEMPORARY UTILITIES

Contractor shall provide temporary utilities required for construction.  
Materials may be new or used, shall be adequate for the required usage, 
shall not create unsafe conditions, and shall not violate applicable codes 
and standards.

Contractor shall provide a minimum of 2 aviation red or high intensity 
white obstruction lights on temporary structures (including cranes) over 
100 feet above ground level.  Light construction and installation shall 
comply with FAA AC 70/7460-1.  Lights shall be operational during periods 
of reduced visibility, darkness, and as directed by the Contracting Officer.
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3.1.1   Electricity

Contractor shall provide connections, sized to provide service required for 
power and lighting.  Feeder and branch wiring with area distribution boxes 
shall be located so that power is available throughout the project site by 
use of power cords.  120/208 and 480 electrical volt feeder service is 
available.  Lighting shall be provided by the Contractor.  Electricity used 
will be furnished by the Government.

3.1.2   Water

Contractor shall make connections to existing facilities to provide water 
for construction purposes.  Water used will  be furnished by the 
Government.  Hose connedctions shall be fitted with anti-syphon devices.  
Domestic water shall not be discharged to the storm sewer system without 
approval of the Contracting Officer.

3.1.3   Telephone Service

Contractor shall provide telephone service.  Contractor shall pay costs of 
service.

3.1.4   Sanitary Facilities

Contractor shall provide temporary sanitary facilities and shall service, 
clean, and maintain these facilities and enclosures.  Temporary facilities 
shall be removed from the site at the completion of the work.

3.2   SIGNS

3.2.1   Construction Sign

Within 30 days after notice to proceed, the Contractor shall install the 
construction identification sign at the location designated by the 
Contracting Officer.

3.2.2   Other Signs and Advertisements

Only signs necessary to expedite deliveries, maintain traffic flow, promote 
safety (e.g. caution, danger, blasting, hardhat area), and prevent 
interference with Government operations shall be erected.

3.3   TRAFFIC PROVISIONS

3.3.1   Maintenance of Traffic

Contractor shall conduct his operations in a manner that will not close any 
thoroughfare or interfere in any way with traffic on railways or highways 
except with written permission of the Contracting Officer.  Contractor may 
move oversized and slow-moving vehicles to the worksite provided 
requirements of the highway authority have been met.

Work shall be conducted so as to minimize obstruction of traffic, and 
traffic shall be maintained on at least half of the roadway width at all 
times.  Approval shall be obtained from the Contracting Officer prior to 
starting any activity that will obstruct traffic.

Contractor shall provide, erect, and maintain, at his own expense, lights, 
barriers, signals, passageways, detours, etc., that may be required.
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3.3.2   Rush Hour Restrictions

Contractor shall not interfere with the peak traffic flows preceding and 
during normal operations without notification to and approval by the 
Contracting Officer.

3.3.3   Dust Control

Contractor's dust control methods and procedures shall be approved by the 
Contracting Officer.  Dust abatement on access roads shall be treated with 
applications of calcium chloride, water sprinklers, or similar methods or 
treatment.

3.4   WASTE MANAGEMENT

3.4.1   Refuse Bins

Refuse bins shall not be overloaded.  Liquid materials shall not be placed 
in dumpsters or bins.  Leaking dumpsters shall be replaced.  Dumpsters and 
bins shall not be cleaned on-site.  Dumpsters shall remain covered except 
when actively being loaded.

3.5   PROTECTION OF EXISTING SYSTEMS

3.5.1   Utility

Connection to existing utilities, identified on the drawings to the 
Contractor, shall be protected from damage during construction activity.

3.5.2   Safety

Contractor shall protect the integrity of any installed safety systems or 
personnel safety devices.

If entrance into systems serving safety devices is required, the Contractor 
shall obtain prior approval from the Contracting Officer.  If it is 
temporarily necessary to remove or disable personnel safety devices in 
order to accomplish contract requirements, the Contractor shall provide 
alternative means of protection prior to removing or disabling any 
permanently installed safety devices or equipment and shall obtain prior 
approval from the Contracting Officer.

         -- End of Section --
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SECTION 01 57 23.98

TEMPORARY STORM WATER POLLUTION CONTROL
04/06

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 TESTING AND MATERIALS (ASTM)

ASTM D 4439 (1997) Standard Terminology for 
Geosynthetics

ASTM D 4491 (1999a; R 2004e1) Water Permeability of 
Geotextiles by Permittivity

ASTM D 4533 (2004) Trapezoid Tearing Strength of 
Geotextiles

ASTM D 4632 (2008) Grab Breaking Load and Elongation 
of Geotextiles

ASTM D 4751 (2004) Determining Apparent Opening Size 
of a Geotextile

ASTM D 4873 (1995) Identification, Storage, and 
Handling of Geosynthetic Rolls

STATE OF OHIO DEPARTMENT OF NATURAL RESOURCES

ODNR (2006) Rainwater and Land Development

1.2   GENERAL

The Contractor shall implement the storm water pollution prevention 
measures specified in this section in a manner which will meet the 
requirements of  Section 01 35 43.98 ENVIRONMENTAL PROTECTION PROCEDURES, 
and the requirements of the National Pollution Discharge Elimination System 
(NPDES) permit attached to that Section.

1.3   SUBMITTALS

Government approval is required for all submittals. Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-07 Certificates

Mill Certificate or Affidavit

  Certificate attesting that the Contractor has met all specified 
requirements.
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1.4   EROSION AND SEDIMENT CONTROLS

The controls and measures required by the Contractor are described below.

1.4.1   Stabilization Practices

The stabilization practices to be implemented shall include temporary 
seeding, mulching, geotextiles, vegetative buffer strips, erosion control 
matts, protection of trees, preservation of mature vegetation.  On the 
Contractor's daily CQC Report, the Contractor shall record the dates when 
the major grading activities occur, (e.g., clearing and grubbing, 
excavation, embankment, and grading); when construction activities 
temporarily or permanently cease on a portion of the site; and when 
stabilization practices are initiated.  Except as provided in paragraphs 
UNSUITABLE CONDITIONS and NO ACTIVITY FOR LESS THAN 21 DAYS, stabilization 
practices shall be initiated as soon as practicable, but no more than 14 
days, in any portion of the site where construction activities have 
temporarily or permanently ceased.

1.4.1.1   Unsuitable Conditions

Where the initiation of stabilization measures by the fourteenth day after 
construction activity temporarily or permanently ceases is precluded by 
unsuitable conditions caused by the weather, stabilization practices shall 
be initiated as soon as practicable after conditions become suitable.

1.4.1.2   No Activity for Less Than 21 Days

Where construction activity will resume on a portion of the site within 21 
days from when activities ceased (e.g., the total time period that 
construction activity is temporarily ceased is less than 21 days), then 
stabilization practices do not have to be initiated on that portion of the 
site by the fourteenth day after construction activity temporarily ceased.

1.4.2   Structural Practices

Structural practices shall be implemented to divert flows from exposed 
soils, temporarily store flows, or otherwise limit runoff and the discharge 
of pollutants from exposed areas of the site.  Structural practices shall 
be implemented in a timely manner during the construction process to 
minimize erosion and sediment runoff.  Structural practices shall include 
the following devices.  Location and details of installation and 
construction are shown on the drawings.

1.4.2.1   Silt Fences

The Contractor shall provide silt fences as a temporary structural practice 
to minimize erosion and sediment runoff.  Silt fences shall be properly 
installed to effectively retain sediment immediately after completing each 
phase of work where erosion would occur in the form of sheet and rill 
erosion (e.g. clearing and grubbing, excavation, embankment, and grading).  
Silt fences shall be installed in the locations indicated on the drawings.  
Final removal of silt fence barriers shall be upon approval by the 
Contracting Officer.

1.4.2.2   Diversion Dikes

Diversion dikes shall have a maximum channel slope of 2 percent and shall 
be adequately compacted to prevent failure.  The minimum height measured 

SECTION 01 57 23.98  Page 2



NASA GRC Steam Plant B12 Project N0. 11421

from the top of the dike to the bottom of the channel shall be 18 inches.  
The minimum base width shall be 6 feet and the minimum top width shall be 2 
feet.  The Contractor shall ensure that the diversion dikes are not damaged 
by construction operations or traffic.  Diversion dikes shall be located as 
shown on the drawings.

1.4.2.3   Rock Check Dams

The contractor shall provide rock check dams as a temporary structural 
practice to slow down the velocity of the runoff in order to prevent 
erosion. Rock check dams should be properly installed according to the 
details provided on the plans. Rock check dam shall be placed where 
standing water or excessive siltation are minimized or where vegetative 
death is insignificant. Rock check dams shall be installed in the locations 
indicated on the plans and were deemed necessary during the time of 
construction. Sediment shall be removed from behind check dam once it 
accumulates to one-half the original height of the check dam. Final removal 
of the check dam shall be upon approval by the Contracting Officer.

PART 2   PRODUCTS

All products shall meet ODNR 2006 Rainwater and Land Development Manual.

2.1   COMPONENTS FOR SILT FENCES

2.1.1   Filter Fabric

The geotextile shall comply with the requirements of  ASTM D 4439, and 
shall consist of polymeric filaments which are formed into a stable network 
such that filaments retain their relative positions.  The filament shall 
consist of a long-chain synthetic polymer composed of at least 85 percent 
by weight of ester, propylene, or amide, and shall contain stabilizers 
and/or inhibitors added to the base plastic to make the filaments 
resistance to deterioration due to ultraviolet and heat exposure.  
Synthetic filter fabric shall contain ultraviolet ray inhibitors and 
stabilizers to provide a minimum of six months of expected usable 
construction life at a temperature range of 0 to 120 degrees F.  The filter 
fabric shall meet the following requirements:

                  FILTER FABRIC FOR SILT SCREEN FENCE

PHYSICAL PROPERTY           TEST PROCEDURE         STRENGTH REQUIREMENT

Grab Tensile                 ASTM D 4632             100 lbs. min.
Elongation (%)                                           30 % max.

Trapezoid Tear               ASTM D 4533              55 lbs. min.

Permittivity                 ASTM D 4491                  0.2 sec-1

AOS (U.S. Std Sieve)         ASTM D 4751                  20-100

2.1.2   Silt Fence Stakes and Posts

The Contractor may use either wooden stakes or steel posts for fence 
construction.  Wooden stakes utilized for silt fence construction, shall 
have a minimum cross section of 2 inches by 2 inches when oak is used and 6 
inches by 6 inches when pine is used, and shall have a minimum length of 5 
feet.  Steel posts (standard "U" or "T" section) utilized for silt fence 
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construction, shall have a minimum weight of 1.33 pounds per linear foot 
and a minimum length of 5 feet.

2.1.3   Mill Certificate or Affidavit

A mill certificate or affidavit shall be provided attesting that the fabric 
and factory seams meet chemical, physical, and manufacturing requirements 
specified above.  The mill certificate or affidavit shall specify the 
actual Minimum Average Roll Values and shall identify the fabric supplied 
by roll identification numbers.  The Contractor shall submit a mill 
certificate or affidavit signed by a legally authorized official from the 
company manufacturing the filter fabric.

2.1.4   Identification Storage and Handling

Filter fabric shall be identified, stored and handled in accordance with 
ASTM D 4873.

PART 3   EXECUTION

3.1   INSTALLATION OF SILT FENCES

Silt fences shall extend a minimum of 16 inches above the ground surface 
and shall not exceed 34 inches above the ground surface.  Filter fabric 
shall be from a continuous roll cut to the length of the barrier to avoid 
the use of joints.  When joints are unavoidable, filter fabric shall be 
spliced together at a support post, with a minimum 6 inch overlap, and 
securely sealed.  A trench shall be excavated approximately 4 inches wide 
and 4 inches deep on the upslope side of the location of the silt fence.  
The 4-inch by 4-inch trench shall be backfilled and the soil compacted over 
the filter fabric.  Silt fences shall be removed upon approval by the 
Contracting Officer.

3.2   MAINTENANCE

The Contractor shall maintain the temporary and permanent vegetation, 
erosion and sediment control measures, and other protective measures in 
good and effective operating condition by performing routine inspections to 
determine condition and effectiveness, by restoration of destroyed 
vegetative cover, and by repair of erosion and sediment control measures 
and other protective measures.  The following procedures shall be followed 
to maintain the protective measures.

3.2.1   Silt Fence Maintenance

Silt fences shall be inspected in accordance with paragraph INSPECTIONS.  
Any required repairs shall be made promptly.  Close attention shall be paid 
to the repair of damaged silt fence resulting from end runs and 
undercutting.  Should the fabric on a silt fence decompose or become 
ineffective, and the barrier is still necessary, the fabric shall be 
replaced promptly.  Sediment deposits shall be removed when deposits reach 
one-third of the height of the barrier.  When a silt fence is no longer 
required, it shall be removed.  The immediate area occupied by the fence 
and any sediment deposits shall be shaped to an acceptable grade.  The 
areas disturbed by this shaping shall be seeded per Section 32 92 19 
"Seeding".

SECTION 01 57 23.98  Page 4



NASA GRC Steam Plant B12 Project N0. 11421

3.2.2   Diversion Dike Maintenance

Diversion dikes shall be inspected in accordance with paragraph 
INSPECTIONS.  Close attention shall be paid to the repair of damaged 
diversion dikes and necessary repairs shall be accomplished promptly.  When 
diversion dikes are no longer required, they shall be shaped to an 
acceptable grade.  The areas disturbed by this shaping shall be seeded in 
accordance with Section 32 92 19 "Seeding".

3.3   INSPECTIONS

3.3.1   General

The Contractor shall inspect disturbed areas of the construction site, 
areas used for storage of materials that are exposed to precipitation that 
have not been finally stabilized, stabilization practices, structural 
practices, other controls, and area where vehicles exit the site at least 
once every seven (7) calendar days and within 24 hours of the end of any 
storm that produces 0.5 inches or more rainfall at the site.  Where sites 
have been finally stabilized, such inspection shall be conducted at least 
once every month.

3.3.2   Inspections Details

Disturbed areas and areas used for material storage that are exposed to 
precipitation shall be inspected for evidence of, or the potential for, 
pollutants entering the drainage system.  Erosion and sediment control 
measures identified in the Storm Water Pollution Prevention Plan shall be 
observed to ensure that they are operating correctly.  Discharge locations 
or points shall be inspected to ascertain whether erosion control measures 
are effective in preventing significant impacts to receiving waters.  
Locations where vehicles exit the site shall be inspected for evidence of 
offsite sediment tracking.

3.3.3   Inspection Reports

For each inspection conducted, the Contractor shall prepare a report 
summarizing the scope of the inspection, name(s) and qualifications of 
personnel making the inspection, the date(s) of the inspection, major 
observations relating to the implementation of the Storm Water Pollution 
Prevention Plan, maintenance performed, and actions taken.  The report 
shall be furnished to the Contracting Officer within 24 hours of the 
inspection as a part of the Contractor's daily CQC REPORT.  A copy of the 
inspection report shall be maintained on the job site.

3.3.4   Monthly Inspection Report and Certification Form for Erosion and 
Sediment Controls

On the first working day of each month the Contractor shall complete, sign, 
and submit the original form to the NASA Construction Manager.

Unless otherwise notified by the OEPA or NASA, the Contractor shall submit 
the Monthly Inspection Report and Certification Forms on the first working 
day of each month for an additional two months after the final completion 
of all storm water pollution prevention measures required in this contract 
have been implemented.

       -- End of Section --
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SECTION 01 60 00.98

PRODUCT REQUIREMENTS
04/06

PART 1   GENERAL

1.1   SUMMARY

Requirements of this Section apply to, and are a component part of, each 
section of the specifications.

1.2   SUBMITTALS

Not Used

1.3   SHIPMENT AND PROTECTION OF MATERIAL AND EQUIPMENT

Shipments shall be addressed to the Contractor who shall be responsible for 
their receipt, unloading, handling, and storage at the site.  Government 
will not accept deliveries on behalf of the Contractor or his 
subcontractors or assume responsibility for security of materials, 
equipment, or supplies delivered to the site.

Contractor shall protect and preserve materials, supplies, and equipment of 
every description (including property which may be Government-furnished or 
-owned) and work performed.

1.4   STORAGE AND PROTECTION OF MATERIAL

1.4.1   Salvage Material

Material to be salvaged and reinstalled by the Contractor shall be 
protected during removal and stored to prevent damage.

1.4.2   New Material and Construction Equipment

Only material and construction equipment designated for performance of 
contract work may be stored at the construction site or located in 
Government-controlled warehouses or shop facilities.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

Materials and equipment to be provided under this contract shall be 
standard catalogue products of manufacturers regularly engaged in the 
manufacture of the products.  All material "cut sheets" and factory 
acceptance test data shall be provided to the Contracting Officer.  
Information and data shall have a cover letter/sheet clearly marked with 
the system name, date, and the words "Final Test Data - Forward to the 
Systems Engineer/Condition Monitoring Office/Predictive Testing Group for 
inclusion in the Maintenance Database."
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Material and equipment shall be installed in accordance with the 
requirements of the contract drawings , contract specifications and 
referenced standards and specifications.

PART 3   EXECUTION

Not Used

        -- End of Section --
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SECTION 01 62 35

RECYCLED / RECOVERED MATERIALS

07/06

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)

40 CFR 247 Comprehensive Procurement Guideline for 
Products Containing Recovered Materials

1.2   OBJECTIVES

Government procurement policy is to acquire, in a cost effective manner, 
items containing the highest percentage of recycled and recovered materials 
practicable consistent with maintaining a satisfactory level of competition 
without adversely affecting performance requirements or exposing suppliers' 
employees to undue hazards from the recovered materials.  The Environmental 
Protection Agency (EPA) has designated certain items which must contain a 
specified percent range of recovered or recycled materials.  EPA designated 
products specified in this contract comply with the stated policy and with 
the EPA guidelines.  The Contractor shall make all reasonable efforts to 
use recycled and recovered materials in providing the EPA designated 
products and in otherwise utilizing recycled and recovered materials in the 
execution of the work.

1.3   EPA DESIGNATED ITEMS INCORPORATED IN THE WORK

Various sections of the specifications contain requirements for materials 
that have been designated by EPA as being products which are or can be made 
with recovered or recycled materials.  These items, when incorporated into 
the work under this contract, shall contain at least the specified 
percentage of recycled or recovered materials unless adequate 
justification  (non-availability) for non-use is provided.  When a 
designated item is specified as an option to a non-designated item, the 
designated item requirements apply only if the designated item is used in 
the work.

1.4   EPA PROPOSED ITEMS INCORPORATED IN THE WORK

Products other than those designated by EPA are still being researched and 
are being considered for future Comprehensive Procurement Guideline (CPG) 
designation.  It is recommended that these items, when incorporated in the 
work under this contract, contain the highest practicable percentage of 
recycled or recovered materials, provided specified requirements are also 
met.
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1.5   EPA LISTED ITEMS USED IN CONDUCT OF THE WORK BUT NOT INCORPORATED IN 
THE WORK

There are many products listed in 40 CFR 247 which have been designated or 
proposed by EPA to include recycled or recovered materials that may be used 
by the Contractor in performing the work but will not be incorporated into 
the work.  These products include office products, temporary traffic 
control products, and pallets.  It is recommended that these 
non-construction products, when used in the conduct of the work, contain 
the highest practicable percentage of recycled or recovered materials and 
that these products be recycled when no longer needed.

PART 2   TITLE

Not Used

PART 3   TITLE

Not Used

        -- End of Section --

SECTION 01 62 35  Page 2



NASA GRC Steam Plant B12 Project N0. 11421

SECTION 01 75 00.98

STARTING AND ADJUSTING
04/06

PART 1   GENERAL

1.1   SUMMARY

Requirements of this Section apply to, and are a component part of, each 
section of the specifications.

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-06 Test Reports

Test reports shall be submitted in accordance with the paragraphs 
entitled, "Factory Tests", "Functional Test" and "Final Acceptance 
Test," of this section.

Test procedures and the recording forms shall be submitted 
according to paragraph entitled, "Test Procedures."

1.2.1   Tests Required

Tests shall be performed to verify proper functioning of fire protection, 
fire suppression, HVAC, compressed air, electrical switchgear, protective 
relaying, fluid and gas systems, pump/motor combinations, boiler systems, 
hydraulic and pneumatic control, condition/performance monitoring systems, 
energy control and monitoring systems, and other assemblies and components 
that need to be tested as an interrelated whole.

1.2.2   Factory Tests

Tests shall be performed at the factory to verify proper build.  These test 
results will be used in the "Final Acceptance Test" section to verify no 
shipping damage and proper installation.

1.2.3   Functional Test

Contractor shall perform an "in-house" test to verify that the system and 
components have been properly installed and are functioning properly.  Test 
shall be performed in the presence of the Contracting Officer.  Test shall 
be completed and found acceptable when system has performed per other 
sections and referenced industry standards.

1.2.4   Final Acceptance Test

Contractor shall perform a formal test with full documentation using the 
approved recording form.  Contracting Officer will witness this test and 
issue a written final acceptance.  Final test data shall be provided to the 
Contracting Officer.  Data shall have a cover letter/sheet clearly marked 
with the system name, date, and the words "Final Test Data - Forward to the 
Systems Engineer/Condition Monitoring Office/Predictive Testing Group for 
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inclusion in the Maintenance Database."

1.2.5   Test Procedures

Test procedure and recording forms that document the test steps shall be 
submitted for approval to the Contracting Officer 21 calender days prior to 
the proposed test date.  Procedure shall consist of step by step 
instruction to verify system parameters, components, and functions.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

Not Used

         -- End of Section --
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SECTION 01 78 00.98

CLOSEOUT SUBMITTALS
04/06

PART 1   GENERAL

1.1   SUMMARY

The requirements of this Section apply to, and are a component part of, 
each section of the specifications.

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

The following shall be submitted in accordance with paragraph 
entitled, "General," of this section.

Reproducible Drawings
CAD System Drawings

SD-02 Shop Drawings

As-Built Drawings shall be submitted in accordance with paragraph 
entitled, "General," of this section.

SD-03 Product Data

Spare Parts Data shall indicate manufacturer's name, part number, 
nomenclature, and stock level recommended for maintenance and 
repair. List those items that may be standard to the normal 
maintenance of the system.

SD-07 Certificates

A Work Plan shall be submitted in accordance with paragraph 
entitled, "General," of this section.

SD-08 Manufacturer's Instructions

The following shall be submitted in accordance with paragraph 
entitled, "General," of this section.

Preventative Maintenance and Condition Monitoring (Predictive 
Testing) and Inspection schedules shall be submitted by the 
Contractor with instructions that state when systems should be 
retested.

Schedule shall 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.  Each test feature; e.g., gpm, rpm, psi, 
shall have a signoff blank for the Contractor and Contracting 

SECTION 01 78 00.98  Page 1



NASA GRC Steam Plant B12 Project N0. 11421

Officer.  A remarks column of the testing validation procedure 
shall include references to operating limits of time, pressure, 
temperature, volume, voltage, current, acceleration, velocity, 
alignment, calibration, adjustments, cleaning, or special system 
notes.  Procedures for preventative maintenance, condition 
monitoring (predictive testing) and inspection, adjustment, 
lubrication and cleaning necessary to prevent failure shall be 
delineated.

Posted Instructions

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals shall be submitted in accordance 
with paragraph entitled, "Operation and Maintenance," of this 
section.  Equipment data sheets will be included for each piece of 
equipment purchased and/or installed, with specific model numbers 
and optional equipment or features listed.  Equipment data shall 
be provided on NASA Form C-134: "CMMS Request for Modification" by 
the Contractor or their designated subcontractor.

All O&M data shall be submitted on CD in a Adobe Acrobat version 
6.0 or greater, PDF Format.  The COTR will provide the Contractor 
with a structured file format for the purposes of archiving PDF 
files on the CD.

1.3   GENERAL

Reproducible Drawings and CAD System Drawings shall be submitted as follows:

 Three reproducible copy(s) of each drawing, product data record, or 
log 5.25 CAD system CD showing each drawing, product data record, or 
log shall be submitted for historical record.

Final drawings shall incorporate contract changes and plan deviations.  
Lines, letters, and details will be sharp, clear, and legible.  
Additions or corrections to the drawings will be drawn to the scale of 
the original drawing.  One copy, marked with review notations by the 
Contracting Officer, will be returned to the Contractor.  Drawings are 
to be resubmitted within 30 calendar days after the completion of the 
representative work effort.

Documents shall be current.  Contractor shall not conceal record 
information until as-built drawings have been made.  Record drawings 
shall be submitted with a transmittal letter containing date, project 
title, Contractor's name and address, document list, and Contractor's 
signature.

As-Built Drawings shall be submitted under the following criteria:

In order to minimize the time for final payment at the completion of 
the project, the Contractor shall update the as-built drawings every 
month with the Contracting Officer's authorized representative.  This 
update will be a part of "the monthly request for payment meeting," and 
payment--or a portion of the payment, including final payment--may be 
withheld until the as-built drawings have been updated, and accepted by 
the Contracting Officer.

After completion of all construction and before final payment is made 
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under this contract, the Contractor shall provide the Contracting 
Officer with one complete set of full size blue line contract drawings 
with alterations shown in red pencil.

Preventative Maintenance and Condition Monitoring (Predictive Testing) and 
Inspection schedules shall be submitted by the Contractor with instructions 
that state when systems should be retested.

Schedule shall 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.  Each 
test feature; e.g., gpm, rpm, psi, shall have a signoff blank for the 
Contractor and Contracting Officer.  A remarks column of the testing 
validation procedure shall include references to operating limits of time, 
pressure, temperature, volume, voltage, current, acceleration, velocity, 
alignment, calibration, adjustments, cleaning, or special system notes.  
Procedures for preventative maintenance, inspection, adjustment, 
lubrication and cleaning necessary to minimize corrective maintenance and 
repair shall be delineated.

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

A Work Plan shall be submitted to the Contracting Officer for project 
closeout.  Plan shall include all scheduled inspections, instruction 
classes, items, closeout dates for all functions, and shall list the 
required Government and Contractor personnel that will be taking part in 
these functions.

Posted Instructions shall be submitted by the Contractor with labels, 
signs, and templates of operating instructions that are required to be 
mounted or installed on or near the product for normal, safe operation.

Contractor shall submit 6 copies of the project operation and maintenance 
manuals 30 days prior to testing the system involved.  Data shall be 
updated and resubmitted for final approval no later than 30 days prior to 
contract completion.

Spare Parts Data shall 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   WARRANTY OF CONSTRUCTION

In accordance with FAR clause 52.246-12 the Contractor shall provide a 
1-year warranty from "acceptance of the work".   NASA Glenn Research Center 
interprets this as 1-year from the completion date.  Subcontracts or Supply 
Purchase Orders shall include these provisions.  The following 
clarifications are made to assure complete understanding of warranty 
provisions:

The prime Contractor shall operate and maintain all equipment and 
systems installed until the contract completion date.  This includes 
maintenance service inspections, filter replacements and other work as 
recommended by the manufacturer.  Following completion, the Government 
will assume O&M responsibilities in accordance with the manufacturer's 
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recommendations.

The prime Contractor shall provide a written 1 -year warranty from the 
contract completion date to the Government covering all materials, 
labor and workmanship.  Warranty repairs may require the services of 
subcontractors or suppliers, but shall be managed and coordinated by 
the prime.

The prime COntractor shall provide a 1-year certificate of warranty 
from each supplier or provider for all purchased equipment or systems. 
Requests for warranty repairs shall be made will be made directly to 
the manufacturer or supplier.

This provision is not affected by the Government's benefical use or 
occupancy prior to the final completion.  The waranty date may be adjusted 
throughout the course of his contract as required to include contract time 
extensions with an equitable adjustment to the contract.  Should the 
contractor complete the work ahead of schedule, the warranty provisions 
will be revised to reflect the actual completion.

The warranty start date for this contract is calculated as the bid 
guarantee date plus the awarded period of performance.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

3.1   OPERATION AND MAINTENANCE

Operation and Maintenance Manuals shall be consistent with the 
manufacturer's standard brochures, schematics, printed instructions, 
general operating procedures, and safety precautions.  Information shall be 
bound in manual format and grouped by technical sections.  Test data shall 
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 shall have 10 millimeter 
holes and be bound in 3-ring, loose-leaf binders.  Data shall be organized 
by separate index and tabbed sheets, in a loose-leaf binder.  Binder shall 
lie flat with printed sheets that are easy to read.  Caution and warning 
indications shall be clearly labeled.

Contractor shall submit classroom and field instructions in the operation 
and maintenance of systems equipment where required by the technical 
provisions.  These services shall be directed by the Contractor, using the 
manufacturer's factory-trained personnel or qualified representatives.  
Contracting Officer shall be given 7 days written notice of scheduled 
instructional services.  Instructional materials belonging to the 
manufacturer or vendor, such as lists, static exhibits, and visual aids, 
shall be made available to the Contracting Officer.

         -- End of Section --
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SECTION 01 78 23

OPERATION AND MAINTENANCE DATA
07/06

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 shall compile and prepare data and deliver 
to the Contractor prior to the training of Government personnel.  The 
Contractor shall 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, except as follows.

1.1.3   Changes to Submittals

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

1.1.4   Review and Approval

The Government shall verify that the systems and equipment provided meet 
the requirements of the Contract documents and design  intent, particularly 
as they relate to functionality, energy performance, water performance, 
maintainability,  sustainability, system cost, indoor environmental 
quality, and local environmental impacts.  This work shall be in addition  
to the normal review procedures for O&M data.

1.1.5   O&M Database

Develop a database from the O&M manuals that contains the information 
required to start a preventative maintenance program.
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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, 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.  Include potential environmental and indoor air 
quality impacts of recommended maintenance procedures and materials.
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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 
pneumatic control tubing 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.

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 
and technical precautions prescribed by the manufacturers or contract 
documents in order to keep warranties in force.  Include warranty 
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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.

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 1

a.  Safety precautions

b.  Cleaning recommendations

c.  Maintenance and repair procedures
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d.  Warranty information

e.  Contractor information

f.  Spare parts and supply list

1.4.2   Data Package 2

a.  Safety precautions

b.  Normal operations

c.  Environmental conditions

d.  Lubrication data

e.  Preventive maintenance plan and schedule

f.  Cleaning recommendations

g.  Maintenance and repair procedures

h.  Removal and replacement instructions

i.  Spare parts and supply list

j.  Parts identification

k.  Warranty information

l.  Contractor information

1.4.3   Data Package 3

a.  Safety precautions

b.  Operator prestart

c.  Startup, shutdown, and post-shutdown procedures

d.  Normal operations

e.  Emergency operations

f.  Environmental conditions

g.  Lubrication data

h.  Preventive maintenance plan and schedule

i.  Cleaning recommendations

j.  Troubleshooting guides and diagnostic techniques

k.  Wiring diagrams and control diagrams

l.  Maintenance and repair procedures

m.  Removal and replacement instructions
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n.  Spare parts and supply list

o.  Product submittal data

p.  O&M submittal data

q.  Parts identification

r.  Warranty information

s.  Testing equipment and special tool information

t.  Testing and performance data

u.  Contractor information

1.4.4   Data Package 4

a.  Safety precautions

b.  Operator prestart

c.  Startup, shutdown, and post-shutdown procedures

d.  Normal operations

e.  Emergency operations

f.  Operator service requirements

g.  Environmental conditions

h.  Lubrication data

i.  Preventive maintenance plan and schedule

j.  Cleaning recommendations

k.  Troubleshooting guides and diagnostic techniques

l.  Wiring diagrams and control diagrams

m.  Maintenance and repair procedures

n.  Removal and replacement instructions

o.  Spare parts and supply list

p.  Corrective maintenance man-hours

q.  Product submittal data

r.  O&M submittal data

s.  Parts identification

t.  Warranty information
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u.  Personnel training requirements

v.  Testing equipment and special tool information

w.  Testing and performance data

x.  Contractor information

1.4.5   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

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

PART 3   EXECUTION

Not Used

        -- End of Section --
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SECTION 02 41 00.98

DEMOLITION
04/06

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 ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 145 (1991; R 2003) Classification of Soils and 
Soil-Aggregate Mixtures for Highway 
Construction Purposes

 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

Interruption of the following shall be submitted:

Utility Outages
Traffic Interruptions

SD-07 Certificates

Contractor shall submit a detailed Demolition Plan of the work 
procedures and safety precautions to be used prior to the 
beginning of work.

1.3   DEMOLITION PLAN

Contractor shall prepare and submit a detailed Demolition Plan of the work 
procedures and safety precautions to be used in the identification, 
demolition, handling, removal, transportation, and reclamation or disposal 
of removed materials.  Contractor shall meet with the Contracting Officer, 
prior to beginning work, to discuss in detail the demolition plan.

1.4   INTERRUPTION OF SERVICE

Written approval by the Contracting Officer for interruption of service 
Utility Outages and Traffic Interruptions shall be submitted at least 48 
hours prior to work.

PART 2   PRODUCTS

2.1   FILL MATERIAL

Fill material shall conform to the definition of satisfactory soil material 
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as defined in AASHTO M 145, Soil Classification Groups A-1, A-2-4, A-2-5 
and A-3.  In addition, fill material shall be free from roots and other 
organic matter, trash, debris, frozen materials, and stones larger than 3 
inches in any dimension.

Earthwork shall be in accordance with Sections 31 00 00, 31 23 01.98, or 
31 23 02.98 where ever applicable.

PART 3   EXECUTION

3.1   DISCONNECTING EXISTING UTILITIES

Prior to the start of work, utilities serving each area of alteration or 
removal will be shut off by the Government and shall be disconnected and 
sealed by the Contractor.

3.2   TEMPORARY UTILITY SERVICES

Install temporary utility services before disconnecting existing utilities. 
Maintain the temporary services during the period of construction and 
remove only after permanent services have been installed and tested and are 
in operation or as directed by the CO.

3.3   DISPOSAL OF REMOVED MATERIALS

3.3.1   General

Debris, rubbish, scrap, and other nonsalvageable materials resulting from 
removal operations shall be disposed of in accordance with all applicable 
federal, state and local regulations as contractually specified and as 
specified in Section 01 35 43.98 ENVIRONMENTAL PROTECTION PROCEDURES.  
Removed materials shall not be stored on the project site.

3.3.2   Burning on Government Property

Burning of materials shall not be permitted on Government property.

3.3.3   Removal from Government Property

Waste materials removed from demolished structures, except waste soil, 
shall be transported from Government property and legally disposed 
oflegally disposed of.  Waste soil shall be disposed of as directed.

        -- End of Section --
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SECTION 02 82 00.98

ENGINEERING CONTROL OF ASBESTOS CONTAINING MATERIALS
04/06

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 NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z9.2 (1979; R 1991) Fundamentals Governing the 
Design and Operation of Local Exhaust 
Systems

ANSI Z88.2 (1992) Respiratory Protection

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 732 (1995) Aging Effects of Artificial 
Weathering on Latex Sealants

ASTM D 1331 (1989; R 1995) Surface and Interfacial 
Tension of Solutions of Surface-Active 
Agents

ASTM E 84 (2009c) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM E 96 (1995) Water Vapor Transmission of 
Materials

ASTM E 119 (1995; Rev. A) Fire Tests of Building 
Construction and Materials

ASTM E 736 (1992) Cohesion/Adhesion of Sprayed 
Fire-Resistive Materials Applied to 
Structural Members

ASTM E 1368 (1990) Visual Inspection of Asbestos 
Abatement Projects

CODE OF FEDERAL REGULATIONS (CFR)

29 CFR 1926.103 Respiratory Protection

29 CFR 1926.51 Sanitation

29 CFR 1926.200 Accident Prevention Signs and Tags

29 CFR 1926.59 Hazard Communication

29 CFR 1926.1101 Asbestos, Tremolite, Anthophyllite, 
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Actinolite

40 CFR 61-SUBPART A General Provisions

40 CFR 61-SUBPART M National Emission Standard for Asbestos

40 CFR 763 Asbestos Containing Material in Schools

ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA 560/5-85-024 Guidance for Controlling Asbestos 
Containing Materials in Buildings

Ohio Administrative Code (OAC)

OAC 3701-34 (2005) Asbestos Hazard Abatement

OAC 3745-20 (2005) Asbestos Emission Control

UNDERWRITERS LABORATORIES INC. (UL)

UL 586 (1990) High-Efficiency, Particulate, Air 
Filter Units

1.2   DEFINITIONS

1.2.1   ACM

Asbestos Containing Materials.

1.2.2   Amended Water

Water containing a wetting agent or surfactant with a maximum surface 
tension of29 dynes per centimeter when tested in accordance with ASTM D 1331.

1.2.3   Area Sampling

Sampling of asbestos fiber concentrations which approximates the 
concentrations of asbestos in the theoretical breathing zone but is not 
actually collected in the breathing zone of an employee.

1.2.4   Asbestos

The term asbestos includes chrysotile, amosite, crocidolite, tremolite 
asbestos, anthophyllite asbestos, and actinolite asbestos and any of these 
minerals that has been chemically treated or altered.  Materials are 
considered to contain asbestos if the asbestos content of the material is 
determined to be at least one percent.

1.2.5   Asbestos Control Area

That area where asbestos removal operations are performed which is isolated 
by physical boundaries which assist in the prevention of the uncontrolled 
release of asbestos dust, fibers, or debris.

1.2.6   Asbestos Fibers

Those fibers having an aspect ratio of at least 3:1 and longer than 5 
micrometers as determined by National Institute for Occupational Safety and 
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Health (NIOSH) Method 7400.

1.2.7   Asbestos Permissible Exposure Limit

0.1 fibers per cubic centimeter of air as an 8-hour time weighted average 
measured in the breathing zone as defined by 29 CFR 1926.1101 or other 
Federal legislation having legal jurisdiction for the protection of workers 
health.

1.2.8   Background

The ambient airborne asbestos concentration in an uncontaminated area as 
measured prior to any asbestos hazard abatement efforts.  Background 
concentrations for other (contaminated) areas are measured in similar but 
asbestos free locations.

1.2.9   Contractor

The Contractor is that individual, or entity under contract to perform the 
herein listed work.

1.2.10   Encapsulation

The abatement of an asbestos hazard through the appropriate use of chemical 
encapsulants.

1.2.11   Encapsulants

Specific materials in various forms used to chemically or physically entrap 
asbestos fibers in various configurations to prevent these fibers from 
becoming airborne.  There are four types of encapsulants as follows which 
must comply with performance requirements as specified herein.

a.  Removal Encapsulant (can be used as a wetting agent)

b.  Bridging Encapsulant (used to provide a tough, durable surface 
coating to asbestos containing material)

c.  Penetrating Encapsulant (used to penetrate the asbestos containing 
material encapsulating all asbestos fibers and preventing fiber 
release due to routine mechanical damage)

d.  Lock-Down Encapsulant (used to seal off or "lock-down" minute 
asbestos fibers left on surfaces from which asbestos containing 
material has been removed).

1.2.12   Friable Asbestos Material

Greater than one percent asbestos containing material that can be crumbled, 
pulverized, or reduced to powder by hand pressure when dry.

1.2.13   Glovebag Technique

Those asbestos removal and control techniques put forth in 29 CFR 1926.1101 
Appendix G.

1.2.14   HEPA Filter Equipment

High efficiency particulate air (HEPA) filtered vacuum and/or exhaust 
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ventilation equipment with a filter system capable of collecting and 
retaining asbestos fibers.  Filters shall retain 99.97 percent of particles 
0.3 microns or larger as indicated in UL 586.

1.2.15   NASA Consultant (NC)

That qualified person employed directly by the Government to monitor, 
sample, inspect the work or in some other way advise the Contracting 
Officer.  The NC is normally a private consultant, but can be an employee 
of the Government.

1.2.16   Negative Pressure Enclosure (NPE)

That engineering control technique described as a negative pressure 
enclosure in 29 CFR 1926.1101.

1.2.17   Nonfriable Asbestos Material

Material that contains asbestos in which the fibers have been immobilized 
by a bonding agent, coating, binder, or other material so that the asbestos 
is well bound and will not normally release asbestos fibers during any 
appropriate use, handling, storage or transportation.  It is understood 
that asbestos fibers may be released under other conditions such as 
demolition, removal, or mishap.

1.2.18   Personal Sampling

Air sampling which is performed to determine asbestos fiber concentrations 
within the breathing zone of a specific employee, as performed in 
accordance with 29 CFR 1926.1101.

1.2.19   Private Qualified Person (PQP)

That qualified person hired by the Contractor to perform the herein listed 
tasks.

1.2.20   Qualified Person (QP)

A Registered Architect, Professional Engineer, Certified Industrial 
Hygienist, consultant or other qualified person who has successfully 
completed training and is therefore accredited under a legitimate State 
Model Accrediation Plan as described in 40 CFR 763 as a Building Inspector, 
Contractor/Supervisor Abatement Worker, and Asbestos Project Designer; and 
has successfully completed the National Institute of Occupational Safety 
and Health (NIOSH) 582 course "Sampling and Evaluating Airborne Asbestos 
Dust" or equivalent.  The QP must be qualified to perform visual 
inspections as indicated in ASTM E 1368.  The QP shall be appropriately 
licensed in the State of Ohio

1.2.21   TEM

Refers to Transmission Electron Microscopy.

1.2.22   Time Weighted Average (TWA)

The TWA is an 8-hour time weighted average airborne concentration of 
asbestos fibers.
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1.2.23   Wetting Agent

A chemical added to water to reduce the water's surface tension thereby 
increasing the water's ability to soak into the material to which it is 
applied.  An equivalent wetting agent must have a surface tension of at most
29 dynes per centimeter when tested in accordance with ASTM D 1331.

1.3   REQUIREMENTS

1.3.1   Description of Work

The work covered by this section includes the handling and control of 
asbestos containing materials and describes some of the resultant 
procedures and equipment required to protect workers, the environment and 
occupants of the building or area, or both, from contact with airborne 
asbestos fibers.  The work also includes the disposal of any asbestos 
containing materials generated by the work.  More specific operational 
procedures shall be outlined in the Asbestos Hazard Abatement Plan called 
for elsewhere in this specification.  The asbestos work includes the 
demolition and removal of asbestos containing materials (ACM) identified in 
the Building 12 - Steam Plant Asbestos Inspection Report which is governed 
by 40 CFR 763. The asbestos work includes the demolition and removal of: 

   -  Boiler Insulation Material              1,000 Square Feet
   -  TSI Insulation Runs < 6" Diameter         400 Linear Feet
   -  TSI Insulation Fittings < 6" Diameter         20 Fittings
   -  TSI Insulation Runs > 6" Diameter         200 Linear Feet
   -  TSI Insulation Fittings > 6" Diameter         40 Fittings

Under normal conditions non-friable or chemically bound materials 
containing asbestos would not be considered hazardous; however, this 
material may release airborne asbestos fibers during demolition and removal 
and therefore must be handled in accordance with the removal and disposal 
procedures as specified herein. Provide negative pressure enclosure 
techniques as outlined in this specification.  The Government will evacuate 
the work area during the asbestos abatement work.

1.3.2   Medical Requirements

Provide medical requirements including but not limited to medical 
surveillance and medical record keeping as listed in 29 CFR 1926.1101.  

1.3.2.1   Medical Examinations

Before exposure to airborne asbestos fibers, provide workers with a 
comprehensive medical examination as required by 29 CFR 1926.1101 or other 
pertinent State or local directives.  This requirement must have been 
satisfied within the 12 months prior to the start of work on this 
contract.  The same medical examination shall be given on an annual basis 
to employees engaged in an occupation involving asbestos and within 30 
calendar days before or after the termination of employment in such 
occupation.  Specifically identify x-ray films of asbestos workers to the 
consulting radiologist and mark medical record jackets with the word 
"ASBESTOS."

1.3.2.2   Medical Records

Maintain complete and accurate records of employees' medical examinations, 
medical records, and exposure data for a period of 50 years after 
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termination of employment and make records of the required medical 
examinations and exposure data available for inspection and copying to:  
The Assistant Secretary of Labor for Occupational Safety and Health (OSHA), 
or authorized representatives of them, and an employee's physician upon the 
request of the employee or former employee.

1.3.3   Training

Train all personnel involved in the asbestos control work in accordance 
with United States Environmental Protection Agency (USEPA) Asbestos Hazard 
Emergency Response Act (AHERA) training criteria or State training criteria 
whichever is more stringent.  The Contractor shall document the training by 
providing:  dates of training, training entity, course outline, names of 
instructors, and qualifications of instructors upon request by the 
Contracting Officer.  Furnish each employee with respirator training and 
fit testing administered by the PQP as required by 29 CFR 1926.1101.  Fully 
cover engineering and other hazard control techniques and procedures.

1.3.4   Permits, Licenses, and Notifications

Obtain necessary permits and licenses in conjunction with asbestos removal, 
encapsulation, hauling, and disposition, and furnish notification of such 
actions required by Federal, State, regional, and local authorities prior 
to the start of work.  Notify the local air pollution control 
district/agency and the Contracting Officer in writing 10 working days 
prior to commencement of work in accordance with 40 CFR 61-SUBPART M.

1.3.5   Environment, Safety and Health Compliance

In addition to detailed requirements of this specification, comply with 
those applicable laws, ordinances, criteria, rules, and regulations of 
Federal, State, regional, and local authorities regarding handling, 
storing, transporting, and disposing of asbestos waste materials.  Comply 
with the applicable requirements of the current issue of 29 CFR 1926.1101, 
40 CFR 61-SUBPART A, and 40 CFR 61-SUBPART M.  Submit matters of 
interpretation of standards to the appropriate administrative agency for 
resolution before starting the work.  Where the requirements of this 
specification, applicable laws, rules, criteria, ordinances, regulations, 
and referenced documents vary, the most stringent requirement as defined by 
the Government shall apply.  The following laws, ordinances, criteria, 
rules and regulations regarding removal, handling, storing, transporting 
and disposing of asbestos materials apply:

a. OAC 3701-34

b. OAC 3745-20

c. 40 CFR 763

1.3.6   Respiratory Protection Program

Establish and implement a respirator program as required by ANSI Z88.2, 
29 CFR 1926.1101, and 29 CFR 1926.103.  Submit a written description of the 
program to the Contracting Officer.

1.3.7   Asbestos Hazard Control Supervisor

The Contractor shall be represented on site by a supervisor, trained using 
the model Contractor accreditation plan as indicated in the Federal 
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statutes for all portions of the herein listed work.

1.3.8   Hazard Communication

Adhere to all parts of 29 CFR 1926.59 and provide the Contracting Officer 
with a copy of the Material Safety Data Sheets (MSDS) for all materials 
brought to the site.

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:

1.4.1   SD-03 Product Data

a.  Local exhaust equipment

b.  Vacuums

c.  Respirators 

d.  Pressure differential automatic recording instrument

e.  Amended water 

f.  Glovebags

g.  Material Safety Data Sheets (MSDS) for all materials proposed for 
transport to the project site  

h.  Encapsulants 

1.4.2   SD-07 Certificates

a.  Asbestos Hazard Abatement Plan; G

b.  Testing laboratory; G

c.  Private qualified person documentation; G

d.  Landfill approval; G

e.  Employee training; G

f.  Medical certification requirements; G

g.  Waste shipment records and if applicable exemption report; G

h.  Respiratory Protection Program; G

i.  Hazardous waste manifest; G

j.  Vacuums

k.  Water filtration equipment

l.  Ventilation systems
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m.  Other equipment used to contain airborne asbestos fibers

n.  Chemical encapsulants sealers

Show compliance with ANSI Z9.2 by providing manufacturers' certifications.

1.4.2.1   Asbestos Hazard Abatement Plan

Submit a detailed plan of the safety precautions such as lockout, tagout, 
tryout, fall protection, and confined space entry procedures and equipment 
and work procedures to be used in the removal and demolition of materials 
containing asbestos.  The plan shall be prepared, signed, and sealed by the 
PQP.  Such plan shall include but not be limited to the precise personal 
protective equipment to be used including, but not limited to, respiratory 
protection, type of whole-body protection, the location of asbestos control 
areas including clean and dirty areas, buffer zones, showers, storage 
areas, change rooms, removal and encapsulation method, interface of trades 
involved in the construction, sequencing of asbestos related work, disposal 
plan, type of wetting agent and asbestos sealer to be used, locations of 
local exhaust equipment, planned air monitoring strategies, and a detailed 
description of the method to be employed in order to control environmental 
pollution.  The plan shall also include (both fire and medical emergency) 
response plans.  The Asbestos Hazard Abatement Plan must be approved in 
writing prior to starting any asbestos work.  The Contractor, Asbestos 
Hazard Control Supervisor, and PQP shall meet with the Contracting Officer 
prior to beginning work, to discuss in detail the Asbestos Hazard Abatement 
Plan, including work procedures and safety precautions.  Once approved by 
the Contracting Officer, the plan will be enforced as if an addition to the 
specification.  Any changes required in the specification as a result of 
the plan shall be identified specifically in the plan to allow for free 
discussion and approval by the Contracting Officer prior to starting work.

1.4.2.2   Testing Laboratory

Submit the name, address, and telephone number of each testing laboratory 
selected for the sampling, analysis, and reporting of airborne 
concentrations of asbestos fibers along with evidence that each laboratory 
selected holds the appropriate State license and/or permits and 
certification that each laboratory is American Industrial Hygiene 
Association (AIHA) accredited and that persons counting the samples have 
been judged proficient by current inclusion on the AIHA Asbestos Analysis 
Registry (AAR) and successful participation of the laboratory in the 
Proficiency Analytical Testing (PAT) Program.  Where analysis to determine 
asbestos content in bulk materials or transmission electron microscopy is 
required, submit evidence that the laboratory is accredited by the National 
Institute of Science and Technology (NIST) under National Voluntary 
Laboratory Accreditation Program (NVLAP) for asbestos analysis.

1.4.2.3   Private Qualified Person Documentation

Submit the name, address, and telephone number of the Private Qualified 
Person (PQP) selected to prepare the Asbestos Hazard Abatement Plan, direct 
monitoring and training, and documented evidence that the PQP has 
successfully completed training in and is accredited and where required is 
certified as, a Building Inspector, Contractor/Supervisor Abatement Worker, 
and Asbestos Project Designer as described by 40 CFR 763 and has 
successfully completed the National Institute of Occupational Safety and 
Health (NIOSH) 582 course "Sampling and Evaluating Airborne Asbestos Dust" 
or equivalent.  The PQP shall be appropriately licensed in the State of 
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Ohio.

1.4.2.4   Landfill Approval

Submit written evidence that the landfill for disposal is approved for 
asbestos disposal by the USEPA, State, and local regulatory agency(s).  
Submit to the Contracting Officer, waste shipment records, prepared in 
accordance with Federal regulations, signed and dated by an agent of the 
landfill, certifying the amount of asbestos materials delivered to the 
landfill, within 3 days after delivery.  In those States that require a 
hazardous waste manifest the Contractor shall submit, within 3 days, signed 
copies of such to the Contracting Officer.

1.4.2.5   Employee Training

Submit certificates signed by each employee indicating that the employee 
has received training in the proper handling of materials and wastes that 
contain asbestos in accordance with 40 CFR 763; understands the health 
implications and risks involved, including the illnesses possible from 
exposure to airborne asbestos fibers; understands the use and limits of the 
respiratory equipment to be used; and understands the results of monitoring 
of airborne quantities of asbestos as related to health and respiratory 
equipment as indicated in 29 CFR 1926.1101 on an initial and annual basis.  
Post appropriate evidence of compliance with the training requirements of 
40 CFR 763.

1.4.2.6   Medical Certification

Provide a written certification for each worker and supervisor, signed by a 
licensed physician indicating that the worker and supervisor has met or 
exceeded all of the medical prerequisites listed herein and in 
29 CFR 1926.1101 and 29 CFR 1926.103 as prescribed by law.

1.4.2.7   Respiratory Protection Program

Submit a written program manual or operating procedure including methods of 
compliance with regulatory statutes.

1.4.3   SD-06 Test Reports

a.  Air sampling results

b.  Pressure differential recordings for local exhaust system

c.  Asbestos disposal quantity report

d.  Encapsulation test patches

e.  Clearance sampling

1.4.3.1   Air Sampling Results

Complete fiber counting and provide results to the PQP and NC for review 
within 16 hours of the "time off" of the sample pump.  Notify the 
Contracting Officer immediately of any airborne levels of asbestos fibers 
in excess of the acceptable limits.  Submit sampling results to the 
Contracting Officer and the affected Contractor employees where required by 
law within 3 working days, signed by the testing laboratory employee 
performing air sampling, the employee that analyzed the sample, the PQP and 
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the NC.  Notify the Contractor and the Contracting Officer immediately of 
any variance in the pressure differential which could cause adjacent 
unsealed areas to have asbestos fiber concentrations in excess of 0.01 
fibers per cubic centimeter or background whichever is higher.  In no 
circumstance shall levels exceed 0.1 fibers per cubic centimeter.

1.4.3.2   Pressure Differential Recordings for Local Exhaust System

Provide a local exhaust system that creates a negative pressure of at least 
0.02 inches of water relative to the pressure external to the enclosure and 
operate it continuously, 24 hours a day, until the temporary enclosure of 
the asbestos control area is removed.  Submit pressure differential 
recordings for each work day to the NC for review and to the Contracting 
Officer within 24 hours from the end of each work day.

1.4.5   SD-01 Preconstruction Submittals

a.  Notifications  

b.  Rental equipment  

c.  Respirator program records 

d.  Permits and licenses 

1.4.4   Notifications

Notify the Contracting Officer and other appropriate Government agencies in 
writing 10 working days prior to the start of asbestos work as indicated in 
applicable laws, ordinances, criteria, rules, and regulations.  

1.4.5   Rental Equipment

Provide a copy of the written notification to the rental company concerning 
the intended use of the equipment and the possibility of asbestos 
contamination of the equipment.

1.4.6   Respirator Program Records

Submit records of the respirator program as required by ANSI Z88.2, 
29 CFR 1926.103, and 29 CFR 1926.1101.

PART 2   PRODUCTS

2.1   ENCAPSULANTS

Shall conform to current USEPA requirements, shall contain no toxic or 
hazardous substances as defined in 29 CFR 1926.59, and shall conform to the 
following performance requirements.

2.1.1   Removal Encapsulants

  Requirement                                    Test Standard

  Flame Spread - 25, Smoke Emission - 50         ASTM E 84

  Life Expectancy - 20 years                     ASTM C 732 Accelerated
                                                 Aging Test
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  Requirement                                    Test Standard

  Permeability - Minimum 0.4 perms               ASTM E 96

2.1.2   Lock-down Encapsulant

  Requirement                                    Test Standard

  Flame Spread:  25, Smoke Emission - 50         ASTM E 84

  Life Expectancy:  20 years                     ASTM C 732 Accelerated
                                                 Aging Test

  Permeability:  Minimum 0.4 perms               ASTM E 96

  Fire Resistance:  Negligible affect on         ASTM E 119
  fire resistance rating over 3 hour test
  (Tested with fireproofing over encapsulant
  applied directly to steel member)

  Bond Strength:       ASTM E 736
  100 pounds of force/foot (Tests
  compatibility with cementitious and fibrous
  fireproofing)

PART 3   EXECUTION

3.1   EQUIPMENT

At all times, provide the Contracting Officer or the Contracting Officer's 
Representative, with at least two complete sets of personal protective 
equipment as required for entry to and inspection of the asbestos control 
area.  Provide equivalent training to the Contracting Officer or a 
designated representative as provided to Contractor employees in the use of 
the required personal protective equipment.  Provide manufacturer's 
certificate of compliance for all equipment used to contain airborne 
asbestos fibers.

3.1.1   Respirators

Select respirators from those approved by the National Institute for 
Occupational Safety and Health (NIOSH), Department of Health and Human 
Services.

3.1.1.1   Respirators for Handling Asbestos

Provide personnel engaged in pre-cleaning, cleanup, handling, removal and  
demolition of asbestos materials with respiratory protection as indicated 
in 29 CFR 1926.1101 and 29 CFR 1926.103.

3.1.2   Exterior Whole Body Protection

3.1.2.1   Outer Protective Clothing

Provide personnel exposed to asbestos with disposable "breathable",  whole 
body outer protective clothing, head coverings, gloves, and foot 
coverings.  Provide disposable plastic or rubber gloves to protect hands.  
Cloth gloves may be worn inside the plastic or rubber gloves for comfort, 
but shall not be used alone.  Make sleeves secure at the wrists, make foot 
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coverings secure at the ankles, and make clothing secure at the neck by the 
use of tape.  

3.1.2.2   Work Clothing

Provide cloth work clothes for wear under the outer protective clothing and 
foot coverings and either dispose of or properly decontaminate them as 
recommended by the NC after each use.

3.1.2.2   Personal Decontamination Unit

Provide a temporary, negative pressure unit with a separate decontamination 
locker room and clean locker room with a shower that complies with 
29 CFR 1926.51(f)(4)(ii) through (V) in between for personnel required to 
wear whole body protective clothing.  Provide two separate lockers for each 
asbestos worker, one in each locker room.  Keep street clothing and street 
shoes in the clean locker.  HEPA vacuum and remove asbestos contaminated 
disposable protective clothing while still wearing respirators at the 
boundary of the asbestos work area and seal in impermeable bags or 
containers for disposal. Do not wear work clothing between home and work.  
Locate showers between the decontamination locker room and the clean locker 
room and require that all employees shower before changing into street 
clothes.  Collect used shower water and filter with approved water 
filtration equipment to remove asbestos contamination.  Dispose of filters 
and residue as asbestos waste.  Discharge clean water to the sanitary 
system.  Dispose of asbestos contaminated work clothing as asbestos 
contaminated waste.  Decontamination units shall be physically attached to 
the asbestos control area.  Build both a personnel decontamination unit and 
an equipment decontamination unit onto and integral with each asbestos 
control area.

3.1.2.4   Decontamination of Reusable Outer Protective Clothing

When reusable outer protective clothing is used, transport the double 
bagged clothing to a previously notified commercial/industrial 
decontamination facility for decontamination.  Perform non-destructive 
testing to determine the effectiveness of asbestos decontamination.  If 
representative sampling is used, ensure the statistical validity of the 
sampling results.  If representative sampling is used, reject any entire 
batch in which any of the pieces exceed 40 fibers per square millimeter.  
Inspect reusable protective clothing prior to use to ensure that it will 
provide adequate protection and is not or is not about to become ripped, 
torn, deteriorated, or damaged, and that it is not visibly contaminated.  
Notify, in writing, all personnel involved in the decontamination of 
reusable outer protective clothing as indicated in 29 CFR 1926.1101.

3.1.2.3   Eye Protection

Provide goggles to personnel engaged in asbestos abatement operations when 
the use of a full face respirator is not required.

3.1.3   Warning Signs and Labels

Provide bilingual warning signs printed in English and Spanish at all 
approaches to asbestos control areas.  Locate signs at such a distance that 
personnel may read the sign and take the necessary protective steps 
required before entering the area.  Provide labels and affix to all 
asbestos materials, scrap, waste, debris, and other products contaminated 
with asbestos.
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3.1.3.1   Warning Sign

Provide vertical format conforming to 29 CFR 1926.200, and 29 CFR 1926.1101 
minimum 20 by 14 inches displaying the following legend in the lower panel:

  Legend                               Notation

  Danger                              1-inch Sans Serif
                                       Gothic or Block

  Asbestos                            1-inch Sans Serif
                                       Gothic or Block

  Cancer and Lung Disease Hazard      1/4-inch Sans Serif
                                       Gothic or Block

  Authorized Personnel Only           1/4-inch Gothic

  Respirators and Protective          1/4-inch Gothic
  Clothing are Required in
  this Area

Spacing between lines shall be at least equal to the height of the upper of 
any two lines.

3.1.3.2   Warning Labels

Provide labels conforming to 29 CFR 1926.1101 of sufficient size to be 
clearly legible, displaying the following legend:

                                    DANGER

                           CONTAINS ASBESTOS FIBERS

                              AVOID CREATING DUST

                        CANCER AND LUNG DISEASE HAZARD

                          BREATHING ASBESTOS DUST MAY
                           CAUSE SERIOUS BODILY HARM

3.1.4   Local Exhaust System

Provide a local exhaust system in the asbestos control area in accordance 
with ANSI Z9.2 and 29 CFR 1926.1101 that will provide at least four air 
changes per hour inside of the negative pressure enclosure.  Local exhaust 
equipment shall be operated 24 hours per day, until the asbestos control 
area is removed and shall be leak proof to the filter and equipped with 
HEPA filters.  Maintain a minimum pressure differential in the control area 
of minus 0.02 inch of water column relative to adjacent, unsealed areas.  
Provide continuous 24-hour per day monitoring of the pressure differential 
with a pressure differential automatic recording instrument.  In no case 
shall the building ventilation system be used as the local exhaust system 
for the asbestos control area.  Filters on exhaust equipment shall conform 
to ANSI Z9.2 and UL 586.  The local exhaust system shall terminate out of 

SECTION 02 82 00.98  Page 13



NASA GRC Steam Plant B12 Project N0. 11421

doors and remote from any public access or ventilation system intakes.

3.1.5   Tools

Vacuums shall be leak proof to the filter and equipped with HEPA filters.  
Filters on vacuums shall conform to ANSI Z9.2 and UL 586.  Do not use power 
tools to remove asbestos containing materials unless the tool is equipped 
with effective, integral HEPA filtered exhaust ventilation systems.  Remove 
all residual asbestos from reusable tools prior to storage or reuse.

3.1.6   Rental Equipment

If rental equipment is to be used, furnish written notification to the 
rental agency concerning the intended use of the equipment and the 
possibility of asbestos contamination of the equipment.

3.1.7   Glovebags

Submit written manufacturers proof that glovebags will not break down under 
expected temperatures and conditions.

3.2   WORK PROCEDURE

Perform asbestos related work in accordance with 29 CFR 1926.1101, 
40 CFR 61-SUBPART M, and as specified herein.  Use wet removal procedures 
and negative pressure enclosure techniques.  Personnel shall wear and 
utilize protective clothing and equipment as specified herein.  Eating, 
smoking, drinking, chewing gum, tobacco, or applying cosmetics shall not be 
permitted in the asbestos work or control areas.  Personnel of other trades 
not engaged in the removal and demolition of asbestos containing material 
shall not be exposed at any time to airborne concentrations of asbestos 
unless all the personnel protection and training provisions of this 
specification are complied with by the trade personnel. Shut down the 
building heating, ventilating, and air conditioning system, cap the 
openings to the system, prior to the commencement of asbestos work.  
Disconnect electrical service when wet removal is performed and provide 
temporary electrical service with verifiable ground fault circuit 
interrupter (GFCI) protection prior to the use of any water or 
encapsulant.  If an asbestos fiber release or spill occurs outside of the 
asbestos control area, stop work immediately, correct the condition to the 
satisfaction of the Contracting Officer including clearance sampling, prior 
to resumption of work.

3.2.1   Protection of Existing Work to Remain

Perform work without damage or contamination of adjacent work.  Where such 
work is damaged or contaminated as verified by the Contracting Officer 
using visual inspection or sample analysis, it shall be restored to its 
original condition or decontaminated by the Contractor at no expense to the 
Government as deemed appropriate by the Contracting Officer.  This includes 
inadvertent spill of dirt, dust, or debris in which it is reasonable to 
conclude that asbestos may exist.  When these spills occur, stop work 
immediately.  Then clean up the spill.  When satisfactory visual inspection 
and air sampling results are obtained from the NC work may proceed at the 
discretion of the Contracting Officer.

3.2.2   Furnishings

Equipment that will remain in the building must be covered and sealed with
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6-mil plastic sheet or removed from the work area and store in a location 
on site approved by the Contracting Officer.

3.2.3   Precleaning

Wet wipe and HEPA vacuum all surfaces potentially contaminated with 
asbestos prior to establishment of an enclosure.

3.2.4   Asbestos Control Area Requirements

3.2.4.1   Negative Pressure Enclosure

Block and seal openings in areas where the release of airborne asbestos 
fibers can be expected.  Establish an asbestos negative pressure enclosure 
with the use of curtains, portable partitions, or other enclosures in order 
to prevent the escape of asbestos fibers from the contaminated asbestos 
work area.  Negative pressure enclosure development shall include 
protective covering of uncontaminated walls, and ceilings with a continuous 
membrane of two layers of minimum6-mil plastic sheet sealed with tape to 
prevent water or other damage.  Provide two layers of 6-mil plastic sheet 
over floors and extend a minimum of12 inches up walls.  Seal all joints 
with tape.  Provide local exhaust system in the asbestos control area.  
Openings will be allowed in enclosures of asbestos control areas for 
personnel and equipment entry and exit, the supply and exhaust of air for 
the local exhaust system and the removal of properly containerized asbestos 
containing materials.  Replace local exhaust system filters as required to 
maintain the efficiency of the system.

3.2.4.2   Glovebag

If the construction of a negative pressure enclosure is infeasible for the 
removal of thermal system insulation (TSI).  Use alternate techniques as 
indicated in 29 CFR 1926.1101.  Establish designated limits for the 
asbestos regulated area with the use of rope or other continuous barriers, 
and maintain all other requirements for asbestos control areas.  The PQP 
shall conduct personal samples of each worker engaged in asbestos handling 
(removal, disposal, transport and other associated work) throughout the 
duration of the project.  If the quantity of airborne asbestos fibers 
monitored at the breathing zone of the workers at any time exceeds 
background or 0.01 fibers per cubic centimeter whichever is greater, stop 
work, evacuate personnel in adjacent areas or provide personnel with 
approved protective equipment at the discretion of the Contracting 
Officer.  This sampling may be duplicated by the Government at the 
discretion of the Contracting Officer.  If the air sampling results 
obtained by the Government differ from those obtained by the Contractor, 
the Government will determine which results predominate.  If adjacent areas 
are contaminated as determined by the Contracting Officer, clean the 
contaminated areas, monitor, and visually inspect the area as specified 
herein.

3.2.5   Removal Procedures

Wet asbestos material with a fine spray of amended water during removal, 
cutting, or other handling so as to reduce the emission of airborne 
fibers.  Remove material and immediately place in6-mil plastic disposal 
bags.  Remove asbestos containing material in a gradual manner, with 
continuous application of the amended water or wetting agent in such a 
manner that no asbestos material is disturbed prior to being adequately 
wetted.  Where unusual circumstances prohibit the use of6-mil plastic bags, 
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submit an alternate proposal for containment of asbestos fibers to the 
Contracting Officer for approval.  For example, in the case where both 
piping and insulation are to be removed, the Contractor may elect to wet 
the insulation, wrap the pipes and insulation in plastic and remove the 
pipe by sections.  Asbestos containing material shall be containerized 
while wet.  At no time shall asbestos material be allowed to accumulate or 
become dry.  Lower and otherwise handle asbestos containing material as 
indicated in 40 CFR 61-SUBPART M.

3.2.5.1   Sealing Contaminated Items Designated for Disposal

Remove contaminated architectural, mechanical, and electrical appurtenances 
such as venetian blinds, full-height partitions, carpeting, duct work, 
pipes and fittings, radiators, light fixtures, conduit, panels, and other 
contaminated items designated for removal by completely coating the items 
with an asbestos lock-down encapsulant at the demolition site before 
removing the items from the asbestos control area.  These items need not be 
vacuumed.  The asbestos lock-down encapsulant shall be tinted a contrasting 
color.  It shall be spray-applied by airless method.  Thoroughness of 
sealing operation shall be visually gauged by the extent of colored coating 
on exposed surfaces.  Lock-down encapsulants shall comply with the 
performance requirements specified herein.

3.2.5.2   Exposed Pipe Insulation Edges

Contain edges of asbestos insulation to remain that are exposed by a 
removal operation.  Wet and cut the rough ends true and square with sharp 
tools and then encapsulate the edges with a1/4-inch thick layer of 
non-asbestos containing insulating cement troweled to a smooth hard 
finish.  When cement is dry, lag the end with a layer of non-asbestos 
lagging cloth, overlapping the existing ends by at least4 inches.  When 
insulating cement and cloth is an impractical method of sealing a raw edge 
of asbestos, take appropriate steps to seal the raw edges as approved by 
the Contracting Officer.

3.2.6   Air Sampling

Sampling of airborne concentrations of asbestos fibers shall be performed 
in accordance with 29 CFR 1926.1101 and as specified herein.  Sampling 
performed in accordance with 29 CFR 1926.1101 shall be performed by the 
PQP.  Sampling performed for environmental and quality control reasons 
shall be performed by the NC.  Unless otherwise specified, use NIOSH Method 
7400 for sampling and analysis.  Monitoring may be duplicated by the 
Government at the discretion of the Contracting Officer.  If the air 
sampling results obtained by the Government differ from those results 
obtained by the Contractor, the Government will determine which results 
predominate.

3.2.6.1   Sampling Prior to Asbestos Work

Provide area air sampling and establish the baseline one day prior to the 
masking and sealing operations for each removal site.  Establish the 
background by performing area sampling in similar but uncontaminated sites 
in the building.

3.2.6.2   Sampling During Asbestos Work

The PQP shall provide personal and area sampling as indicated in 
29 CFR 1926.1101 and governing environmental regulations.  In addition, 
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provided the same type of work is being performed, provide area sampling at 
least once every work shift close to the work inside the enclosure, outside 
the clean room entrance to the enclosure, and at the exhaust opening of the 
local exhaust system.  If sampling outside the enclosure shows airborne 
levels have exceeded background or 0.01 fibers per cubic centimeter, 
whichever is greater, stop all work, correct the condition(s) causing the 
increase, and notify the Contracting Officer immediately.  

3.2.6.3   Sampling After Final Clean-Up (Clearance Sampling)

After final cleanup and the asbestos control area is dry but prior to 
clearance sampling, the PQP and NC shall perform a visual inspection in 
accordance with ASTM E 1368 to ensure that the asbestos control and work 
area is free of any accumulations of dirt, dust, or debris. After passing 
visual clearance, the NC shall collect at least 3 phase contrast 
microscopy(PCM) air samples from each regulated area  using aggressive air 
sampling techniques as defined in the EPA 560/5-85-024. A minimum of 1,200 
liters of shall be sampled from each regulated area and establish an 
airborne asbestos concentration of less than 0.01 fibers per cubic 
centimeter after final clean-up but before removal of the enclosure or the 
asbestos work control area. The asbestos fiber counts from these samples 
shall be less than 0.01 fibers per cubic centimeter or be not greater than 
the background, whichever is greater. Should any of the final samples 
indicate a higher value, the Contractor shall take appropriate actions to 
re-clean the area and shall repeat the sampling and PCM analysis at the 
Contractor's expense. Upon sucessfull completion of visual and air 
clearances, the NC shall prepare a written report signed and dated by the 
PQP and NC documenting that the asbestos control area is free of dust, 
dirt, and debris and all waste has been removed. 

3.2.7   Lock-Down

Prior to removal of plastic barriers and after pre-clearance clean up of 
gross contamination, the PQP and NC shall conduct a visual inspection of 
all areas affected by the removal and encapsulation in accordance with 
ASTM E 1368. Inspect for any visible fibers and to ensure that encapsulants 
were applied evenly and appropriately.  A post removal (lock-down) 
encapsulant shall then be spray applied to ceiling, walls, floors and other 
areas exposed in the removal area.  The exposed area shall include but not 
be limited to plastic barriers, furnishings and articles to be discarded as 
well as dirty change room, air locks for bag removal and decontamination 
chambers.

3.2.8   Site Inspection

While performing asbestos engineering control work, the Contractor shall be 
subject to on-site inspection by the Contracting Officer who may be 
assisted by or represented by safety or industrial hygiene personnel. If 
the work is found to be in violation of this specification, the Contracting 
Officer or his representative will issue a stop work order to be in effect 
immediately and until the violation is resolved.  All related costs 
including standby time required to resolve the violation shall be at the 
Contractor's expense.

3.3   CLEAN-UP AND DISPOSAL

3.3.1   Housekeeping

Essential parts of asbestos dust control are housekeeping and clean-up 

SECTION 02 82 00.98  Page 17



NASA GRC Steam Plant B12 Project N0. 11421

procedures.  Maintain surfaces of the asbestos control area free of 
accumulations of asbestos fibers.  Give meticulous attention to restricting 
the spread of dust and debris; keep waste from being distributed over the 
general area.  Use HEPA filtered vacuum cleaners.  DO NOT BLOW DOWN THE 
SPACE WITH COMPRESSED AIR.  When asbestos removal is complete, all asbestos 
waste is removed from the work-site, and final clean-up is completed, the 
Contracting Officer will attest that the area is safe before the signs can 
be removed.  After final clean-up and acceptable airborne concentrations 
are attained but before the HEPA unit is turned off and the enclosure 
removed, remove all pre-filters on the building HVAC system and provide new 
pre-filters.  Dispose of filters as asbestos contaminated materials.  
Reestablish HVAC mechanical, and electrical systems in proper working 
order.  The Contracting Officer will visually inspect all surfaces within 
the enclosure for residual material or accumulated dust or debris.  The 
Contractor shall re-clean all areas showing dust or residual materials.  If 
re-cleaning is required, air sample and establish an acceptable asbestos 
airborne concentration after re-cleaning.  The Contracting Officer must 
agree that the area is safe in writing before unrestricted entry will be 
permitted.  The Government shall have the option to perform monitoring to 
determine if the areas are safe before entry is permitted.

3.3.2   Title to Materials

All waste materials, except as specified otherwise, shall become the 
property of the Contractor and shall be disposed of as specified in 
applicable local, State, and Federal regulations and herein.

3.3.3   Disposal of Asbestos

3.3.3.1   Procedure for Disposal

Collect asbestos waste, asbestos contaminated water, scrap, debris, bags, 
containers, equipment, and asbestos contaminated clothing which may produce 
airborne concentrations of asbestos fibers and place in sealed fiber-proof, 
waterproof, non-returnable containers (e.g. double plastic bags6-mils 
thick, cartons, drums or cans).  Wastes within the containers must be 
adequately wet in accordance with 40 CFR 61-SUBPART M.  Affix a warning and 
Department of Transportation (DOT) label to each container including the 
bags or use at least6-mils thick bags with the approved warnings and DOT 
labeling preprinted on the bag.  The name of the waste generator and the 
location at which the waste was generated shall be clearly indicated on the 
outside of each container.  Prevent contamination of the transport vehicle 
(especially if the transport vehicle is a rented truck likely to be used in 
the future for non-asbestos purposes).  These precautions include lining 
the vehicle cargo area with plastic sheeting (similar to work area 
enclosure) and thorough cleaning of the cargo area after transport and 
unloading of asbestos debris is complete.  Dispose of waste asbestos 
material at an Environmental Protection Agency (EPA) or State-approved 
asbestos landfill off Government property.  For temporary storage, store 
sealed impermeable bags in asbestos waste drums or skids.  An area for 
interim storage of asbestos waste-containing drums or skids will be 
assigned by the Contracting Officer or his authorized representative.  
Procedure for hauling and disposal shall comply with 40 CFR 61-SUBPART M, 
State, regional, and local standards.  Sealed plastic bags may be dumped 
from drums into the burial site unless the bags have been broken or 
damaged.  Damaged bags shall remain in the drum and the entire contaminated 
drum shall be buried.  Uncontaminated drums may be recycled.  Workers 
unloading the sealed drums shall wear appropriate respirators and personal 
protective equipment when handling asbestos materials at the disposal site.
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3.3.3.2   Asbestos Disposal Quantity Report

Direct the PQP to record and report, to the Contracting Officer, the amount 
of asbestos containing material removed and released for disposal.  Deliver 
the report for the previous day at the beginning of each day shift with 
amounts of material removed during the previous day reported in linear feet 
or square feet as described initially in this specification and in cubic
feet for the amount of asbestos containing material released for disposal.

Allow the NC to inspect, record and report the amount of asbestos 
containing material removed and released for disposal on a daily basis.

 
        -- End of Section --
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SECTION 02 83 00.98

LEAD PAINT ABATEMENT
12/06

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 NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z9.2 (1979; R 1991) Fundamentals Governing the 
Design and Operation of Local Exhaust 
Systems

ANSI Z88.2 (1992) Respiratory Protection

CODE OF FEDERAL REGULATIONS (CFR)

29 CFR 1926.21 Safety Training and Education

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

29 CFR 1926.59 Hazard Communication

29 CFR 1926.62 Lead Exposure in Construction

29 CFR 1926.65 Hazardous Waste Operations and Emergency 
Response

29 CFR 1926.103 Respiratory Protection

40 CFR 260 Hazardous Waste Management Systems: General

40 CFR 261 Identification and Listing of Hazardous 
Waste

40 CFR 262 Standards Applicable to Generators of 
Hazardous Waste

40 CFR 263 Transporters of Hazardous Waste

40 CFR 264 Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities

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

40 CFR 268 Land Disposal Restrictions

40 CFR 745 Lead; Requirements for Lead-Based Paint 
Activities
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49 CFR 172 Hazardous Materials, Tables, and Hazardous 
Materials Communications Regulations

49 CFR 178 Shipping Container Specification

UNDERWRITERS LABORATORIES INC. (UL)

UL 586 (1990) High-Efficiency, Particulate, Air 
Filter Units

1.2   DEFINITIONS

1.2.1   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 an occupational/industrial environment.

1.2.2   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.

1.2.3   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.  An industrial 
hygienist or safety professional certified for comprehensive practice by 
the American Board of Industrial Hygiene or by the Board of Certified 
Safety Professionals is the best choice.

1.2.4   Contaminated Room

Room for removal of contaminated personal protective equipment (PPE).

1.2.5   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.

1.2.6   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.

1.2.7   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.

1.2.8   Lead

Metallic lead, inorganic lead compounds, and organic lead soaps.
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1.2.9   Lead Based Paint (LBP)

Protective or decorative coating which contains lead.

1.2.10   Lead Control Area

An enclosed area or structure, constructed as a temporary containment 
equipped with HEPA filtered local exhaust, which prevents the spread of 
lead dust, paint chips, or debris existing as a condition of lead based 
paint removal operations.  The lead control area is also isolated by 
physical boundaries to prevent unauthorized entry of personnel.

1.2.11   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 work day, the PEL shall be determined by the following 
formula:

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

1.2.12   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 six to nine inches 
and centered at the nose or mouth of an employee.

1.2.13   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 boundary."

1.3   QUALITY ASSURANCE

1.3.1   Medical Examinations

Before exposure to lead-contaminated dust, provide workers with a 
comprehensive medical examination as required by 29 CFR 1926.62 and 
29 CFR 1926.103.  The examination will not be required if adequate records 
show that employees have been examined as required by 29 CFR 1926.62 within 
the last year.

1.3.1.1   Medical Records

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.

1.3.1.2   Medical Surveillance

Provide medical surveillance to all personnel exposed to lead as indicated 
in 29 CFR 1926.62.
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1.3.2   Competent Person (CP) Responsibilities

a.  Certify training as meeting all federal, State, and local 
requirements.

b.  Review and approve lead based paint removal plan for conformance 
to the applicable referenced standards.

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

d.  Perform air and wipe sampling.

e.  Ensure work is performed in strict accordance with specifications 
at all times.

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

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

1.3.3   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.

1.3.3.1   Training Certification

Submit a certificate for each employee, signed and dated by the approved 
training source, stating that the employee has received the required lead 
training.

1.3.4   Respiratory Protection Program

a.  Furnish each employee required to wear a negative pressure 
respirator or other appropriate type with a respirator fit test at 
the time of initial fitting and at least every six months 
thereafter as required by 29 CFR 1926.62.

b.  Establish and implement a respiratory protection program as 
required by ANSI Z88.2, 29 CFR 1926.103, 29 CFR 1926.62, and 
29 CFR 1926.55.

1.3.5   Hazard Communication Program

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

1.3.6   Hazardous Waste Management

The Hazardous 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.
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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 operator and a 24-hour point of 
contact.  Furnish two copies of State and local hazardous waste, 
permit applications, permits, manifests, and EPA Identification 
numbers.

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.

h.  Cost for hazardous waste disposal according to this plan.

1.3.7   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.  The following 
local, and State laws, ordinances, criteria, rules and regulations 
regarding removing, handling, storing, transporting, and disposing of 
lead-contaminated materials apply:

a. Ohio Department of Health, Lead Hazard Abatement, Chapter 3701-32, 
Ohio Administrative Code

b. Ohio Department of Health, Lead Training, Programs; Environmental 
Lead, analytical Laboratories, Chapter 3701-82, Ohio 
Administrative Code

c. Glenn Occupational Health Programs Manual, 
http://smad-ext.grc.nasa.gov/emo/pub/ohpm/ohpm5-lead(13).pdf

1.3.8   Pre-Construction Conference

Along with the CP, meet with the Contracting Officer to discuss in detail 
the hazardous waste management plan and the lead based paint removal plan, 
including work procedures and precautions for the removal plan.

1.4   DESCRIPTION OF WORK

All paint in the work area is considered lead based paint as needed to 
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complete the work under this contract. As referenced in the Building 12 
(Steam Plant) Hazardous Materials Inspection Report, all surfaces 
containing lead based paint that are peeling or flaking must be abated 
prior to renovation activities.

1.5   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:

1.5.1   SD-03 Product Data

a.  Vacuum filters  

b.  Respirators  

1.5.2   SD-08 Manufacturer's Instructions

a.  Chemicals and equipment

b.  Materials

c.  Material safety data sheets for all chemicals; G

1.5.3   SD-07 Certificates

a.  Qualifications of CP

b.  Testing laboratory and consultant qualifications

c.  Lead based paint removal plan including CP approval (signature, 
date, and certification number); G

d.  Rental equipment notification

e.  Respiratory protection program; G

f.  Hazard communication program

g.  EPA approved hazardous waste treatment or disposal facility for 
lead disposal; G

h.  Hazardous waste management plan; G

i.  Vacuum filters

j.  Completed and signed hazardous waste manifest from treatment or 
disposal facility

k.  Certification of medical examinations

l.  Employee training certification

1.5.3.1   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 
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documentation that the CP is trained and licensed in accordance with 
federal, State, and local laws.

1.5.3.2   Testing Laboratory and Consultant

Submit the name, address, and telephone number of the testing laboratory 
and consultant selected to perform the 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 
participating in the Environmental Lead Proficiency Analytical Testing 
(ELPAT) program to perform sample analysis.

1.5.3.3   Lead Based Paint Removal Plan (LBPRP)

Submit a detailed job-specific plan of the work procedures to be used in 
the removal of LBP.  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 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 airborne lead concentrations of 
30 micrograms per cubic meter of air and baseline lead dust concentrations 
are not reached or exceeded outside of the lead control area.  Include 
occupational and environmental sampling, training and strategy, sampling 
methodology, frequency, duration of sampling, and qualifications of 
sampling personnel in the air sampling portion of the plan.

1.5.4   SD-06 Test Reports

a.  Sampling results  

1.5.4.1   Occupational and Environmental Sampling Results

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.

1.6   REMOVAL

1.6.1   Title to Materials

Materials resulting from demolition work, except as specified otherwise, 
shall become the property of the Contractor and shall be disposed of in 
accordance with Section 01 35 43.98, except as specified herein.

1.7   EQUIPMENT

1.7.1   Respirators

Furnish appropriate respirators approved by the Mine Safety and Health 
Administration (MSHA) and 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.
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1.7.2   Special Protective Clothing

Furnish personnel who will be exposed to lead-contaminated dust with proper 
disposable 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.

1.7.3   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.

1.7.4   Vacuum Filters

UL 586 labeled HEPA filters.

1.7.5   Equipment for Government Personnel

Furnish the Contracting Officer 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.  Respiratory protection for the Contracting 
Officer will be provided by the Government.

PART 2   PRODUCTS

2.1   CHEMICALS

Submit applicable Material Safety Data Sheets for all chemicals used in 
paint removal work.  Use the least toxic product approved by the 
Contracting Officer.

2.2   MATERIALS

The soluble metal content and the total metal content shall not exceed 
values which would cause a material to be classified as a hazardous waste.

PART 3   EXECUTION

3.1   PROTECTION

3.1.1   Notification

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

3.1.2   Lead Control Area Requirements

Establish a lead control area by completely enclosing with 6-mil poly and 
lead caution tape over the area or structure where lead based paint removal 
operations will be performed.
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3.1.3   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.

3.1.4   Boundary Requirements

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 airborne concentrations of lead will not 
reach 30 micrograms per cubic meter of air outside of the lead control area.

3.1.5   Furnishings

The Government will remove furniture and equipment from the building before 
lead based paint removal work begins.

3.1.6   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 with6 mil plastic sheet and tape.  Seal seams in HVAC 
components that pass through the lead control area.  Provide temporary HVAC 
system for areas in which HVAC has been shut down outside the lead control 
area.

3.1.7   Decontamination Shower Facility

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

3.1.8   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 fixed local exhaust ventilation 
connected to HEPA filters or other collection systems, approved by 
the CP.  Local exhaust ventilation systems shall be designed, 
constructed, installed, and maintained in accordance with ANSI Z9.2.

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

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

3.1.9   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.

3.1.10   Warning Signs

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

3.2   WORK PROCEDURES

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

3.2.1   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.

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

c.  Wash hands, face and exposed skin.

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

3.2.2   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 wipe 
sampling and inspecting the lead based paint removal 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 anticipated to 
have the greatest risk of exposure as determined by the CP.  In 
addition, collect air samples on at least twenty-five percent of 
the work crew or a minimum of two employees, whichever is greater, 
during each work shift.

c.  Submit results of air samples, signed by the CP, within 72 hours 
after the air samples are taken.  Notify the Contracting Officer 
immediately of exposure to lead at or in excess of the action 
level of 30 micrograms per cubic meter of air outside of the lead 
control area.

d.  Before any work begins, collect and analyze baseline wipe samples 
in accordance with methods defined in federal, State, and local 
standards inside and outside of the physical boundary to assess 
the degree of dust contamination in the facility prior to lead 
based paint removal.
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3.2.2.1   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 approval is given by the CP and the Contracting 
Officer.  For outdoor operations, at least one sample on each shift shall 
be taken on the downwind side of the lead control area.

3.2.3   Lead Based Paint Removal

Manual or power sanding of interior and exterior surfaces is not 
permitted.  Provide methodology for removing LBP 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.

Select paint removal processes to minimize contamination of work areas with 
lead-contaminated dust or other lead-contaminated debris/waste.  Describe 
this paint removal process in the lead based paint removal plan.  Perform 
manual wet sanding and scraping to the maximum extent feasible.

3.2.3.1   Indoor Lead Paint Removal

Perform manual or mechanical paint removal in lead control areas using 
negative pressure enclosures with HEPA filtered exhaust and power actuated 
locally exhausted paint removal tools.  Collect paint residue for disposal 
in accordance with EPA, State, and local requirements.

3.2.3.2   Outdoor Lead Paint Removal

Perform outdoor LBP removal as indicated in federal, State, and local 
regulations and in the work plan.

3.2.3.3   Air and Wipe Sampling After Paint Removal

After the visual inspection, collect air samples inside and outside the 
lead control area to determine the airborne levels of lead inside and 
outside the work area.  Collect wipe samples according to the HUD protocol 
to determine the lead content of settled dust and dirt in micrograms per 
square foot of surface area.

3.2.4   Cleanup and Disposal

3.2.4.1   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 
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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.

3.2.4.2   Certification

The CP shall certify in writing that the final air samples collected inside 
and outside the lead control area are less than 30 micrograms per cubic 
meter of air and that the surface wipe sample results collected inside and 
outside the work area are less than 40 micrograms per square foot on 
uncarpeted floors, less than 250 micrograms per square foot on interior 
window sills and less than 400 micrograms per square foot on window 
troughs; 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 lead based 
paint and dust 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.

3.2.4.3   Disposal

a.  Collect lead-contaminated waste, scrap, debris, bags, containers, 
equipment, and lead-contaminated clothing which may produce 
airborne concentrations of lead particles.  Label the containers 
in accordance with 29 CFR 1926.62 and 40 CFR 261.  Dispose of 
lead-contaminated waste material at an EPA or State approved 
hazardous waste treatment, storage, or disposal facility off 
Government property.

b.  Store 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.  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, store, transport, and dispose lead or lead-contaminated 
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.

3.2.5   Disposal Documentation

Submit written evidence that the hazardous waste treatment, storage, or 
disposal facility (TSD) is approved for lead disposal by the EPA and State 
or local regulatory agencies.  Submit one copy of the completed manifest, 
signed and dated by the initial transporter in accordance with 40 CFR 262.

3.2.6   Payment for Hazardous Waste

Payment for disposal of hazardous waste will not be made until a signed 
copy of the manifest from the treatment or disposal facility certifying the 
amount of lead-containing materials delivered is returned and a copy is 
furnished to the Government.

         -- End of Section --
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SECTION 03 30 00

CAST-IN-PLACE CONCRETE
01/08

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.

ACI INTERNATIONAL (ACI)

ACI/MCP-1 (2009) Manual of Concrete Practice Part 1: 
ACI 104-71R-97 to 223-98

ACI/MCP-2 (2009) Manual of Concrete Practice Part 2 
- ACI 224R-01 to ACI 313R-97

ACI/MCP-3 (2009) Manual of Concrete Practice Part 3 
- ACI 315-99 to ACI 343R-95

ACI/MCP-4 (2009) Manual of Concrete Practice Part 4 
- ACI 345R-05 to 355.2R-04

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 322M/M 322 (2007) Standard Specification for 
Rail-Steel and Axle-Steel Deformed Bars 
for Concrete Reinforcement

ASTM INTERNATIONAL (ASTM)

ASTM A 185/A 185M (2007) Standard Specification for Steel 
Welded Wire Reinforcement, Plain, for 
Concrete

ASTM A 497/A 497M (2007) Standard Specification for Steel 
Welded Wire Reinforcement, Deformed, for 
Concrete

ASTM A 615/A 615M (2009) Standard Specification for Deformed 
and Plain Carbon-Steel Bars for Concrete 
Reinforcement

ASTM C 1107/C 1107M (2008) Standard Specification for Packaged 
Dry, Hydraulic-Cement Grout (Nonshrink)

ASTM C 143/C 143M (2009) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C 150/C 150M (2009) Standard Specification for Portland 
Cement

ASTM C 171 (2007) Standard Specification for Sheet 
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Materials for Curing Concrete

ASTM C 172 (2008) Standard Practice for Sampling 
Freshly Mixed Concrete

ASTM C 192/C 192M (2007) Standard Practice for Making and 
Curing Concrete Test Specimens in the 
Laboratory

ASTM C 260 (2006) Standard Specification for 
Air-Entraining Admixtures for Concrete

ASTM C 31/C 31M (2009) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C 311 (2007) Sampling and Testing Fly Ash or 
Natural Pozzolans for Use as a Mineral 
Admixture in Portland-Cement Concrete

ASTM C 33/C 33M (2008) Standard Specification for Concrete 
Aggregates

ASTM C 39/C 39M (2005e1e2) Standard Test Method for 
Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C 42/C 42M (2004) Standard Test Method for Obtaining 
and Testing Drilled Cores and Sawed Beams 
of Concrete

ASTM C 494/C 494M (2008a) Standard Specification for 
Chemical Admixtures for Concrete

ASTM C 618 (2008a) Standard Specification for Coal 
Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete

ASTM C 881/C 881M (2002) Standard Specification for 
Epoxy-Resin-Base Bonding Systems for 
Concrete

ASTM C 932 (2006) Standard Specification for 
Surface-Applied Bonding Compounds for 
Exterior Plastering

ASTM C 94/C 94M (2009) Standard Specification for 
Ready-Mixed Concrete

ASTM D 1190 (1997) Standard Specification for Concrete 
Joint Sealer, Hot-Applied Elastic Type

ASTM D 1751 (2004; R 2008) Standard Specification for 
Preformed Expansion Joint Filler for 
Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (2004a; R 2008) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
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PVC Expansion

ASTM D 5759 (1995; R 2005) Characterization of Coal 
Fly Ash and Clean Coal Combustion Fly Ash 
for Potential Uses

ASTM E 329 (2008) Standard Specification for Agencies 
Engaged in the Testing and/or Inspection 
of Materials Used in Construction

ASTM E 648 (2009a) Standard Test Method for Critical 
Radiant Flux of Floor-Covering Systems 
Using a Radiant Heat Energy Source

CONCRETE REINFORCING STEEL INSTITUTE (CRSI)

CRSI 10MSP (2001; 27Ed) Manual of Standard Practice

1.2   DEFINITIONS

a.  "Cementitious material" as used herein must include all portland 
cement, pozzolan, and fly ash.

b.  "Exposed to public view" means situated so that it can be seen 
from eye level from a public location after completion of the 
building.  A public location is accessible to persons not 
responsible for operation or maintenance of the building.

c.  "Chemical admixtures" are materials in the form of powder or 
fluids that are added to the concrete to give it certain 
characteristics not obtainable with plain concrete mixes.

d.  "Workability (or consistence)" is the ability of a fresh (plastic) 
concrete mix to fill the form/mould properly with the desired work 
(vibration) and without reducing the concrete's quality.  
Workability depends on water content, chemical admixtures, 
aggregate (shape and size distribution), cementitious content and 
age (level of hydration).

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

Reinforcing steel; G

  Reproductions of contract drawings are unacceptable.

SD-03 Product Data

Ready-Mix Concrete
Concrete Curing Materials
Reinforcement
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SD-05 Design Data

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, and admixtures; and applicable 
reference specifications.  Provide mix proportion data using at 
least three different water-cement ratios for each type of 
mixture, which produce a range of strength encompassing those 
required for each class and type of concrete required.  If source 
material changes, resubmit mix proportion data using revised 
source material.  Provide only materials that have been proven by 
trial mix studies to meet the requirements of this specification, 
unless otherwise approved in writing by the Contracting Officer.  
Indicate clearly in the submittal where each mix design is used 
when more than one mix design is submitted.  Submit additional 
data regarding concrete aggregates if the source of aggregate 
changes.  Submit copies of the fly ash and pozzolan test results, 
in addition.  The approval of fly ash, and pozzolan test results 
must be within 6 months of submittal date.  Obtain acknowledgement 
of receipt prior to concrete placement.

SD-06 Test Reports

Concrete mix design

Compressive strength tests

Slump

SD-08 Manufacturer's Instructions

  Provide certificates for concrete that are in accordance with 
the paragraph entitled, "Classification and Quality of Concrete," 
of this section.  Provide certificates that contain project name 
and number, date, name of Contractor, name of concrete testing 
service, source of concrete aggregates, material manufacturer, 
brand name of manufactured materials, material name, values as 
specified for each material, and test results.  

1.4   MODIFICATION OF REFERENCES

Accomplish work in accordance with ACI publications except as modified 
herein.  Consider the advisory or recommended provisions to be mandatory.  
Interpret reference to the "Building Official," the "Structural Engineer," 
and the "Architect/Engineer" to mean the Contracting Officer.

1.5   DELIVERY, STORAGE, AND HANDLING

Do not deliver concrete until vapor barrier, forms, reinforcement, embedded 
items, and all air ducts and voids from existing boiler foundation are 
filled and in place and ready for concrete placement. ACI/MCP-2 for job 
site storage of materials.  Protect materials from contaminants such as 
grease, oil, and dirt.  Ensure materials can be accurately identified after 
bundles are broken and tags removed.  Do not store concrete curing 
compounds or sealers with materials that have a high capacity to adsorb 
volatile organic compound (VOC) emissions.  Do not store concrete curing 
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compounds or sealers in occupied spaces.

1.5.1   Reinforcement

Store reinforcement of different sizes and shapes in separate piles or 
racks raised above the ground.  Protect from contaminants such as grease, 
oil, and dirt.  Ensure bar sizes can be accurately identified after bundles 
are broken and tags removed.

1.6   QUALITY ASSURANCE

1.6.1   Drawings

1.6.1.1   Reinforcing Steel

ACI/MCP-4.  Indicate bending diagrams, assembly diagrams, splicing and laps 
of bars, shapes, dimensions, and details of bar reinforcing, accessories, 
and concrete cover.  Do not scale dimensions from structural drawings to 
determine lengths of reinforcing bars.

1.6.2   Test Reports

1.6.2.1   Concrete 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 must be suitable for the job conditions.  Include mill test and 
all other test for cement, aggregates, and admixtures in the laboratory 
test reports.  Provide maximum nominal aggregate size, gradation analysis, 
percentage retained and passing sieve, and a graph of percentage retained 
verses sieve size.  Submit test reports along with the concrete mix 
design.  Obtain approval before concrete placement.

1.7   QUALIFICATIONS FOR CONCRETE TESTING SERVICE

Perform concrete testing by an approved laboratory and inspection service 
experienced in sampling and testing concrete.  Testing agency must meet the 
requirements of ASTM E 329.

1.8   CONCRETE SAMPLING AND TESTING

Testing by the Contractor must include sampling and testing concrete 
materials proposed for use in the work and testing the design mix for each 
class of concrete.  Perform quality control testing during construction.

Sample and test concrete aggregate materials proposed for use in the work 
in accordance with ASTM C 33/C 33M.

Sample and test portland cement in accordance with ASTM C 150/C 150M.

Testing must be performed by a Grade I Testing Technician.

PART 2   PRODUCTS

2.1   CONCRETE

2.1.1   Contractor-Furnished Mix Design

ACI/MCP-1, ACI/MCP-2, and ACI/MCP-3 except as otherwise specified.  
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Indicate the compressive strength (f'c) of the concrete for each portion of 
the structure.

                 f'c         ASTM C 33/C 33M               Maximum
                 (Min. 28-   Maximum       Range     Water-
                 Day Comp.   Nominal       of        Cement      Air
                 Strength)  Aggregate      Slump     Ratio       Entr.
    Location    (psi)      (Size No.)     (inches)  (by weight)  (percent)

  
  Floor slabs    4000     See Combined     1-3       0.45         _(a)_
                              Aggregate
                              Gradation
  
Maximum slump shown above may be increased 1 inch for methods of 
consolidation other than vibration.  Note (a): Entrapped air must be 3% or 
less.

Proportion concrete mixes for strength at 56 days.

2.1.1.1   Mix Proportions for Normal Weight Concrete

Trial design batches, mixture proportioning studies, and testing 
requirements for various classes and types of concrete specified are the 
responsibility of the Contractor.  Base mixture proportions on compressive 
strength as determined by test specimens fabricated in accordance with 
ASTM C 192/C 192M and tested in accordance with ASTM C 39/C 39M.  Samples 
of all materials used in mixture proportioning studies must be 
representative of those proposed for use in the project and must be 
accompanied by the manufacturer's or producer's test report indicating 
compliance with these specifications.  Base trial mixtures having 
proportions, consistencies, and air content suitable for the work on 
methodology described in ACI/MCP-1.  In the trial mixture, use at least 
three different water-cement ratios for each type of mixture, which must 
produce a range of strength encompassing those required for each class and 
type of concrete required on the project.  The maximum water-cement ratio 
required must be based on equivalent water-cement ratio calculations as 
determined by the conversion from the weight ratio of water to cement plus 
pozzolan.  Design laboratory trial mixture for maximum permitted slump and 
air content.  Each combination of material proposed for use must have 
separate trial mixture, except for accelerator or retarder use can be 
provided without separate trial mixture.  Report the temperature of 
concrete in each trial batch.  For each water-cement ratio, at least three 
test cylinders for each test age must be made and cured in accordance with 
ASTM C 192/C 192M and tested in accordance with ASTM C 39/C 39M for 7 and 
28 days.  From these results, plot a curve showing the relationship between 
water-cement ratio and strength for each set of trial mix studies.  In 
addition, plot a curve showing the relationship between 7 and 28 day 
strengths.

2.1.1.2   Required Average Strength of Mix Design

The selected mixture must produce an average compressive strength exceeding 
the specified strength by the amount indicated in ACI/MCP-2.  When a 
concrete production facility has a record of at least 15 consecutive tests, 
the standard deviation must be calculated and the required average 
compressive strength must be determined in accordance with ACI/MCP-2.  When 
a concrete production facility does not have a suitable record of tests to 
establish a standard deviation, the required average strength must follow 
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ACI/MCP-2 requirements.

2.1.2   Ready-Mix Concrete

Provide concrete that meets the requirements of ASTM C 94/C 94M.

Ready-mixed concrete manufacturer must provide duplicate delivery tickets 
with each load of concrete delivered.  Provide delivery tickets with the 
following information in addition to that required by ASTM C 94/C 94M:

Type and brand cement

Cement content in 95-pound bags per cubic yard of concrete

Maximum size of aggregate

Amount and brand name of admixtures

Total water content expressed by water/cement ratio

2.1.3   Concrete Curing Materials

2.1.3.1   Absorptive Cover

Provide burlap cloth cover for curing concrete made from jute or kenaf, 
weighing 10 ounces plus or minus 3 percent per square yard when clean and 
dry, conforming to ASTM C 171, Class 3; or cover may be cotton mats as 
approved.

2.2   MATERIALS

2.2.1   Cement

ASTM C 150/C 150M, Type I or II blended cement except as modified herein.  
Provide blended cement that consists of a mixture of ASTM C 150/C 150M, 
Type II, cement and one of the following materials:  ASTM C 618 pozzolan or 
fly ash.  For exposed concrete, use one manufacturer for each type of 
cement, fly ash, and pozzolan.

2.2.1.1   Fly Ash and Pozzolan

ASTM C 618, Type N, F, or C, except that the maximum allowable loss on 
ignition must be 6 percent for Types N and F.  Add with cement.  Fly ash 
content must be a minimum of 35 percent by weight of cementitious material, 
provided the fly ash does not reduce the amount of cement in the concrete 
mix below the minimum requirements of local building codes.  Where the use 
of fly ash cannot meet the minimum level, provide the maximum amount of fly 
ash permittable that meets the code requirements for cement content.  
Report the chemical analysis of the fly ash in accordance with ASTM C 311.  
Evaluate and classify fly ash in accordance with ASTM D 5759.

High contents of supplementary cementitious materials can have some 
detrimental effects on the concrete properties, such as slowing excessively 
the strength gain rate, and delaying and increasing the difficulty of 
finishing.  The recommended maximum content (by weight of the total 
cementitious material) for these materials are:

1.  For fly ash or natural pozzolan: 35 percent (25 percent in cold 
climates)
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2.2.1.2   Portland Cement

Provide cement that conforms to ASTM C 150/C 150M, Type I or II.  Use one 
brand and type of cement for formed concrete having exposed-to-view 
finished surfaces.

2.2.2   Water

Minimize the amount of water in the mix.  The amount of water must not 
exceed 45 percent by weight of cementitious materials (cement + pozzolans), 
and in general, improve workability by adjusting the grading rather than by 
adding water.  Water must be fresh, clean, and potable; free from injurious 
amounts of oils, acids, alkalis, salts, organic materials, or other 
substances deleterious to concrete.

2.2.3   Aggregates

ASTM C 33/C 33M, except as modified herein.  Furnish aggregates for exposed 
concrete surfaces from one source.  Provide aggregates that do not contain 
any substance which may be deleteriously reactive with the alkalies in the 
cement. 

2.2.3.1   Aggregates/Combined Aggregate Gradation (Floor Slabs Only)

ASTM C 33/C 33M, uniformly graded and as follows:  Nominal maximum 
aggregate size of  1 inch.  A combined sieve analysis must indicate a well 
graded aggregate from coarsest to finest with not more than 18 percent and 
not less than 8 percent retained on an individual sieve, except that less 
than 8 percent may be retained on coarsest sieve and on No. 50 (0.3mm) 
sieve, and less than 8 percent may be retained on sieves finer than No. 50 
(0.3mm).  Provide sand that is at least 50 percent natural sand.

2.2.4   Nonshrink Grout

ASTM C 1107/C 1107M.

2.2.5   Admixtures

ASTM C 494/C 494M: Type A, water reducing; Type B, retarding; Type C, 
accelerating; Type D, water-reducing and retarding.

2.2.5.1   Pozzolan

Provide fly ash or other pozzolans used as admixtures that conform to 
ASTM C 618.

2.2.6   Materials For Curing Concrete

Use water-based curing compounds, sealers, and coatings with low (maximum 
160 grams/liter, less water and less exempt compounds) VOC content.

2.2.7   Liquid Chemical Sealer-Hardener Compound

Provide magnesium fluorosilicate compound which when mixed with water seals 
and hardens the surface of the concrete.  Do not use on exterior slabs 
exposed to freezing conditions.  Provide compound that does not reduce the 
adhesion of resilient flooring, tile, paint, roofing, waterproofing, or 
other material applied to concrete.
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2.2.8   Expansion/Contraction Joint Filler

ASTM D 1751, ASTM D 1752, cork or 100% post-consumer paper meeting 
ASTM D 1752 (subparagraphs 5.1 to 5.4).  Material must be  1/2 inch thick.

2.2.9   Joint Sealants

Use concrete penetrating sealers with a low VOC content.

2.2.9.1   Joint Sealant Compound

Provide hot-poured, elastic type compound conforming to ASTM D 1190.

2.2.10   Epoxy Bonding Compound

ASTM C 881/C 881M.  Provide Type I for bonding hardened concrete to 
hardened concrete; Type II for bonding freshly mixed concrete to hardened 
concrete.  Provide Grade 1 or 2 for horizontal surfaces and Grade 3 for 
vertical surfaces.  Provide Class A if placement temperature is below 40 
degrees F; Class B if placement temperature is between 40 and 60 degrees F; 
or Class C if placement temperature is above 60 degrees F.

2.3   REINFORCEMENT

2.3.1   Reinforcing Bars

ACI/MCP-2 unless otherwise specified.  Use deformed steel.  
ASTM A 615/A 615M and AASHTO M 322M/M 322 with the bars marked A, S, W, 
Grade 60.

2.3.2   Wire

2.3.2.1   Welded Wire Fabric

ASTM A 185/A 185M or ASTM A 497/A 497M.  Provide flat sheets of welded wire 
fabric for slabs and toppings.

2.3.3   Reinforcing Bar Supports

Provide bar ties and supports of coated or non corrodible material.  

2.3.4   Dowels for Load Transfer in Floors

Provide dowels for load transfer in floors of the type, design, weight, and 
dimensions indicated.  Provide dowel bars that are plain-billet steel 
conforming to ASTM A 615/A 615M, Grade 60.  

2.3.5   Supports for Reinforcement

Supports include bolsters, chairs, spacers, and other devices necessary for 
proper spacing, supporting, and fastening reinforcing bars and wire fabric 
in place.

Provide wire bar type supports conforming to ACI/MCP-3 and CRSI 10MSP.
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2.4    BONDING MATERIALS

2.4.1   Concrete Bonding Agent

Provide aqueous-phase, film-forming, nonoxidizing, freeze and 
thaw-resistant compound agent suitable for brush or spray application 
conforming to ASTM C 932.

2.5   CLASSIFICATION AND QUALITY OF CONCRETE

2.5.1   Concrete Classes and Usage

Provide concrete classes, compressive strength, requirements for air 
entrainment, and usage as follows:

                      MIN. 28-DAY
                      COMPRESSIVE
                      STRENGTH      REQUIREMENT
            CONCRETE  POUNDS PER    FOR AIR
            CLASS       SQ. IN.     ENTRAINMENT          USAGE

            
            4N          4,000       Nonair-      For structural con-
                                    entrained    crete work not exposed
                                                 to freezing and thawing
                                                 such as interior col-
                                                 umns, beams, supported
                                                 slabs and other
                                                 structural members
                                                 for interior slabs on
                                                 ground subjected to
                                                 foot traffic

            
2.5.2   Limits for Concrete Proportions

Provide limits for maximum water/cement ratio and minimum cement content 
for each concrete class as follows:

                                                  MIN. CEMENT FOR 3- TO
         CONCRETE    MAX. WATER/CEMENT RATIO    4-INCH SLUMP, (NO. OF 94-
          CLASS            BY WEIGHT            POUND SACKS) PER CU. YD.

           
           4N                0.45                         6.0

           
* Weight of water to weight of cement in pounds in one cubic yard of 
concrete

2.5.3   Maximum Size of Aggregate

Size of aggregate, designated by the sieve size on which maximum amount of 
retained coarse aggregate is 5 to 10 percent by weight, must be as follows:
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            MAXIMUM        ASTM C 33/C 33M
            SIZE OF        SIZE
            AGGREGATE      NUMBER        TYPE OF CONSTRUCTION

            
            1 inch           467      Monolithic slabs on ground,
                                      concrete fill, and other flat-
                                      work having a depth of not less
                                      than 5 inches and a clear
                                      distance between reinforcing
                                      bars of not less than 2 inches

            
Maximum size of aggregate may be that required for most critical type of 
construction using that concrete class.

2.5.4   Slump

Provide slump for concrete at time and in location of placement as follows:

            TYPE OF CONSTRUCTION                  SLUMP

            
            Columns, beams,            Not less than 1 inch nor more
            reinforced walls,          than 3 inches
            monolithic slabs

           
2.5.5   Total Air Content

Air content of exposed concrete and interior concrete must be in accordance 
with ASTM C 260.

PART 3   EXECUTION

3.1   EXAMINATION

Do not begin installation until substrates have been properly constructed; 
verify that substrates are plumb and true.

If substrate preparation is the responsibility of another installer, notify 
Architect/Engineer of unsatisfactory preparation before processing.

Check field dimensions before beginning installation.  If dimensions vary 
too much from design dimensions for proper installation, notify 
Architect/Engineer and wait for instructions before beginning installation.

3.2   PREPARATION

Determine quantity of concrete needed and minimize the production of excess 
concrete.  Designate locations or uses for potential excess concrete before 
the concrete is poured.

3.2.1   General

Surfaces against which concrete is to be placed must be free of debris, 
loose material, standing water, snow, ice, and other deleterious substances 
before start of concrete placing.
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Remove standing water without washing over freshly deposited concrete.  
Divert flow of water through side drains provided for such purpose.

3.2.2   Reinforcement and Other Embedded Items

Secure reinforcement, joint materials, and other embedded materials in 
position, inspected, and approved before start of concrete placing.

3.3   PLACING REINFORCEMENT AND MISCELLANEOUS MATERIALS

ACI/MCP-2.  Provide bars, wire fabric, wire ties, supports, and other 
devices necessary to install and secure reinforcement.  Reinforcement must 
not have rust, scale, oil, grease, clay, or foreign substances that would 
reduce the bond.  Rusting of reinforcement is a basis of rejection if the 
effective cross-sectional area or the nominal weight per unit length has 
been reduced.  Remove loose rust prior to placing steel.  Tack welding is 
prohibited.

3.3.1   General

Provide details of reinforcement that are in accordance with, and ACI/MCP-4 
and as specified.

3.3.2   Reinforcement Supports

Place reinforcement and secure with galvanized or non corrodible chairs, 
spacers, or metal hangers.  For supporting reinforcement on the ground, use 
concrete or other non corrodible material, having a compressive strength 
equal to or greater than the concrete being placed.

3.3.3   Cover

ACI/MCP-2 for minimum coverage, unless otherwise indicated.

3.3.4   Setting Miscellaneous Material

Place and secure pipe sleeves, conduits, and other such items in position 
before concrete placement.  Temporarily fill voids in sleeves with readily 
removable material to prevent the entry of concrete.

3.3.5   Expansion Joints and Contraction Joints

Provide expansion joint at edges of interior floor slabs on grade abutting 
vertical surfaces, and as indicated.  Make expansion joints 1/2 inch wide 
unless indicated otherwise.  Fill expansion joints not exposed to weather 
with preformed joint filler material.  Completely fill joints exposed to 
weather with joint filler material and joint sealant.  Do not extend 
reinforcement or other embedded metal items bonded to the concrete through 
any expansion joint unless an expansion sleeve is used.  Provide 
contraction joints, either formed or saw cut or cut with a jointing tool, 
to the indicated depth after the surface has been finished.  Complete saw 
joints within 4 to 12 hours after concrete placement.  Protect joints from 
intrusion of foreign matter.

3.3.6   Fabrication

Shop fabricate reinforcing bars to conform to shapes and dimensions 
indicated for reinforcement, and as follows:
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Provide fabrication tolerances that are in accordance with ACI/MCP-1, 
ACI/MCP-2 and ACI/MCP-3.

Provide hooks and bends that are in accordance with and ACI/MCP-3.

Reinforcement must be bent cold to shapes as indicated.  Bending must be 
done in the shop.  Rebending of a reinforcing bar that has been bent 
incorrectly is not be permitted.  Bending must be in accordance with 
standard approved practice and by approved machine methods.

Tolerance on nominally square-cut, reinforcing bar ends must be in 
accordance with ACI/MCP-3.

Deliver reinforcing bars bundled, tagged, and marked.  Tags must be metal 
with bar size, length, mark, and other information pressed in by machine.  
Marks must correspond with those used on the placing drawings.

Do not use reinforcement that has any of the following defects:

a. Bar lengths, depths, and bends beyond specified fabrication 
tolerances

b. Bends or kinks not indicated on drawings or approved shop drawings

c. Bars with reduced cross-section due to rusting or other cause

Replace defective reinforcement with new reinforcement having required 
shape, form, and cross-section area.

3.3.7   Placing Reinforcement

Place reinforcement in accordance withACI/MCP-4.

For slabs on grade (over earth or over capillary water barrier) and for 
footing reinforcement, support bars or welded wire fabric on precast 
concrete blocks, spaced at intervals required by size of reinforcement, to 
keep reinforcement the minimum height specified above the underside of slab 
or footing.

Contractor must cooperate with other trades in setting inserts and other 
embedded items.  Where conflicts occur between locating reinforcing and 
embedded items, the Contractor must notify the Contracting Officer so that 
conflicts may be reconciled before placing concrete.  Anchors and embedded 
items must be positioned and supported with appropriate accessories.

Equip supports on ground and similar surfaces with sand-plates.

Support welded wire fabric as required for reinforcing bars.

Secure reinforcements to supports by means of tie wire. Wire must be 
black, soft iron wire, not less than 16 gage.

Bending of reinforcing bars partially embedded in concrete is permitted 
only as specified in and ACI/MCP-4.

3.3.8   Spacing of Reinforcing Bars

Spacing must be as indicated.  If not indicated, spacing must be in 

SECTION 03 30 00  Page 13



NASA GRC Steam Plant B12 Project N0. 11421

accordance with the ACI/MCP-3.

Reinforcing bars may be relocated to avoid interference with other 
reinforcement, or with conduit, pipe, or other embedded items.  If any 
reinforcing bar is moved a distance exceeding one bar diameter or specified 
placing tolerance, resulting rearrangement of reinforcement is subject to 
approval.

3.3.9   Concrete Protection for Reinforcement

Concrete protection must be in accordance with the ACI/MCP-4, ASTM E 648,and 
ACI/MCP-3.

3.4   BATCHING, MEASURING, MIXING, AND TRANSPORTING CONCRETE

ASTM C 94/C 94M, and ACI/MCP-2, except as modified herein.  Batching 
equipment must be such that the concrete ingredients are consistently 
measured within the following tolerances: 1 percent for cement and water, 2 
percent for aggregate, and 3 percent for admixtures.  Furnish mandatory 
batch ticket information for each load of ready mix concrete.

3.4.1   Measuring

Make measurements at intervals as specified in paragraphs entitled 
"Sampling" and "Testing."

3.4.2   Mixing

ASTM C 94/C 94M and ACI/MCP-2.  Machine mix concrete.  Begin mixing within 
30 minutes after the cement has been added to the aggregates.  Place 
concrete within 90 minutes of either addition of mixing water to cement and 
aggregates or addition of cement to aggregates if the air temperature is 
less than 84 degrees F.  Reduce mixing time and place concrete within 60 
minutes if the air temperature is greater than 84 degrees F except as 
follows:  if set retarding admixture is used and slump requirements can be 
met, limit for placing concrete may remain at 90 minutes.  Additional water 
may be added, provided that both the specified maximum slump and 
water-cement ratio are not exceeded.  When additional water is added, an 
additional 30 revolutions of the mixer at mixing speed is required.  
Dissolve admixtures in the mixing water and mix in the drum to uniformly 
distribute the admixture throughout the batch.

3.4.3   Transporting

Transport concrete from the mixer to the forms as rapidly as practicable. 
Prevent segregation or loss of ingredients.  Clean transporting equipment 
thoroughly before each batch.  Do not use aluminum pipe or chutes.  Remove 
concrete which has segregated in transporting and dispose of as directed.

3.5   PLACING CONCRETE

Place concrete as soon as practicable after the forms and the reinforcement 
have been inspected and approved.  Do not place concrete when weather 
conditions prevent proper placement and consolidation; in uncovered areas 
during periods of precipitation; or in standing water.  Prior to placing 
concrete, remove dirt, construction debris, water, snow, and ice from 
within the forms.  Deposit concrete as close as practicable to the final 
position in the forms.  Do not exceed a free vertical drop of 3 feet from 
the point of discharge.  Place concrete in one continuous operation from 
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one end of the structure towards the other.  Position grade stakes on 10 
foot centers maximum in each direction when pouring interior slabs.

3.5.1   General Placing Requirements

Deposit concrete continuously or in layers of such thickness that no 
concrete is placed on concrete which has hardened sufficiently to cause 
formation of seams or planes of weakness within the section.  If a section 
cannot be placed continuously, provide construction joints as specified.  
Perform concrete placing at such a rate that concrete which is being 
integrated with fresh concrete is still plastic.  Deposit concrete as 
nearly as practical in its final position to avoid segregation due to 
rehandling or flowing.  Do not subject concrete to procedures which cause 
segregation.

Concrete to receive other construction must be screeded to proper level to 
avoid excessive skimming or grouting.

Do not use concrete which becomes nonplastic and unworkable or does not 
meet quality control limits as specified or has been contaminated by 
foreign materials.  Use of retempered concrete is permitted. Remove 
rejected concrete from the site.

3.5.2   Vibration

ACI/MCP-2.  Furnish a spare, working, vibrator on the job site whenever 
concrete is placed.  Consolidate concrete slabs greater than 4 inches in 
depth with high frequency mechanical vibrating equipment supplemented by 
hand spading and tamping.  Consolidate concrete slabs 4 inches or less in 
depth by wood tampers, spading, and settling with a heavy leveling 
straightedge.  Operate internal vibrators with vibratory element submerged 
in the concrete, with a minimum frequency of not less than 6000 impulses 
per minute when submerged.  Do not use vibrators to transport the concrete 
in the forms.  Insert and withdraw vibrators approximately 18 inches 
apart.  

3.5.3   Pumping

ACI/MCP-2.  Pumping must not result in separation or loss of materials nor 
cause interruptions sufficient to permit loss of plasticity between 
successive increments.  Loss of slump in pumping equipment must not exceed 
2 inches.  Do not convey concrete through pipe made of aluminum or aluminum 
alloy.  Avoid rapid changes in pipe sizes.  Limit maximum size of course 
aggregate to 33 percent of the diameter of the pipe.  Limit maximum size of 
well rounded aggregate to 40 percent of the pipe diameter.  Take samples 
for testing at both the point of delivery to the pump and at the discharge 
end.

3.5.4   Hot Weather

Maintain required concrete temperature using Figure 2.1.5 in ACI/MCP-2 to 
prevent the evaporation rate from exceeding 0.2 pound of water per square 
foot of exposed concrete per hour.  Cool ingredients before mixing or use 
other suitable means to control concrete temperature and prevent rapid 
drying of newly placed concrete.  Shade the fresh concrete as soon as 
possible after placing.  Start curing when the surface of the fresh 
concrete is sufficiently hard to permit curing without damage.  Provide 
water hoses, pipes, spraying equipment, and water hauling equipment, where 
job site is remote to water source, to maintain a moist concrete surface 
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throughout the curing period.  Provide burlap cover or other suitable, 
permeable material with fog spray or continuous wetting of the concrete 
when weather conditions prevent the use of either liquid membrane curing 
compound or impervious sheets.  For vertical surfaces, protect forms from 
direct sunlight and add water to top of structure once concrete is set.

3.5.5   Follow-up

Check concrete within 24 hours of placement for flatness, levelness, and 
other specified tolerances.  Adjust formwork and placement techniques on 
subsequent pours to achieve specified tolerances.

3.5.6   Placing Concrete Slabs

Place and consolidate concrete for slabs in a continuous operation, within 
the limits of approved construction joints until placing of panel or 
section is completed.

During concrete placing operations, consolidate concrete by mechanical 
vibrating equipment so that concrete is worked around reinforcement and 
other embedded items and into corners.  Consolidate concrete in remainder 
of slabs by vibrating bridge screeds, roller pipe screeds, or other 
approved method.  Limit consolidation operations to time necessary to 
obtain consolidation of concrete without bringing an excess of fine 
aggregate to the surface.  Concrete to be consolidated must be as dry as 
practical and surfaces thereof must not be manipulated prior to finishing 
operations.  Bring concrete correct level with a straightedge and 
struck-off.  Use bull floats or darbies to smooth surface, leaving it free 
of humps or hollows.  Sprinkling of water on plastic surface is not 
permitted.

Provide finish of slabs as specified.

3.5.7   Bonding

Surfaces of set concrete at joints, except where bonding is obtained by use 
of concrete bonding agent, must be roughened and cleaned of laitance, 
coatings, loose particles, and foreign matter.  Roughen surfaces in a 
manner that exposes the aggregate uniformly and does not leave laitance, 
loosened particles of aggregate, nor damaged concrete at the surface.

Obtain bonding of fresh concrete that has set as follows:

At joints between slabs and elsewhere unless otherwise specified; 
roughened and cleaned surface of set concrete must be dampened, but not 
saturated, immediately prior to placing of fresh concrete.

Provide cement grout that consists of equal parts of portland cement 
and fine aggregate by weight with not more than 6 gallons of water per 
sack of cement.  Apply cement grout with a stiff broom or brush to a 
minimum thickness of 1/16 inch.  Deposit fresh concrete before cement 
grout has attained its initial set.

Bonding of fresh concrete to concrete that has set may be obtained by 
use of a concrete bonding agent.  Apply such bonding material to 
cleaned concrete surface in accordance with approved printed 
instructions of bonding material manufacturer.
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3.6   FLOOR, SLAB, AND PAVEMENT FINISHES AND MISCELLANEOUS CONSTRUCTION

ACI/MCP-2, unless otherwise specified.  Slope floors uniformly to drains 
where drains are provided.  Where straightedge measurements are specified, 
Contractor must provide straightedge.

3.6.1   Finish

Place, consolidate, and immediately strike off concrete to obtain proper 
contour, grade, and elevation before bleedwater appears.  Permit concrete 
to attain a set sufficient for floating and supporting the weight of the 
finisher and equipment.  If bleedwater is present prior to floating the 
surface, drag the excess water off or remove by absorption with porous 
materials.  Do not use dry cement to absorb bleedwater.

3.7   CURING AND PROTECTION

ACI/MCP-2 unless otherwise specified.  Begin curing immediately following 
form removal.  Avoid damage to concrete from vibration created by movement 
of equipment in the vicinity, disturbance of formwork or protruding 
reinforcement, and any other activity resulting in ground vibrations.  
Protect concrete from injurious action by sun, rain, flowing water, frost, 
mechanical injury, tire marks, and oil stains.  Do not allow concrete to 
dry out from time of placement until the expiration of the specified curing 
period.  Do not use membrane-forming compound on surfaces where appearance 
would be objectionable, on any surface to be painted, where coverings are 
to be bonded to the concrete, or on concrete to which other concrete is to 
be bonded.  If forms are removed prior to the expiration of the curing 
period, provide another curing procedure specified herein for the remaining 
portion of the curing period.  

3.7.1   General

Protect freshly placed concrete from premature drying and cold or hot 
temperature and maintain without drying at a relatively constant 
temperature for the period of time necessary for hydration of cement and 
proper hardening of concrete.

Start initial curing as soon as free water has disappeared from surface of 
concrete after placing and finishing.  Keep concrete moist for minimum 72 
hours.

Final curing must immediately follow initial curing and before concrete has 
dried.  Continue final curing until cumulative number of hours or fraction 
thereof (not necessarily consecutive) during which temperature of air in 
contact with the concrete is above 50 degrees F has totaled 168 hours.  
Alternatively, if tests are made of cylinders kept adjacent to the 
structure and cured by the same methods, final curing may be terminated 
when the average compressive strength has reached 70 percent of the 28-day 
design compressive strength.  Prevent rapid drying at end of final curing 
period.

3.7.2   Moist Curing

Remove water without erosion or damage to the structure.  Prevent water 
run-off.
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3.7.3   Curing Periods

ACI/MCP-2  Begin curing immediately after placement.  Protect concrete from 
premature drying, excessively hot temperatures, and mechanical injury; and 
maintain minimal moisture loss at a relatively constant temperature for the 
period necessary for hydration of the cement and hardening of the 
concrete.  The materials and methods of curing are subject to approval by 
the Contracting Officer.

3.7.4   Curing Methods

Accomplish curing by moist curing, as specified.

Moist curing:

Accomplish moisture curing by any of the following methods:

Keeping surface of concrete wet by covering with water

Covering concrete surface with specified absorptive cover for 
curing concrete saturated with water and keeping absorptive cover 
wet by water spraying or intermittent hosing.  Place absorptive 
cover to provide coverage of concrete surfaces and edges with a 
slight overlap over adjacent absorptive covers.

3.7.5   Curing Unformed Surfaces

Accomplish initial curing of unformed surfaces, such as monolithic slabs, 
floor topping, and other flat surfaces, by membrane curing.

Unless otherwise specified, accomplish final curing of unformed surfaces by 
any of curing methods specified above, as applicable.

3.7.6   Temperature of Concrete During Curing

When temperature of atmosphere is 41 degrees F and below, maintain 
temperature of concrete at not less than 55 degrees F throughout concrete 
curing period or 45 degrees F when the curing period is measured by 
maturity.  When necessary, make arrangements before start of concrete 
placing for heating, covering, insulation, or housing as required to 
maintain specified temperature and moisture conditions for concrete during 
curing period.

When the temperature of atmosphere is 80 degrees F and above or during 
other climatic conditions which cause too rapid drying of concrete, make 
arrangements before start of concrete placing for installation of wind 
breaks, of shading, and for fog spraying, wet sprinkling, or 
moisture-retaining covering of light color as required to protect concrete 
during curing period.

Changes in temperature of concrete must be uniform and not exceed  37 
degrees F in any 1 hour nor 80 degrees F in any 24-hour period.

3.7.7   Protection from Mechanical Injury

During curing period, protect concrete from damaging mechanical 
disturbances, particularly load stresses, heavy shock, and excessive 
vibration and from damage caused by rain or running water.
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3.7.8   Protection After Curing

Protect finished concrete surfaces from damage by construction operations.

3.8   FIELD QUALITY CONTROL

3.8.1   Sampling

ASTM C 172.  Collect samples of fresh concrete to perform tests specified.  
ASTM C 31/C 31M for making test specimens.

3.8.2   Testing

3.8.2.1   Slump Tests

ASTM C 143/C 143M.  Take concrete samples during concrete placement.  The 
maximum slump may be increased as specified with the addition of an 
approved admixture provided that the water-cement ratio is not exceeded. 
Perform tests at commencement of concrete placement, when test cylinders 
are made, and for each batch (minimum) or every 20 cubic yards (maximum) of 
concrete.

3.8.2.2   Temperature Tests

Test the concrete delivered and the concrete in the forms.  Perform tests 
in hot or cold weather conditions (below 50 degrees F and above 80 degrees F
) for each batch (minimum) or every 20 cubic yards (maximum) of concrete, 
until the specified temperature is obtained, and whenever test cylinders 
and slump tests are made.

3.8.2.3   Compressive Strength Tests

ASTM C 39/C 39M.  Make five test cylinders for each set of tests in 
accordance with ASTM C 31/C 31M.  Take precautions to prevent evaporation 
and loss of water from the specimen.  Test two cylinders at 7 days, two 
cylinders at 28 days, and hold one cylinder in reserve.  Take samples for 
strength tests of each mix design of concrete placed each day not less than 
once a day, nor less than once for each 160 cubic yards of concrete, nor 
less than once for each 5400 square feet of surface area for slabs or 
walls.  For the entire project, take no less than five sets of samples and 
perform strength tests for each mix design of concrete placed.  Each 
strength test result must be the average of two cylinders from the same 
concrete sample tested at 28 days.  If the average of any three consecutive 
strength test results is less than f'c or if any strength test result falls 
below f'c by more than 450 psi, take a minimum of three ASTM C 42/C 42M 
core samples from the in-place work represented by the low test cylinder 
results and test.  Concrete represented by core test is considered 
structurally adequate if the average of three cores is equal to at least 85 
percent of f'c and if no single core is less than 75 percent of f'c.  
Retest locations represented by erratic core strengths.  Remove concrete 
not meeting strength criteria and provide new acceptable concrete.  Repair 
core holes with nonshrink grout.  Match color and finish of adjacent 
concrete.

3.8.2.4   Strength of Concrete Structure

Compliance with the following is considered deficient if it fails to meet 
the requirements which control strength of structure in place, including 
following conditions:
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Failure to meet compressive strength tests as evaluated

Reinforcement not conforming to requirements specified

Concrete which differs from required dimensions or location in such a 
manner as to reduce strength

Concrete curing and protection of concrete against extremes of 
temperature during curing, not conforming to requirements specified

Concrete subjected to damaging mechanical disturbances, particularly 
load stresses, heavy shock, and excessive vibration

Poor workmanship likely to result in deficient strength

3.9   WASTE MANAGEMENT

As specified in the Waste Management Plan and as follows.

3.9.1   Mixing Equipment

Before concrete pours, designate Company-owned site meeting environmental 
standards for cleaning out concrete mixing trucks.  Minimize water used to 
wash equipment.

3.9.2   Reinforcing Steel

Collect reinforcing steel and place in designated area for recycling.

3.10   JOINTS

3.10.1   Isolation Joints in Slabs on Ground

Provide joints at points of contact between slabs on ground and vertical 
surfaces.

Fill joints with premolded joint filler strips 1/2 inch thick, extending 
full slab depth.  Install filler strips at proper level below finish floor 
elevation with a slightly tapered, dress-and-oiled wood strip temporarily 
secured to top of filler strip to form a groove not less than 3/4 inch in 
depth where joint is sealed with sealing compound and not less than 1/4 inch
in depth where joint sealing is not required.  Remove wood strip after 
concrete has set.  Contractor must clean groove of foreign matter and loose 
particles after surface has dried.

3.11   INSTALLATION OF ANCHORAGE DEVICES

3.11.1   General

Anchorage devices and embedded items required for other work that is 
attached to, or supported by, set and build in cast-in-place concrete as 
part of the work of this section, using setting drawings, instructions, and 
directions for work to be attached thereto.

3.11.2   Placing Anchorage Devices

Anchorage devices and embedded items must be positioned accurately and 
supported against displacement.  Fill openings in anchorage devices such as 
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slots and threaded holes with an approved, removable material to prevent 
entry of concrete into openings.

3.12   CONCRETE CONVEYING

3.12.1   Transfer of Concrete At Project Site

Handle concrete from point of delivery and transfer to concrete conveying 
equipment and to locations of final deposit as rapidly as practical by 
methods which prevent segregation and loss of concrete mix materials.

3.12.2   Mechanical Equipment for Conveying Concrete

Equipment must ensure a continuous flow of concrete at delivery end, as 
approved.  Provide runways for wheeled concrete-conveying equipment from 
concrete delivery point to locations of final deposit.  Interior surfaces 
of concrete conveying equipment must be free of hardened concrete, debris, 
water, snow, ice, and other deleterious substances.

        -- End of Section --
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SECTION 04 20 00

MASONRY
02/09

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.

ACI INTERNATIONAL (ACI)

ACI 530/530.1 (2008; Errata 2008; Errata 2009) Building 
Code Requirements and Specification for 
Masonry Structures; Containing Building 
Code Requirements for Masonry Structures, 
Specification for Masonry Structures and 
Companion Commentaries

ASTM INTERNATIONAL (ASTM)

ASTM A 153/A 153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A 641/A 641M (2009a) Standard Specification for 
Zinc-Coated (Galvanized) Carbon Steel Wire

ASTM A 82/A 82M (2007) Standard Specification for Steel 
Wire, Plain, for Concrete Reinforcement

ASTM C 1072 (2006) Standard Test Method for 
Measurement of Masonry Flexural Bond 
Strength

ASTM C 144 (2004) Standard Specification for 
Aggregate for Masonry Mortar

ASTM C 150/C 150M (2009) Standard Specification for Portland 
Cement

ASTM C 270 (2008a) Standard Specification for Mortar 
for Unit Masonry

ASTM C 67 (2009) Standard Test Methods for Sampling 
and Testing Brick and Structural Clay Tile

ASTM C 780 (2009) Preconstruction and Construction 
Evaluation of Mortars for Plain and 
Reinforced Unit Masonry

ASTM C 91 (2005) Masonry Cement
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1.2   SYSTEM DESCRIPTION

1.2.1   Additional Requirements

a.  Provide bracing and scaffolding necessary for masonry work.  Design 
bracing to resist wind pressure as required by local code.

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-03 Product Data

Cement G; 

SD-04 Samples

Salvaged Brick G; 

  Samples of three stretcher units shall show the condition of 
salvaged brick.  Previous mortar shall be removed completely.

Ties G; 

  Two of each type used.

Joint Reinforcement G; 

  One piece of each type used, including corner and wall 
intersection pieces, showing at least two cross wires.

SD-06 Test Reports

Efflorescence Test G; 

  Test reports from an approved independent laboratory.  Test 
reports on a previously tested material shall be certified as the 
same as that proposed for use in this project.

1.4   QUALITY ASSURANCE

1.4.1   Appearance

Blend all brick to produce a uniform appearance when installed.  An 
observable "banding" or "layering" of colors or textures caused by 
improperly mixed brick is unacceptable.

1.4.2   In-Place Mockup

After material samples are approved and prior to starting masonry work, 
construct an in-place mockup brick , six courses high fo the full width of 
the infill portion.  At least 48 hours prior to constructing the sample 
panel or panels, submit written notification to the Contracting Officer.  
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1.5   DELIVERY, STORAGE, AND HANDLING

Materials shall be delivered, stored, handled, and protected to avoid 
chipping, breakage, and contact with soil or contaminating material.  Store 
and prepare materials in already disturbed areas to minimize project site 
disturbance and size of project site.

1.5.1   Ties And Joint Reinforcement

Coated ties and joint reinforcement shall be stored above the ground.  U
ncoated ties shall be free of loose mill scale and rust.

1.5.2   Cementitious Materials, Sand and Aggregates

Cementitious and other packaged materials shall be delivered in unopened 
containers, plainly marked and labeled with manufacturers' names and 
brands.  Cementitious material shall be stored in dry, weathertight 
enclosures or be completely covered.  Cement shall be handled in a manner 
that will prevent the inclusion of foreign materials and damage by water or 
dampness.  Store sand and aggregates in a manner to prevent contamination 
or segregation.

1.6   PROJECT/SITE CONDITIONS

Conform to ACI 530/530.1 for hot masonry erection.

1.6.1   Hot Weather Installation

Take the following precautions if masonry is erected when the ambient air 
temperature is more than 99 degrees F in the shade and the relative 
humidity is less than 50 percent or the ambient air temperature exceeds 90 
degrees F and the wind velocity is more than 8 mph.  All masonry materials 
shall be shaded from direct sunlight; mortar beds shall be spread no more 
than 4 feet ahead of masonry; masonry units shall be set within one minute 
of spreading mortar; and after erection, masonry shall be protected from 
direct exposure to wind and sun for 48 hours.

PART 2   PRODUCTS

2.1   GENERAL REQUIREMENTS

The source of materials which will affect the appearance of the finished 
work shall not be changed after the work has started except with 
Contracting Officer's approval.

2.2   PRECAST CONCRETE ITEMS

2.2.1   Lintels

All existing lintels at window openings.  All lintels shall be 
restored/cleaned to omit any rusting or other defects.  Engineer shall be 
contacted if lintel is non existant or condition prevents restoration.  
Refer to architectural drawings for lintel over person door being replaced.

2.2.2   Sills

Clean and reuse existing sill at window opening where temporary opening is 
created in East wall.  All other sills at window openings shall remain.  
Clean as required to receive new panel system.
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2.3   MASONRY MORTAR

Mortar Type S shall conform to the proportion specification of ASTM C 270 
except Type S cement-lime mortar proportions shall be 1 part cement, 1/2 
part lime and 4-1/2 parts aggregate.  Type S mortar shall be used for 
non-load-bearing, non-shear-wall interior masonry; and Type S for remaining 
masonry work; except where higher compressive strength is indicated on 
structural drawings.  When masonry cement ASTM C 91 is used the maximum air 
content shall be limited to 12 percent and performance equal to cement-lime 
mortar shall be verified.  Verification of masonry cement performance shall 
be based on ASTM C 780 and ASTM C 1072.  Cement shall have a low alkali 
content and be of one brand.  Aggregates shall be from one source. Color at 
exterior shall match existing original mortar.

2.3.1   Cement

Portland cement shall conform to ASTM C 150/C 150M, Type I, II.  Masonry 
Cement shall conform to ASTM C 91, Type S.  Containers shall bear complete 
instructions for proportioning and mixing to obtain the required types of 
mortar.  

2.3.2   Sand and Water

Sand shall conform to ASTM C 144.  Water shall be clean, potable, and free 
from substances which could adversely affect the mortar.

2.4   TIES

Ties shall be fabricated without drips or crimps and shall be zinc-coated 
in accordance with ASTM A 153/A 153M, Class B-2.  Steel wire used for ties 
shall be fabricated from steel wire conforming to ASTM A 82/A 82M.  Wire 
ties in exterior walls shall conform to ASTM A 641/A 641M.  Joint 
reinforcement in interior walls, and in exterior or interior walls exposed 
to moist environment shall conform to ASTM A 641/A 641M; coordinate with 
paragraph JOINT REINFORCEMENT below.  Anchors and ties shall be sized to 
provide a minimum of 5/8 inch mortar cover from either face.

2.4.1   Wall Ties

Wall ties shall be rectangular-shaped or Z-shaped fabricated of 3/16 inch 
diameter zinc-coated steel wire.  Rectangular wall ties shall be no less 
than 4 inches wide.  Wall ties may also be of a continuous type conforming 
to paragraph JOINT REINFORCEMENT.   

2.5   JOINT REINFORCEMENT

Joint reinforcement shall be factory fabricated from steel wire conforming 
to ASTM A 82/A 82M, welded construction.  Tack welding will not be 
acceptable in reinforcement used for wall ties.  Wire shall have zinc 
coating conforming to ASTM A 153/A 153M, Class B-2.  All wires shall be a 
minimum of 9 gauge.  Reinforcement shall be ladder type design, having one 
longitudinal wire in the mortar bed of each face shell for hollow units and 
one wire for solid units.  Joint reinforcement shall be placed a minimum of 
5/8 inch cover from either face.  The distance between crosswires shall not 
exceed 16 inches.  Joint reinforcement for straight runs shall be furnished 
in flat sections not less than 10 feet long.  Joint reinforcement shall be 
provided with factory formed corners and intersections.  If approved for 
use, joint reinforcement may be furnished with adjustable wall tie features.
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2.6   WEEP HOLE VENTILATORS

Weep hole ventilators shall be prefabricated aluminum, plastic or wood 
blocking sized to form the proper size opening in head joints.  Provide 
aluminum and plastic inserts with grill or screen-type openings designed to 
allow the passage of moisture from cavities and to prevent the entrance or 
insects.  Ventilators shall be sized to match modular construction with a 
standard 3/8 inch mortar joint.

PART 3   EXECUTION

3.1   PREPARATION

Prior to start of work, masonry inspector shall verify the applicable 
conditions as set forth in ACI 530/530.1, inspection.  The Contracting 
Officer will serve as inspector or will select a masonry inspector.

3.1.1   Stains

Protect exposed surfaces from mortar and other stains.  When mortar joints 
are tooled, remove mortar from exposed surfaces with fiber brushes and 
wooden paddles.  Protect base of walls from splash stains by covering 
adjacent ground with sand, sawdust, or polyethylene.

3.1.2   Loads

Do not apply uniform loads for at least 12 hours or concentrated loads for 
at least 72 hours after masonry is constructed.  Provide temporary bracing 
as required.

3.1.3   Surfaces

Surfaces on which masonry is to be placed shall be cleaned of laitance, 
dust, dirt, oil, organic matter, or other foreign materials and shall be 
slightly roughened to provide a surface texture with a depth of at least 
1/8 inch.  Sandblasting shall be used, if necessary, to remove laitance 
from pores and to expose the aggregate.

3.2   LAYING MASONRY UNITS

a.  Coordinate masonry work with the work of other trades to 
accommodate built-in items and to avoid cutting and patching.  Masonry 
units shall be laid in running bond pattern.  For inner wythe, match 
existing coursing in adjacent walls. Facing courses shall be level with 
back-up courses, unless the use of adjustable ties has been approved in 
which case the tolerances shall be plus or minus 1/2 inch.  Each unit 
shall be adjusted to its final position while mortar is still soft and 
plastic.

b.  Units that have been disturbed after the mortar has stiffened shall 
be removed, cleaned, and relaid with fresh mortar.  Air spaces, 
cavities, chases, expansion joints, and spaces to be grouted shall be 
kept free from mortar and other debris.  Units used in exposed masonry 
surfaces shall be selected from those having the least amount of 
chipped edges or other imperfections detracting from the appearance of 
the finished work.  Vertical joints shall be kept plumb.

c.  Units being laid and surfaces to receive units shall be free of 
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water film and frost.  Solid units shall be laid in a nonfurrowed full 
bed of mortar.  Mortar for veneer wythes shall be beveled and sloped 
toward the center of the wythe from the cavity side.  Units shall be 
shoved into place so that the vertical joints are tight.  Vertical 
joints of brick except where indicated at control, expansion, and 
isolation joints, shall be completely filled with mortar.  Mortar will 
be permitted to protrude up to 1/2 inch into the space or cells to be 
grouted.  Means shall be provided to prevent mortar from dropping into 
the space below.

d.  In double wythe construction, the inner wythe may be brought up not 
more than 16 inches ahead of the outer wythe.  Collar joints shall be 
filled with mortar or grout during the laying of the facing wythe, and 
filling shall not lag the laying of the facing wythe by more than 8 
inches.

3.2.1   Forms and Shores

Provide bracing and scaffolding as required.  Design bracing to resist wind 
pressure as required by local codes.  Forms and shores shall be 
sufficiently rigid to prevent deflections which may result in cracking or 
other damage to supported masonry and sufficiently tight to prevent leakage 
of mortar and grout.  Supporting forms and shores shall not be removed in 
less than 10 days.

3.2.2   Brick Units

Brick facing shall be laid with the better face exposed.  Brick shall be 
laid in running bond with each course bonded at corners, unless otherwise 
indicated.  Molded brick shall be laid with the frog side down.  Brick that 
is cored, recessed, or has other deformations may be used in sills, treads, 
soldier courses, except where deformations will be exposed to view.  Bed, 
head, and collar joints shall be completely filled with mortar.

3.2.2.1   Solid Units

Bed, head, and collar joints shall be completely filled with mortar.

3.2.2.2   Brick-Faced Walls

For brick-faced walls bond the wythes with a header bond every fourth 
course and a 6" x 3-3/4" x 2-1/4" blind bond every fourth course.  Blend 
band shall be a course below the header bond.

a.  Collar Joints:  Fill collar joints solid with mortar as each course 
of brick is laid.  Do not disturb units in place.

3.2.3   Tolerances

Masonry shall be laid plumb, true to line, with courses level.  Bond 
pattern shall be kept plumb throughout.  Corners shall be square unless 
noted otherwise.  Except for walls constructed of prefaced concrete masonry 
units, masonry shall be laid within the following tolerances (plus or minus 
unless otherwise noted):

TABLE II
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TOLERANCES

  Variation from the plumb in the lines
  and surfaces of walls and arises
  _______________________________________________________________

  In adjacent masonry units                              1/8 inch
  In 10 feet                                             1/4 inch
  In 20 feet                                             3/8 inch
  In 40 feet or more                                     1/2 inch

  Variations from the plumb for other conspicuous lines
  _______________________________________________________________

  In 20 feet                                             1/4 inch
  In 40 feet or more                                     1/2 inch

  Variations from the level for exposed lintels,
  sills, horizontal grooves, and other
  conspicuous lines
  _______________________________________________________________

  In 20 feet                                             1/4 inch
  In 40 feet or more                                     1/2 inch

  Variation from level for bed joints and top
  surfaces of bearing walls
  _______________________________________________________________

  In 10 feet                                             1/4 inch
  In 40 feet or more                                     1/2 inch

  Variations from horizontal lines
  _______________________________________________________________

  In 10 feet                                             1/4 inch
  In 20 feet                                             3/8 inch
  In 40 feet or more                                     1/2 inch

  Variations in cross sectional dimensions and in thickness of walls
  _______________________________________________________________

  Minus                                                  1/4 inch
  Plus                                                   1/2 inch

3.2.4   Cutting and Fitting

Full units of the proper size shall be used wherever possible, in lieu of 
cut units.  Cutting and fitting, including that required to accommodate the 
work of others, shall be done by masonry mechanics using power masonry 
saws.  Wet cut units, before being placed in the work, shall be dried to 
the same surface-dry appearance as uncut units being laid in the wall.  Cut 
edges shall be clean, true and sharp.  

3.2.5   Jointing

Joints shall be tooled when the mortar is thumbprint hard.  Horizontal 
joints shall be tooled last.  Joints shall be brushed to remove all loose 
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and excess mortar.  Mortar joints shall be finished as follows:

3.2.5.1   Tooled Joints

Joints in exposed exterior and interior masonry surfaces shall be tooled to 
match existing joints.  Joints shall be tooled with a jointer slightly 
larger than the joint width so that complete contact is made along the 
edges of the unit.  Tooling shall be performed so that the mortar is 
compressed and the joint surface is sealed.  Jointer of sufficient length 
shall be used to obtain a straight and true mortar joint.

3.2.5.2   Door and Window Frame Joints

On the exposed interior side of exterior frames, joints between frames and 
abutting masonry walls shall be raked to a depth of 3/8 inch.  On the 
exterior side of exterior frames, joints between frames and abutting 
masonry walls shall be raked to a depth of 3/8 inch.

3.2.6   Joint Widths

Joint widths shall be as follows:

3.2.6.1   Brick

Brick joint widths shall match existing joints.  Brick expansion joint 
widths shall be as shown.

3.2.7   Embedded Items

Spaces around built-in items shall be filled with mortar.  Openings around 
flush-mount electrical outlet boxes in wet locations shall be pointed with 
mortar.  Ties, wall plugs, accessories, flashing, pipe sleeves and other 
items required to be built-in shall be embedded as the masonry work 
progresses.  Ties and joint reinforcement shall be fully embedded in the 
mortar.  

3.2.8   Unfinished Work

Unfinished work shall be stepped back for joining with new work.  Toothing 
may be resorted to only when specifically approved.  Loose mortar shall be 
removed and the exposed joints shall be thoroughly cleaned before laying 
new work.

3.2.9   Masonry Wall Intersections

Each course shall be masonry bonded at corners and elsewhere as shown.  
Masonry walls shall be anchored or tied together at corners and 
intersections with bond beam reinforcement and prefabricated corner or tee 
pieces of joint reinforcement as shown.

3.3   COMPOSITE WALLS

Masonry wythes shall be tied together with joint reinforcement or with unit 
wall ties.  Ties shall be laid not closer than 5/8 inch to either masonry 
face.  Ties shall not extend through control joints.  Collar joints between 
masonry facing and masonry backup shall be filled solidly with grout.
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3.4   MORTAR MIX

Mortar shall be mixed in a mechanically operated mortar mixer for at least 
3 minutes, but not more than 5 minutes.  Measurement of ingredients for 
mortar shall be by volume.  Ingredients not in containers, such as sand, 
shall be accurately measured by the use of measuring boxes.  Water shall be 
mixed with the dry ingredients in sufficient amount to provide a workable 
mixture which will adhere to the vertical surfaces of masonry units.  
Mortar that has stiffened because of loss of water through evaporation 
shall be retempered by adding water to restore the proper consistency and 
workability.  Mortar that has reached its initial set or that has not been 
used within 2.5 hours after mixing shall be discarded.

3.5   JOINT REINFORCEMENT INSTALLATION

Joint reinforcement shall be installed at 16 inches on center or as 
indicated.  Reinforcement shall be lapped not less than 6 inches.  The 
longitudinal wires of joint reinforcement shall be placed to provide not 
less than 5/8 inch cover to either face of the unit.

3.6   LINTELS

3.6.1   Existing Steel Lintels 

Existing Steel Lintels shall be examined in the field to determine if they 
are in satisfactory condition or need to be replaced due to deterioration.  
Contact Structural Engineer if lintel is to be replaced for design of a 
replacement lintel.  For lintel over hollow metal door, see Architectural 
drawing for detail on lintel replacement.

3.7   SILLS AND COPINGS

Sills and copings shall be set in a full bed of mortar with faces plumb and 
true.

3.8   POINTING AND CLEANING

After mortar joints have attained their initial set, but prior to 
hardening, completely remove mortar and grout daubs or splashings from 
masonry-unit surfaces that will be exposed or painted.  Before completion 
of the work, defects in joints of masonry to be exposed or painted shall be 
raked out as necessary, filled with mortar, and tooled to match existing 
joints.  Immediately after grout work is completed, scum and stains which 
have percolated through the masonry work shall be removed using a high 
pressure stream of water and a stiff bristled brush.  Masonry surfaces 
shall not be cleaned, other than removing excess surface mortar, until 
mortar in joints has hardened.  Masonry surfaces shall be left clean, free 
of mortar daubs, dirt, stain, and discoloration, including scum from 
cleaning operations, and with tight mortar joints throughout.  Metal tools 
and metal brushes shall not be used for cleaning.

3.8.1   Brick Surfaces

Exposed brick masonry surfaces shall be cleaned as necessary to obtain 
surfaces free of stain, dirt, mortar and grout daubs, efflorescence, and 
discoloration or scum from cleaning operations.  
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3.9   PROTECTION

Protect facing materials against staining.  Before starting or resuming, 
top surface of masonry in place shall be cleaned of loose mortar and 
foreign material.

3.10   WASTE MANAGEMENT

 Minimize water used to wash mixing equipment.  Use trigger operated spray 
nozzles for water hoses.

3.10.1   Separate and Recycle Waste

Place materials defined as hazardous or toxic waste in designated 
containers.  Fold up metal banding, flatten, and place in designated area 
for recycling.  Collect wood packing shims and pallets and place in 
designated area.  

3.11   TEST REPORTS

3.11.1   Efflorescence Test

Test brick, which will be exposed to weathering, for efflorescence.  
Schedule tests far enough in advance of starting masonry work to permit 
retesting if necessary.  Sampling and testing shall conform to the 
applicable provisions of ASTM C 67.  Units meeting the definition of 
"effloresced" will be subject to rejection.

        -- End of Section --
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SECTION 05 12 00

STRUCTURAL STEEL
10/07

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 201-06 (2006) AISC Certification Program for 
Structural Steel Fabricators

AISC 303 (2005) Code of Standard Practice for Steel 
Buildings and Bridges

AISC 325 (2005) Manual of Steel Construction

AISC 326 (2009) Detailing for Steel Construction

AISC 341 (2005; Supp 2005) Seismic Provisions for 
Structural Steel Buildings

AISC 348 (2000) Structural Joints Using ASTM A325 
or A490 Bolts

AISC 350 (2005) Load and Resistance Factor Design 
(LRFD)Specification for Structural Steel 
Buildings

AISC 360 (2005) Specification for Structural Steel 
Buildings, with Commentary

AMERICAN WELDING SOCIETY (AWS)

AWS A2.4 (2007) Standard Symbols for Welding, 
Brazing and Nondestructive Examination

AWS D1.1/D1.1M (2008; Errata 2008) Structural Welding 
Code - Steel

ASME INTERNATIONAL (ASME)

ASME B46.1 (2002) Surface Texture (Surface Roughness, 
Waviness and Lay)

ASTM INTERNATIONAL (ASTM)

ASTM A 325 (2009) Standard Specification for 
Structural Bolts, Steel, Heat Treated, 
120/105 ksi Minimum Tensile Strength

ASTM A 36/A 36M (2008) Standard Specification for Carbon 
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Structural Steel

ASTM A 500/A 500M (2007) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 
Steel Structural Tubing in Rounds and 
Shapes

ASTM A 563 (2007a) Standard Specification for Carbon 
and Alloy Steel Nuts

ASTM A 6/A 6M (2009) Standard Specification for General 
Requirements for Rolled Structural Steel 
Bars, Plates, Shapes, and Sheet Piling

ASTM A 992/A 992M (2006a) Standard Specification for 
Structural Steel Shapes

ASTM C 1107/C 1107M (2008) Standard Specification for Packaged 
Dry, Hydraulic-Cement Grout (Nonshrink)

ASTM C 827 (2001a; R 2005) Change in Height at Early 
Ages of Cylindrical Specimens from 
Cementitious Mixtures

ASTM F 436 (2009) Hardened Steel Washers

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC PA 1 (2000; E 2004) Shop, Field, and 
Maintenance Painting

SSPC PS 13.01 (1982; E 2004) Epoxy-Polyamide Painting 
System

SSPC Paint 25 (1997; E 2004) Zinc Oxide, Alkyd, Linseed 
Oil Primer for Use Over Hand Cleaned 
Steel, Type I and Type II

SSPC SP 3 (1982; E 2004) Power Tool Cleaning

SSPC SP 6 (2007) Commercial Blast Cleaning

1.2   SYSTEM DESCRIPTION

Provide the structural steel system, including shop primer 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 325 
except as modified in this contract.

1.3   MODIFICATIONS TO REFERENCES

Conform to AISC 325, AISC 360, AISC 303, andAISC 348, except as modified 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.  When 
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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

SD-07 Certificates

Steel

AISC Quality Certification

1.5   AISC QUALITY CERTIFICATION

Work shall be fabricated in an AISC certified Category Sbd fabrication 
plant.

1.6   SEISMIC PROVISIONS

The structural steel system shall be provided in accordance with AISC 341.

1.7   QUALITY ASSURANCE

1.7.1   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.  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.  Use AWS A2.4 standard welding 
symbols.  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.

1.7.2   Certifications

1.7.2.1   Erection Plan

Submit for record purposes.  Indicate the sequence of erection, temporary 
shoring and bracing, and a detailed sequence of welding, including each 
welding procedure required.

PART 2   PRODUCTS

2.1   STEEL

2.1.1   Structural Steel

ASTM A 36/A 36M.
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2.1.2   High-Strength Structural Steel

2.1.2.1   Low-Alloy Steel

ASTM A 992/A 992M Grade 50.

2.1.3   Structural Shapes for Use in Building Framing

Wide flange shapes, ASTM A 992/A 992M.

2.1.4   Structural Steel Tubing

ASTM A 500/A 500M, Grade B.

2.2   BOLTS, NUTS, AND WASHERS

Provide the following unless indicated otherwise.

2.2.1   Structural Steel 

2.2.1.1   Bolts

ASTM A 325, 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 A 563, Grade and Style for applicable ASTM bolt standard recommended.

2.2.1.3   Washers

ASTM F 436 washers for ASTM A 325.

2.2.2   High-Strength Structural Steel

2.2.2.1   Bolts

 ASTM A 325, Type 1.

2.2.2.2   Nuts

 ASTM A 563, Grade and Style as specified in the applicable ASTM bolt 
standard.

2.2.2.3   Washers

 ASTM F 436, plain carbon steel.

2.2.3   Existing Concrete Anchorage

Use HILTI HIT RE500 Epoxy Adhesive Anchor (or approved equal).  Install 
anchors at post locations at two weeks after concrete slab install.

2.3   STRUCTURAL STEEL ACCESSORIES

2.3.1   Welding Electrodes and Rods

AWS D1.1/D1.1M.
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2.3.2   Non-Shrink Grout

ASTM C 1107/C 1107M, with no ASTM C 827 shrinkage.  Grout shall be 
nonmetallic.

2.4   SHOP PRIMER

SSPC Paint 25, (alkyd primer) or  SSPC PS 13.01 epoxy-polyamide, green 
primer (Form 150) type 1, except provide a Class B coating in accordance 
with AISC 325 for slip critical joints.  Primer shall conform to Federal, 
State, and local VOC regulations.  If flash rusting occurs, re-clean the 
surface prior to application of primer.

2.5   FABRICATION

2.5.1   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.  Do not locate match 
markings in areas that will decrease member strength or cause stress 
concentrations.  

2.5.2   Shop Primer

Shop prime structural steel, except as modified herein, in accordance with 
SSPC PA 1.  Do not prime steel surfaces within 0.5 inch of the toe of the 
welds prior to welding.  Prior to assembly, prime surfaces which will be 
concealed or inaccessible after assembly.  Do not apply primer in foggy or 
rainy weather; when the ambient temperature is below 45 degrees F or over 
95 degrees F; or when the primer may be exposed to temperatures below 40 
degrees F within 48 hours after application, unless approved otherwise by 
the Contracting Officer.

2.5.2.1   Cleaning

SSPC SP 6, except steel exposed in spaces above ceilings, attic spaces, 
furred spaces, and chases that will be hidden to view in finished 
construction may be cleaned to SSPC SP 3 when recommended by the shop 
primer manufacturer.  Maintain steel surfaces free from rust, dirt, oil, 
grease, and other contaminants through final assembly.

2.5.2.2   Primer

Apply primer to a minimum dry film thickness of 2.0 mil except provide the 
Class B coating for slip critical joints in accordance with the coating 
manufacturer's recommendations.  Repair damaged primed surfaces with an 
additional coat of primer.

2.6   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.
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PART 3   EXECUTION

3.1   FABRICATION

Fabrication 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.  The fabricating plant shall be certified under 
the AISC 201-06 for Category sbd structural steelwork.

Compression joints depending on contact bearing shall have a surface 
roughness not in excess of  500 micro inch as determined by ASME B46.1, and 
ends shall be square within the tolerances for milled ends specified in 
ASTM A 6/A 6M.

Structural steelwork, surfaces to be field welded, and contact surfaces of 
friction-type high-strength bolted connections shall be prepared for 
painting in accordance with endorsement "P" of AISC 201-06 and primed with 
the specified paint.

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 325.  Erection plan shall be reviewed, stamped and sealed by 
a licensed structural engineer.

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 AISC 350.  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   High-Strength Bolts

 ASTM A 325 bolts shall be fully tensioned to 70 percent of their minimum 
tensile strength.  Bolts shall be installed in connection holes and 
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 Officers.
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3.6   WELDING

AWS D1.1/D1.1M.  Grind exposed welds smooth as indicated.  Provide 
AWS D1.1/D1.1M qualified welders, welding operators, and tackers.

The Contractor shall develop and submit the Welding Procedure 
Specifications (WPS) for all welding, including welding done using 
prequalified procedures.  Prequalified procedures may be submitted for 
information only; however, procedures that are not prequalified shall be 
submitted for approval.

3.6.1   Removal of Temporary Welds, Run-Off Plates, and Backing Strips

Remove only from finished areas.

3.7   SHOP PRIMER REPAIR

Repair shop primer in accordance with the paint manufacturer's 
recommendation for surfaces damaged by handling, transporting, cutting, 
welding, or bolting.

3.7.1   Field Priming

Field priming of steel exposed to the weather, or located in building areas 
without HVAC for control of relative humidity.  After erection, the field 
bolt heads and nuts, field welds, and any abrasions in the shop coat shall 
be cleaned and primed with paint of the same quality as that used for the 
shop coat.

3.8   FIELD QUALITY CONTROL

Perform field tests, and provide labor, equipment, and incidentals required 
for testing.  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.

3.8.1   Welds

3.8.1.1   Visual Inspection

AWS D1.1/D1.1M.  Furnish the services of AWS-certified welding inspectors 
for fabrication and erection inspection and testing and verification 
inspections.  Welding inspectors shall visually inspect and mark welds, 
including fillet weld end returns. AWS-certified welding inspectors shall 
determine if existing steel is weldable prior to construction.  If it is 
determined that steel is not weldable, contractor shall contact structural 
engineer for alternate connection design.

        -- End of Section --
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SECTION 05 50 13

MISCELLANEOUS METAL FABRICATIONS
05/10

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 303 (2005) Code of Standard Practice for Steel 
Buildings and Bridges

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2008; Errata 2008) Structural Welding 
Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A 123/A 123M (2009) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A 153/A 153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A 48/A 48M (2003; R 2008) Standard Specification for 
Gray Iron Castings

ASTM A 653/A 653M (2009a) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A 780/A 780M (2009) Standard Practice for Repair of 
Damaged and Uncoated Areas of Hot-Dip 
Galvanized Coatings

ASTM A 924/A 924M (2009a) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

ASTM B 209 (2007) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM F 1679 (2004e1) Standard Test Method for Using a 
Variable Incidence Tribometer
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MASTER PAINTERS INSTITUTE (MPI)

MPI 79 (Oct 2009) Alkyd Anti-Corrosive Metal 
Primer

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)

NAAMM MBG 531 (2000) Metal Bar Grating Manual

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

Floor gratings and roof walkways, installation drawings; G: route 
to Safety, Health, Environmental Directorate (SHED)

Submit fabrication drawings showing layout(s), connections to 
structural system, and anchoring details as specified in AISC 303.

SD-03 Product Data

Floor gratings and roof walkways; G: route to Safety, Health, 
Environmental Directorate (SHED)

1.3   QUALIFICATION OF WELDERS

Qualify welders in accordance with AWS D1.1/D1.1M.  Use procedures, 
materials, and equipment of the type required for the work.

1.4   DELIVERY, STORAGE, AND PROTECTION

Protect from corrosion, deformation, and other types of damage.  Store 
items in an enclosed area free from contact with soil and weather. Remove 
and replace damaged items with new items.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Gratings

a.  Gray cast iron ASTM A 48/A 48M, Class 40.

b.  Metal plank grating, non-slip requirement, aluminum ASTM B 209, 
6061-T6; steel ASTM A 653/A 653M, G90.

c.  Metal bar type grating NAAMM MBG 531.

2.2   FABRICATION FINISHES

2.2.1   Galvanizing

Hot-dip galvanize items specified to be zinc-coated, after fabrication 
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where practicable.  Galvanizing:  ASTM A 123/A 123M, ASTM A 153/A 153M, 
ASTM A 653/A 653M or ASTM A 924/A 924M, G90, as applicable.

2.2.2   Galvanize

Grating fasteners, washers, and parts or devices necessary for proper 
installation, unless indicated otherwise.

2.2.3   Repair of Zinc-Coated Surfaces

Repair damaged surfaces with galvanizing repair method and paint conforming 
to ASTM A 780/A 780M or by application of stick or thick paste material 
specifically designed for repair of galvanizing, as approved by Contracting 
Officer.  Clean areas to be repaired and remove slag from welds.  Heat 
surfaces to which stick or paste material is applied, with a torch to a 
temperature sufficient to melt the metallics in stick or paste; spread 
molten material uniformly over surfaces to be coated and wipe off excess 
material.

2.3   FLOOR GRATINGS

Design steel grating in accordance with NAAMM MBG 531 for bar type grating 
or manufacturer's charts for plank grating.  Galvanize steel floor gratings.

a.  Design floor gratings to support a live load of 125 pounds per square 
foot for the spans indicated, with maximum deflection of L/240.

b.  NAAMM MBG 531, band edges of grating with bars of the same size as the 
bearing bars.  Weld banding in accordance with the manufacturer's 
standard for trim.  Design tops of bearing bars, cross or intermediate 
bars to be in the same plane and match grating finish.

c.  Slip resistance requirements must exceed both wet and dry a static 
coefficient of friction of 0.5 as tested in accordance with ASTM F 1679.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

Install items at locations indicated, according to manufacturer's 
instructions.  Verify all measurements and take all field measurements 
necessary before fabrication.  Exposed fastenings shall be compatible 
materials, shall generally match in color and finish, and harmonize with 
the material to which fastenings are applied.  Include materials and parts 
necessary to complete each item, even though such work is not definitely 
shown or specified.  Poor matching of holes for fasteners shall be cause 
for rejection.  Conceal fastenings where practicable.  Thickness of metal 
and details of assembly and supports shall provide strength and stiffness.  
Items listed below require additional procedures.

3.2   WORKMANSHIP

Provide miscellaneous metalwork that is well formed to shape and size, with 
sharp lines and angles and true curves.  Drilling and punching shall 
produce clean true lines and surfaces.  Provide continuous welding along 
the entire area of contact except where tack welding is permitted.  Do not 
tack weld exposed connections of work in place and ground smooth.  Provide 
a smooth finish on exposed surfaces of work in place  and unless otherwise 
approved, flush exposed riveting.  Mill joints where tight fits are 
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required.  Corner joints shall be coped or mitered, well formed, and in 
true alignment.  Accurately set work to established lines and elevations 
and securely fastened in place.  Install in accordance with manufacturer's 
installation instructions and approved drawings, cuts, and details.

3.3   ANCHORAGE, FASTENINGS, AND CONNECTIONS

Provide anchorage where necessary for fastening miscellaneous metal items 
securely in place.  Provide non-ferrous attachments for non-ferrous metal.  
Make exposed fastenings of compatible materials, generally matching in 
color and finish, to which fastenings are applied.  Conceal fastenings 
where practicable.

3.4   WELDING

Perform welding, welding inspection, and corrective welding, in accordance 
with AWS D1.1/D1.1M.  Use continuous welds on all exposed connections.  
Grind visible welds smooth in the finished installation.

3.5   FINISHES

3.5.1   Dissimilar Materials

Where dissimilar metals are in contact, protect surfaces with a coat 
conforming to MPI 79 to prevent galvanic or corrosive action. 

3.5.2   Field Preparation

Remove rust preventive coating just prior to field erection, using a 
remover approved by the rust preventive manufacturer.  Surfaces, when 
assembled, shall be free of rust, grease, dirt and other foreign matter.

3.5.3   Environmental Conditions

Do not clean or paint surface when damp or exposed to foggy or rainy 
weather, when metallic surface temperature is less than 5 degrees F above 
the dew point of the surrounding air, or when surface temperature is below 
45 degrees F or over 95 degrees F, unless approved by the Contracting 
Officer.

        -- End of Section --
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SECTION 05 51 33

METAL LADDERS
05/10

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 (2008; Errata 2008) Structural Welding 
Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A 36/A 36M (2008) Standard Specification for Carbon 
Structural Steel

ASTM A 47/A 47M (1999; R 2009) Standard Specification for 
Steel Sheet, Aluminum-Coated, by the 
Hot-Dip Process

ASTM A 53/A 53M (2007) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

MASTER PAINTERS INSTITUTE (MPI)

MPI 79 (Oct 2009) Alkyd Anti-Corrosive Metal 
Primer

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC SP 3 (1982; E 2004) Power Tool Cleaning

SSPC SP 6/NACE No.3 (2007) Commercial Blast Cleaning

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

29 CFR 1910.27 Fixed Ladders

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

Ladders, installation drawings; G  Route to Safety, Health, 
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Environmental Directorate (SHED)

Ship's ladder installation drawings; G Route to Safety, Health, 
Environmental Directorate (SHED)

SD-03 Product Data

Ladders; G Route to Safety, Health, Environmental Directorate 
(SHED)

Ship's ladder; G Route to Safety, Health, Environmental 
Directorate (SHED)

Protective Coating

1.3   QUALIFICATION OF WELDERS

Qualify welders in accordance with AWS D1.1/D1.1M.  Use procedures, 
materials, and equipment of the type required for the work.

1.4   DELIVERY, STORAGE, AND PROTECTION

Protect from corrosion, deformation, and other types of damage.  Store 
items in an enclosed area free from contact with soil and weather. Remove 
and replace damaged items with new items.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Structural Carbon Steel

ASTM A 36/A 36M.

2.1.2   Steel Pipe

ASTM A 53/A 53M, Type E or S, Grade B.

2.1.3   Fittings for Steel Pipe

Standard malleable iron fittings ASTM A 47/A 47M.

2.2   FABRICATION FINISHES

2.2.1   Shop Cleaning and Painting

2.2.1.1   Surface Preparation

Blast clean surfaces in accordance with SSPC SP 6/NACE No.3.  Surfaces that 
will be exposed in spaces above ceiling or in attic spaces, crawl spaces, 
furred spaces, and chases may be cleaned in accordance with SSPC SP 3 in 
lieu of being blast cleaned.  Wash cleaned surfaces which become 
contaminated with rust, dirt, oil, grease, or other contaminants with 
solvents until thoroughly clean.

2.2.1.2   Pretreatment, Priming and Painting

Apply pretreatment, primer, and paint in accordance with manufacturer's 
printed instructions.  
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2.3   LADDERS

Fabricate vertical ladders conforming to Section 7 of 29 CFR 1910.27.  Use 
2 1/2 by 3/8 inch steel flats for stringers and  3/4 inch diameter steel 
rods for rungs.  Rungs to be not less than 16 inches wide, spaced one foot 
apart, plug welded or shouldered and headed into stringers.  

2.3.1   Ship's Ladder

Fabricate stringers and framing of steel plate or shapes.  Bolt, rivet or 
weld connections and anchor to supporting construction.  Provide treads 
with non-slip surface as specified for safety treads.  Design assembly, 
including tread connections and methods of attachment, to support a live 
load of 300 pounds per tread. Provide railings as specified for metal 
handrails.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

Install items at locations indicated, according to manufacturer's 
instructions.  Verify all measurements and take all field measurements 
necessary before fabrication.  Provide Exposed fastenings of compatible 
materials, generally matching in color and finish, and harmonize with the 
material to which fastenings are applied.  Include materials and parts 
necessary to complete each item, even though such work is not definitely 
shown or specified.  Poor matching of holes for fasteners will be cause for 
rejection.  Conceal fastenings where practicable.  Thickness of metal and 
details of assembly and supports must provide strength and stiffness.  
Formed joints exposed to the weather to exclude water.  Items listed below 
require additional procedures.

3.2   WORKMANSHIP

Metalwork must be well formed to shape and size, with sharp lines and 
angles and true curves.  Drilling and punching must produce clean true 
lines and surfaces.  Continuously weld along the entire area of contact.  
Do not tack weld exposed connections of work in place.  Grid smooth exposed 
welds.  Provide smooth finish on exposed surfaces of work in place, unless 
otherwise approved.  Where tight fits are required, mill joints.  Cope or 
miter corner joints, well formed, and in true alignment.  Install in 
accordance with manufacturer's installation instructions and approved 
drawings, cuts, and details.

3.3   ANCHORAGE, FASTENINGS, AND CONNECTIONS

Provide anchorage where necessary for fastening metal items securely in 
place.  Include for anchorage not otherwise specified or indicated machine 
bolts, carriage bolts and powder-actuated threaded studs for steel.  
Provide non-ferrous attachments for non-ferrous metal.  Make exposed 
fastenings of compatible materials, generally matching in color and finish, 
to which fastenings are applied.  Conceal fastenings where practicable.

3.4   WELDING

Perform welding, welding inspection, and corrective welding, in accordance 
with AWS D1.1/D1.1M.  Use continuous welds on all exposed connections.  
Grind visible welds smooth in the finished installation.
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3.5   FINISHES

3.5.1   Dissimilar Materials

Where dissimilar metals are in contact, protect surfaces with a coat 
conforming to MPI 79 to prevent galvanic or corrosive action.

3.5.2   Field Preparation

Remove rust preventive coating just prior to field erection, using a 
remover approved by the rust preventive manufacturer.  Surfaces, when 
assembled, must be free of rust, grease, dirt and other foreign matter.

3.5.3   Environmental Conditions

Do not clean or paint surface when damp or exposed to foggy or rainy 
weather, when metallic surface temperature is less than 5 degrees F above 
the dew point of the surrounding air, or when surface temperature is below 
45 degrees F or over 95 degrees F, unless approved by the Contracting 
Officer.

3.6   LADDERS

Secure to the adjacent construction with the clip angles attached to the 
stringer.  Install intermediate clip angles not over 48 inches on center.  
Install brackets as required for securing of ladders welded or bolted to 
structural steel. 

        -- End of Section --

SECTION 05 51 33  Page 4



NASA GRC Steam Plant B12 Project N0. 11421

SECTION 05 52 00

METAL RAILINGS
04/08

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 (2008; Errata 2008) Structural Welding 
Code - Steel

ASME INTERNATIONAL (ASME)

ASME B18.22.1 (1965; R 2008) Plain Washers

ASTM INTERNATIONAL (ASTM)

ASTM A 153/A 153M (2009) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A 307 (2007b) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A 36/A 36M (2008) Standard Specification for Carbon 
Structural Steel

ASTM A 467/A 467M (2007) Standard Specification for Machine 
Coil and Chain

ASTM A 53/A 53M (2007) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)

NAAMM AMP 521 (2001) Pipe Railing Manual

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC Paint 25 (1997; E 2004) Zinc Oxide, Alkyd, Linseed 
Oil Primer for Use Over Hand Cleaned 
Steel, Type I and Type II

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 
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accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Submit fabrication drawings for the following items in accordance 
with the paragraph entitled, "General Requirements," of this 
section.

Steel Shapes, Plates, Bars and Strips

Steel Railings and Handrails; G Route to Safety, Health, 
Environmental Directorate (SHED)

SD-03 Product Data

Submit manufacturer's catalog data including two copies of 
manufacturers specifications, load tables, dimension diagrams, and 
anchor details for the following items:

Protective Coating

Steel Railings and Handrails; G Route to Safety, Health 
Environmental Directorate (SHED)

SD-07 Certificates

Submit Welding Procedures in accordance with AWS D1.1/D1.1M.

SD-08 Manufacturer's Instructions

Submit manufacturer's installation instructions for the following 
products to be used in the fabrication of steel stair work.

Protective Coating

Steel Railings and Handrails

1.3   QUALIFICATIONS FOR WELDING WORK

Provide certified Welder Qualifications by tests in accordance with 
AWS D1.1/D1.1M, or under an equivalent approved qualification test.  In 
addition be performed on test pieces in positions and with clearances 
equivalent to those actually encountered.  If a test weld fails to meet 
requirements, make an immediate retest of two test welds and each test weld 
must pass.  Failure in the immediate retest will require that the welder be 
retested after further practice or training and make a complete set of test 
welds.

PART 2   PRODUCTS

2.1   GENERAL REQUIREMENTS

Provide complete and detailed fabrication 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.

Preassemble 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.
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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   STRUCTURAL STEEL PLATES, SHAPES AND BARS

Structural-size shapes and plates, except plates to be bent or cold-formed, 
must conform to ASTM A 36/A 36M, unless otherwise noted.

Steel bars and bar-size shapes must conform to ASTM A 36/A 36M, unless 
otherwise noted.

2.3   STEEL PIPE

Pipe must conform to ASTM A 53/A 53M, type as selected, Grade B; primed 
finish, unless galvanizing is required; standard weight (Schedule 40).

2.4   FASTENERS

Galvanize zinc-coated fasteners in accordance with ASTM A 153/A 153M and 
used for exterior applications or where built into exterior walls or floor 
systems.  

Standard bolts and nuts must be regular hexagon-head conforming to  
ASTM A 307, Grade A.

Plain washers must be round, general-assembly-grade, carbon steel 
conforming to ASME B18.22.1.

2.5   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 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.  Exposed edges must be 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.  Grid 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 
type indicated or, if not indicated, use Phillips flathead (countersunk) 
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screws or bolts.

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.

2.6   PROTECTIVE COATING

Shop prime steelwork with red oxide primer in accordance with SSPC Paint 25.

2.7   STEEL RAILINGS AND HANDRAILS

Design handrails to resist a concentrated load of 220 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.  NAAMM AMP 521, provide the 
same size rail and post.  Provide pipe collars of the same material and 
finish as the handrail and posts.  

2.7.1   Steel Handrails

Provide steel handrails, steel pipe conforming to ASTM A 53/A 53M.  Provide 
steel railings of 1 1/2 inches nominal size.  Railings to be shop painted.

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.

(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.

Provide kickplates between railing posts where indicated, and consist of 
1/8-inch steel flat bars not less than 4 inches high.  Secure kickplates as 
indicated.

2.8   SAFETY CHAINS 

Construct safety chains of galvanized steel, straight link type, 3/16 inch 
diameter, with at least twelve links per foot, and with snap hooks on each 
end.  Test safety chain in accordance with ASTM A 467/A 467M, Class CS.  
Provide snap hooks of boat type.  Provide galvanized 3/8 inch bolt with 3/4 
inch eye diameter for attachment of chain, anchored as indicated.  Supply 
two chains, 4 inches longer than the anchorage spacing, for each guarded 
area.  Locate safety chain where indicated.  Mount the top chain 4 feet  
above the grating and mount the lower chain 2 feet above the grating.

PART 3   EXECUTION

3.1   STEEL HANDRAIL

Install by means of base plates bolted to stringers or structural steel 
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frame work.  Secure rail ends by steel pipe flanges anchored by expansion 
shields and bolts.

3.2   FIELD WELDING

Procedures of manual shielded metal arc welding, appearance and quality of 
welds made, and methods used in correcting welding work must comply with 
AWS D1.1/D1.1M.

        -- End of Section --
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SECTION 06 10 00

ROUGH CARPENTRY
11/09

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 FOREST & PAPER ASSOCIATION (AF&PA)

AF&PA T10 (2001) Wood Frame Construction Manual for 
One- and Two-Family Dwellings

AF&PA T101 (2001) National Design Specification 
(NDS)for Wood Construction

AMERICAN LUMBER STANDARDS COMMITTEE (ALSC)

ALSC PS 20 (1970) American Softwood Lumber Standard

AMERICAN WOOD-PRESERVERS' ASSOCIATION (AWPA)

AWPA M2 (2007) Standard for Inspection of Treated 
Wood Products

AWPA M6 (1996) Brands Used on Forest Products

APA - THE ENGINEERED WOOD ASSOCIATION (APA)

APA PS 1 (1995) Voluntary Product Standard for 
Construction and Industrial Plywood

ASME INTERNATIONAL (ASME)

ASME B18.6.1 (1981; R 2008) Wood Screws (Inch Series)

ASTM INTERNATIONAL (ASTM)

ASTM C 1396/C 1396M (2004) Gypsum Board

ASTM D 2898 (1994; R 2004) Accelerated Weathering of 
Fire-Retardant-Treated Wood for Fire 
Testing

ASTM F 547 (2006) Nails for Use with Wood and 
Wood-Base Materials

INTERNATIONAL CODE COUNCIL (ICC)

ICC IBC (2009) International Building Code
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U.S. DEPARTMENT OF COMMERCE (DOC)

DOC FED PS56 (1973) Structural Glued Laminated Timber

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.  The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-07 Certificates

Certificates of grade

  Manufacturer's certificates (approved by an American Lumber 
Standards approved agency) attesting that lumber and material not 
normally grade marked meet the specified requirements.  
Certificate of Inspection for grade marked material by an American 
Lumber Standards Committee (ALSC) recognized inspection agency 
prior to shipment.

Preservative treatment

1.3   DELIVERY AND STORAGE

Deliver materials to the site in an undamaged condition.  Store, protect, 
handle, and install prefabricated structural elements in accordance with 
manufacturer's instructions and as specified.  Store materials off the 
ground to provide proper ventilation, with drainage to avoid standing 
water, and protection against ground moisture and dampness.  Store 
materials with a moisture barrier at both the ground level and as a cover 
forming a well ventilated enclosure. Adhere to requirements for stacking, 
lifting, bracing, cutting, notching, and special fastening requirements.  
Remove defective and damaged materials and provide new materials.  Store 
separated reusable wood waste convenient to cutting station and area of 
work.

1.4   GRADING AND MARKING

1.4.1   Lumber

Mark each piece of framing and board lumber or each bundle of small pieces 
of lumber with the grade mark of a recognized association or independent 
inspection agency.  Such association or agency shall be certified by the 
Board of Review, American Lumber Standards Committee, to grade the species 
used.  Surfaces that are to be exposed to view shall not bear grademarks, 
stamps, or any type of identifying mark.  Hammer marking will be permitted 
on timbers when all surfaces will be exposed to view.

1.4.2   Plywood

Mark each sheet with the mark of a recognized association or independent 
inspection agency that maintains continuing control over the quality of the 
plywood.  The mark shall identify the plywood by species group or span 
rating, exposure durability classification, grade, and compliance with 
APA PS 1.Surfaces that are to be exposed to view shall not bear grademarks 
or other types of identifying marks.
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1.4.3   Preservative-Treated Lumber and Plywood

The Contractor shall be responsible for the quality of treated wood 
products.  Each treated piece shall be inspected in accordance with AWPA M2 
and permanently marked or branded, by the producer, in accordance with 
AWPA M6.  The Contractor shall provide Contracting Officer's Representative 
(COR) with the inspection report of an approved independent inspection 
agency that offered products comply with applicable AWPA Standards.  The 
appropriate Quality Mark on each piece will be accepted, in lieu of 
inspection reports, as evidence of compliance with applicable AWPA 
treatment standards.

1.4.3.1   Fire-Retardant Treated Lumber

Mark each piece in accordance with AWPA M6, except pieces that are to be 
natural or transparent finished.  In addition, exterior fire-retardant 
lumber shall be distinguished by a permanent penetrating blue stain.  
Labels of a nationally recognized independent testing agency will be 
accepted as evidence of conformance to the fire-retardant requirements of 
AWPA M6.

1.5   SIZES AND SURFACING

ALSC PS 20 for dressed sizes of yard and structural lumber.  Lumber shall 
be surfaced four sides.  Size references, unless otherwise specified, are 
nominal sizes, and actual sizes shall be within manufacturing tolerances 
allowed by the standard under which the product is produced.  Other 
measurements are IP or SI standard.

1.6   MOISTURE CONTENT

Air-dry or kiln-dry lumber.  Kiln-dry treated lumber after treatment. 
Maximum moisture content of wood products shall be as follows at the time 
of delivery to the job site:

a.  Framing lumber and boards - 19 percent maximum

b.  Materials other than lumber - Moisture content shall be in accordance 
with standard under which the product is produced

1.7   PRESERVATIVE TREATMENT

Treat 

a.  0.25 pcf intended for above ground use.

1.7.1   FIRE-RETARDANT TREATMENT

Fire-retardant treated wood shall be pressure treated with fire retardants 
conforming to AWPA P17.  Fire retardant treatment of wood products shall 
conform to the requirements of AWPA U1, Commodity Specification H and AWPA 
T1, Section H.  Treatment and performance inspection shall be by an 
independent and qualified testing agency that establishes performance 
ratings.  Each piece or bundle of treated material shall bear ratings.  
Each piece or bundle of treated material shall bear identification of the 
testing agency to indicate performance in accordance with such rating.  
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Treated materials to be exposed to rain wetting shall be subjected to an 
accelerated weathering technique in accordance with ASTM D 2898 prior to 
being tested.  Such items which will not be inside a building, and such 
items which will be exposed to heat or high humidity, shall receive 
exterior fire-retardant treatment.  Fire-retardant-treated wood products 
shall be free of halogens, sulfates, ammonium phosphate, and formaldehyde.  
Items to be treated include the following:  

a.  Wood curbs at roof.

1.8   QUALITY ASSURANCE

1.8.1   Certificates of Grade

Submit certificates attesting that products meet the grade requirements 
specified in lieu of grade markings where appearance is important and grade 
marks will deface material.

PART 2   PRODUCTS

2.1   MATERIALS

2.2   LUMBER

2.2.1   Framing Lumber

Finger-jointed lumber may be used in the same applications as solid lumber 
of an equivalent species and grade, provided the finger-jointed lumber 
meets all the requirements of the certification and the quality control 
programs of the rules writing agency having jurisdiction and all applicable 
requirements of DOC FED PS56.

2.3   SHEATHING

2.3.1   Glass Mat Covered Gypsum Sheathing

ASTM C 1396/C 1396M, fire-retardant (Type X) 5/8 inch thick.

2.4   ROUGH HARDWARE

Unless otherwise indicated or specified, rough hardware shall be of the 
type and size necessary for the project requirements.  Sizes, types, and 
spacing of fastenings of manufactured building materials shall be as 
recommended by the product manufacturer unless otherwise indicated or 
specified.  

2.4.1   Wood Screws

ASME B18.6.1.

2.4.2   Nails 

ASTM F 547, size and type best suited for purpose.  For sheathing and 
subflooring, length of nails shall be sufficient to extend 1 inch into 
supports.  In general, 8-penny or larger nails shall be used for nailing 
through 1 inch thick lumber and for toe nailing 2 inch thick lumber; 
16-penny or larger nails shall be used for nailing through 2 inch thick 
lumber.  Nails used with treated lumber and sheathing shall be galvanized.  
Nailing shall be in accordance with the recommended nailing schedule 
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contained in AF&PA T10.  Where detailed nailing requirements are not 
specified, nail size and spacing shall be sufficient to develop an adequate 
strength for the connection.  The connection's strength shall be verified 
against the nail capacity tables in AF&PA T101.  Reasonable judgment backed 
by experience shall ensure that the designed connection will not cause the 
wood to split.  If a load situation exceeds a reasonable limit for nails, a 
specialized connector shall be used.

PART 3   EXECUTION

3.1   INSTALLATION

Conform to AF&PA T10 unless otherwise indicated or specified.  Select 
lumber sizes to minimize waste.  Fit other rough carpentry, set accurately 
to the required lines and levels, and secure in place in a rigid manner.  
Frame members for the passage of pipes and flues.  Provide as necessary for 
the proper completion of the work all framing members not indicated or 
specified. Spiking and nailing not indicated or specified otherwise shall 
be in accordance with the Nailing Schedule contained in ICC IBC. Spikes, 
nails, and bolts shall be drawn up tight.  

3.1.1   Wall Framing

3.1.1.1   Studs

Select studs for straightness and set plumb, true, and in alignment.  Sizes 
and spacing of studs shall be 16 inches.  

3.1.2   Wall Sheathing

3.1.3   Gypsum Sheathing Board

Butt joints and locate over the centerlines of supports. Provide 2 by 4 
blocking for horizontal edges of 4 foot wide panels not otherwise 
supported.  Use a single sheet to minimize joints where possible.

Fasten gypsum sheathing to wood framing with screws as recommended by 
sheathing manufacturer.  Apply fasterners so heads bear tightly against 
face of sheathing, but do not cut into facing.

3.2   MISCELLANEOUS

3.2.1   Temporary Closures

Provide with hinged doors and padlocks and install during construction at 
exterior doorways and other ground level openings that are not otherwise 
closed.  Cover windows and other unprotected openings with polyethylene or 
other approved material, stretched on wood frames.  Provide dustproof 
barrier partitions to isolate areas as directed.

3.2.2   Wood Roof Nailers, Curbs, and Cants

Provide sizes and configurations indicated or specified for flues and 
anchored securely to continuous construction.

        -- End of Section --
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SECTION 07 51 13

BUILT-UP ASPHALT ROOFING
11/08

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 NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI/SPRI RD-1 (2004) Standard for Retrofit Roof Drains

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7-05 (2006; Errata 2007) Minimum Design Loads 
for Buildings and Other Structures

ASTM INTERNATIONAL (ASTM)

ASTM C 208 (2008a) Cellulosic Fiber Insulating Board

ASTM C 728 (2005) Perlite Thermal Insulation Board

ASTM D 1863 (2005) Mineral Aggregate Used on Built-Up 
Roofs

ASTM D 3617 (2007) Sampling and Analysis of New 
Built-Up Roof Membranes

ASTM D 41 (2005) Asphalt Primer Used in Roofing, 
Dampproofing, and Waterproofing

ASTM D 4479 (2000) Asphalt Roof Coatings - 
Asbestos-Free

ASTM D 4586 (2007) Asphalt Roof Cement, Asbestos-Free

ASTM D 4601 (2004) Asphalt-Coated Glass Fiber Base 
Sheet Used in Roofing

ASTM D 6163 (2000; R 2008) Styrene Butadiene Styrene 
(SBS) Modified Bituminous Sheet Materials 
Using Glass Fiber Reinforcements

ASTM E 108 (2007a) Fire Tests of Roof Coverings

FM GLOBAL (FM)

FM 4470 (1986; R 1992) Class I Roof Covers

FM P7825c (2005) Approval Guide Building Materials
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NATIONAL ROOFING CONTRACTORS ASSOCIATION (NRCA)

NRCA 0405 (2001; R 2003, 5th Ed) Roofing and 
Waterproofing Manual

UNDERWRITERS LABORATORIES (UL)

UL 790 (2004; Rev thru Oct 2008) Test Methods for 
Fire Tests of Roof Coverings

UL RMSD (2009) Roofing Materials and Systems 
Directory

1.2   DESCRIPTION OF ROOF MEMBRANE SYSTEM

Asphalt applied, four-ply felt (three-ply + base sheet), aggregate surfaced 
built-up roof membrane system.  Basis of Design:  Tremco Burmastic

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-03 Product Data

wind uplift calculations

Asphalt

Felts

FLASHING MEMBRANE;  G

Fasteners

Primer

Asphalt Roof Cement

Sample warranties certificates;  G

Submit all data required with requirements of this section.  
Include in Data written acceptance by the roof membrane 
manufacturer of the products and accessories provided.  List 
products in the applicable wind uplift and fire rating 
classification listings, unless approved otherwise by the 
Contracting Officer.

Pre-manufactured Accessories; G

SD-06 Test Reports

Samples of Built-Up Roofing

Submit test results on roofing field samples as required, 
verifying composition of sample.  Submit six copies of laboratory 
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analysis within 30 calendar days after samples are taken.  Submit 
reports in accordance with ASTM D 3617.

SD-07 Certificates

Qualifications of Applicator

Submit evidence of the roofing system manufacturer's approval.

SD-08 Manufacturer's Instructions

felts; G

flashings; G

Modified bitumen cap sheet;  G

Base Sheet attachment, including pattern and frequency of 
mechanical attachments required in field of roof, corners, and 
perimeters to provide for the specified wind resistance.

Primer

Roof Cement

Fasteners

cold weather conditions installation; G

SD-11 Closeout Submittals

WARRANTY

INFORMATION CARD

1.4   QUALITY ASSURANCE

1.4.1   Qualifications of Applicator

The roofing system applicator must be approved, authorized, or licensed in 
writing by the roofing system manufacturer and must have a minimum of 3 
years experience as an approved, authorized, or licensed applicator with 
the manufacturer and be approved at a level capable of providing the 
specified warranty.

1.4.2   Fire Resistance

Complete roof covering assembly must:

a.  Be Class A rated in accordance with ASTM E 108 , FM 4470, or UL 790; 
and

b.  Be listed as part of Fire-Classified roof deck construction in 
UL RMSD, or Class I roof deck construction in FM P7825c.

1.4.3   Wind Uplift Resistance

Rate complete roof covering assembly, including insulation, as Class 1 A 
with a wind uplift pressure rating of 90 psf in accordance with FM P7825c.  
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Do not install non-rated systems except as approved by the Contracting 
Officer.  Submit licensed engineer's wind uplift calculations and 
substantiating data to validate any non-rated roof system. Base wind uplift 
measurements on a design wind speed of 90  mph in accordance with ASCE 7-05
and/or other applicable building code requirements.

1.4.4   Preroofing Conference

After approval of submittals and before performing roofing and insulation 
system installation work, hold a preroofing conference to review the 
following:

a.  Drawings and specifications and submittals related to the roof 
work;

b.  Roof system components installation;

c.   Procedure for the roof manufacturer's technical 
representative's onsite inspection and acceptance of the roofing 
substrate, the name of the manufacturer's technical 
representatives, the frequency of the onsite visits, distribution 
of copies of the inspection reports from the manufacturer's 
technical representatives to roof manufacturer;

d.  Contractor's plan for coordination of the work of the various 
trades involved in providing the roofing system and other 
components secured to the roofing; and

e.  Quality control plan for the roof system installation;

f.  Safety requirements.

Coordinate preroofing conference scheduling with the Contracting Officer.  
The conference must be attended by the Contractor, the Contracting 
Officer's designated personnel, and personnel directly responsible for the 
installation of roofing and insulation, flashing and sheet metal work,
mechanical work, other trades interfacing with the roof work, and 
representative of the roofing materials manufacturer.  Before beginning 
roofing work, provide a copy of meeting notes and action items to all 
attending parties.  Note action items requiring resolution prior to start 
of roof work.

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery

Deliver materials in manufacturers' original unopened containers and rolls 
with manufacturer's labels intact and legible.  Mark and remove wet or 
damaged materials from site.  Where materials are covered by a referenced 
specification, container must bear specification number, type, and class, 
as applicable.  Deliver materials in sufficient quantity to allow work to 
proceed without interruption.

1.5.2   Storage

Protect materials against moisture absorption, contamination, or other 
damage.  Avoid crushing or crinkling of roll materials.  Store roll 
materials on end on clean raised platforms in dry locations in enclosed 
buildings or trailers with adequate ventilation.  Do not store materials 
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outdoors unless approved by the Contracting Officer.  Do not use 
polyethylene sheet as a covering.  Tie covering securely to pallets to make 
completely weatherproof and yet provide sufficient ventilation to prevent 
condensation.  Maintain roll materials at temperature above 50 degrees F 
for a 24-hour period immediately prior to application.  Keep aggregate dry 
as defined by ASTM D 1863.  Place only those materials to be used during 
one day's work on the roof at one time.  Remove unused materials from the 
roof at the end of each day's work. Immediately remove wet, contaminated or 
otherwise damaged or unsuitable materials from the site.  Damaged materials 
may be marked by the Contracting Officer.

1.5.3   Handling

Prevent damage to edges and ends of roll materials.  Do not install damaged 
materials in the work.  Select and operate material handling equipment so 
as not to damage materials or applied roofing.

1.6   ENVIRONMENTAL CONDITIONS

Do not install roofing during precipitation, or fog, or when air 
temperature is below 40 degrees F, or when there is ice, frost, moisture or 
visible dampness on roof deck.

1.7   SEQUENCING

Coordinate the work with other trades to ensure that components which are 
to be secured to or stripped into the roofing system are available and that 
permanent flashing and counterflashing are installed as the work 
progresses.  Ensure temporary protection measures are in place to preclude 
moisture intrusion or damage to installed materials.  Application of 
roofing must immediately follow application of insulation as a continuous 
operation.  Coordinate roofing operations with insulation work so that all 
roof insulation applied each day is covered with complete felt ply 
installation the same day.

1.8   WARRANTY

Provide roof system material and workmanship warranties meeting specified 
requirements.  Provide revision or amendment to standard membrane 
manufacturer warranty to comply with the specified requirements. 

1.8.1   Roof Membrane Manufacturer Warranty

Work performed on the roof membrane shall maintain the existing20-year no 
dollar limit roof system materials and installation workmanship warranty, 
including flashing, insulation, and accessories necessary for a watertight 
roof system construction.  Write the warranty that describes the 
circumstances of new work relative to the existing warranty directly to the 
Government commencing at the time of Government's acceptance of the roof 
work.  Provide the following statement for such warranty:

a.  If within the warranty period the roof system, as installed for 
its intended use in the normal climatic and environmental 
conditions of the facility, becomes non-watertight, shows evidence 
of moisture intrusion within the assembly, blisters, splits, 
tears, delaminates, separates at the seams, or shows evidence of 
excessive weathering due to defective materials or installation 
workmanship, the repair or replacement of the defective and 
damaged materials of the roof system assembly and correction of 
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defective workmanship are the responsibility of the roof membrane 
manufacturer.  All costs associated with the repair or replacement 
work are the responsibility of the roof membrane manufacturer.

b.  The warranty must remain in full force and effect, including 
emergency temporary repairs performed by others, when the 
manufacturer or his approved applicator fail to perform the 
repairs within 72 hours of notification.

1.8.2   Roofing System Installer Warranty

The roof system installer must warrant for a minimum period of two years 
that the roof system, as installed, is free from defects in installation 
workmanship, to include the roof membrane, flashing, insulation, 
accessories, attachments, and sheet metal installation integral to a 
complete watertight roof system assembly.  Write the warranty directly to 
the Government.  The roof system installer is responsible for correction of 
defective workmanship and replacement of damaged or affected materials.  
The roof system installer is responsible for all costs associated with the 
repair or replacement work.

1.8.3   Continuance of Warranty

Approve repair or replacement work that becomes necessary within the 
warranty period and accomplished in a manner so as to restore the integrity 
of the roof system assembly and validity of the roof membrane manufacturer 
warranty for the remainder of the manufacturer warranty period.

1.9   CONFORMANCE AND COMPATIBILITY

The entire roofing and flashing system must be in accordance with specified 
and indicated requirements, including fire and wind resistance 
requirements.  Work not specifically addressed and any deviation from 
specified requirements must be in general accordance with recommendations 
of the NRCA 0405, membrane manufacturer published recommendations and 
details, and compatible with surrounding components and construction.  
Submit any deviation from specified or indicated requirements to the 
Contracting Officer for approval prior to installation.

PART 2   PRODUCTS

2.1   GENERAL

Furnish a combination of specified materials that comprise the membrane 
manufacturer's standard system of the number and type of plies specified.  
Materials provided must be approved by the roof membrane manufacturer and 
suitable for the service and climatic conditions of the installation.

      a.  Basis of Design:  Tremco, Inc., Burmastic 200 cold applied system 
with Base sheet plus 3 plies.

2.2   FIBERGLASS SHEET MATERIALS

a. Glass-Fiber Reinforced Base Sheet:  ASTM D 4601, Type II, SBS- 
modified without perforations and as approved by the roof membrane 
manufacturer.

            1.  Weight 31.0 lb./100 sq ft

b. Glass-Fiber Reinforced Sheets:  ASTM D 4601, Type II, SBS-modified.
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            1.  Weight 31.0/100 sq ft

2.3   BASE FLASHING SHEET

ASTM D 6163.  Membrane manufacturer's standard, Hypalon Elastomeric Sheeting
compatible with the built-up roof membrane and as recommended in membrane 
manufacturer's published literature.  Provide a minimum base ply of 
flashing membrane of  114 mils thick.  

2.4   ASPHALT ADHESIVE

ASTM D 4479, Type IV, low volitile in accordance with membrane manufacturer 
requirements and compatible with the slope conditions of the installation.

2.5   SURFACING MATERIAL 

2.5.1   Aggregate for Surfacing Built-up Roofing

Match existing aggregate

2.6   PRIMER

ASTM D 41 for asphalt roofing systems and as approved by the membrane 
manufacturer.

2.7   ASPHALT ROOF CEMENT

ASTM D 4586 for use with asphalt roofing systems, Type II for vertical 
surfaces and built-up bituminous flashings; Type I for horizontal surfaces 
and as recommended by the membrane manufacturer.

2.8   CANT STRIPS

Standard cant strips must be of perlite conforming to ASTM C 728 or 
woodfiber conforming to ASTM C 208 treated with bituminous impregnation or 
fire-retardant lumber, sizing, or waxing and fabricated to provide maximum 
45 degree change in direction of membrane.  Provide minimum 1-1/2 inch 
thick cant strips and provide for minimum 5 inch face and 3-1/2 inch 
vertical height when installed at 45 degree face angle, except where 
clearance restricts height to lesser dimension.

2.9   FASTENERS AND PLATES

Coated, corrosion resistant fasteners compatible with components being 
attached and contact surfaces.  Conform to FM 4470 for fasteners for 
attachment to deck substrate of Class I roof deck construction and FM P7825c
for the wind resistance specified.  Use hard copper fasteners in contact 
with copper; aluminum or stainless steel fasteners in contact with 
aluminum; and stainless steel fasteners in contact with stainless steel.  
For fastening only roofing felts, use fasteners driven through metal discs, 
or one-piece composite fasteners with heads not less than 1 inch in 
diameter or 1 inch square with rounded or 45-degree tapered corners.

2.10   HIGH BUILD REFLECTIVE COATING

Water-based heavy bodied white coating compatible with flash materials.  
Coat all new membrane flashings at curbs.
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2.11   ROOF INSULATION BELOW MODIFIED BITUMEN MEMBRANE SYSTEM

Insulation must be compatible with the roof membrane, approved by the 
membrane manufacturer.  Match existing type and thickness.

PART 3   EXECUTION

3.1   VERIFICATION OF CONDITIONS

Before applying roofing materials, ensure that the following exist:

a.  Curbs, cants, roof penetrating components, and equipment supports 
are in place.

b.  Surfaces are rigid, clean, dry, smooth, and free of cracks, holes, 
and sharp changes in elevation.  Joints in substrate are sealed to 
prevent drippage of bitumen into building or down exterior walls.  
Inspect surfaces and approve immediately before application of 
roofing and flashings.  Apply the roofing and flashings to a 
smooth and firm surface free from ice, frost, visible moisture, 
dirt, projections, and foreign materials.

c.  The plane of the substrate does not vary more than 1/4 inch within 
an area 10 by 10 feet when checked with a 10 foot straight edge 
placed anywhere on the substrate.

d.  Substrate is sloped as indicated to provide drainage.

e.  Cants are securely fastened in place in the angles formed by walls 
and other vertical surfaces.  The angle of the cant is 
approximately 45 degrees and the height of the vertical leg is not 
less than nominal 3-1/2 inch.  Lay cants in a solid asphalt 
mopping or coat of asphalt cement just prior to laying the roofing 
plies.

f.  Exposed nail heads in wood substrates are properly set.  Warped 
and split boards have been replaced.  There are no cracks or end 
joints 1/4 inch in width or greater.  

g.  Insulation boards are installed smoothly and evenly, and are not 
broken, cracked, or curled.  There are no gaps in insulation board 
joints exceeding 1/4 inch in width.  Insulation is being roofed 
over on the same day the insulation is installed.

3.2   PREPARATION

Verify that work of other trades that penetrates the roof deck or requires 
men and equipment to traverse the roof deck is complete.

Examine deck surfaces for inadequate anchorage, foreign material, moisture, 
and unevenness which would prevent the execution and quality of application.

Proceed with the roofing application only after defects have been corrected.

Starting work designates acceptance of the surfaces by the Contractor.
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3.2.1   Protection of Property

3.2.1.1   Protective Coverings

Install protective coverings at paving and building walls adjacent to 
hoists and kettles prior to starting the work.  Lap protective coverings 
not less than six inch, secure against wind, and vent to prevent collection 
of moisture on covered surfaces.  Keep protective coverings in place for 
the duration of the roofing work.

3.2.2   Equipment

3.2.2.1   Mechanical Application Devices

Provide and maintain mechanical application devices with pneumatic tires 
that operate without damaging the insulation, roofing membrane, or 
structural components.

3.2.2.2   Flame-Heated Equipment

Do not place flame-heated equipment on roof.  Provide and maintain a fire 
extinguisher adjacent to flame-heated equipment and on the roof.

3.2.2.3   Open Flame Application Equipment

Use only open flame equipment recommended by the roofing materials 
manufacturer.  Do not ignite open flame equipment when left unattended.  
Provide and maintain a fire extinguisher adjacent to open flame equipment 
on the roof.

3.2.3   Priming of Surfaces

Prime all surfaces to be in contact with adhered membrane materials.  Apply 
primer as recommended by roof membrane manufacturer's printed instructions 
to promote adhesion of membrane materials.  Allow primer to dry prior to 
application of membrane materials to primed surface.  Avoid flammable 
primer material conditions in torch applied membrane base flashing 
applications.

3.2.3.1   Priming of Metal Surfaces

Prime flanges of metal components to be embedded into the roofing system 
prior to setting in bituminous materials or stripping into roofing system.

3.2.4   Covering of Substrate

Cover wood substrate with a layer of unsaturated felt or rosin-sized 
building paper lapped 2 inch at sides and 4 inch at ends.  Nail to hold in 
place prior to application of roofing system.

3.3   APPLICATION

Apply roofing materials as specified unless approved otherwise by the 
Contracting Officer.  Keep roofing materials dry before and during 
application.  Except for aggregate surfacing, complete application of 
roofing in a continuous operation.  Begin and apply only as much roofing in 
one day as can be completed that same day.  Maintain specified temperature 
for asphalt.  Do not apply aggregate surfacing until the other roofing 
application procedures specified herein are completed.
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3.3.1   Phased Membrane Construction

Phased application of membrane plies is prohibited.  Priming of the applied 
membrane surface may be required at the discretion of the Contracting 
Officer prior to cap sheet installation.

3.3.2   Base Sheet Application - General

Fully adhere base sheets in accordance with membrane manufacturer's printed 
instructions.  On nailable substrates, mechanically fasten base sheet in 
conformance with specified wind resistance requirements and membrane 
manufacturer's printed instructions, and to include increased fastening 
frequency in corner and perimeter areas.  Drive fasteners flush with no 
dishing or cupping of fastener plate.  Where applicable, base sheet may be 
mechanically fastened in conjunction with insulation to the substrate, in 
accordance with membrane manufacturers printed instructions. Apply sheets 
in a continuous operation.  Apply sheets with side laps at a minimum of 2 
inch unless greater side lap is recommended by the manufacturer's standard 
written application instructions.  Provide end laps of not less than 6 inch 
and staggered a minimum of 36 inch.  Apply sheets at right angles to the 
roof slope so that the direction of water flow is over and not against the 
laps.  Extend base sheets approximately 2 inch above the top of cant strips 
at vertical surfaces and to the top of cant strips elsewhere.  Trim base 
sheet to a neat fit around vent pipes, roof drains, and other projections 
through the roof.  Retrofit roof drains must conform to ANSI/SPRI RD-1.  
Application must be free of ridges, wrinkles, and buckles.

3.3.3   Ply Sheets

Ensure proper alignment of felts prior to installation.  Apply ply sheets 
shingle fashion perpendicular to slope of roof, including application on 
areas of tapered insulation that change slope direction. Bucking or 
backwater laps are prohibited.  Apply sheets in a continuous operation.  
Provide starter sheets of felt to maintain the specified number of plies 
throughout the roofing.  Apply felts with side laps in accordance with the 
material manufacturer's printed instructions for the number of plies to be 
installed and in uniform alignment.  Lap ends not less than 24 inch and 
stagger 36 inch minimum.  Plies must be laid free of wrinkles, creases, 
ridges, or fishmouths.  Extend sheets approximately 2 inch above top of 
cant strips at vertical surfaces and to top of cant strips elsewhere.  Trim 
sheets to a neat fit around vent pipes and other projections.  Avoid 
traffic on mopped surfaces when the bitumen is fluid and for a minimum of 
one hour after ply application.

3.3.4   Membrane Flashing

Provide two plies of hypalon elastomeric strip flashing and sheet flashing 
in the angles formed where the roof deck abuts walls, curbs, ventilators, 
pipes, and other vertical surfaces, and where necessary to make the work 
watertight.   Install flashing after plies of roof membrane felt have been 
applied but before aggregate surfacing is applied.  Cut at a 45 degree 
angle across terminating end lap area of cap membrane prior to applying 
adjacent overlapping cap membrane.  Press flashing into place to ensure 
full adhesion and avoid bridging.  Ensure full lap seal in all lap areas.  
Mechanically fasten top edge of base flashing 6 inch on center through 
minimum 1 inch diameter tin caps with fasteners of sufficient length to 
embed minimum one inch into attachment substrate.  Apply matching granules 
in any areas of asphalt bleed out while the asphalt is still workable.  
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Apply membrane liner over top of exposed nailers and blocking and to 
overlap top edge of base flashing installation at curbs, parapet walls, 
expansion joints and as otherwise indicated to serve as waterproof lining 
under sheet metal flashing components.

3.3.4.1   Strip Flashing

Set primed flanges of sheet metal flashings to be incorporated into roofing 
system in a uniform coating of asphalt roof cement not less than 1/16 inch 
thick applied over the ply felts.  Strip-in with one layer of elastomeric 
membrane.  Set strip flashing in hot asphalt or cement to the tops of the 
flanges, roofing membrane, and to each other.  Use coatings of asphalt roof 
cement not less than 1/16 inch thick for ply felt.  Use hot asphalt or 
modified bitumen cement for modified bitumen sheets.  Extend first 
stripping ply not less than 4 inch beyond outer edge of flange onto roof 
membrane.  Extend each additional ply 4 inch beyond the edge of the 
previous ply.

3.3.5   Aggregate Surfacing

After completion of roof membrane ply and flashing installation, and 
correction of tears, gouges or other deficiencies in the installed work, 
apply aggregate surfacing.  Uniformly flood coat the surface with workable 
asphalt at a rate of approximate 60 pounds per square.  While asphalt is 
still workable, apply gravel aggregate surfacing material to match existing 
thickness.  Provide for full and uniform coverage of the roof surface.  
Approximately 50 percent of the aggregate must be solidly adhered in the 
asphalt.

3.3.6   Correction of Deficiencies

Where any form of deficiency is found, take additional measures to 
determine the extent of the deficiency and corrective actions must be as 
directed by the Contracting Officer.  Where interply moppings are too 
light, apply additional two plies of felt in full moppings of asphalt.  
Apply with 4 inch side and end laps.  Where free water, skips, excessive 
voids, dry laps, desponding or any form of delamination are discovered 
between the plies, remove and rebuild affected area.  Correction of 
inadequate number of plies, improper lap widths, or non-uniform or 
excessive asphalt mopping must be as directed by the Contracting Officer. 
Where insulation is found to be wet, remove insulation and provide new 
built-up roofing and insulation.

3.3.7   Clean Up

Remove debris, scraps, containers and other rubbish and trash resulting 
from installation of the roofing system from job site each day.

3.4   PROTECTION OF APPLIED ROOFING

3.4.1   Protection Against Moisture Absorption

When precipitation is imminent and at the end of each day's work, protect 
applied roofing as follows:

3.4.2   Temporary Flashing for Permanent Roofing

Provide temporary flashing at drains, curbs, walls and other penetrations 
and terminations of roofing sheets until permanent flashings can be 
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applied.  Remove temporary flashing before applying permanent flashing.

3.5   FIELD QUALITY CONTROL

Perform field tests in the presence of the Contracting Officer.  Notify the 
Contracting Officer one day before performing tests.

3.5.1   Test for Surface Dryness

Before application of insulation or membrane materials and starting work on 
the area to be roofed, perform test for surface dryness in accordance with 
the following:

a.  Foaming:  When poured on the surface to which materials are to be 
applied, one pint of asphalt when heated in the range of 176 to 
350 to 400 degrees F, must not foam upon contact.

b.  Strippability:  After asphalt used in the foaming test application 
has cooled to ambient temperatures, test coating for adherence.   
Should a portion of the sample be readily stripped clean from the 
surface, do not consider the surface to be dry and do not start 
application.  Should rain occur during application, stop work and 
do not resume until surface has been tested by the method above 
and found dry.

3.5.2   Construction Monitoring

During progress of the roof work, Contractor is responsible for making 
visual inspections to ensure compliance with specified parameters. 
Additionally, verify the following:

a.  Equipment is in working order.  Metering devices are accurate.

b.  Materials are not installed in adverse weather conditions.

 c.  Substrates are in acceptable condition, in compliance with 
specification, prior to application of subsequent materials.

Nailers and blocking are provided where and as needed.

Insulation substrate is smooth, properly secured to its substrate, 
and without excessive gaps prior to membrane application.

The proper number, type, and spacing of fasteners are installed.

Materials comply with the specified requirements.

All materials are properly stored, handled and protected from 
moisture or other damages.

Asphalt is heated and applied within the specified temperature 
parameters.

Asphalt application is provided uniformly for voidless coverage 
and as necessary to ensure full adhesion of materials.  Materials 
are set in place while asphalt is within the specified temperature 
range.

The proper number and types of plies are installed, with the 

SECTION 07 51 13  Page 12



NASA GRC Steam Plant B12 Project N0. 11421

specified overlaps.

Applied membrane surface is inspected, cleaned, dry, and repaired 
as necessary prior to cap sheet installation.

Membrane is without ridges, wrinkles, kinks, fishmouths, or other 
voids or delaminations.

Installer adheres to specified and detailed application parameters.

Associated flashings and sheet metal are installed in a timely 
manner in accord with the specified requirements.

Temporary protection measures are in place at the end of each work 
shift.

3.5.2.1   Manufacturer's Inspection

Manufacturer's technical representative must visit the site a minimum of 
once per week during the installation for purposes of reviewing materials 
installation practices and adequacy of work in place.  Inspect during the 
first portion of membrane installation, at mid-point of the installation, 
and at substantial completion prior to surfacing application, at a 
minimum.  After each inspection, submit a report, signed by the 
manufacturer's technical representative to the Contracting Officer within 3 
working days.  The report must note overall quality of work, deficiencies 
and any other concerns, and recommended corrective action.

3.6   INFORMATION CARD

For each roof, furnish a typewritten information card for facility records 
and a card laminated in plastic to the Contracting Officer.  Card must be 
8-1/2 by 11 inch minimum. Information card must identify facility name and 
number; location; contract number; approximate roof area; detailed roof 
system description, including deck type, membrane, number of plies, method 
of application, manufacturer, insulation and cover board system and 
thickness; presence of tapered insulation for primary drainage, presence of 
vapor retarder; date of completion; installing contractor identification 
and contact information; membrane manufacturer warranty expiration, 
warranty reference number, and contact information.  Provide minimum size 
information card of 8-1/2 by 11 inch.  

        -- End of Section --
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SECTION 07 60 00

FLASHING AND SHEET METAL
08/08

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 D1.2/D1.2M (2008) Structural Welding Code - Aluminum

ASTM INTERNATIONAL (ASTM)

ASTM A 167 (1999; R 2009) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A 653/A 653M (2009a) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B 209 (2007) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM B 221 (2008) Standard Specification for Aluminum 
and Aluminum-Alloy Extruded Bars, Rods, 
Wire, Profiles, and Tubes

ASTM B 32 (2008) Standard Specification for Solder 
Metal

ASTM D 41 (2005) Asphalt Primer Used in Roofing, 
Dampproofing, and Waterproofing

ASTM D 4586 (2007) Asphalt Roof Cement, Asbestos-Free

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1793 (2006) Architectural Sheet Metal Manual, 
Sixth Edition, Second Printing

1.2   GENERAL REQUIREMENTS

Finished sheet metalwork will form a weathertight construction without 
waves, warps, buckles, fastening stresses or distortion, which allows for 
expansion and contraction.  Sheet metal mechanic is responsible for 
cutting, fitting, drilling, and other operations in connection with sheet 
metal required to accommodate the work of other trades.  Coordinate 
installation of sheet metal items used in conjunction with roofing with 
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roofing work to permit continuous roofing operations.

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

Sheet Metal Caps and Covers; G

Flashing at roof penetrations; G

Drip edge; G

Indicate thicknesses, dimensions, fastenings and anchoring 
methods, expansion joints, and other provisions necessary for 
thermal expansion and contraction.  Scaled manufacturer's catalog 
data may be submitted for factory fabricated items.

1.4   DELIVERY, HANDLING, AND STORAGE

Package and protect materials during shipment.  Uncrate and inspect 
materials for damage, dampness, and wet-storage stains upon delivery to the 
job site.  Remove from the site and replace damaged materials that cannot 
be restored to like-new condition.  Handle sheet metal items to avoid 
damage to surfaces, edges, and ends.  Store materials in dry, 
weather-tight, ventilated areas until immediately before installation.

PART 2   PRODUCTS

2.1   MATERIALS

Do not use lead or lead-coated metal.  Use any metal listed by SMACNA Arch. 
Manual for a particular item, unless otherwise specified or indicated.  
Conform to the requirements specified and to the thicknesses and 
configurations established in SMACNA Arch. Manual for the materials.  
Different items need not be of the same metal, except where stated 
elsewhere in this specification.

Furnish sheet metal items in 8 to 10 foot lengths.  Single pieces less than 
8 feet long may be used to connect to factory-fabricated inside and outside 
corners, and at ends of runs.  Provide accessories and other items 
essential to complete the sheet metal installation.  Provide accessories 
made of the same or compatible materials as the items to which they are 
applied. Fabricate sheet metal items of the materials specified below and 
to the gage, thickness, or weight shown in Table I at the end of this 
section except where indicated on the drawings.  Provide sheet metal items 
with mill finish unless specified otherwise.  Where more than one material 
is listed for a particular item in Table I, each is acceptable and may be 
used except as follows:

2.1.1   Exposed Sheet Metal Items

Must be of the same material.  Consider the following as exposed sheet 
metal:  gravel stops and fascias; cap, base, and related accessories.
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2.1.2   Steel Sheet, Zinc-Coated (Galvanized)

ASTM A 653/A 653M.

2.1.2.1   Finish

Exposed exterior items of zinc-coated steel sheet must have a baked-on, 
factory-applied color coating of polyvinylidene fluoride or other 
equivalent fluorocarbon coating applied after metal substrates have been 
cleaned and pretreated.  Provide finish coating dry-film thickness of 0.8 
to 1.3 mils and color of silver mica where exposed to view.

2.1.3   Stainless Steel

ASTM A 167, Type 302 or 304, 2D Finish, fully annealed, dead-soft temper.

2.1.4   Aluminum Alloy Sheet and Plate

ASTM B 209, anodized clear form alloy, and temper appropriate for use.

2.1.4.1   Finish

Exposed exterior sheet metal items of aluminum must have a baked-on, 
factory-applied color coating of polyvinylidene fluoride (PVF2) or other 
equivalent fluorocarbon coating applied after metal substrates have been 
cleaned and pretreated.  Provide finish coating dry-film thickness of 0.8 
to 1.3 mils, and color of silver mica where exposed to view.

2.1.5   Aluminum Alloy, Extruded Bars, Rods, Shapes, and Tubes

 ASTM B 221.

2.1.6   Solder

ASTM B 32, 95-5 tin-antimony.

2.1.7   Bituminous Plastic Cement

ASTM D 4586, Type I.

2.1.8   Asphalt Primer

ASTM D 41.

2.1.9   Fasteners

Use the same metal or a metal compatible with the item fastened.  Use 
stainless steel fasteners to fasten dissimilar materials.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Workmanship

Make lines and angles sharp and true.  Free exposed surfaces from visible 
wave, warp, buckle, and tool marks.  Fold back exposed edges neatly to form 
a 1/2 inch hem on the concealed side.  Make sheet metal exposed to the 
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weather watertight with provisions for expansion and contraction.

Make surfaces to receive sheet metal plumb and true, clean, even, smooth, 
dry, and free of defects and projections.  For installation of items not 
shown in detail or not covered by specifications conform to the applicable 
requirements of SMACNA 1793, Architectural Sheet Metal Manual.  Provide 
sheet metal flashing in the angles formed where roof decks abut walls, 
curbs, ventilators, pipes, or other vertical surfaces and wherever 
indicated and necessary to make the work watertight.  Join sheet metal 
items together as shown in Table II.

3.1.2   Nailing

Confine nailing of sheet metal generally to sheet metal having a maximum 
width of 18 inch.  Confine nailing of flashing to one edge only.  Space 
nails evenly not over 3 inch on center and approximately 1/2 inch from edge 
unless otherwise specified or indicated.  Face nailing will not be 
permitted.  Where sheet metal is applied to other than wood surfaces, 
include in shop drawings, the locations for sleepers and nailing strips 
required to secure the work.

3.1.3   Cleats

Provide cleats for sheet metal 18 inch and over in width and where indicated.  
Space cleats evenly not over 12 inch on center unless otherwise specified 
or indicated.  Unless otherwise specified, provide cleats of 2 inch wide by 
3 inch long and of the same material and thickness as the sheet metal being 
installed.  Secure one end of the cleat with two nails and the cleat folded 
back over the nailheads.  Lock the other end into the seam.  Pretin cleats 
for soldered seams.

3.1.4   Soldering

Where soldering is specified, apply to copper, terne-coated stainless 
steel, zinc-coated steel, and stainless steel items.  Pretin edges of sheet 
metal before soldering is begun.  Seal the joints in aluminum sheets of 
0.040 inch or less in thickness with specified sealants.  Do not solder 
aluminum.

3.1.4.1   Edges

Scrape or wire-brush the edges of lead-coated material to be soldered to 
produce a bright surface.  Flux brush the seams in before soldering.  Treat 
with soldering acid flux the edges of stainless steel to be pretinned.  
Seal the joints in aluminum sheets of 0.040 inch or less in thickness with 
specified sealants.  Do not solder aluminum.

3.1.5   Welding and Mechanical Fastening

Use welding for aluminum of thickness greater than 0.040 inch.  Aluminum 
0.040 inch or less in thickness must be butted and the space backed with 
formed flashing plate; or lock joined, mechanically fastened, and filled 
with sealant as recommended by the aluminum manufacturer.

3.1.5.1   Welding of Aluminum

Use welding of the inert gas, shield-arc type.  For procedures, appearance 
and quality of welds, and the methods used in correcting welding work, 
conform to AWS D1.2/D1.2M.
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3.1.5.2   Mechanical Fastening of Aluminum

Use No. 12, aluminum alloy, sheet metal screws or other suitable aluminum 
alloy or stainless steel fasteners.  Drive fasteners in holes made with a 
No. 26 drill in securing side laps, end laps, and flashings.  Space 
fasteners 12 inch maximum on center.  Where end lap fasteners are required 
to improve closure, locate the end lap fasteners not more than 2 inch from 
the end of the overlapping sheet.

3.1.6   Protection from Contact with Dissimilar Materials

3.1.6.1   Aluminum

Do not allow aluminum surfaces in direct contact with other metals except 
stainless steel, zinc, or zinc coating.  Where aluminum contacts another 
metal, paint the dissimilar metal with a primer followed by two coats of 
aluminum paint. Where drainage from a dissimilar metal passes over 
aluminum, paint the dissimilar metal with a non-lead pigmented paint.

3.1.6.2   Metal Surfaces

Paint surfaces in contact with mortar, concrete, or other masonry materials 
with alkali-resistant coatings such as heavy-bodied bituminous paint.

3.1.7   Metal Drip Edge

Provide a metal drip edge, designed to allow water run-off to drip free of 
underlying construction, at eaves and rakes prior to the application of 
roofing shingles.  Apply directly on the wood deck at the eaves and over 
the underlay along the rakes.  Extend back from the edge of the deck not 
more than 3 inch and secure with compatible nails spaced not more than 10 
inch on center along upper edge.

3.1.8   Flashing at Roof Penetrations 

Provide metal flashing for all pipes and flues projecting through the roof 
surface and items supported by or attached to the roof deck.  

3.2   PAINTING

Field-paint sheet metal for separation of dissimilar materials.

3.3   CLEANING

Clean exposed sheet metal work at completion of installation.  Remove 
grease and oil films, handling marks, contamination from steel wool, 
fittings and drilling debris, and scrub-clean.  Free the exposed metal 
surfaces of dents, creases, waves, scratch marks, and solder or weld marks.

3.4   REPAIRS TO FINISH

Scratches, abrasions, and minor surface defects of finish may be repaired 
in accordance with the manufacturer's printed instructions and as approved. 
Repair damaged surfaces caused by scratches, blemishes, and variations of 
color and surface texture.  Replace items which cannot be repaired.
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3.5   FIELD QUALITY CONTROL

Establish and maintain a Quality Control Plan for sheet metal used in 
conjunction with roofing to assure compliance of the installed sheet 
metalwork with the contract requirements.  Remove work that is not in 
compliance with the contract and replace or correct.  Include quality 
control, but not be limited to, the following:

a.  Observation of environmental conditions; number and skill level of 
sheet metal workers; condition of substrate.

b.  Verification that specified material is provided and installed.

c.  Inspection of sheet metalwork, for proper size(s) and 
thickness(es), fastening and joining, and proper installation.

3.5.1   Procedure

Submit for approval prior to start of roofing work.  Include a checklist of 
points to be observed.  Document the actual quality control observations 
and inspections.  Furnish a copy of the documentation to the Contracting 
Officer at the end of each day.

TABLE I.  SHEET METAL WEIGHTS, THICKNESSES, AND GAGES

                                                                     Zinc-
                                                                     Coated
                                                Stainless            Steel,
  Sheet Metal Items                 Aluminum,   Steel,               U.S.
                                    Inch        Inch                 Std.
                                                                     Gage
  ___________________________________________________________________________

  
  Covering on minor flat,
   pitched or curved
   surfaces............              .040         .018                -
  
  Flashings:
  Base ................              .040         .018                24
  Cap (Counter-flashing)             .032         .015                26
  Pipe vent sleeve(d)
  Coping ..............                -            -                 -
  
  Extrusions ..........              .075           -                 -
  Sheets,
   corrugated..........              .032         .015                -
  Sheets, smooth ......              .050         .018                24
  Edge strip ..........              .050         .025                -
  
  
  
        -- End of Section --
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SECTION 07 92 00

JOINT SEALANTS
01/07

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 C 509 (2006) Elastomeric Cellular Preformed 
Gasket and Sealing Material

ASTM C 920 (2008) Standard Specification for 
Elastomeric Joint Sealants

ASTM D 1056 (2007) Standard Specification for Flexible 
Cellular Materials - Sponge or Expanded 
Rubber

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

Primers

Bond breakers

Backstops

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-04 Samples

Sealant Colors; G

Only for those that are to "Match Adjacent Surface Color".

SD-07 Certificates

Sealant
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Certificates of compliance stating that the materials conform to 
the specified requirements.

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.

1.5.3   Mock-Up

Project personnel is responsible for installing sealants in mock-up using 
materials and techniques approved for use on the project.

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   Interior Sealant

Provide ASTM C 920, Type S or M, Grade NS, Class 12.5, Use NT.  Location(s) 
and color(s) of sealant for the following:

                      LOCATION                           COLOR

      
      a.  Perimeter of frames at doors, windows,         White
          and access panels which adjoin exposed
          interior concrete and masonry surfaces.

      b.  Interior locations, not otherwise indicated    White
          or specified, where small voids exist between
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                      LOCATION                           COLOR
          materials specified to be painted.

      

2.1.2   Exterior Sealant

For joints in vertical surfaces, provide ASTM C 920, Type S or M, Grade NS, 
Class 25, Use NT.  For joints in horizontal surfaces, provide ASTM C 920, 
Type S or M, Grade P, Class 25, Use T.  Provide location(s) and color(s) of 
sealant as follows:

                      LOCATION                           COLOR

      a.  Joints and recesses formed where frames        Match adjacent
          and subsills of windows, doors, louvers,       surface color
          and vents adjoin masonry, concrete, or         
          metal frames.  Use sealant at both exterior    
          and interior surfaces of exterior wall         
          penetrations.

      b.  Masonry joints where shelf angles occur.       Match adjacent
                                                         surface color 

      c.  Voids where items pass through exterior        Match adjacent
          walls.                                         surface color
      
      d.  Metal-to-metal joints where sealant is         Match adjacent
          indicated or specified.                        surface color

      e.  Joints between ends of fascias,                Match adjacent
          copings, and adjacent walls.                   surface color

      
2.1.3   Floor Joint Sealant

ASTM C 920, 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                  Gray
          exterior doors.                               
                                                         

      b.  Control and expansion joints in floors,        Gray
          slabs, and walkways.

2.2   PRIMERS

Provide a nonstaining, quick-drying type and consistency recommended by the 
sealant manufacturer for the particular application.

2.3   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 
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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.

2.3.1   Rubber

Conform to ASTM D 1056, Type 2, closed cell, Class A, round cross section 
for cellular rubber sponge backing.

2.3.2   Synthetic Rubber

Conform to ASTM C 509, Option I, Type I preformed rods or tubes for  
Synthetic rubber backing.

2.3.3   Neoprene

Conform to ASTM D 1056, closed cell expanded neoprene cord Type 2, Class C, 
Grade 2C2 for Neoprene backing.

2.4   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   Aluminum Surfaces

Remove temporary protective coatings from surfaces that will be in contact 
with sealant.  When masking tape is used as a protective coating, remove 
tape and any residual adhesive just prior to sealant application.  For 
removing protective coatings and final cleaning, use nonstaining solvents 
recommended by the manufacturer of the item(s) containing aluminum or 
bronze surfaces.

3.1.3   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.
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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:

               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        Equal to
                                              width         width

               For wood, concrete, masonry:
               

                  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".
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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   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 08 11 13

STEEL DOOR WITH GLAZING AND FRAME

08/08

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 WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2008; Errata 2008) Structural Welding 
Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A 653/A 653M (2009a) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A 879/A 879M (2006) Standard Specification for Steel 
Sheet, zinc Coated by the Electrolytic 
Process for Applications Requiring 
Designation of the Coating Mass on Each 
Surface

ASTM A 924/A 924M (2009a) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

ASTM C 1048 (2004) Heat-Treated Flat Glass - Kind HS, 
Kind FT Coated and Uncoated Glass

ASTM C 578 (2009e1) Standard Specification for Rigid, 
Cellular Polystyrene Thermal Insulation

ASTM C 591 (2009) Standard Specification for Unfaced 
Preformed Rigid Cellular Polyisocyanurate 
Thermal Insulation

ASTM C 612 (2009) Mineral Fiber Block and Board 
Thermal Insulation

ASTM D 2863 (2009) Measuring the Minimum Oxygen 
Concentration to Support Candle-Like 
Combustion of Plastics (Oxygen Index)

ASTM E 1300 (2009a) Determining Load Resistance of 
Glass in Buildings

ASTM F 2248 (2003) Standard Practice for Specifying an 
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Equivalent 3-Second Duration Design 
Loading for Blast Resistant Glazing 
Fabricated with Laminated Glass

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

ANSI/BHMA A156.115 (2006) Hardware Preparation in Steel Doors 
and Steel Frames

GLASS ASSOCIATION OF NORTH AMERICA (GANA)

GANA Glazing Manual (2004) Glazing Manual

GANA Sealant Manual (1990) Sealant Manual

GANA Standards Manual (2001) Tempering Division's Engineering 
Standards Manual

INSULATING GLASS MANUFACTURERS ALLIANCE (IGMA)

SIGMA TB-3001 (1990) Guidelines for Sloped Glazing

SIGMA TM-3000 (1997) Glazing Guidelines for Sealed 
Insulating Glass Units

STEEL DOOR INSTITUTE (SDI/DOOR)

SDI/DOOR 113 (2001; R 2006) Determining the Steady 
State Thermal Transmittance of Steel Door 
and Frame Assemblies

SDI/DOOR A250.11 (2001) Recommended Erection Instructions 
for Steel Frames

SDI/DOOR A250.6 (2003) Hardware on Steel Doors 
(Reinforcement - Application)

SDI/DOOR A250.8 (2003) Recommended Specification for 
Standard Steel Doors and Frames

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.  The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Doors; G

Frames; G

Glazing; G

Accessories

Weatherstripping
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Show elevations, construction details, metal gages, hardware 
provisions, method of glazing, and installation details.

Schedule of doors; G

Schedule of frames; G

SD-03 Product Data

Doors; G

Frames; G

Glazing Tempered; G

Accessories

Submit manufacturer's descriptive literature for doors, frames, 
and accessories.  Include data and details on door construction, 
panel (internal) reinforcement, insulation, and door edge 
construction.  

1.3   DELIVERY, STORAGE, AND HANDLING

Deliver doors, frames, and accessories undamaged and with protective 
wrappings or packaging. Provide temporary steel spreaders securely fastened 
to the bottom of each welded frame.  Store doors and frames on platforms 
under cover in clean, dry, ventilated, and accessible locations.  Remove 
damp or wet packaging immediately and wipe affected surfaces dry.  Replace 
damaged materials with new.

PART 2   PRODUCTS

2.1   STANDARD STEEL DOORS

SDI/DOOR A250.8, except as specified otherwise.  Prepare doors to receive 
door hardware as specified in Section 08 71 00.  Undercut where indicated.  
Exterior doors shall have top edge closed flush and sealed to prevent water 
intrusion.  Doors shall be 1-3/4 inch thick.  Provide exterior glazing in 
accordance with ASTM F 2248 and ASTM E 1300.

2.1.1   Classification - Level, Performance, Model

 2.1.1.1   Extra Heavy Duty Doors

SDI/DOOR A250.8, Level 3, physical performance Level A, Model 2 with core 
construction as required by the manufacturer exterior door, of size(s) and 
design(s) indicated.  Where vertical stiffenercores are required, the space 
between the stiffeners shall be filled with insulation.  

2.2   INSULATION CORES

Insulated cores shall be of type specified, and provide an apparent 
U-factor of .48 in accordance with SDI/DOOR 113 and shall conform to:

a.  Rigid Cellular Polyisocyanurate Foam:  ASTM C 591, Type I or II, 
foamed-in-place or in board form, with oxygen index of not less 
than 22 percent when tested in accordance with ASTM D 2863; or
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b.  Rigid Polystyrene Foam Board:  ASTM C 578, Type I or II; or

c.  Mineral board:  ASTM C 612, Type I.

2.3   Glazing

ASTM C 1048, Kind FT (fully tempered), Condition A (uncoated), Type I, 
Class 1 (transparent), Quality q3 1/4 inch thick, conforming to ASTM C 1048 
and GANA Standards Manual.  Color shall be clear. 

2.4   SETTING AND SEALING MATERIALS

Provide as specified in the GANA Glazing Manual, SIGMA TM-3000, 
SIGMA TB-3001 and manufacturer's recommendations, unless specified 
otherwise herein.  Do not use metal sash putty, nonskinning compounds, 
nonresilient preformed sealers, or impregnated preformed gaskets.  
Materials exposed to view and unpainted shall be gray or neutral color.

2.5   STANDARD STEEL FRAMES

SDI/DOOR A250.8, Level 3, except as otherwise specified.  Form frames to 
sizes and shapes indicated, with welded corners.  Provide steel frames for 
doors unless otherwise indicated.

2.5.1   Welded Frames

Continuously weld frame faces at corner joints.  Mechanically interlock or 
continuously weld stops and rabbets.  Grind welds smooth.

Weld frames in accordance with the recommended practice of the Structural 
Welding Code Sections 1 through 6, AWS D1.1/D1.1M and in accordance with 
the practice specified by the producer of the metal being welded.

2.5.2   Stops and Beads

Form stops and beads from 20 gage steel.  Provide for glazed and other 
openings in standard steel frames.  Secure beads to frames with oval-head, 
countersunk Phillips self-tapping sheet metal screws or concealed clips and 
fasteners.  Space fasteners approximately 12 to 16 inch on center.  Miter 
molded shapes at corners.  Butt or miter square or rectangular beads at 
corners.

2.5.3   Anchors

Provide anchors to secure the frame to adjoining construction.  Provide 
steel anchors, zinc-coated or painted with rust-inhibitive paint, not 
lighter than 18 gage.

2.5.3.1   Wall Anchors

Provide at least three anchors for each jamb.  For frames which are more 
than 7.5 feet in height, provide one additional anchor for each jamb for 
each additional 2.5 feet or fraction thereof.

a.  Masonry:  Provide anchors of corrugated or perforated steel straps 
or 3/16 inch diameter steel wire, adjustable or T-shaped;
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2.5.3.2   Floor Anchors

Provide floor anchors drilled for 3/8 inch anchor bolts at bottom of each 
jamb member.  

2.6   WEATHERSTRIPPING

As specified in Section 08 71 00 DOOR HARDWARE.

2.7   HARDWARE PREPARATION

Provide minimum hardware reinforcing gages as specified in SDI/DOOR A250.6.  
Drill and tap doors and frames to receive finish hardware. Prepare doors 
and frames for hardware in accordance with the applicable requirements of 
SDI/DOOR A250.8 and SDI/DOOR A250.6.  For additional requirements refer to 
ANSI/BHMA A156.115. Drill and tap for surface-applied hardware at the 
project site.  Build additional reinforcing for surface-applied hardware 
into the door at the factory.  Locate hardware in accordance with the 
requirements of SDI/DOOR A250.8, as applicable.  Punch door frames, with 
the exception of frames that will have weatherstripping to receive a 
minimum of two rubber or vinyl door silencers on lock side of single doors.  
Set lock strikes out to provide clearance for silencers.

2.8   FINISHES

2.8.1   Hot-Dip Zinc-Coated and Factory-Primed Finish

Fabricate exterior door and frame from hot dipped zinc coated steel, 
alloyed type, that complies with ASTM A 924/A 924Mand ASTM A 653/A 653M.  
The coating weight shall meet or exceed the minimum requirements for 
coatings having 0.4 ounces per square foot, total both sides, i.e., A40.  
Repair damaged zinc-coated surfaces by the application of zinc dust paint.  
Thoroughly clean and chemically treat to insure maximum paint adhesion.  
Factory prime as specified in SDI/DOOR A250.8.  

2.8.2   Electrolytic Zinc-Coated Anchors and Accessories

Provide electrolytically deposited zinc-coated steel in accordance with 
ASTM A 879/A 879M, Commercial Quality, Coating Class A.  Phosphate treat 
and factory prime zinc-coated surfaces as specified in SDI/DOOR A250.8.

2.9   FABRICATION AND WORKMANSHIP

Finished doors and frames shall be strong and rigid, neat in appearance, 
and free from defects, waves, scratches, cuts, dents, ridges, holes, warp, 
and buckle.  Molded members shall be clean cut, straight, and true, with 
joints coped or mitered, well formed, and in true alignment.  Dress exposed 
welded and soldered joints smooth.  Design door frame sections for use with 
the wall construction indicated.  Corner joints shall be well formed and in 
true alignment.  Conceal fastenings where practicable.  Design frames in 
exposed masonry walls or partitions to allow sufficient space between the 
inside back of trim and masonry to receive calking compound.

2.9.1   Grouted Frames

For frames to be installed in exterior walls and to be filled with mortar 
or grout, fill the stops with strips of rigid insulation to keep the grout 
out of the stops and to facilitate installation of stop-applied head and 
jamb seals.
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PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Frames

Set frames in accordance with SDI/DOOR A250.11.  Plumb, align, and brace 
securely until permanent anchors are set.  Anchor bottoms of frames with 
expansion bolts or powder-actuated fasteners.  Build in or secure wall 
anchors to adjoining construction.  Backfill frames with mortar.  Coat 
inside of frames with corrosion-inhibiting bituminous material. 

3.1.2   Doors

Hang doors in accordance with clearances specified in SDI/DOOR A250.8.  
After erection and glazing, clean and adjust hardware.

3.2   PREPARATION FOR GLAZING

Preparation, unless otherwise specified or approved, shall conform to 
applicable recommendations in the GANA Glazing Manual,GANA Sealant Manual,
SIGMA TB-3001, SIGMA TM-3000, and manufacturer's recommendations.  
Determine the sizes to provide the required edge clearances by measuring 
the actual opening to receive the glass.  Leave labels in place until the 
installation is approved.  Securely fix movable items or keep i na closed 
and locked position until glazing compound has thoroughly set.

3.3   GLASS SETTING

Shop glaze or field glaze items to be glazed using glass of the quality and 
thickness specified or indicated.  Glazing, unless otherwise specified or 
approved, shall conform to applicable recommendations in the 
GANA Glazing Manual, GANA Sealant Manual, SIGMA TB-3001, SIGMA TM-3000 and 
manufacturer's recommendations.  Handle and install glazing materials in 
accordance with manufacturer's instructions.  Use beads or stops which are 
furnished with items to be glazed to secure the glass in place.  Verify 
products are properly installed, connected, and adjusted.

3.4   PROTECTION

Protect doors and frames from damage.  Repair damaged doors and frames 
prior to completion and acceptance of the project or replace with new, as 
directed.  Wire brush rusted frames until rust is removed.  Clean 
thoroughly.  Apply an all-over coat of rust-inhibitive paint of the same 
type used for shop coat.

Glass work shall be protected immediately after installation.  Glazed 
openings shall be identified with suitable warning tapes, cloth or paper 
flags, attached with non-staining adhesives.  Glass units which are broken, 
chipped, cracked, abraded, or otherwise damaged during construction 
activities shall be removed and replaced with new units.

3.5   CLEANING

Upon completion, clean exposed surfaces of doors and frames thoroughly.  
Remove mastic smears and other unsightly marks.  Clean glass surfaces and 
remove labels, paint spots, putty, and other defacement as required to 
prevent staining.  Glass shall be clean at the time the work is accepted.

SECTION 08 11 13  Page 6



NASA GRC Steam Plant B12 Project N0. 11421

        -- End of Section --
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SECTION 08 51 13

ALUMINUM WINDOWS INCLUDING GLAZING
08/09

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 ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA)

AAMA 2604 (2005) Voluntary Specification, 
Performance Requirements and Test 
Procedures for High Performance Organic 
Coatings on Aluminum Extrusions and Panels

AAMA WSG.1 (1995) Window Selection Guide

AAMA/WDMA/CSA 101/I.S.2/A440 (2008; Update 1 2008; Update 2 2008; 
Update 3 2009) North American Fenestration 
Standard/Specification for Windows, Doors, 
and Skylights

ASTM INTERNATIONAL (ASTM)

ASTM C 1048 (2004) Heat-Treated Flat Glass - Kind HS, 
Kind FT Coated and Uncoated Glass

GLASS ASSOCIATION OF NORTH AMERICA (GANA)

GANA Glazing Manual (2004) Glazing Manual

GANA Sealant Manual (1990) Sealant Manual

GREEN SEAL (GS)

GS-36 (2000) Commercial Adhesives

INSULATING GLASS MANUFACTURERS ALLIANCE (IGMA)

SIGMA TB-3001 (1990) Guidelines for Sloped Glazing

SIGMA TM-3000 (1997) Glazing Guidelines for Sealed 
Insulating Glass Units

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (1989; R 2005) Adhesive and Sealant 
Applications

1.2   CERTIFICATION

Each prime window unit must bear the AAMA Label warranting that the product 
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complies with AAMA/WDMA/CSA 101/I.S.2/A440.  Certified test reports 
attesting that the prime window units meet the requirements of 
AAMA/WDMA/CSA 101/I.S.2/A440, including test size, will be acceptable in 
lieu of product labeling.

1.3   SUBMITTALS

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

SD-02 Shop Drawings

Windows; G

Fabrication Drawings

SD-03 Product Data

Windows; G

Hardware; G

Fasteners; G 

Window performance; G

  Submit documentation indicating percentage of post-industrial 
and post-consumer recycled content per unit of product.  Indicate 
relative dollar value of recycled content products to total dollar 
value of products included in project.

Screens; G

SD-04 Samples

Finish Sample

SD-10 Operation and Maintenance Data

Windows, Data Package 1; G

  Submit in accordance with Section 01 78 23 OPERATION AND 
CLOSEOUT DATA.

1.4   QUALITY ASSURANCE

1.4.1   Shop Drawing Requirements

Provide drawings that indicate elevations of windows, sections, thickness 
and gages of metal, fastenings, proposed method of anchoring, size and 
spacing of anchors, details of construction, method of glazing, details of 
operating hardware, mullion details, material and method of attaching 
subframes, and installation details.  Coordinate window units with integral 
GLASS-FIBER SANDWICH PANEL as specified in Section 08 62 00.
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1.4.2   Sample Requirements

1.4.2.1   Finish Sample Requirements 

Submit color chart of standard factory color coatings when factory-finish 
color coating is to be provided.

1.5   DELIVERY AND STORAGE

Deliver windows to project site in an undamaged condition.  Use care in 
handling and hoisting windows during transportation and at the jobsite. 
Store windows and components out of contact with the ground, under a 
weathertight covering, so as to prevent bending, warping, or otherwise 
damaging the windows.  Repair damaged windows to an "as new" condition as 
approved.  If windows can not be repaired, provide a new unit.

1.6   PROTECTION

Protect finished surfaces during shipping and handling using the 
manufacturer's standard method.  Do not apply coatings or lacquers to 
surfaces to which calking and glazing compounds must adhere.

1.7   FIELD MEASUREMENTS

Take field measurements prior to preparation of the drawings and 
fabrication.

1.8   PERFORMANCE REQUIREMENTS

1.8.1   Wind Loading Design Pressure

Design window components, including mullions, hardware, and anchors, to 
withstand a wind-loading design pressure of at least  30 pounds per square 
foot (psf).

1.8.2   Tests

Test windows proposed for use in accordance with 
AAMA/WDMA/CSA 101/I.S.2/A440 for the particular type and quality window 
specified.

Perform tests by a nationally recognized independent testing laboratory 
equipped and capable of performing the required tests.  Submit the results 
of the tests as certified laboratory reports required herein.

Minimum design load for a uniform-load structural test must be 50 psf.

Test projected windows in accordance with the applicable portions of the 
AAMA WSG.1 for air infiltration, water resistance, uniform-load deflection, 
and uniform-load structural test.

1.9   DRAWINGS

Submit the Fabrication Drawings for aluminum window units showing complete 
window assembly including hardware, weatherstripping, and subframe assembly 
details and integration with Glass-Fiber Sandwich Panel System.
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1.10   WINDOW PERFORMANCE

Aluminum windows must meet the following performance requirements.  Perform 
testing requirements by an independent testing laboratory or agency.

1.10.1   Structural Performance

Structural test pressures on window units must be for positive load 
(inward) and negative load (outward).  After testing, there will be no 
glass breakage, permanent damage to fasteners, hardware parts, support arms 
or actuating mechanisms or any other damage which could cause window to be 
inoperable.  There must be no permanent deformation of any main frame, sash 
or ventilator member in excess of the requirements established by 
AAMA/WDMA/CSA 101/I.S.2/A440 for the window types and classification 
specified in this section.

1.11   QUALIFICATION

Window manufacturer must specialize in designing and manufacturing the type 
of aluminum windows specified in this section, and have a minimum of three 
(3) years of documented successful experience.  Manufacturer must have the 
facilities capable of meeting contract requirements, single-source 
responsibility and warranty.

1.12   WARRANTY

Provide Manufacturer's standard performance guarantees or warranties that 
extend beyond a 1 year period.  Warranty shall be part of the GLASS-FIBER 
SANDWICH PANEL SYSTEM.

PART 2   PRODUCTS

2.1   WINDOWS

Provide prime windows that comply with  AAMA/WDMA/CSA 101/I.S.2/A440 and 
the requirements specified herein.  In addition to compliance with 
AAMA/WDMA/CSA 101/I.S.2/A440, window framing members for each individual 
light of glass must not deflect to the extent that deflection perpendicular 
to the glass light exceeds L/175 of the glass edge length when subjected to 
uniform loads at specified design pressures.  Provide Structural 
calculations for deflection to substantiate compliance with deflection 
requirements.  Provide windows of types, performance classes, performance 
grades,  combinations, and sizes indicated or specified.  Design windows to 
accommodate hardware, glass, weatherstripping, screens, and accessories to 
be furnished.  Each window must be a complete factory assembled unit with 
or without glass installed.  Dimensions shown are nominal.  

2.1.1   Awning Windows (AP)

Type AP-HC40. Conceal operating mechanism within the frame members or 
enclose within a metal casing not less than 0.0625 inch thick sheet 
aluminum.

2.1.2   Tempered Glass

ASTM C 1048, Kind FT (fully tempered), Condition A (uncoated), Type I, 
Class 1 (transparent) 2 (tinted heat absorbing), Quality q3, 1/4 inch 
thick.  Color shall be clear.  Provide where indicated or specified.
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2.1.3   Calking and Sealing

Are specified in Section 07 92 00 JOINT SEALANTS.

2.1.4   Weatherstripping

AAMA/WDMA/CSA 101/I.S.2/A440.

2.2   FABRICATION

Fabrication of window units must comply with AAMA/WDMA/CSA 101/I.S.2/A440.

2.2.1   Provisions for Glazing

Design windows and rabbets suitable for glass thickness specified.

2.2.2   Weatherstripping

Provide for ventilating sections of all windows to ensure a weather-tight 
seal meeting the infiltration requirements specified in 
AAMA/WDMA/CSA 101/I.S.2/A440.  Provide easily replaceable factory-applied 
weatherstripping.  Use molded vinyl, molded or molded-expanded neoprene or 
molded or expanded Ethylene Propylene Diene Terpolymer (EPDM) 
compression-type weatherstripping for compression contact surfaces.  Use 
treated woven pile or wool, or polypropylene or nylon pile bonded to nylon 
fabric and metal or plastic backing strip weatherstripping for sliding 
surfaces.  Do no use neoprene or polyvinylchloride weatherstripping where 
they will be exposed to direct sunlight.

2.2.3   Fasteners

Fabricated from 100 percent re-melted steel.  Use fasteners as standard 
with the window manufacturer for windows, trim, and accessories.  
Self-tapping sheet-metal screws are not acceptable for material more than 
1/16 inch thick.

2.2.4   Adhesives

Comply with applicable regulations regarding toxic and hazardous materials, 
GS-36, SCAQMD Rule 1168.

2.2.5   Drips and Weep Holes

Provide continuous drips over heads of top ventilators.  Where fixed 
windows adjoin ventilators, drips must be continuous across tops of fixed 
windows.  Provide drips and weep holes as required to return water to the 
outside.

2.2.6   Combination Windows

Windows used in combination must be the same class and grade and will be 
factory assembled.  Where factory assembly of individual windows into 
larger units is limited by transportation considerations, prefabricate, 
match mark, transport, and field assemble.

2.2.7   Mullions and Transom Bars

Provide mullions between multiple window units which are compatible with 
the GLASS-FIBER SANDWICH PANELS.  Secure mullions and transom bars to 
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adjoining construction and window units in such a manner as to permit 
expansion and contraction and to form a weathertight joint.

2.2.8   Accessories

Provide windows complete with necessary hardware, fastenings, clips, fins, 
anchors, glazing beads, and other appurtenances necessary for complete 
installation and proper operation.

2.2.8.1   Hardware

AAMA/WDMA/CSA 101/I.S.2/A440.  The item, type, and functional 
characteristics must be the manufacturer's standard for the particular 
window type.  Provide hardware of suitable design and of sufficient 
strength to perform the function for which it is used.  Equip all operating 
ventilators with a lock or latching device which can be secured from the 
inside.

2.2.8.2   Fasteners

Provide concealed anchors of the type recommended by the window 
manufacturer for the specific type of construction.  Anchors and fasteners 
must be compatible with the window and the adjoining construction. Provide 
a minimum of three anchors for each jamb located approximately 6 inches 
from each end and at midpoint.

2.2.8.3   Window Anchors

Anchoring devices for installing windows must be made of aluminum, 
cadmium-plated steel, stainless steel, or zinc-plated steel conforming to 
AAMA/WDMA/CSA 101/I.S.2/A440.

2.2.9   Finishes

Exposed aluminum surfaces must be factory finished with a high-performance  
organic coating.  Color must be aluminum or silver mica to match 
GLASS-FIBER SANDWICH PANEL framing as indicated. All windows for each 
building will have the same finish.

2.2.9.1   Organic Coating

Clean and prime exposed aluminum surfaces.  Provide a high-performance 
finish in accordance with AAMA 2604 with total dry film thickness of not 
less than 1.2 mils.  Color: Silver Mica

2.2.10   Screens

AAMA/WDMA/CSA 101/I.S.2/A440.  Provide one insect screen for each operable 
exterior sash or ventilator.  Design screens to be rewirable, easily 
removable from inside the building, and to permit easy access to operating 
hardware.

2.3   SPECIAL OPERATORS

For windows having operating hardware or locking or latching devices 
located more than 6 feet above the floor, provide suitably designed 
operators or locking or latching devices necessary for convenient and 
proper window operation.
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2.3.1   Extension Crank Operators

Provide removable handles for crank-operated rotary-type operators located 
more than 6 feet above the floor.  Provide one removable handle for each 
room.

2.4   MULLIONS

Provide mullions between multiple-window units where indicated.

Mullions must be the same profile as used for the GLASS-FIBER SANDWICH 
PANEL framing, reinforced as required for the specified wind loading, and 
securely anchored to the adjoining construction.  

Mullion reinforcing members shall be fabricated of the materials specified 
in AAMA/WDMA/CSA 101/I.S.2/A440 and meet the specified design loading.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Method of Installation

Install in accordance with the window manufacturer's printed instructions 
and details.  Build in windows as the work progresses or install without 
forcing into prepared window openings.  Set windows at proper elevation, 
location, and reveal; plumb, square, level, and in alignment; and brace, 
strut, and stay properly to prevent distortion and misalignment.  Protect 
ventilators and operating parts against accumulation of dirt and building 
materials by keeping ventilators tightly closed and locked to frame.  Bed 
screws or bolts in sill members, joints at mullions, contacts of windows 
with sills, built-in fins, and subframes in mastic sealant of a type 
recommended by the window manufacturer.  Install and caulk windows in a 
manner that will prevent entrance of water and wind.  Fasten insect screens 
securely in place.

3.1.2   Dissimilar Materials

Where aluminum surfaces are in contact with, or fastened to masonry, 
concrete, wood, or dissimilar metals, except stainless steel or zinc, 
protect the aluminum surface from dissimilar materials as recommended in 
the Appendix to AAMA/WDMA/CSA 101/I.S.2/A440.  Do not coat surfaces in 
contact with sealants after installation with any type of protective 
material.

3.1.3   Anchors and Fastenings

Make provision for securing units to each other, to masonry, and to other 
adjoining construction.  Windows installed in masonry walls must have head 
and jamb members designed to recess into masonry wall not less than 7/16 
inch.

3.1.4   Adjustments After Installation

After installation of windows and completion of glazing and field painting, 
adjust all ventilators and hardware to operate smoothly and to provide 
weathertight sealing when ventilators are closed and locked.  Lubricate 
hardware and operating parts as necessary.  Verify that products are 
properly installed, connected, and adjusted.
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3.2   PREPARATION

Preparation, unless otherwise specified or approved, shall conform to 
applicable recommendations in the GANA Glazing Manual, GANA Sealant Manual, 
SIGMA TB-3001, SIGMA TM-3000, and manufacturer's recommendations.  
Determine the sizes to provide the required edge clearances by measuring 
the actual opening to receive the glass.  Leave labels in place until the 
installation is approved, except remove applied labels on heat-absorbing 
glass units as soon as glass is installed.  Securely fix movable items or 
keep in a closed and locked position until glazing compound has thoroughly 
set.

3.2.1   GLASS SETTING

Shop glaze or field glaze items to be glazed using glass of the quality and 
thickness specified or indicated.  Glazing, unless otherwise specified or 
approved, shall conform to applicable recommendations in the 
GANA Glazing Manual, GANA Sealant Manual, SIGMA TB-3001, SIGMA TM-3000, and 
manufacturer's recommendations.  Aluminum windows may be glazed in 
conformance with one of the glazing methods described in the standards 
under which they are produced, except that face puttying with no bedding 
will not be permitted.  handle and install glazing materials in accordance 
with manufacturer's instructions.  Use beads or stops which are furnished 
with items to be glazed to secure the glass in place.  Verify products are 
properly installed, connected, and adjusted.

3.3   CLEANING

Clean interior and exterior surfaces of window units of mortar, plaster, 
paint spattering spots, and other foreign matter to present a neat 
appearance, to prevent fouling of weathering surfaces and 
weather-stripping, and to prevent interference with the operation of 
hardware.  Replace all stained, discolored, or abraded windows that cannot 
be restored to their original condition with new windows.

3.4   WASTE MANAGEMENT

Separate corrugated cardboard and protective materials in accordance with 
the Waste Management Plan and place in designated areas for reuse or 
recycling.  Place materials defined as hazardous or toxic waste in 
designated containers.  Close and seal tightly all partly used sealant
containers and store protected in well ventilated fire-safe area at 
moderate temperature.  Place used sealant tubes and containers in areas 
designated for hazardous materials.

        -- End of Section --
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SECTION 08 62 00

GLASS-FIBER SANDWICH PANELS
08/09

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 ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA)

AAMA 1503 (2009) Voluntary Test Method for Thermal 
Transmittance and Condensation Resistance 
of Windows, Doors and Glazed Wall Sections

ASTM INTERNATIONAL (ASTM)

ASTM A 123/A 123M (2009) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A 307 (2007b) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM C 297/C 297M (2004) Flatwise Tensile Strength of 
Sandwich Constructions

ASTM D 1002 (2005) Apparent Shear Strength of 
Single-Lap-Joint Adhesively Bonded Metal 
Specimens by Tension Loading 
(Metal-to-Metal)

ASTM D 1003 (2007e1) Haze and Luminous Transmittance 
of Transparent Plastics

ASTM D 1037 (2006a) Evaluating Properties of Wood-Base 
Fiber and Particle Panel Materials

ASTM D 1929 (1996; R 2001e1) Determining Ignition 
Temperature of Plastics

ASTM D 2244 (2009a) Calculation of Color Tolerances 
and Color Differences from Instrumentally 
Measured Color Coordinates

ASTM D 4060 (2007) Abrasion Resistance of Organic 
Coatings by the Taber Abraser

ASTM D 572 (2004) Rubber Deterioration by Heat and 
Oxygen

ASTM D 635 (2006) Standard Test Method for Rate of 
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Burning and/or Extent and Time of Burning 
of Self-Supporting Plastics in a 
Horizontal Position

ASTM E 108 (2007a) Fire Tests of Roof Coverings

ASTM E 72 (2005) Conducting Strength Tests of Panels 
for Building Construction

ASTM E 84 (2009c) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

1.2   SYSTEM DESCRIPTION

A.  This Section includes assemblies incorporating glass-fiber sandwich 
panels and aluminum frame systems as follows:

1.  Wall assemblies.

B.  Related Sections include the following:
1.  Division 07 Section "Sheet Metal Flashing and Trim" for metal 
flashings installed at perimeters of assemblies.
2.  Division 07 Section "Joint Sealants" for sealants installed at 
perimeters of assemblies.
3.  Division 08 Section "Aluminum Windows".

1.2.1   PERFORMANCE REQUIREMENTS

A.  Provide assemblies, including anchorage, capable of withstanding, 
without failure, the effects of the following:

1.  Structural loads.
2.  Thermal movements.
3.  Movements of supporting structure.
4.  Dimensional tolerances of building frame and other adjacent 
construction.

B.  Failure includes the following:

1.  Deflection exceeding specified limits.
2.  Water leakage.
3.  Thermal stresses transferred to building structures.
4.  Noise or vibration created by wind and thermal and structural 
movements.
5.  Loosening or weakening of fasteners, attachments, and other 
components.
6.  Delamination of fiberglass-sandwich-panel faces from panel 
cores.

C.  Structural Loads:

1.  Wind Loads:  As indicated by structural design data on 
Drawings.
2.  Seismic Loads:  As indicated by earthquake design data on 
Drawings.
3.  Load Combinations:  Calculate according to requirements of 
applicable code indicated on Drawings.
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D.  Deflection of Assemblies:

1.  Vertical Assemblies:  Limited to 1/60 of clear span for each 
assembly component.

E.  Roof Assemblies:  Class A per ASTM E 108

F.  Thermal Movements:  Allow for thermal movements from ambient and 
surface temperature changes.  Base engineering calculation on surface 
temperatures of materials due to both solar heat gain and nighttime-sky 
heat loss.

1.  Temperature Change (Range):  120 deg F (67 deg C), ambient; 
180 deg F (100 deg C), material surfaces.

1.3   SUBMITTALS

Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Shop Drawings; G

1.  Drawings showing fabrication details, materials, dimensions, 
installation methods, anchors, and relationship to adjacent 
construction.

2.  Include structural analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation.

SD-03 Product Data

Glass-Fiber Sandwich Panels

  Manufacturer's descriptive data and catalog cuts; G

Warranty

  Manufacturer's 5 year complete warranty; G

SD-04 Samples

Standard-size samples include 14" x 28" Sandwich Panels, 5" long 
factory-finished aluminum, and opaque panel.

SD-06 Test Reports

Test Reports; G

  Certified test reports from independent testing laboratory for 
each type and class of panel system.  Reports shall verify that 
the material meets apecified performance requirements.  Previously 
completed test reports will be acceptable if they are current and 
indicative of products used on this project.  

Test reports required are:
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a.  Flame Spread and Smoke Developed (UL 723) - Submit UL Card
b.  Burn Extent ASTM D 635
c.  Color Difference ASTM D 2244
d.  Abrasion/Erosion Resistance ASTM D 4060
e.  Impact Strength (UL 972)
f.  Bond Tensile Strength ASTM C 297/C 297M after aging by 
ASTM D 1037
g.  Bond Shear Strength ASTM D 1002
h.  Beam Bending Strength ASTM E 72
i.  Insulation U-Factor (NFRC-100)
j.  NFRC System Certification
k.  Condensation Resistance Factor AAMA 1503

SD-07 Certificates

Sandwich-Panel System; G

  Manufacturer's certificate signed by installer certifying 
stating that products and installation meet or exceed specified 
requirements.  System shall be evaluated and listed (the whole 
unit, not just a glazing material in the unit) by the recognized 
building code authorities: ICC and SBCCI-Public Safety Testing and 
Evaluation Services Inc.  

Qualifications

  Documentation of manufacturer's and installer experience 
indicating compliance with specified requirements.

1.4   QUALITY ASSURANCE

a.  Provide documentation of Qualifications for the following: The 
manufacturer shall be a company specializing in the manufacture of the 
specified products with a minimum of 10 years documented experience.  
The installer shall have documented experience of 3 years minimum 
performing the work specified.

b.  Before fabrication, provide a full service in-place mock-up of unit 
complete with glass and AAMA certification label for structural 
purposes and NFRC temporary and Permanent Label for certification of 
thermal performance rating for review of panel construction and quality 
of hardware operation.  Glass and glazing shall conform to the 
applicable requirements of Section 08 51 13 ALUMINUM WINDOW INCLUDING 
GLAZING.

c.  Installer's Qualifications:  Installation shall be by an 
experienced installer, which has been in the business of installing 
specified panel systems for at least three consecutive years and can 
show evidence of satisifactory completion of projects of similar size, 
scope, and type.

d.  Preinstallation Conference:  Conduct conferrence at Project site to 
comply with requirements in Division 01 Section "Project Management and 
Coordination".

1.5   DELIVERY, STORAGE, AND HANDLING

System modules shall be factory assembled to the greatest extent possible.  
Panels shall be shipped to the jobsite in rugged shipping units and shall 
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be ready for erection.  All skylights shall have conspicuous decals affixed 
warning individuals against sitting or stepping on the units.  Skylight 
panels shall be stored on the long edge, several inches above the ground, 
blocked and under cover to prevent warping.  Deliver unit skylights in 
manufacturer's original containers, dry, undamaged, with seals and labels 
intact.  All products shall be delivered, stored and protected in 
accordance with manufacturer's recommendations.

1.6   WARRANTY

Provide to the Government the manufacturer's complete warranty for 
materials, workmanship, and installation.  The warranty shall be for 5  
years from the time of project completion and shall no be prorated.  The 
warranty shall guarantee, but shall not be limited to, the following:

a.  There is no delamination of the panel affecting appearance, 
performance, weatherability or structural integrity of the panels or 
the completed system.

b.  There is no fiberbloom on the panel face.

c.  Change in light transmission of no more than 6 percent in 
accordance with ASTM D 1003, and in color (yellowing index) no more 
than 10 points in comparison to the original specified value over a 10 
year period.

d.  Manufacturer and installer agree to repair or replace components of 
assemblies that fail in materials or workmanship within specified 
warranty period.

e.  Failures include, but are not limited to, the following:

1.  Structural failures including, but not limited, to excessive 
deflection.
2.  Deterioration of metals, metal finishes, and other material 
beyond normal weathering.
3.  Water leakage.

f.  Special Aluminum-Finish Warranty:  Manufacturer's standard form in 
which manufacturer agrees to repair or replace components on which 
finishes fail within specified warranty period.  Warranty does not 
include normal weathering.

1.  Failures include, but are not limited, checking, crazing, 
peeling, chalking, and facing of finishes.
2.  Warranty Period:  10 years from date of Substantial Completion.

PART 2   PRODUCTS

2.1   MANUFACTURERS

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

1.  Kalwall Corporation.
2.  Major Industries, Inc.
3.  Skywall Translucent Systems; Vistawall Group (The).
4.  Structures Unlimited, Inc.
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2.2   ALUMINUM FRAME SYSTEMS

A.  Aluminium:  Alloy and temper recommended in writing by manufacturer 
for type of use and finish indicated. System shall be compatible with 
operable aluminum windows, and metal infill panel.

B.  Components:  Manufacturer's standard extruded-aluminum members of 
thickness required and reinforced as required to support imposed loads.

1.  Construction:  One-piece extruded aluminum components.

C.  Exposed Flashing and Closures:  Manufacturer's standard aluminum 
components not less that 0.040 inch or 0.060 inch thick.  Closure 
system shall be extruded aluminum 6063-T6 and 6063-T5 alloy.

D.  Frame-System Gaskets:  Manufacturer's standard.

E.  Frame-System Sealants:  As recommended in writing by manufacturer.

1.  Sealants used inside the weatherproofing system shall have a 
VOC content of 250 g/L or less when calculated according to 40 CFR 
59, Subpart D (EPA Method 24).

F.  Anchors, Fasteners, and Accessories:  Manufacturer's standard, 
corrosion-resistant, nonstaining and nonbleeding; compatible with 
adjacent materials.

1.  At closures, retaining caps, or battens, use ASTM A193/A 193M, 
300 series stainless-steel screws.
2.  Where fasteners are subject to loosening or turning out from 
thermal and structural movements, wind loads, or vibration, use 
self-locking devices.
3.  At movement joints, use slip-joint linings, spacers, and 
sleeves of material and type recommended in writing by 
manufacturer.

G.  Concrete and Masonry Inserts:  Hot dip galvanized cast iron, 
malleable iron, or steel inserts complying with ASTM A 123/A 123M or 
ASTM A 153/A 153M requirements.

H.  Anchor Bolts:  ASTM A 307, Grade A (ASTM F 568M, Property Class 
4.6), hot-dip zinc coating, ASTM A 153A/ 153M, Class C mechanically 
deposited zinc coating, ASTM B 695, Class 50.

I.  Frame System Fabrication:

1.  Fabricate components before finishing.
2.  Fabricate components that, when assembled, have the following 
characteristics:

a.  Profiles that are sharp, straight, and free of defects or 
deformations.
b.  Accurately fitted joints with ends coped or mitered.
c.  Internal guttering systems or other means to drain water 
passing joints, condensation occurring within components, and 
moisture migrating within the assembly to exterior.

3.  Fabricate sill closures with weep holes and for installation 
as continuous component.
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4.  Reinforce components as required to receive fastener threads.
5.  Weld components in concealed locations to greatest extent 
possible to minimize distortion or discoloration of finish.  
Remove weld spatter and welding oxides from exposed surfaces by 
descaling or grinding.

2.3   GLASS-FIBER SANDWICH PANELS

A.  Panel Construction:  Assembly of uniformly colored, translucent, 
thermoset, fiberglass-reinforced-polymer face sheets bonded to both 
sides of a grid core and complying with requirements applicable to 
panel materials in ICBO ES AC04, "Sandwich Panels".

1.  Face-Sheet, Self-Ignition Temperature:  650 deg F or more per 
ASTM D 1929 
2.  Face-Sheet, Burning Extent:  1 inch or less per ASTM D 635.
3.  Face-Sheet, Smoke-Developed Index:  450 or less per ASTM E 84.
4.  Interior Face-Sheet, Flame-Spread Index:  Not more than 75 per 
ASTM E 84.
5.  Non-thermally broken.

B.  Panel Thickness:  2 3/4 inches.

C.  Panel U-Factor:  Not more than 0.29, measured in Btu/sq. ft. x h x 
deg F according to NFRC 100 or ASTM C 1363 using procedures described 
in ASTM C 1199 and ASTM E 1423.  

D.  Panel Strength Characteristics:

1.  Maximum Panel Deflection:  3-1/2 inches when 4-by-12 foot 
panel is tested according to ASTM E 72 at 34 lbf/ sq. ft. with a 
maximum 0.090-inch deflection after 5 minutes.
2.  Panel Support Strength:  Capable of supporting, without 
failure, a 300-lbf concentrated load when applied to a 
3-inch-diameter disk according to ASTM E 661. 

E.  Grid Core:  Mechanically interlocked extruded-aluminum I-beams, 
with a minimum flange width of 7/16 inch.

1.  Extruded Aluminum:  6063-T6 or 6005-T5, in alloy and temper 
recommended in writing by manufacturer.
2.  I-Beam Construction:  One-piece extruded-aluminum components 
no less than 7/16" wide.
3.  Grid Pattern:  As indicated on Drawings.

F.  Exterior Face Sheet:

1.  Thickness:  0.070 inches.
2.  Color:  Crystal.
3.  Color Stability:  Not mroe than 3.0 units Delta E when 
measured according to ASTM D 2244 after outdoor weathering in 
southern Florida according to procedures in ASTM D 1435 with 
panels mounted facing south and as follows: 

a.  Panel Mounting Angle:  Not more than 5 degrees from horizontal.
b.  Exposure Period:  60 months.

4.  Erosion Protection:  Integral, embedded glass erosion barrier.
5.  Impact Resistance:  No fracture or tear at impact of 70 ft x 
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lbf (95J) by a 3 1/4 inch diameter, 5-lb free-falling ball 
according to test procedure in UL 972.

G.  Interior Face Sheet:

1.  Thickness:  0.045 inch.
2.  Color:  Crystal As selected by Architect from manufacturer's 
full range.

H.  Fiberglass-Sandwich-Panel Adhesive:    

1.  Heat and pressure resin type adhesive engineered for 
structural sandwich panel use, with minimum 25-years field use.  
Adhesive shall pass testing requirements specified by the 
International Code Council "Acceptance Criteria for Sandwich Panel 
Adhesives."
2.  Minimum tensile strength of 750 PSI when the panel assembly is 
tested by ASTM C 297/C 297M after two exposures to six cycles each 
of the aging conditions prescribed by ASTM D 1037.
3.  Minimum shear strength of the panel adhesive by ASTM D 1002 
after exposure to five separate conditions:

a.  50% Relative Humidity at 73 degrees F:  540 PSI
b.  182 degrees F:  100 PSI
c.  Accelerated Aging by ASTM D 1037 at room temperature:  800 PSI
d.  Accelerated Aging by ASTM D 1037 at 182 degrees F:  250 PSI
e.  500 Hour Oxygen Bomb by ASTM D 572:  1400 PSI

I.  Panel Fabrication:  Factory assemble and seal panels.

1.  Laminate face sheets to grid core under a controlled process 
using heat and pressure to produce straight adhesive bonding lines 
that cover width of core members and that have sharp edges.

a.  White spots indicating lack of bond at intersections of 
grid-core members are limited in number to 4 for every 40 sq. ft. 
(3.7 sq. m) of panel and limited in diameter to 3/64 inch (1.2 mm).

2.  Fabricate with grid pattern that is symmetrical about 
centerlines of each panel.
3.  Fabricate panel to allow condensation within panel to escape.
4.  Reinforce panel corners.

2.3.1   WINDOWS

A.  Windows shall be designed specifically for inclusion in the translucent 
panel unit wall system and factory unitized to panels.  Refer to 
specification Section 08 51 13 "Aluminum Windows".

2.3.2   OPAQUE PANEL

Use manufacturer's standard panel integral with overall system.

PART 3   EXECUTION

3.1   EXAMINATION

Field verify all submitted opening sizes, dimensions and tolerances; 
preparation of openings shall include isolating dissimilar materials from 
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aluminum system to avoid damage by electrolysis.  The installer shall 
examine substrates at area of installation to verify readiness of site 
conditions and to notify the Contractor about any defects requiring 
correction.  Verify when structural support is ready to receive all 
specified work and to convene a pre-installation conference, if approved by 
the Contracting Officer, including the Contractor, panel installer and all 
parties directly affecting and affected by the specified work.  Do not 
commence work until conditions are satisfactory.  Do not install damaged 
components.

3.2   INSTALLATION

Install panel system in accordance with the approved shop drawings supplied 
by the manufacturer.  Fastening and sealing shall be in accordance with the 
manufacturer's shop drawings.  All panel protection shall be removed and, 
after other trades have completed work on adjacent materials, panel 
installation shall be carefully inspected and adjusted, if necessary, to 
ensure proper installation and weather-tight conditions.  All staging, 
lifts and hoists required for the complete installation and field measuring 
shall be provided.  System shall be installed clean of dirt, debris or 
staining and thoroughly examined for removal of all protective material 
prior to final inspection of the designated work area.  

A.  General:

1.  Fit joints between aluminum components to produce hairline 
joints free of burrs and distortion.
2.  Rigidly secure nonmovement joints.
3.  Install anchors with separators and isolators to prevent metal 
corrosion and electrolytic deterioration and to prevent impeding 
movement of moving joints.
4.  Weld aluminum components in concealed locations to minimize 
distortion or discoloration of finish.  Protect glazing surfaces 
from welding.
5.  Seal joints watertight, unless otherwise indicated.

B.  Metal Protection:  Where aluminum components will contact 
dissimilar materials, protect against galvanic action by painting 
contact surfaces with bituminous paint or by installing nonconductive 
spacers as recommended in writing by manufacturer for this purpose.  
Where aluminum will contact concrete or masonry, protect against 
corrosion by painting contact surfaces with bituminous paint or method 
recommended by manufacturer.

C.  Install continuous aluminum sill closure with weatherproof 
expansion joints and locked and sealed or welded corners.  Locate weep 
holes at rafters.

D.  Install components to drain water passing joints, condensation 
occurring within aluminum members and panels, and moisture migrating 
within assembly to exterior.

E.  Install components plumb and true in alignment with established 
lines and elevations.

F.  Erection Tolerances:  Install assemblies to comply with the 
following maximum tolerances:

1.  Alignment:  Limit offset from true alignment to 1/32 inch  
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where surfaces abut in line, edge to edge, at corners, or where a 
reveal or protruding element separates aligned surfaces by less 
than 3 inches; otherwise, limit offset to 1/8 inch (3.2 mm).
2.  Location and Plane:  Limit variation from true location and 
plane to 1/8 inch in 12 feet; 1/2 inch over total length.

        -- End of Section --
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SECTION 08 71 00

DOOR HARDWARE
08/08

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.

ASTM INTERNATIONAL (ASTM)

ASTM E 283 (2004) Determining the Rate of Air Leakage 
Through Exterior Windows, Curtain Walls, 
and Doors Under Specified Pressure 
Differences Across the Specimen

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

BHMA A156.1 (2006) Butts and Hinges

BHMA A156.13 (2002) Mortise Locks & Latches, Series 1000

BHMA A156.16 (2008) Auxiliary Hardware

BHMA A156.18 (2006) Materials and Finishes

BHMA A156.21 (2006) Thresholds

BHMA A156.22 (2005) Door Gasketing and Edge Seal Systems

BHMA A156.4 (2008) Door Controls - Closers

BHMA A156.6 (2001) Architectural Door Trim

BHMA A156.7 (2003) Template Hinge Dimensions

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2009; Amd 09-1 & 09-2) Life Safety Code

STEEL DOOR INSTITUTE (SDI/DOOR)

SDI/DOOR A250.8 (2003) Recommended Specification for 
Standard Steel Doors and Frames

1.2   SUBMITTALS

Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES.

SD-02 Shop Drawings

Hardware schedule; G
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Keying system

SD-03 Product Data

Hardware items; G

SD-08 Manufacturer's Instructions

Installation

SD-10 Operation and Maintenance Data

Hardware Schedule items, Data Package 1; G

Submit data package in accordance with Section 01 78 23 OPERATION 
AND CLOSEOUT DATA.

1.3   QUALITY ASSURANCE

1.5.1   Hardware Manufacturers and Modifications

Provide, as far as feasible, locks, hinges, and closers of one lock, hinge, 
 or closer manufacturer's make.  Modify hardware as necessary to provide 
features indicated or specified. Glenn Research Center locksmith will 
provide cylinder and core.

1.4   DELIVERY, STORAGE, AND HANDLING

Deliver hardware in original individual containers, complete with necessary 
appurtenances including fasteners and instructions.  Mark each individual 
container with item number as shown in hardware schedule. 

PART 2   PRODUCTS

2.1   TEMPLATE HARDWARE

Provide hardware to be applied to metal manufactured to template.  Promptly 
furnish template information or templates to door and frame manufacturers.  
Conform to BHMA A156.7 for template hinges.  Coordinate hardware items to 
prevent interference with other hardware.

2.2   HARDWARE FOR EXIT DOORS

Provide all hardware necessary to meet the requirements of NFPA 101 for 
exit doors, as well as to other requirements indicated, even if such 
hardware is not specifically mentioned under paragraph entitled "Hardware 
Schedule."  

2.3   HARDWARE ITEMS

Clearly and permanently mark with the manufacturer's name or trademark, 
hinges, locks, latches, exit devices, bolts and closers where the 
identifying mark will be visible after the item is installed.  For closers 
with covers, the name or trademark may be beneath the cover.

2.3.1   Hinges

BHMA A156.1, 4-1/2 by 4-1/2 inch stainless steel.  Construct loose pin 
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hinges for exterior doors and reverse-bevel interior doors so that pins 
will be nonremovable when door is closed.  Other antifriction bearing 
hinges may be provided in lieu of ball-bearing hinges.

2.3.2   Locks and Latches

2.3.2.1   Mortise Locks and Latches

BHMA A156.13, Series 1000, Operational Grade 1, Security Grade 2.  Provide 
mortise locks with escutcheons not less than 7 by 2-1/4 inch with a bushing 
at least 1/4 inch long.  Install knobs and roses of mortise locks with 
screwless shanks and no exposed screws.

2.3.2.2   Push Plate

BHMA A156.6, J301, 0.050 inch thick stainless steel, 2.3.2 Door Pull with 
Plate, BHMA A156.6, J405 $ J401, stainless steel.

2.3.3   Cylinders and Cores

Provide cylinders and cores for new locks, including locks provided under 
other sections of this specification.  Provide cylinders and cores with 
seven pin tumblers.  Provide cylinders from products of one manufacturer, 
and provide cores from the products of one manufacturer.  Mortise cylinders 
have interchangeable cores which are removable by special control keys.  
Stamp each interchangeable core with a key control symbol in a concealed 
place on the core.

Provide cylinders for new locks, including locks provided under other 
sections of this specification.  Provide fully compatible cylinders with 
products of the Best Lock Corporation with interchangeable cores which are 
removable by a special control key.  Factory set the cores with seven pin 
tumblers using the A4 system and F keyway.  Submit a core code sheet with 
the cores.  Provide master keyed cores in one system for this project.  
Provide construction interchangeable cores.

2.3.4   Keying System

Provide construction interchangeable cores.

2.3.5   Lock Trim

Cast, forged, or heavy wrought construction and commercial plain design.

2.3.5.1   Lever Handles

Provide lever handles in lieu of knobs.  Conform to the minimum 
requirements of BHMA A156.13 for mortise locks of lever handles for exit 
devices.  Provide lever handle locks with a breakaway feature (such as a 
weakened spindle or a shear key) to prevent irreparable damage to the lock 
when force in excess of that specified in BHMA A156.13 is applied to the 
lever handle.  Provide lever handles return to within 1/2 inch of the door 
face.

2.3.5.2   Texture

Provide knurled or abrasive coated knobs or lever handles for doors which 
are accessible to blind persons and which lead to dangerous areas.
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2.3.6   Keys

Furnish one file key, one duplicate key, and one working key for each key 
change and for each master keying system.  Furnish one additional working 
key for each lock of each keyed-alike group.  Furnish construction master 
keys, and two control keys for removable cores.  Stamp each key with 
appropriate key control symbol and "U.S. property - Do not duplicate."  Do 
not place room number on keys.

2.3.7   Closers

BHMA A156.4, Series C02000, Grade 1, with PT 4C.  Provide with brackets, 
arms, mounting devices, fasteners, full size covers, and other features 
necessary for the particular application.  Size closers in accordance with 
manufacturer's recommendations.  Provide manufacturer's 10 year warranty.

2.3.7.1   Identification Marking

Engrave each closer with manufacturer's name or trademark, date of 
manufacture, and manufacturer's size designation located to be visible 
after installation.

2.3.8   Door Protection Plates (Interior Face Only)

BHMA A156.6.

2.3.8.1   Sizes of Kick Plates

Width shall be 2 inches less than door width for single doors.  Provide 10 
inch kick plates for flush doors.

2.3.9   Silencers

BHMA A156.16.  Silencers Type L03011.  Provide three silencers for each 
single door.

2.3.10   Thresholds

BHMA A156.21.  Use J12130, fluted for exterior doors opening out, unless 
specified otherwise.

2.3.11   Weather Stripping Gasketing

BHMA A156.22.  Provide the type and function designation where specified in 
paragraph entitled "Hardware Schedule".  Provide a set to include head and 
jamb seals.  Air leakage of weather stripped doors not to exceed  1.25 
cubic feet per minute of air per square foot of door area when tested in 
accordance with ASTM E 283.  Provide weather stripping with one of the 
following:

2.3.11.1   Extruded Aluminum Retainers

Extruded aluminum retainers not less than 0.050 inch wall thickness with 
vinyl, neoprene, silicone rubber, or polyurethane inserts.  Provide  clear 
(natural) anodized aluminum.

2.3.11.2   Spring Tension Type

Spring bronze or stainless steel not less than 0.008 inch thick.
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2.3.12   Rain Drip

Extruded aluminum, not less than 0.08 inch thick, clear anodized.  Set 
drips in sealant and fasten with stainless steel screws.

2.3.12.1   Overhead Rain Drip

Approximately 1-1/2 inch high by 2-1/2 inch projection, with length equal 
to overall width of door frame.  Align bottom with door frame rabbet.

2.3.13   Special Tools

Provide special tools, such as spanner and socket wrenches and dogging 
keys, required to service and adjust hardware items.

2.4   FASTENERS

Provide fasteners of proper type, quality, size, quantity, and finish with 
hardware.  Provide stainless steel or nonferrous metal fasteners that are 
exposed to weather.  Provide fasteners of type necessary to accomplish a 
permanent installation.

2.5   FINISHES

BHMA A156.18.  Provide hardware in BHMA 630 finish (satin stainless steel), 
unless specified otherwise.  Provide items not manufactured in stainless 
steel in BHMA 626 finish (satin chromium plated) over brass or bronze, 
except aluminum paint finish for surface door closers.  Provide hinges for 
exterior doors in stainless steel with BHMA 630 finish or chromium plated 
brass or bronze with BHMA 626 finish.  Furnish exit devices in BHMA 626 
finish in lieu of BHMA 630 finish.  Match exposed parts of concealed 
closers to lock and door trim.  

PART 3   EXECUTION

3.1   INSTALLATION

Install hardware in accordance with manufacturers' printed installation 
instructions. Fasten hardware to wood surfaces with full-threaded wood 
screws or sheet metal screws.  Provide machine screws set in expansion 
shields for fastening hardware to solid concrete and masonry surfaces.  
Provide toggle bolts where required for fastening to hollow core 
construction.  Provide through bolts where necessary for satisfactory 
installation.

3.1.1   Weather Stripping Installation

Handle and install weather stripping to prevent damage.  Provide full 
contact, weather-tight seals.  Operate doors without binding.

3.1.1.1   Stop-Applied Weather Stripping

Fasten in place with color-matched sheet metal screws not more than  9 inch 
on center after doors and frames have been finish painted.

3.1.1.2   Spring Tension Type Weather Stripping

Provide spring tension type on heads and jambs.  Provide bronze nails with 
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bronze, stainless steel nails with stainless steel.  Space nails not more 
than 1-1/2 inch on center.

3.1.2   Threshold Installation

Extend thresholds the full width of the opening and notch end for jamb 
stops.  Set thresholds in a full bed of sealant and anchor to floor with 
cadmium-plated, countersunk, steel screws in expansion sleeves.

3.2   EXIT DOORS

Install hardware in accordance with NFPA 101 for exit doors.

3.3   HARDWARE LOCATIONS

SDI/DOOR A250.8, unless indicated or specified otherwise.

a.  Kick Plates:  Push side of single-acting doors.  

3.4   FIELD QUALITY CONTROL

After installation, protect hardware from paint, stains, blemishes, and 
other damage until acceptance of work.  Submit notice of testing 15 days 
before scheduled, so that testing can be witnessed by the Contracting 
Officer.  Adjust hinges, locks, latches, bolts, holders, closers, and other 
items to operate properly.  Correct, repair, and finish, as directed, 
errors in cutting and fitting and damage to adjoining work.

3.5   HARDWARE SETS

Hardware #1
(1 1/2) Pair Hinges
F04 Mortise Lockset (Entry)
Closer with Stop
Weatherstripping
Threshold
Door Overhead rain drip

        -- End of Section --
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SECTION 08 91 00

METAL WALL LOUVERS
08/08

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 500-D (1998) Laboratory Methods of Testing 
Dampers for Rating

AMCA 511 (1999; R 2004) Certified Ratings Program 
for Air Control Devices

AMERICAN ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA)

AAMA 2604 (2005) Voluntary Specification, 
Performance Requirements and Test 
Procedures for High Performance Organic 
Coatings on Aluminum Extrusions and Panels

AAMA 2605 (2005) Voluntary Specification, 
Performance Requirements and Test 
Procedures for Superior Performing Organic 
Coatings on Aluminum Extrusions and Panels

ASTM INTERNATIONAL (ASTM)

ASTM B 209 (2007) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM B 221 (2008) Standard Specification for Aluminum 
and Aluminum-Alloy Extruded Bars, Rods, 
Wire, Profiles, and Tubes

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.  The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Wall louvers

SD-03 Product Data

Metal Wall Louvers
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SD-04 Samples

Wall louvers; G

1.3   DELIVERY, STORAGE, AND PROTECTION

Deliver materials to the site in an undamaged condition.  Carefully store 
materials off the ground to provide proper ventilation, drainage, and 
protection against dampness.  Louvers shall be free from nicks, scratches, 
and blemishes.  Replace defective or damaged materials with new.

1.4   DETAIL DRAWINGS

Show all information necessary for fabrication and installation of wall 
louvers. Indicate materials, sizes, thicknesses, fastenings, and profiles.

1.5   COLOR SAMPLES

Colors of finishes for wall louvers and door louvers shall closely 
approximate colors indicated.  Where color is not indicated, submit the 
manufacturer's standard colors to the Contracting Officer for selection.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Aluminum Sheet

ASTM B 209, alloy 3003 or 5005 with temper as required for forming.

2.1.2   Extruded Aluminum

ASTM B 221, alloy 6063-T5 or -T52.

2.2   METAL WALL LOUVERS

Weather resistant type, 4" deep drainable with bird screens and made to 
withstand a wind load of not less than 30 pounds per square foot.  Wall 
louvers shall bear the AMCA certified ratings program seal for air 
performance and water penetration in accordance with AMCA 500-D and AMCA 511.  
The rating shall show a water penetration of 0.20 or less ounce per square 
foot of free area at a free velocity of 1000 feet per minute. Equivilant 
free area shall be minimum 52% for 4 foot x 4 foot panel.

2.2.1   Extruded Aluminum Louvers

Fabricated of extruded 6063-T6  aluminum with a wall thickness of not less 
than 0.081 inch.

2.2.2   Mullions (Frame System)

Same material and finish as louvers.  Provide mullions where indicated.  
Provide mullions that cover both faces of joints between louvers.

2.2.3   Screens and Frames

For aluminum louvers, provide flat expanded 3/4 inch square mesh, aluminum 
bird screening.  Mount screens in removable, rewirable frames of same 
material and finish as the louvers.
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2.3   FASTENERS AND ACCESSORIES

Provide stainless steel screws and fasteners for aluminum. Provide other 
accessories as required for complete and proper installation.

2.4   FINISHES

2.4.1   Aluminum

Exposed aluminum surfaces shall be factory finished with a high performance 
coating.  Color shall be silver mica.  Louvers shall have the same finish.

2.4.1.1   Organic Coating

Clean and prime exposed aluminum surfaces.  Provide a high-performance 
finish in accordance with AAMA 2604AAMA 2605 with total dry film thickness 
of not less than 1.2 mil, color silver mica.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Wall Louvers

Install using stops or moldings, flanges, strap anchors, or jamb fasteners 
as appropriate for the wall construction and in accordance with 
manufacturer's recommendations.

3.1.2   Screens and Frames

Attach frames to louvers with screws or bolts.

3.2   PROTECTION FROM CONTACT OF DISSIMILAR MATERIALS

3.2.1   Aluminum

Where aluminum contacts metal other than zinc, paint the dissimilar metal 
with a primer and two coats of aluminum paint.

3.2.2   Wood

Paint wood or other absorptive materials that may become repeatedly wet and 
in contact with metal with two coats of aluminum paint or a coat of 
heavy-bodied bituminous paint.

        -- End of Section --
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SECTION 09 90 00.00 98

PAINTING AND COATING
03/08

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.  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

Manufacturer's catalog data shall be submitted for the following 
items.  Data shall include detailed analysis of each coating 
material required, with constituents measured as percentages of 
the total weight of coating.

Inhibitive Metal Primer, G
Pigmented Sealer, G
Latex Block Filler, G
Alkali Resistant Primer, G
Enamel Undercoat, G
Exterior Wood Primer, G
Acrylic Latex, G
Acrylic Epoxy, G

SD-04 Samples

Manufacturer's Standard Color Charts shall be submitted in 
accordance with paragraph entitled, "Manufacturer's and 
Materials," of this section.

SD-07 Certificates

A Safety Plan shall be submitted in accordance with paragraph 
entitled, "General," of this section.

SD-08 Manufacturer's Instructions

Manufacturer's instructions shall be submitted for architectural 
coatings including details of thinning, mixing, handling, and 
application, in accordance with paragraph entitled, "General," of 
this section.

1.2   CONTRACTOR PERSONNEL QUALIFICATION

Personnel assigned to the work shall be certified by the Contractor to have 
had adequate previous experience in the successful application of paints 
and coatings similar to those specified.

1.3   DELIVERY, HANDLING, AND STORAGE

Materials shall be delivered in their original, unbroken containers bearing 
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the manufacturer's name and product identification.  Containers breached by 
rough handling shall be removed from the site, together with their contents.

Paint materials, thinners, and cleaners shall be stored in tightly closed 
containers in a covered, well-ventilated area where they will not be 
exposed to excessive heat, sparks, flame, or direct sunlight.  Water-based 
materials shall be protected against freezing.

PART 2   PRODUCTS

2.1   MANUFACTURER'S AND MATERIALS

Manufacturer's Standard Color Charts shall be submitted showing 
manufacturer's recommended finish colors.  Three color chips of each color 
and gloss scheduled shall also be submitted.

The following are suggested paint manufacturers and their products.  Other 
paint manufacturers' products of equal quality will be considered when 
submitted and approved by the Contracting Officer.

2.1.1   EXTERIOR PAINTING SCHEDULE

Metal - Ferrous (Semi-Gloss): (Alkyd Acrylic System).

1.   Primer:  MPI Product Number 79.   Primer, Alkyd,
     Anti-Corrosive for Metal.
2.   Finish Coats: MPI Product 153.  100 percent Acrylic,
     Waterborne, Semi-Gloss (30-40 units at 60 degrees F.), 3.0
     mils DFT/coat.
3.   Surfaces: Miscellaneous ferrous metal.
4.   Sherwin Williams:  Primer, Kem Kromik; Top-Coat, DTM
     Semi-Gloss.
5.   Benjamin Moore: Primer, Industrial Alkyd Metal Primer;
     Top-Coat, Industrial Maint. Coating D.T.M. 
6.   CI: Primer, Devguard; Top-Coat, Dulux.

Metal - Galvanized (Semi-Gloss): (Acrylic Latex System), similar to MPI 
EXT 5.3H.

1.   Primer Coat: MPI Product Number 134.
2.   Finish Coats: MPI Product Number 11.  Latex Exterior 
     Semi-Gloss (30-40 units at 60 degrees F.), 3.0 mils DFT/coat.
3.   Surfaces: Exterior lintels.
4.   Sherwin Williams: Primer, DTM Acrylic Primer/Finish;
     Top-Coat, A100 Gloss.
5.   PPG: Primer, Interior/Exterior WB Industrial Primer;
     Top-Coat, S/G Latex House Paint.
6.   ICI: Primer, Devflex WB DTM Primer Finish; Top-Coat,
     Ultra-Hide.

Metal - Heat Resistant: (Maximum Temperature 1,000 degrees F.) (VOC 
650), similar to MPI #22.

1.   Primer: Silicone Alkyd, .75 mils DFT/coat.
2.   Finish Coats: Silicone Alkyd, Aluminum Bright, .75 - 1.0 mils
     DFT/coat.
3.   Surfaces: Stacks with temperature above 200 degrees F.
4.   Sherwin Williams: Kem Hi-Temp 1200
5.   PPG: Amercoat 878
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6.   ICI: Hi-Heat Silicone Coating"

2.1.2   INTERIOR PAINTING SCHEDULE

Concrete Surfaces (Gloss): (Epoxy System), similar to MPI Product 
Number 31.

1.   Primer: Per manufacturer's recommendation.
2.   Finish Coats: Epoxy (Gloss) 2.5 - 3.0 mils DFT/coat.
3.   Surfaces: Floors, stairs, striping on floors.
4.   Sherwin Williams; Armorseal Rexthane
5.   Benjamin Moore; Moisture Cured Urethane
6.   ICI; Armabrite

Concrete Masonry Surfaces (Semi-Gloss): (Vinyl Acrylic Latex System), 
similar to MPI INT 4.2E.

1.   Primer: MPI Product Number 4, Vinyl Acrylic Block Filler.
2.   Finish Coats: MPI Product Number 147, Vinyl Acrylic
     Semi-Gloss Enamel (25-35 units at 60 degrees F.), 1.5 
     DFT/coat.
3.   Surfaces: New masonry walls, graphics (do not use in high 
     humidity areas).
4.   Sherwin Williams; Primer: PrepRite Block Filler, Topcoat:
     Harmony Semi Gloss
5.   PPG; Primer: Speedhide, Topcoat: Pure Performance
6.   ICI; Devoe Coating Bloxfil Acrylic Block Filler, Topcoat:
     Dulux Lifemaster

Metal - Ferrous (Semi-Gloss): (Alkyd Enamel System, Maximum VOC content 
450 grams/liter), similar to MPI INT 5.1E.

1.   Primer: MPI Product Number 79, Primer, Alkyd, Anti-Corrosive
     for Metal, 3 mils DFT/coat
2.   Finish Coats: MPI Product Number 47, Alkyd Enamel, Semi-Gloss
     (40-50 units at 60 degrees F.), 3.0 mils DFT/coat.
3.   Surfaces: Hollow metal doors, frames, door mullions,
     railings, ferrous metal surfaces.
4.   Sherwin Williams; Primer:Kem Kromik, Top-Coat: ProMar 200
     Alkyd Semi-Gloss.
5.   Benjamin Moore; Primer: Industrial Alkyd Metal Primer,
     Top-Coat: Architectural Coatings Satin Impervo Finish Enamel.
6.   ICI; Primer Devguard, Top-Coat: Dulux Ultra

Metal - Galvanized: (Primer, Galvanized , Water Based), similar to MPI 
INT 5.3J.

1.   Primer: MPI Product Number 134.
2.   Finish Coats: Corresponding to surrounding Top-Coat.
3.   Sherwin Williams: DTM Acrylic Primer/Finish.
4.   PPG: Int/Ext WB Industrial Primer.
5.   ICI: Devflex WB DTM Primer Finish.

Wood - Painted (Semi-Gloss): (Latex System), similar to MPI INT 6.3U.

1.   Primer: MPI Product 45.  Pigmented Interior Modified Alkyd 
     Primer, 2 mils DFT/coat.
2.   Finish Coats: MPI Product Number 54.  Acrylic Semi-Gloss
     Enamel (35-45 units at 60 degrees F.), 2.5 - 2.8 mils
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     DFT/coat.
3.   Surfaces: Wood trim.
4.   Sherwin Williams: Primer, Prep Rite Wall & Wood, Top-Coat:
     Proclassic Waterborne Semi-Gloss.
5.   PPG: Primer, Seal Grip; Top Coat, Speedhide.
6.   ICI: Primer, Glidden Prime Coat; Top-Coat, Ultra-Hide S.G.
     Wall and Trim Enamel

Exposed Structure - Ferrous (Flat): (Waterborne), similar to MPI INT 
5.1C.

1.   Primer; MPI Product Number 79.
2.   Finish Coats: MPI Product Number 118.  Acrylic Waterborne
     (white) flat (0-10 units at 60 degrees F.), 1 mil DFT/coat.
3.   Surfaces: Exposed metal decking, trusses, structural steel,
     metal joists.
4.   Sherwin Williams: Primer, Kem Kromik; Top Coat, Waterborne
     Acrylic Dryfall.
5.   Benjamin Moore: Industrial, Alkyd Metal Primer; Top Coat
     MooreSpec Latex D.T.M. Dryfall Coating.
6.   ICI: Primer, Devguard; Top Coat, Spraymaster Aquacrylic
     Dryfall Flat.

Exposed Structure - Galvanized (Flat): (Waterborne), similar to MPI INT 
5.3H.

1.   Finish Coats: Acrylic Waterborne (white) flat (0-10 units at
     60 degrees F.), 1 mil DFT/coat.
2.   Surfaces: Exposed metal decking, trusses, structural steel.
3.   Sherwin Williams: Primer, Galvite HS; Top Coat, Waterborne
     Acrylic Dryfall.
4.   ICI: ICI Spraymaster Unigrip Acrylic Dryfall Flat
5.   Benjamin Moore:  Industrial Maint. Coating Sweep Up Spray 
     latex Flat

PART 3   EXECUTION

3.1   GENERAL

A Safety Plan shall be submitted for architectural coating systems in 
accordance with OSHA regulations.

Manufacturer's recommendations for surface preparation, thinning, mixing, 
handling, and application shall be considered a part of this specification.

3.2   PROTECTION OF FACILITIES

Contractor shall remove and reinstall or provide acceptable protection for 
hardware, accessories, lighting and electrical components, factory-finished 
materials, plumbing fixtures and fittings, and any other materials that may 
become splattered or damaged by the painting work.

3.3   SURFACE PREPARATION

3.3.1   General Requirements

Surfaces shall be clean, dry, and free from contaminants and foreign 
matter.  Mildew and chalking shall be removed and the surface thoroughly 
sterilized.  Chipped, peeling, or blistered paint shall be removed and the 
surface spot primed.  Hard glossy surfaces shall be dulled and roughened to 
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ensure proper adhesion.

3.3.2   Ferrous Metal

Surfaces shall be free from dirt, oil, grease, wax, and other contaminants. 
Heavy rust and loose mill scale shall be removed by hand, power tool, or 
blast cleaning.

3.3.3   Galvanized Steel

Surfaces shall be cleaned of all contaminants using a solvent such as 
lacquer thinner or xylol.

After cleaning, the surface shall be etched with a phosporic acid 
pre-treatment solution.

3.3.4   Aluminum

Surfaces shall be clean, dry, and free from oil and grease.  Oxide film and 
corrosion shall be removed by hand or power tool cleaning.

3.3.5   Wood

Surfaces shall be clean, dry, smooth, and free from oil, grease, and dirt. 
Knots shall be sealed with a mixture of equal parts of shellac and alcohol. 
Nail holes, cracks, and other defects shall be filled with plastic wood or 
putty.  Concealed surfaces shall be back-primed before installation.

3.3.6   Masonry

Surfaces shall be free from dirt, oil, grease, wax, form-release compounds, 
laitance, and other contaminants.  Cracks, voids, and other major surface 
imperfections shall be filled with mortar.

3.4   MIXING AND APPLICATION

3.4.1   General Procedures

No exterior painting shall be allowed in rainy weather or when rain is 
imminent.  No paints or coatings shall be applied when the temperature or 
humidity is outside the limits recommended by the manufacturer.

Paints and coatings shall be applied by brush, roller, or airless spray.

Each coat of material applied shall be free from runs, sags, bubbles, 
foreign contaminants, variations in color, gloss, and texture, dry 
overspray, brush and roller marks, holidays (missed areas), or other 
evidence of poor application.

Paints and coatings shall be thoroughly worked into corners and crevices.

Newly painted surfaces shall be adequately protected from damage.

3.4.2   Procedures

There shall be at least three coats of paint (primer and two finish coats) 
applied in accordance with the manufacturer's instructions, unless 
otherwise noted.
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Coatings shall be applied as follows:

Material shall be thoroughly stirred to produce a uniform mixture.

Material shall be thinned for workability and improved spray 
characteristics, but only according to the manufacturer's instructions.

Each coat shall be applied uniformly at the minimum wet-film thickness 
specified by the manufacturer.

Special attention shall be given when coating sharp edges, corners, and 
crevices to ensure complete coverage.

Finish coats shall show good hiding characteristics and uniform 
appearance.

3.5   ACCEPTANCE PROVISIONS

3.5.1   Inspection

Contractor shall provide qualified personnel for inspection of his work to 
ensure that the requirements of this section have been fulfilled.

3.5.2   Correction

Spot-painting to correct damaged surfaces will be allowed only when touchup 
area blends into the surrounding finish.  Otherwise, the entire area shall 
be recoated.  Touchup shall be accomplished using the same method of 
application as was used to apply the original material.

3.6   PROTECTION

"WET PAINT" signs shall be posted to indicate newly painted surfaces.

        -- End of Section --
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SECTION 21 13 00.98

FIRE SPRINKLER SYSTEMS
04/10

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this section to the extent 
referenced:

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 317 (1992) Manual of Steel Construction, 
Volume II, Connections

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A112.18.1M (2005) Plumbing Fixture Fittings

AMERICAN WATER WORKS ASSOCIATION(AWWA)

AWWA C510 (2007) Double Check Valve Backflow 
Prevention Assembly

ASME INTERNATIONAL (ASME)

ASME B16.34 (2009) Valves - Flanged, Threaded and 
Welding End

ASME B16.4 (2006) Standard for Gray Iron Threaded 
Fittings; Classes 125 and 250

ASME B31.1 (2007; Addenda a-2008) Power Piping

ASTM INTERNATIONAL (ASTM)

ASTM A 126/A 126M (2004) Standard Specification for Gray 
Iron Castings for Valves, Flanges, and 
Pipe Fittings

ASTM A 135 (2009) Electric-Resistance-Welded Steel 
Pipe

ASTM A 135/A 135M (2009) Standard Specification for 
Electric-Resistance-Welded Steel Pipe

ASTM A 183 (2003; R 2009) Standard Specification for 
Carbon Steel Track Bolts and Nuts

ASTM A 307 (2007b) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A 53 (2007) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless
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ASTM A 536 (1984; R 2009) Standard Specification for 
Ductile Iron Castings

ASTM A 563 (2007a) Standard Specification for Carbon 
and Alloy Steel Nuts

ASTM B 370 (2009) Standard Specification for Copper 
Sheet and Strip for Building Construction

ASTM A 795 (2008) Standard Specification for Black 
and Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for Fire 
Protection Use

ASTM C 592 (2008a) Standard Specification for Mineral 
Fiber Blanket Insulation and Blanket-Type 
Pipe Insulation (Metal-Mesh Covered) 
(Industrial Type)

ASTM C 920 (2008) Standard Specification for 
Elastomeric Joint Sealants

ASTM E 814 (2009) Fire Tests of Through-Penetration 
Fire Stops

FM GLOBAL (FM)

FM P7825 (2005) Approval Guide

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 101 (2009; Amd 09-1 & 09-2) Life Safety Code

NFPA 13 (2010) Standard for the Installation of 
Sprinkler Systems

NFPA 13E (2010) Fire Department Operations in 
Properties Protected by Sprinkler and 
Standpipe Systems

NFPA 14 (2010) Installation of Standpipe, Private 
Hydrants and Hose Systems

NFPA 24 (2010) Standard for the Installation of 
Private Fire Service Mains and Their 
Appurtenances

NFPA 70 (2008; AMD 1 2008) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 6 (2007) Electrical Rigid Metal Conduit-Steel
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UL Bld Mat Dir (2009) Building Materials Directory

UL Fire Prot Dir (2009) Fire Protection Equipment Directory

 1.2   GENERAL REQUIREMENTS

Section 23 00 00.00 98, "General Mechanical Provisions," applies to work 
specified in this section.  Design Analysis and Hydraulic Calculations and 
installation shall be in accordance with NFPA 13.

1.2   SYSTEM DESCRIPTION

Furnish piping offsets, fittings, and any other accessories as required to 
provide a complete installation and to eliminate interference with other 
construction.  Install sprinkler system over and under ducts, piping and 
platforms when such equipment can negatively effect or disrupt the 
sprinkler discharge pattern and coverage.  Provide wet pipe sprinkler 
system in all areas of the building.  Except as modified herein, the system 
shall be designed and installed in accordance with NFPA 13.  Design all 
portions of the sprinkler system including locating sprinklers, piping and 
equipment, and size piping and equipment.  The design of the sprinkler 
system shall be based on hydraulic calculations, and the other provisions 
specified herein.

1.2.1   Hydraulic Design

Hydraulically design the system to discharge a minimum density of 0.2 
gpm/square foot over the hydraulically most demanding 1,500 square feet of 
floor area.  The minimum pipe size for branch lines in gridded systems 
shall be 1-1/4 inch.  Hydraulic calculations shall be in accordance with 
the Area/Density Method of NFPA 13.

1.2.1.1   Hose Demand

Add an allowance for exterior hose streams of 250 gpm to the sprinkler 
system demand at the fire hydrant shown on the drawings closest to the 
point where the water service enters the building.

1.2.1.2   Basis for Calculations

The design of the system shall be based upon a water supply with a static 
pressure of 54, and a flow of 1093 at a residual pressure of 50.  Water 
supply shall be presumed available at the point of connection to existing.  
Hydraulic calculations shall be based upon the Hazen-Williams formula with 
a "C" value of 120 for steel piping, 150 for copper tubing, 140 for new 
cement-lined ductile-iron piping, and 100 for existing underground piping.

1.2.1.3   Hydraulic Calculations

Prepare hydraulic calculations as outlined in NFPA 13, except that 
calculations shall be performed by computer using software intended 
specifically for fire protection system design using the design data shown 
on the drawings.  Software that uses k-factors for typical branch lines is 
not acceptable.  Calculations shall be based on the water supply data shown 
on the drawings to substantiate that the design area used in the 
calculations is the most demanding hydraulically.  Water supply curves and 
system requirements shall be plotted on semi-logarithmic graph paper so as 
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to present a summary of the complete hydraulic calculation.  Provide a 
summary sheet listing sprinklers in the design area and their respective 
hydraulic reference points, elevations, actual discharge pressures and 
actual flows.  Elevations of hydraulic reference points (nodes) shall be 
indicated.  Documentation shall identify each pipe individually and the 
nodes connected thereto.  Indicate the diameter, length, flow, velocity, 
friction loss, number and type fittings, total friction loss in the pipe, 
equivalent pipe length and Hazen-Williams coefficient for each pipe.  For 
gridded systems, calculations shall show peaking of demand area friction 
loss to verify that the hydraulically most demanding area is being used.  
Also for gridded systems, a flow diagram indicating the quantity and 
direction of flows shall be included.  A drawing showing hydraulic 
reference points (nodes) and pipe designations used in the calculations 
shall be included and shall be independent of shop drawings.

1.3.2   Sprinkler Coverage

Sprinklers shall be uniformly spaced on branch lines.  In buildings 
protected by automatic sprinklers, sprinklers shall provide coverage 
throughout 100 percent of the building.  This includes, but is not limited 
to, telephone rooms, electrical equipment rooms, boiler rooms, switchgear 
rooms, transformer rooms, and other electrical and mechanical spaces.  
Coverage per sprinkler shall be in accordance with NFPA 13, but shall not 
exceed 100 square feet for extra hazard occupancies,  130 square feet for 
ordinary hazard occupancies, and 225 square feet for light hazard 
occupancies.  Exceptions are as follows:

b.  Sprinklers may be omitted from small rooms which are exempted for 
specific occupancies in accordance with NFPA 101.

1.3   SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00, 
"Submittal Procedures," in sufficient detail to show full compliance with 
the specification:

SD-02 Shop Drawings

Connection diagrams shall be submitted indicating the relations 
and connections of the following items.  Drawings shall indicate 
the general physical layout of all controls, and internal tubing 
and wiring details.

Piping Materials
Supporting Elements
Fire-Department Connections
Fire Alarm System
Sprinkler Heads (including the unique identification number)
Valves

As-Built Drawings

As-Built shop drawings shall be provided after completion of Final Tests.  
The sprinkler system drawings shall be updated to reflect as-built 
conditions after all related work is completed.  Drawings shall be in 
AutoCAD 2008 format.

SD-03 Product Data
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Manufacturer's catalog data shall be submitted for the following 
items in sufficient detail and scope to verify compliance with the 
requirements of the contract documents.

Piping Materials
Valves
Fire-Department Connections
Riser Alarm Equipment
Accessories
Sprinkler Heads
Miscellaneous Materials
Supporting Elements

Equipment and Performance Data shall be submitted.

SD-05 Design Data

Design Analysis and Hydraulic Calculations shall be submitted, 
along with shop drawings showing hydraulic reference points.

SD-06 Test Reports

Test reports shall be submitted for the following tests in 
accordance with the paragraph entitled, "System Testing," of this 
section.

Pressure Tests
System Operating Tests

SD-10 Operation and Maintenance Data

Operating and Maintenance Instructions

(1) One hard copy of the Operating and Maintenance Manual and (1) 
one electronic copy (pdf format on CD) of the manual.  The manual 
shall list step by step procedures required for system start-up, 
operation and shutdown and routine maintenance and troubleshooting.

1.4   FIRE SPRINKLER SYSTEM DESIGNER QUALIFICATIONS

The fire sprinkler system designer shall be a NICET Lever IV Fire Sprinkler 
Systems certified designer or Licensed Professional Engineer with a minimum 
of 5 years of experience, or a State of Ohio certified sprinkler system 
designer with a minimum of 10 years of experience.  The fire sprinkler 
designer shall be certified by the State of Ohio and shall be regularly 
engaged in the design and installation of the type and complexity of 
systems specified.

The above sprinkler designer shall be responsible for designing and 
reviewing NASA project drawing or contractor shop drawings and submittals 
during construction and shall accept the final installation of the system 
as the Engineer of Record.  Field visits during construction will be 
necessary to verify the installation of the sprinkler system as designed.

1.5   FIRE SPRINKLER SYSTEM INSTALLATION CONTRACTOR QUALIFICATIONS

The fire sprinkler contractor, licensed by the State of Ohio, shall 
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supervise the installation and testing of the fire sprinkler system at the 
site.  The licensed fire sprinkler contractor shall have conducted 
installation and testing of not less that five projects of comparable size 
and complexity.

All workers installing any component of the sprinkler system described in 
this section shall be certified by the State of Ohio and shall carry 
identification cards on their persons at all times while working at the 
Glenn Research Center.

1.6   COORDINATION OF TRADES

Piping offsets, fittings, and any other accessories required shall be 
furnished as required to provide a complete installation and to eliminate 
interference with other construction.  Sprinkler shall be installed over 
and under ducts, piping and platforms when such equipment can negatively 
effect or disrupt the sprinkler discharge pattern and coverage.

1.7   FIELD MEASUREMENTS

The Contractor shall become familiar with all details of the work, verify 
all dimensions in the field and shall advise the Contracting Officer's 
Technical Representative (COTR) of any discrepancy before performing the 
work.

PART 2   PRODUCTS

2.1   GENERAL

Fire-protection system materials and equipment provided under this section 
shall conform to the requirements of the current (UL) Underwriters 
Laboratories UL Fire Prot Dir, UL Bld Mat Dir and the Factory Mutual 
FM P7825 Approval Guide.

Products with UL label or seal or listing in UL 6, and products with FM 
label or listed in the FM P7825 Approval Guide are acceptable 
fire-protection system materials and equipment.

Equipment and Performance Data shall be submitted for fire protection 
sprinkler systems consisting of information on use life, system functional 
flows, safety features, and mechanical automated details.

2.2   ABOVEGROUND PIPING MATERIALS

2.2.1   Type BCS - Black Carbon Steel, Including Galvanized

Pipe 1/4 through 2 inches:  Schedule 40 seamless or electric resistance 
welded black-carbon steel conforming to ASTM A 53 or ASTM A 135/A 135M, 
Type S, Grade B or ASTM A 795, Type S or Type E.

Pipe 2 1/2 through 8 inches: Schedule 40 seamless or electric-resistance 
welded black carbon steel, conforming to ASTM A 53 or ASTM A 135, Type E 
(electric-resistance welded), Grade B, or Type S (seamless), Grade B; or 
Schedule 10 conforming to ASTM A 135, Grade B or ASTM A 795, Type E or Type 
S.

Fittings 2 inches and under : 175-psig working pressure, cast iron, 
screwed, conforming to ASTM A 126/A 126M, Class A, and ASME B16.4
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Fittings 2-1/2 inches and above:  Couplings shall be rolled-groove type.  
Grooves for rolled-groove type shall be rolled only; cut grooving will not 
be allowed.  Rolled grooves shall be dimensionally compatible with the 
couplings.

Grooved joints and fittings shall be designed for not less than 175 psi 
service and shall be the product of the same manufacturer; segmented welded 
fittings shall not be used.  Fitting and coupling houses shall be ductile 
iron conforming to ASTM A 536, Grade 65-45-12.  Gasket shall be the flush 
type that fills the entire cavity between the fitting and the pipe.  Nuts 
and bolts shall be heat-treated steel conforming to ASTM A 183 and shall be 
zinc electroplated.

2.3   SUPPORTING ELEMENTS

Piping system components and miscellaneous supporting elements shall be 
provided, 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. 
Supporting elements shall be suitable for stresses imposed by systems 
pressures and temperatures, natural, and other external forces.

Supporting elements shall be FM approved or UL listed and shall conform 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

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

Cast-in floor-mounted equipment-anchor devices shall provide adjustable 
positions.

Powder-actuated anchoring devices shall not be used to support 
mechanical-systems components.

2.3.1.2   Beam Clamps

Beam clamps shall be center-loading, UL listed, cataloged, and load-rated 
commercially manufactured products:

Type 20 Side Beam or Channel Clamp shall be used for pipe 2 inches and 
under.

Type 21 Center Beam Clamp:  For attaching to center of bottom flange of 
beams.

Type 25  Top Beam Clamp shall be used for pipe 2 inched and under.

Type 28  Steel Beam Clamp with eye Nut:  For attaching to bottom of steel 
I-beams for heavy loads.
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Type 29  Linked Steel Clamp with Eye Nut:  For attaching to bottom of steel 
I-beams for heavy loads with like extensions.

Type 30  Malleable Beam Clamp with Extension Pieces:  For attaching to 
structural steel.

2.3.1.3   C-Clamps

C-clamps may be used to support piping sizes 1-1/2 inches and smaller.  
C-clamps shall be FM approved and UL listed, with hardened cup-tip 
setscrew, locknut, and retaining strap.  Retaining-strap section shall be 
not less than 1/8 by 1 inch.  Beam-flange thickness to which clamps are 
attached shall not exceed 0.60 inch.

2.3.1.4   Inserts, Concrete

Concrete inserts shall be constructed in accordance with the requirements 
of MSS SP-58 for Type 18 and ASME B16.34.  When applied to piping in sizes 
2-inch iron pipe size (ips) and larger, and where otherwise required by 
imposed loads, a 1-foot length of 1/2-inch reinforcing rod shall be 
inserted and wired through wing slots.

2.3.2   Horizontal-Pipe Attachments

2.3.2.1   Single Pipes

Piping in sizes up to and including 2-inch ips shall be supported by one of 
the following attachments:

Type 1  Adjustable Steel Clevis Hanger:

Type 5  J Hanger:  For suspension of pipe to allow off-center closure for 
hanger installation before pipe erection.

Type 6  Adjustable Swivel Split of Solid-Ring Hanger.

Type 7  Adjustable Steel Band Hanger.

Type 9  Adjustable Band Hanger.

Type 10 Adjustable Swivel Ring Band Hanger.

Type 11 Split Ring with or without Turnbuckle.

Type 12 Extension Split Pipe Clamp Hinged or Two Bolt Type Hanger.

Piping in sizes 2-1/2 inches and larger shall be supported by one of the 
following attachments:

Type 1  Adjustable Steel Clevis Hanger

Type 2  Yoke Type Pipe Clamp

Type 3  Three Bolt Pipe Clamp

Type 4  Steel Pipe Clamp

Type 41 Single Pipe Roll

SECTION 21 13 00.98  Page 8



NASA GRC Steam Plant B12 Project N0. 11421

Type 49 Spring Cushion Roll

2.3.2.2   Parallel Fire-Protection Pipes

Trapeze hangers fabricated from approved structural steel shapes, with 
U-bolts, shall be used when so specified.  Structural-steel shapes shall 
conform to supplementary steel requirements or the support shall be of 
commercially available, approved proprietary-design rolled steel.

2.3.3   Vertical-Pipe Attachments

Single vertical-pipe attachments shall be Type 8; extension or rise clamp.

2.3.4   Hanger Rods and Fixtures

Only circular solid 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.

Turnbuckles, swing eyes, and clevises shall be provided 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, such supplementary steel shall be designed and fabricated in 
accordance with AISC 317.

2.4   FIRE-DEPARTMENT PUMPER CONNECTIONS

Fire department connection shall be a 5" Storz connection.  Material shall 
be forged T6160 aluminum alloy with a hard anodize finish.  Seal material 
shall be nitrile.  The connection shall meet the approval of NFPA 1963.  
Include 5" blind cap with tether.

2.4.1   Backflow Preventers

Backflow preventer for fire suppression system shall be FM approved and UL 
listed.  They shall be double check type in accordance with ASSE No. 1015 
and AWWA C510.  The backflow preventer assembly shall consist of two 
independent check valves, resilient wedge outside stem and yoke (OS&Y) gate 
valves, and full port ball valve test cocks.  Check valves shall be spring 
loaded.  All internal parts shall be Series 300 stainless steel or bronze 
with stainless steel trim.  Seats shall be replaceable without special 
tools.  Pressure loss through assembly shall not exceed 5.5 psig .  Valve 
bodies shall be ductile iron or cast iron epoxy coated internally and 
externally or 300 Series stainless steel.  The assembly shall be rated for 
175 psig working pressure at a temperature range of 40 degrees F to 140 
degrees F.  The assembly shall be constructed so all internal parts can be 
serviced without removing the device from the line.

2.5   RISER ALARM EQUIPMENT

Riser alarm equipment shall be UL listed and FM approved for 
fire-protection use.
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2.5.1   Wet-Pipe Alarm Check Valve

Wet-pipe alarm check valve shall be complete with standard accessories and 
trim necessary to give an alarm and shall include pressure gages,  testing 
provisions, and all necessary intercomponent piping, fittings, and valves.  
Pilot valve and clapper shall have individual elastomer seats.

2.5.2   Standard Check Valve

Check valve shall be FM-approved and UL-listed standard swing-check type 
with elastomer-disc seat.  Pressure gages shall be provided on both sides 
of the clapper.  Water-flow alarm shall be vane type.

2.5.3   Water-Flow Alarm Device

Water-flow alarm devices shall be UL and FM listed for the particular type 
of system.

2.5.3.1   Vane-Type Flow Alarm

Vane-type flow alarm shall make or break an alarm circuit upon deflection 
by a volume of flowing water that equals or exceeds the capacity of a 
single sprinkler.  Alarm shall have an instant-recycle pneumatic-retard 
time delay.

2.5.4   Tamper Switches

Tamper switches shall be provided on all valves controlling water supplies 
to sprinkler and water based fire suppression systems.  Tamper switches 
shall be FM approved and UL listed.

2.6   SPRINKLER HEADS

Sprinklers with internal O-rings shall not be used.  Sprinklers shall be 
used in accordance with their listed coverage limitations.  Temperature 
classification shall be as indicated.  Sprinklers in high heat areas 
including attic spaces or in close proximity to unit heaters shall have 
temperature classification in accordance with NFPA 13.  Extended coverage 
sprinklers shall not be used.

Automatic sprinkler heads in finished areas below suspended ceiling shall 
be pendant type or semi-recessed type.  Heads and escutcheon plates shall 
be approved for ordinary hazard usage unless otherwise indicated.

Heads in all other locations shall be upright type approved for ordinary 
hazard unless otherwise indicated.

Corrosion-resistant heads shall be lead-coated.

2.6.1   Temperature Rating

Sprinkler heads shall be rated at 155-165 degrees Fahrenheit, and shall be 
of the quick response variety, unless otherwise indicated.

2.6.1.1   Recessed Sprinkler

Recessed sprinkler shall be chrome-plated and shall have a nominal 1/2 inch 
orifice.
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2.6.1.2   Pendent Sprinkler

Pendent sprinkler shall be of the fusible strut or glass bulb type with 
nominal 1/2 inch or 17/32 inch orifice.  Pendent sprinklers shall have a 
polished chrome finish.

2.6.1.3   Upright Sprinkler

Upright sprinkler shall be brass or chrome-plated type and shall have a 
nominal 1/2 inch or 17/32 inch orifice.

2.6.2   Spares

Spares shall be furnished for each type of sprinkler head, complete with 
appropriate wrench.

2.6.3   Head Protection

Heads shall be protected with paper or plastic bags during painting 
operations.  Protection shall be removed immediately upon finishing 
painting operations.

Head guards shall be provided wherever mechanical damage could occur.  
Guard finish shall be red enamel.

2.7   ACCESSORIES

2.6.3.1   Sprinkler Cabinet

Spare sprinklers shall be provided in accordance with NFPA 13 and shall be 
packed in a suitable metal or plastic cabinet.  Spare sprinklers shall be 
representative of, and in proportion to, the number of each type and 
temperature rating of the sprinklers installed.  At least one wrench of 
each type required shall be provided.

2.6.3.2   Pendent Sprinkler Escutcheon

Escutcheon shall be one-piece metallic type with a depth of less than 3/4 
inch and suitable for installation on pendent sprinklers.  The escutcheon 
shall have a factory finish that matches the pendent sprinkler heads.

2.6.3.3   Pipe Escutcheon

Escutcheon shall be polished chromium-plated zinc alloy, or polished 
chromium-plated copper alloy.  Escutcheons shall be either one-piece or 
split-pattern, held in place by internal spring tension or set screw.

2.7.4   Sprinkler Guard

Guard shall be a steel wire cage designed to encase the sprinkler and 
protect it from mechanical damage.  Guards shall be provided on sprinklers 
located as indicated.

2.7   VALVES

2.7.1   Aboveground

Gate, globe, and check valves (all sizes) shall be FM approved and UL 
listed.
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Ball valves, 2 inches and under, shall be FM approved, rated 300 psi, with 
provisions to wire or lock handle in place where critical alarm function 
may be isolated.

Butterfly valves, 2-1/2 through 10-inch shall be FM approved, rated 175 psi, 
cast-iron bodied lug type, with elastomer liners and seals.  Liners shall 
act as gasket between standard piping-system flanges.  Operator shall be 
worm-gear type, with permanently lubricated gears, and oiltight and 
watertight case, complete with handle and automatic position indication.

2.8   MISCELLANEOUS MATERIALS

2.8.1   Bolting

Flange and general-purpose bolting shall be hex-head and shall conform to 
ASTM A 307, Grade B.  Heavy hex-nuts shall conform to ASTM A 563.
Square-head bolts and nuts are not acceptable.

2.8.2   Elastomer Calk

Polysulfide- or polyurethane-base elastomer-calking material shall be 
two-component type, conforming to ASTM C 920.

2.8.3   Escutcheons

Escutcheons shall be manufactured from nonferrous metals and shall be 
chrome-plated, except when AISI 300 series corrosion-resistant steel is 
provided.  Metals and finish shall conform to ANSI A112.18.1M.

Escutcheons shall be one-piece type where mounted on chrome-plated pipe or 
tubing and one-piece or split-pattern type elsewhere.  Escutcheons shall 
have provisions consisting of internal spring tension devices or setscrews 
to maintain a fixed position against a surface.

2.8.4   Flashing

2.8.4.1   Copper

Sheet copper shall conform to ASTM B 370 and shall weigh not less than 16 
ounces per square foot.

2.8.5   Flange Gaskets

Gaskets shall be suitable for the intended use and shall contain no 
asbestos.

2.8.6   Pipe-Thread Compounds

Tetrafluoroethylene tape or other suitable compounds shall be used.

2.9   SYSTEM IDENTIFICATION

A coordinated system of piping and equipment identification shall be 
provided which includes the following.

2.9.1   Service Labeling

Piping, including that concealed in accessible spaces, shall be labeled to 
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designate service.  Each label shall include an arrow or arrows to indicate 
flow direction.  Labels or tag designations shall be as follows:

                   SERVICE                   LABEL OR TAG DESIGNATION

            Main Sprinkler Supply              FIRE PROTECTION WATER
            Main Sprinkler Supply              Zone xx

           
Piping shall be labeled and arrowed 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 
or indicate hazard

In long straight runs, labels shall be located at a distance visible to 
each other, but in no case shall the distance between labels exceed 40 
feet.

Label lettering shall be 2 inches high.  Where the size of pipes is 
2-1/2-inch outside diameter and smaller, labels shall be attached to 
16-gage aluminum sheet which shall be attached to the pipe with 12-gage 
galvanized wire.  Labels shall be legible from the primary service and 
operating area.

Labels shall be made of self-sticking plastic film designed for 
permanent installation.  Labels shall have white letters on red 
background.

Label and valve tag schedule above shall not be construed as defining 
or limiting the work.  All piping systems shall be labeled.

2.10   PAINTING

Pipe hangers, supports, and other iron work in concealed spaces shall be 
thoroughly cleaned and painted with one coat of primer paint.

Equipment of the manufacturer's standard product shall be furnished with 
the manufacturer's standard finish coat.

Other mechanical equipment shall be furnished with a shop-applied prime 
paint.

PART 3   EXECUTION

3.1   GENERAL

Installation of system materials and equipment shall be in accordance with 
the recommendations and provisions of NFPA 13, NFPA 13E, NFPA 14, and 
NFPA 24.  Work shall be performed in the presence of the Construction 
Management Branch Representative who shall be notified by the Contractor 48 
hours in advance of the start of work.

All installation work shall be performed by licensed fire protection 
sprinkler contractors, licensed for such work in the state where the work 
is to be performed.
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3.2   INSPECTION BY FIRE SPRINKLER DESIGNER

The fire sprinkler system designer shall inspect the sprinkler system 
periodically during the installation to assure that the sprinkler system is 
being provided and installed in accordance with the contract requirements.  
The fire sprinkler system designer shall witness the preliminary and final 
tests and shall sign tests results.  The fire sprinkler system designer 
after completion of the system inspections and a successful final test, 
shall certify in writing that the system has been installed in accordance 
with the contract requirements.

3.3   ABOVEGROUND PIPING-SYSTEMS INSTALLATION

Piping shall run parallel with the lines of the building.  Piping and 
components shall be spaced and installed so that a threaded pipe fitting 
may be removed between adjacent pipes and so that there will be 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.  Hangers on 
different adjacent service lines running parallel shall be arranged to be 
in line with each other and parallel to the lines of the building.

Load rating for pipe-hanger supports shall be based on all lines filled 
with water.  Deflection per span shall not exceed slope gradient of pipe.  
Schedule 40 and heavier ferrous pipe supports shall be in accordance with 
the following minimum rod size and maximum allowable hanger spacing.  For 
concentrated loads such as valves, allowable span shall be reduced 
proportionately.

                                        HANGER SPACING FOR
        PIPE SIZE           ROD SIZE         STEEL PIPE
        (INCHES)            (INCHES)           (FEET)  

        Up to 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 

Vertical risers shall be supported at the base where possible and at 
intervals specified.  Piping shall be guided for lateral stability as 
necessary.  Clamps shall be placed under fittings wherever possible. 
Carbon-steel pipe shall be supported at each floor at not more than 15-foot 
intervals for pipe 2 inches and smaller, and at not more than 20-foot 
intervals for pipe 2-1/2 inches and larger.

Piping shall be securely supported with allowance for thrust forces and 
thermal expansion and contraction and shall not be subject to mechanical, 
chemical, vibrational, or other damage, in conformance with ASME B31.1.
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3.4   SOUND STOPPING/ FIRE STOPPING

Effective sound stopping and adequate operating clearance shall be provided 
to prevent structure contact where piping penetrates walls, floors, or 
ceilings; into occupied spaces adjacent to equipment rooms; where similar 
penetrations occur between occupied spaces; and where penetrations occur 
from pipe chases into occupied spaces.  Occupied spaces include space above 
ceiling where no special acoustic treatment of ceiling is provided. 
Penetrations shall be finished to be compatible with surface being 
penetrated.

Sound stopping and vapor-barrier sealing of pipe shafts, and large floor 
and wall openings may be accomplished by packing with properly supported 
mineral fiber insulation or by foaming-in-place with self-extinguishing, 
2-pound density polyurethane foam to a depth not less than 6 inches.  Foam 
shall be finished with a rasp.  Vapor barrier shall be not less than 
1/8-inch thickness of vinyl mastic applied to visible and accessible 
surfaces.  Where fire stopping is a consideration, materials used for fire 
stop shall be in accordance with ASTM E 814.

3.5   SLEEVES

Sleeves shall be provided where piping passes through roofs, masonry or 
concrete walls, or floors.

Sleeves passing through steel decks shall be continuously welded or brazed 
to the deck.

Sleeves extending through floors, roofs, or load-bearing walls, and sleeves 
through fire barriers shall be continuous and fabricated from Schedule 40 
steel pipe with welded anchor lugs.  Other sleeves shall be formed by 
molded linear polyethylene liners or similar materials that are removable.  
Diameter of sleeves shall be large enough to accommodate pipe, insulation, 
and jacketing without touching the sleeve, and additionally shall provide a 
minimum 3/8-inch clearance.  Sleeve shall accommodate mechanical and 
thermal motion of pipe to preclude transmission of vibration to walls and 
generation of noise.

Space between a pipe and the inside of a pipe sleeve or a construction 
surface penetration shall be packed solid with mineral fiber conforming to 
ASTM C 592 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, the space between a pipe, 
bare or insulated, and the inside of a pipe sleeve or construction-surface 
penetration shall be filled with an elastomer calk to a depth of 1/2 inch.  
Surfaces to be calked shall be oil- and grease-free.

Exterior wall sleeves shall be calked watertight with lead and oakum or 
mechanically expandable chloroprene inserts with mastic-sealed components.

3.6   ESCUTCHEONS

Escutcheons shall be provided at penetrations of piping into finished 
areas.  Where finished areas are separated by partitions through which 
piping passes, escutcheons shall be provided on both sides of the 
partition.  Where suspended ceilings are installed, plates shall be 
provided at the underside only of such ceilings.  Escutcheons shall be 
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chrome plated in occupied spaces and shall conceal openings in building 
construction.  Escutcheons shall be firmly attached.

3.7   FLASHINGS

Flashings at systems penetrations of building boundaries shall be provided.

3.7.1   Inspector's Test Connection

Unless otherwise indicated, test connection shall consist of 1 inch pipe 
connected to the remote branch line; a test valve located approximately 7 
feet above the floor; a smooth bore brass outlet equivalent to the smallest 
orifice sprinkler used in the system; and a painted metal identification 
sign affixed to the valve with the words "Inspector's Test."  The discharge 
orifice shall be located outside the building wall directed so as not to 
cause damage to adjacent construction or landscaping during full flow 
discharge.

3.9   Drains

Main drain piping shall be provided to discharge at the location 
indicated.  Auxiliary drains shall be provided as required by NFPA 13.

3.8   BRANCH-LINE TESTERS

Branch-line testers shall permit testing and flushing lines without 
shutdown of system or loss of fire-protection capability.  Line testers 
shall be fitted with chain-attached caps.

Line testers shall be installed where indicated and on most remote branch 
lines being served by cross mains, so that testing may be accomplished at 
the dead corners of each sprinkler system.

3.9   PAINTING

Remove all dirt, grease, oil and contaminants from fire sprinkler piping.  
Hand tools or power tool clean to remove loose rust, mill scale or 
deteriorated previous painted coatings.

All indoor fire sprinkler piping, valves, and appurtenances, excluding fire 
department connections shall have two coats of "Rust-oleum" Industrial DTM 
(direct to metal) Acrylic Enamel.  Color shall be Safety Red.

3.10   ELECTRICAL WORK

Electrical work is specified in Division 26, "Electrical," except for 
control and fire alarm wiring which shall be provided under this section in 
accordance with NFPA 70.  Rigid metal conduit or intermediate metal conduit 
shall be used, except that electrical metallic tubing may be used in dry 
locations not enclosed in concrete or where not subject to mechanical 
damage.

Motors, controllers, contactors, and disconnects shall be furnished with 
their respective pieces of equipment, except that controllers indicated as 
part of the motor control centers shall be provided under Section 
26 29 23.98, "Variable Frequency Motor Controls for HVAC."  Motors, 
controllers, contactors, and disconnects shall conform to and shall have 
electrical connections provided under Section 26 05 00.00 98, "Basic 
Electrical Materials and Methods."  Controllers and contactors shall have 
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maximum 120-volt control circuits, and auxiliary contacts for use with the 
controls furnished.  When motors and equipment are furnished larger than 
sizes indicated, the cost of providing additional electrical service and 
related work shall be included under this section.

3.11   SYSTEM TESTING

Prior to acceptance of the work, completed systems shall be tested in the 
presence of the Construction Management Branch Representative.  Upon 
approval and as a result of the testing of the system, per NFPA 13, a 
"Contractors Material and Test Certificate for Above Ground Piping" shall 
be completed and signed by the installing contractor.  The installing 
contractor shall identify a hydraulically designed sprinkler system with 
permanently marked weatherproof metal or rigid plastic sign secured with 
corrosion-resistant wire, chain, or other approved means.  Such signs shall 
be placed at the alarm valve, dry pipe valve, preaction valve, or deluge 
valve supplying the corresponding hydraulically designed area.  The sign 
shall include the following information:

1.  Location of the design area or areas.
2.  Discharge densities over the design area or areas.
3.  Required flow and residual pressure demand at the base of the riser.
4.  Occupancy classification or commodity classification and maximum
    permitted storage height and configuration.
5.  Hose stream demand included in addition to sprinkler demand.

Tests shall be hydrostatic.  Only potable water shall be used for testing.  
See Section 23 00 00.00 98 "General Mechanical Provisions" for hydrostatic 
testing requirements.

Government will supply testing water at a location determined by the 
Contracting Officer, but the Contractor shall be responsible for approved 
disposal of contaminated water.

Contractor shall prepare and maintain test records of piping-system tests.  
Records shall 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 
shall require the signature of the Construction Management Branch 
Representative.

3.11.1   Testing of Alarm Devices

Each alarm switch shall be tested by flowing water through the insprector's 
test connection.  Each water-operated alarm devices shall be tested to 
verify proper operation.

3.11.2   Main Drain Flow Test

Following flushing of the underground piping, a main drain test shall be 
made to verify the adequacy of the water supply.  Static and residual 
pressures shall be recorded on the certificate.  In addition, a main drain 
test shall be conducted each time after a main control valve is shut and 
opened.

3.11.3   Test Gages

Test gages, to be acceptable, shall 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 
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graduations and pointer width compatible with readability to within 
one-half of the accuracy extremes.  Maximum permissible scale range for a 
given test shall be such that the pointer during a test 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 days prior to the test, test gage number, and the project 
number.

3.11.4   Pneumatic Testing

All pneumatic testing will require approval from the Construction 
Management Branch Representative and must be coordinated in accordance with 
the NASA GRC Safety Manual.

Pressure Tests shall be pneumatic when freezing conditions may occur and 
upon prior approval by the Construction Management Branch Representative.  
Compressed air used for testing shall be oil-free.

Pneumatic testing shall include swabbing all joints under a test pressure 
of 5 psig with a standard high film strength soap solution and observing 
for bubbles.

Duration of the test will be determined by the Contracting Officer and will 
be for 2 hours, minimum, to 24 hours, maximum.  Test may be terminated by 
direction of the Construction Management Branch Representative at any point 
during this period after it has been determined that the permissible 
leakage rate has not been exceeded.

3.11.5   Test and Acceptable Criteria

Aboveground systems shall have Pressure Tests at 200 psi or at 50 psi in 
excess of the maximum pressure when the static pressure is excess of 150 psi.  
The applied pressure shall be maintained without further addition of test 
media for not less than 2 hours.  See Section 23 00 00.00 98 "General 
Mechanical Provisions" for Hydrostatic Testing requirements and 
documentation.

Backflow prevention into connected potable-water systems and system devices 
shall be tested for proper functioning under conditions normal to their 
application.

Dripping or weeping joints shall be repaired.

3.12   CLEANING AND ADJUSTING

At the completion of the work, all parts of the installation shall be 
thoroughly cleaned.  Equipment, pipes, valves, and fittings shall be 
cleaned of grease, metal cuttings, and sludge that may have accumulated 
from the installation and testing of the system.  Automatic control devices 
shall be adjusted for proper operation.

         -- End of Section --
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SECTION 22 00 00

PLUMBING, GENERAL PURPOSE
05/10

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 146 (2006) Method of Testing and Rating Pool 
Heaters

ASHRAE 90.1 - IP (2007; Supplement 2008; Errata 2009; 
Errata 2009; INT 1-3 2009) Energy Standard 
for Buildings Except Low-Rise Residential 
Buildings

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1003 (2009) Performance Requirements for Water 
Pressure Reducing Valves for Domestic 
Water Distribution Systems

ASSE 1005 (1999) Water Heater Drain Valves 3/4 Inch 
Size

ASSE 1010 (2004) Performance Requirements for Water 
Hammer Arresters

ASSE 1018 (2001) Performance Requirements for Trap 
Seal Primer Valves - Potable, Water 
Supplied

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA 10084 (2005) Standard Methods for the 
Examination of Water and Wastewater

AWWA B300 (2004) Hypochlorites

AWWA B301 (2004) Liquid Chlorine

AWWA C203 (2008) Coal-Tar Protective Coatings and 
Linings for Steel Water Pipelines - Enamel 
and Tape - Hot-Applied

AWWA C606 (2006) Grooved and Shouldered Joints

AWWA C651 (2005; Errata 2005) Standard for 
Disinfecting Water Mains
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AWWA C652 (2002) Disinfection of Water-Storage 
Facilities

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2004; Errata 2004) Specification for 
Filler Metals for Brazing and Braze Welding

AWS B2.2 (1991) Standard for Brazing Procedure and 
Performance Qualification

ASME INTERNATIONAL (ASME)

ASME A112.14.1 (2003; R 2008) Backwater Valves

ASME A112.36.2M (1991; R 2008) Cleanouts

ASME A112.6.1M (1997; R 2008) Floor Affixed Supports for 
Off-the-Floor Plumbing Fixtures for Public 
Use

ASME B1.20.1 (1983; R 2006) Pipe Threads, General 
Purpose (Inch)

ASME B16.12 (2009) Cast Iron Threaded Drainage Fittings

ASME B16.15 (2006) Cast Bronze Alloy Threaded Fittings 
Classes 125 and 250

ASME B16.18 (2001; R 2005) Cast Copper Alloy Solder 
Joint Pressure Fittings

ASME B16.21 (2005) Nonmetallic Flat Gaskets for Pipe 
Flanges

ASME B16.22 (2001; R 2005) Standard for Wrought Copper 
and Copper Alloy Solder Joint Pressure 
Fittings

ASME B16.23 (2002; R 2006) Cast Copper Alloy Solder 
Joint Drainage Fittings - DWV

ASME B16.24 (2006) Cast Copper Alloy Pipe Flanges and 
Flanged Fittings: Classes 150, 300, 600, 
900, 1500, and 2500

ASME B16.29 (2007) Wrought Copper and Wrought Copper 
Alloy Solder Joint Drainage Fittings - DWV

ASME B16.3 (2006) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.34 (2009) Valves - Flanged, Threaded and 
Welding End

ASME B16.39 (2009) Standard for Malleable Iron 
Threaded Pipe Unions; Classes 150, 250, 
and 300
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ASME B16.4 (2006) Standard for Gray Iron Threaded 
Fittings; Classes 125 and 250

ASME B16.5 (2009) Standard for Pipe Flanges and 
Flanged Fittings:  NPS 1/2 Through NPS 24

ASME B31.1 (2007; Addenda a-2008) Power Piping

ASME B31.5 (2006) Refrigeration Piping and Heat 
Transfer Components

ASME B40.100 (2005) Pressure Gauges and Gauge 
Attachments

ASME BPVC SEC IX (2007; Addenda 2008; Addenda 2009) Boiler 
and Pressure Vessel Code; Section IX, 
Welding and Brazing Qualifications

ASME CSD-1 (2009) Control and Safety Devices for 
Automatically Fired Boilers

ASTM INTERNATIONAL (ASTM)

ASTM A 105/A 105M (2009) Standard Specification for Carbon 
Steel Forgings for Piping Applications

ASTM A 183 (2003; R 2009) Standard Specification for 
Carbon Steel Track Bolts and Nuts

ASTM A 193/A 193M (2009) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service

ASTM A 47/A 47M (1999; R 2009) Standard Specification for 
Steel Sheet, Aluminum-Coated, by the 
Hot-Dip Process

ASTM A 515/A 515M (2003; R 2007) Standard Specification for 
Pressure Vessel Plates, Carbon Steel, for 
Intermediate- and Higher-Temperature 
Service

ASTM A 516/A 516M (2006) Standard Specification for Pressure 
Vessel Plates, Carbon Steel, for Moderate- 
and Lower-Temperature Service

ASTM A 518/A 518M (1999; R 2008) Standard Specification for 
Corrosion-Resistant High-Silicon Iron 
Castings

ASTM A 53/A 53M (2007) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A 536 (1984; R 2009) Standard Specification for 
Ductile Iron Castings

ASTM A 733 (2003; R 2009e1) Standard Specification 
for Welded and Seamless Carbon Steel and 
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Austenitic Stainless Steel Pipe Nipples

ASTM A 74 (2009) Standard Specification for Cast 
Iron Soil Pipe and Fittings

ASTM A 888 (2009) Standard Specification for Hubless 
Cast Iron Soil Pipe and Fittings for 
Sanitary and Storm Drain, Waste, and Vent 
Piping Applications

ASTM B 117 (2009) Standing Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM B 152/B 152M (2009) Standard Specification for Copper 
Sheet, Strip, Plate, and Rolled Bar

ASTM B 306 (2009) Standard Specification for Copper 
Drainage Tube (DWV)

ASTM B 32 (2008) Standard Specification for Solder 
Metal

ASTM B 370 (2009) Standard Specification for Copper 
Sheet and Strip for Building Construction

ASTM B 42 (2002e1) Standard Specification for 
Seamless Copper Pipe, Standard Sizes

ASTM B 43 (2009) Standard Specification for Seamless 
Red Brass Pipe, Standard Sizes

ASTM B 584 (2009) Standard Specification for Copper 
Alloy Sand Castings for General 
Applications

ASTM B 75 (2002) Standard Specification for Seamless 
Copper Tube

ASTM B 813 (2000; R 2009) Standard Specification for 
Liquid and Paste Fluxes for Soldering of 
Copper and Copper Alloy Tube

ASTM B 828 (2002) Standard Practice for Making 
Capillary Joints by Soldering of Copper 
and Copper Alloy Tube and Fittings

ASTM B 88 (2009) Standard Specification for Seamless 
Copper Water Tube

ASTM B 88M (2005) Standard Specification for Seamless 
Copper Water Tube (Metric)

ASTM C 1053 (2000; R 2005) Standard Specification for 
Borosilicate Glass Pipe and Fittings for 
Drain, Waste, and Vent (DWV) Applications

ASTM C 564 (2009) Standard Specification for Rubber 
Gaskets for Cast Iron Soil Pipe and 
Fittings
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ASTM C 920 (2008) Standard Specification for 
Elastomeric Joint Sealants

ASTM D 1785 (2006) Standard Specification for 
Poly(Vinyl Chloride) (PVC), Plastic Pipe, 
Schedules 40, 80, and 120

ASTM D 2000 (2008) Standard Classification System for 
Rubber Products in Automotive Applications

ASTM D 2239 (2003) Standard Specification for 
Polyethylene (PE) Plastic Pipe (SIDR-PR) 
Based on Controlled Inside Diameter

ASTM D 2241 (2009) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Pressure-Rated 
Pipe (SDR Series)

ASTM D 2447 (2003) Standard Specification for 
Polyethylene (PE) Plastic Pipe, Schedules 
40 and 80, Based on Outside Diameter

ASTM D 2464 (2006) Standard Specification for Threaded 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80

ASTM D 2466 (2006) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 40

ASTM D 2467 (2006) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80

ASTM D 2661 (2008) Standard Specification for 
Acrylonitrile-Butadiene-Styrene (ABS) 
Schedule 40, Plastic Drain, Waste, and 
Vent Pipe and Fittings

ASTM D 2665 (2009) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Plastic Drain, 
Waste, and Vent Pipe and Fittings

ASTM D 2672 (1996a; R 2009) Joints for IPS PVC Pipe 
Using Solvent Cement

ASTM D 2683 (2004) Standard Specification for 
Socket-Type Polyethylene Fittings for 
Outside Diameter-Controlled Polyethylene 
Pipe and Tubing

ASTM D 2737 (2003) Polyethylene (PE) Plastic Tubing

ASTM D 2822 (2005) Asphalt Roof Cement

ASTM D 2846/D 2846M (2009b) Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Hot- and Cold-Water 
Distribution Systems
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ASTM D 2996 (2001; R 2007e1) Filament-Wound 
"Fiberglass" (Glass-Fiber-Reinforced 
Thermosetting-Resin) Pipe

ASTM D 3035 (2008) Polyethylene (PE) Plastic Pipe 
(DR-PR) Based on Controlled Outside 
Diameter

ASTM D 3139 (1998; R 2005) Joints for Plastic Pressure 
Pipes Using Flexible Elastomeric Seals

ASTM D 3212 (2007) Standard Specification for Joints 
for Drain and Sewer Plastic Pipes Using 
Flexible Elastomeric Seals

ASTM D 3261 (2003) Standard Specification for Butt 
Heat Fusion Polyethylene (PE) Plastic 
Fittings for Polyethylene (PE) Plastic 
Pipe and Tubing

ASTM D 4101 (2009) Standard Specification for 
Polypropylene Injection and Extrusion 
Materials

ASTM E 1 (2007) Standard Specification for ASTM 
Liquid-in-Glass Thermometers

ASTM F 1760 (2001; R 2005e1) Coextruded Poly(Vinyl 
Chloride) (PVC) Non-Pressure Plastic Pipe 
Having Reprocessed-Recycled Content

ASTM F 2389 2007e1) Standard Specification for 
Pressure-rated Polypropylene (PP) Piping 
Systems

ASTM F 437 (2009) Standard Specification for Threaded 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Plastic Pipe Fittings, Schedule 80

ASTM F 438 (2009) Standard Specification for 
Socket-Type Chlorinated Poly(Vinyl 
Chloride) (CPVC) Plastic Pipe Fittings, 
Schedule 40

ASTM F 439 (2009) Standard Specification for 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Plastic Pipe Fittings, Schedule 80

ASTM F 441/F 441M (2009) Standard Specification for 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Plastic Pipe, Schedules 40 and 80

ASTM F 442/F 442M (2009) Standard Specification for 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Plastic Pipe (SDR-PR)

ASTM F 477 (2008) Standard Specification for 
Elastomeric Seals (Gaskets) for Joining 
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Plastic Pipe

ASTM F 628 (2008) Acrylonitrile-Butadiene-Styrene 
(ABS) Schedule 40 Plastic Drain, Waste, 
and Vent Pipe with a Cellular Core

ASTM F 877 (2007) Crosslinked Polyethylene (PEX) 
Plastic Hot- and Cold- Water Distribution 
Systems

ASTM F 891 (2009) Coextruded Poly (Vinyl Chloride) 
(PVC) Plastic Pipe with a Cellular Core

CAST IRON SOIL PIPE INSTITUTE (CISPI)

CISPI 301 (2004) Hubless Cast Iron Soil Pipe and 
Fittings for Sanitary and Storm Drain, 
Waste, and Vent Piping Applications

CISPI 310 (2004) Coupling for Use in Connection with 
Hubless Cast Iron Soil Pipe and Fittings 
for Sanitary and Storm Drain, Waste, and 
Vent Piping Applications

COPPER DEVELOPMENT ASSOCIATION (CDA)

CDA A4015 (1994; R 1995) Copper Tube Handbook

CSA AMERICA, INC. (CSA/AM)

CSA/AM Z21.10.3 (2004; Addenda A 2007; Addenda B 2008) Gas 
Water Heaters Vol.III, Storage Water 
Heaters With Input Ratings Above 75,000 
Btu Per Hour, Circulating and Instantaneous

CSA/AM Z21.22 (1999; Addenda A 2000, Addenda B 2001; R 
2004) Relief Valves for Hot Water Supply 
Systems

INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS 
(IAPMO)

IAPMO PS 117 (2005) Press Type Or Plain End Rub 
Gasketed W/ Nail CU & CU Alloy Fittings 
for Install On CU Tubing

INTERNATIONAL CODE COUNCIL (ICC)

ICC IPC (2009) International Plumbing Code

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-110 (1996) Ball Valves Threaded, 
Socket-Welding, Solder Joint, Grooved and 
Flared Ends

MSS SP-25 (2008) Standard Marking System for Valves, 
Fittings, Flanges and Unions
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MSS SP-44 (2006) Steel Pipeline Flanges

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MSS SP-67 (2002a) Butterfly Valves

MSS SP-69 (2003) Pipe Hangers and Supports - 
Selection and Application (ANSI Approved 
American National Standard)

MSS SP-70 (2006) Cast Iron Gate Valves, Flanged and 
Threaded Ends

MSS SP-71 (2005) Gray Iron Swing Check Valves, 
Flanged and Threaded Ends

MSS SP-72 (1999) Ball Valves with Flanged or 
Butt-Welding Ends for General Service

MSS SP-73 (2003) Brazing Joints for Copper and 
Copper Alloy Pressure Fittings

MSS SP-78 (2005a) Cast Iron Plug Valves, Flanged and 
Threaded Ends

MSS SP-80 (2008) Bronze Gate, Globe, Angle and Check 
Valves

MSS SP-83 (2006) Class 3000 Steel Pipe Unions Socket 
Welding and Threaded

MSS SP-85 (2002) Cast Iron Globe & Angle Valves, 
Flanged and Threaded Ends

NSF INTERNATIONAL (NSF)

NSF/ANSI 61 (2009) Drinking Water System Components - 
Health Effects

PLUMBING AND DRAINAGE INSTITUTE (PDI)

PDI WH 201 (2006) Water Hammer Arresters Standard

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE J1508 (2009) Hose Clamp Specifications

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

PL 93-523 (1974; A 1999) Safe Drinking Water Act

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

10 CFR 430 Energy Conservation Program for Consumer 
Products

SECTION 22 00 00  Page 8



NASA GRC Steam Plant B12 Project N0. 11421

40 CFR 50.12 National Primary and Secondary Ambient Air 
Quality Standards for Lead

PL 109-58 Energy Policy Act of 2005 (EPAct05)

1.2   SUBMITTALS

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

SD-02 Shop Drawings

Plumbing System; G

  Detail drawings consisting of schedules, performance charts, 
instructions, diagrams, and other information to illustrate the 
requirements and operations of systems that are not covered by the 
Plumbing Code..  Detail drawings for the complete plumbing system 
including piping layouts and locations of connections; dimensions 
for roughing-in, foundation, and support points; schematic 
diagrams and wiring diagrams or connection and interconnection 
diagrams.  Detail drawings shall indicate clearances required for 
maintenance and operation.  Where piping and equipment are to be 
supported other than as indicated, details shall include loadings 
and proposed support methods.  Mechanical drawing plans, 
elevations, views, and details, shall be drawn to scale.

SD-03 Product Data

Fixtures

  List of installed fixtures with manufacturer, model, and flow 
rate.

Welding

  A copy of qualified procedures and a list of names and 
identification symbols of qualified welders and welding operators.

Plumbing System

  Diagrams, instructions, and other sheets proposed for posting.  
Manufacturer's recommendations for the installation of bell and 
spigot and hubless joints for cast iron soil pipe.

SD-06 Test Reports

Tests, Flushing and Disinfection

  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, completion and 
testing of the installed system.  Each test report shall indicate 
the final position of controls.

SD-07 Certificates
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Materials and Equipment

Where equipment is specified to conform to requirements of the 
ASME Boiler and Pressure Vessel Code, the design, fabrication, and 
installation shall conform to the code.

Bolts

  Written certification by the bolt manufacturer that the bolts 
furnished comply with the specified requirements.

1.3   STANDARD PRODUCTS

Specified materials and equipment shall be standard products of a 
manufacturer regularly engaged in the manufacture of such products.  
Specified equipment shall essentially duplicate equipment that has 
performed satisfactorily at least two years prior to bid opening.  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.

1.3.1   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.

1.3.2   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 
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.

1.3.3   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.

1.3.4   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.

1.3.4.1   Definitions

For the International Code Council (ICC) Codes referenced in the contract 
documents, advisory provisions shall be considered mandatory, the word 
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"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."

1.3.4.2   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.

1.4   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.

1.5   PERFORMANCE REQUIREMENTS

1.5.1   Welding

Piping shall be welded 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.  The 
Contracting Officer shall be notified 24 hours in advance of tests, and the 
tests shall be performed at the work site if practicable.  Welders or 
welding operators shall apply their assigned symbols near each weld they 
make as a permanent record.  

1.6   REGULATORY REQUIREMENTS

Unless otherwise required herein, plumbing work shall be in accordance with 
ICC IPC.  Energy consuming products and systems shall be in accordance with 
PL 109-58 and ASHRAE 90.1 - IP

1.7   PROJECT/SITE CONDITIONS

The Contractor shall become familiar with details of the work, verify 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

1.8   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.
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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.

1.9   ACCESSIBILITY OF EQUIPMENT

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

2.1   Materials

Materials for various services shall be in accordance with TABLES I and 
II.  Steel pipe shall contain a minimum of 25 percent recycled content, 
with a minimum of 67 percent post-consumer recycled content.  Pipe 
schedules shall be selected based on service requirements.  Pipe fittings 
shall be compatible with the applicable pipe materials. Polypropylene 
piping that will be exposed to UV light shall be provided with a Factory 
applied UV resistant coating.  Pipe threads (except dry seal) shall conform 
to ASME B1.20.1.  Material or equipment containing lead shall not be used 
in any potable water system.  In line devices such as water meters, 
building valves, check valves, meter stops, valves, fittings and back flow 
preventers shall comply with PL 93-523 and NSF/ANSI 61, Section 8.  Hubless 
cast-iron soil pipe shall not be installed underground, under concrete 
floor slabs, or in crawl spaces below kitchen floors.

2.1.1   Pipe Joint Materials

Grooved pipe and hubless cast-iron soil pipe shall not be used under 
ground.  Solder containing lead shall not be used with copper pipe.  Cast 
iron soil pipe and fittings shall be marked with the collective trademark 
of the Cast Iron Soil Institute.  Joints and gasket materials shall conform 
to the following:

a.  Coupling for Cast-Iron Pipe:  for hub and spigot type ASTM A 74, 
AWWA C606.  For hubless type:  CISPI 310

b.  Coupling for Steel Pipe:  AWWA C606.

d.  Flange Gaskets:  Gaskets shall be made of non-asbestos material in 
accordance with ASME B16.21.  Gaskets shall be flat, 1/16 inch thick, 
and contain Aramid fibers bonded with Styrene Butadiene Rubber (SBR) or 
Nitro Butadiene Rubber (NBR).  Gaskets shall be the full face or self 
centering flat ring type.  Gaskets used for hydrocarbon service shall 
be bonded with NBR.

e.  Brazing Material:  Brazing material shall conform to AWS A5.8/A5.8M, 
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BCuP-5.

f.  Brazing Flux:  Flux shall be in paste or liquid form appropriate for 
use with brazing material.  Flux shall be as follows:  lead-free; have 
a 100 percent flushable residue; contain slightly acidic reagents; 
contain potassium borides; and contain fluorides.

g.  Solder Material:  Solder metal shall conform to ASTM B 32.

h.  Solder Flux:  Flux shall be liquid form, non-corrosive, and conform to 
ASTM B 813, Standard Test 1.

i.  PTFE Tape:  PTFE Tape, for use with Threaded Metal or Plastic Pipe.

j.  Rubber Gaskets for Cast-Iron Soil-Pipe and Fittings (hub and spigot 
type and hubless type):  ASTM C 564.

k.  Rubber Gaskets for Grooved Pipe:  ASTM D 2000, maximum temperature 230 
degrees F.

l.  Flexible Elastomeric Seals:  ASTM D 3139, ASTM D 3212 or ASTM F 477.

m.  Bolts and Nuts for Grooved Pipe Couplings:  Heat-treated carbon steel, 
ASTM A 183.

r.  Flanged fittings including flanges, bolts, nuts, bolt patterns, etc., 
shall be in accordance with ASME B16.5 class 150 and shall have the 
manufacturer's trademark affixed in accordance with MSS SP-25.  Flange 
material shall conform to ASTM A 105/A 105M.  Blind flange material 
shall conform to ASTM A 516/A 516M cold service and ASTM A 515/A 515M 
for hot service.  Bolts shall be high strength or intermediate strength 
with material conforming to ASTM A 193/A 193M.

t.  Press fittings for Copper Pipe and Tube: Copper press fittings shall 
conform to the material and sizing requirements of ASME B16.18 or 
ASME B16.22 and performance criteria of IAPMO PS 117.  Sealing elements 
for copper press fittings shall be EPDM, FKM or HNBR.  Sealing elements 
shall be factory installed or an alternative supplied fitting 
manufacturer.  Sealing element shall be selected based on 
manufacturer's approved application guidelines.

u.  Copper tubing shall conform to ASTM B 88, Type K, L or M.

v.  Heat-fusion joints for polypropylene piping:  ASTM F 2389.

2.1.2   Miscellaneous Materials

Miscellaneous materials shall conform to the following:

a.  Water Hammer Arrester:  PDI WH 201.  Water hammer arrester shall be 
diaphragm type.

b.  Copper, Sheet and Strip for Building Construction:  ASTM B 370.

c.  Asphalt Roof Cement:  ASTM D 2822.

d.  Hose Clamps:  SAE J1508.
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e.  Supports for Off-The-Floor Plumbing Fixtures:  ASME A112.6.1M.

f.  Metallic Cleanouts:  ASME A112.36.2M.

g.  Plumbing Fixture Setting Compound:  A preformed flexible ring seal 
molded from hydrocarbon wax material.  The seal material shall be 
nonvolatile nonasphaltic and contain germicide and provide watertight, 
gastight, odorproof and verminproof properties.

h.  Coal-Tar Protective Coatings and Linings for Steel Water Pipelines: 
AWWA C203.

i.  Hypochlorites:  AWWA B300.

j.  Liquid Chlorine:  AWWA B301.

k.  Gauges - Pressure and Vacuum Indicating Dial Type - Elastic Element:  
ASME B40.100.

l.  Thermometers:  ASTM E 1.  Mercury shall not be used in thermometers.

2.2   PIPE HANGERS, INSERTS, AND SUPPORTS

Pipe hangers, inserts, and supports shall conform to MSS SP-58 and MSS SP-69.

2.3   VALVES

Valves shall be provided on supplies to equipment and fixtures.  Valves 
2-1/2 inches and smaller shall be bronze with threaded bodies for pipe and 
solder-type connections for tubing.  Valves 3 inches and larger shall have 
flanged iron bodies and bronze trim.  Pressure ratings shall be based upon 
the application.  Grooved end valves may be provided if the manufacturer 
certifies that the valves meet the performance requirements of applicable 
MSS standard.  Valves shall conform to the following standards:

Description                                     Standard

Butterfly Valves                                MSS SP-67

Cast-Iron Gate Valves, Flanged and 
Threaded Ends                                   MSS SP-70

Cast-Iron Swing Check Valves, Flanged and
Threaded Ends                                   MSS SP-71

Ball Valves with Flanged Butt-Welding Ends 
for General Service                             MSS SP-72

Ball Valves Threaded, Socket-Welding,
Solder Joint, Grooved and Flared Ends           MSS SP-110

Cast-Iron Plug Valves, Flanged and              MSS SP-78
Threaded Ends

Bronze Gate, Globe, Angle, and Check Valves     MSS SP-80

Steel Valves, Socket Welding and Threaded Ends  ASME B16.34
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Description                                     Standard
Cast-Iron Globe and Angle Valves, Flanged and   MSS SP-85
Threaded Ends

Backwater Valves                                ASME A112.14.1

Vacuum Relief Valves                            CSA/AM Z21.22

Water Pressure Reducing Valves                  ASSE 1003

Water Heater Drain Valves                       ASSE 1005

Trap Seal Primer Valves                         ASSE 1018

Temperature and Pressure Relief Valves          CSA/AM Z21.22
for Hot Water Supply Systems

Temperature and Pressure Relief Valves          ASME CSD-1
for Automatically Fired Hot
Water Boilers                                   Safety Code No., Part CW,
                                                Article 5

2.4   DRAINS

2.4.1   Boiler Room Drains

Boiler room drains shall have combined drain and trap, hinged grate, 
removable bucket, and threaded brass cleanout with brass backwater valve.  
The removable galvanized cast-iron sediment bucket shall have rounded 
corners to eliminate fouling and shall be equipped with hand grips.  Drain 
shall have a minimum water seal of 4 inches.  The grate area shall be not 
less than 100 square inches.

2.5   MISCELLANEOUS PIPING ITEMS

2.5.1   Escutcheon Plates

Provide one piece or split hinge metal plates for piping entering floors, 
walls, and ceilings in exposed spaces.  Provide chromium-plated on copper 
alloy plates or polished stainless steel finish in finished spaces.  
Provide paint finish on plates in unfinished spaces.

2.5.2   Pipe Sleeves

Provide where piping passes entirely through walls, ceilings, roofs, and 
floors.  Sleeves are not required where supply drain, waste, and vent (DWV) 
piping passes through concrete floor slabs located on grade, except where 
penetrating a membrane waterproof floor.

2.5.2.1   Sleeves in Masonry and Concrete

Provide steel pipe sleeves or schedule 40 PVC plastic pipe sleeves.  
Sleeves are not required where drain, waste, and vent (DWV) piping passes 
through concrete floor slabs located on grade.  Core drilling of masonry 
and concrete may be provided in lieu of pipe sleeves when cavities in the 
core-drilled hole are completely grouted smooth.
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2.5.2.2   Sleeves Not in Masonry and Concrete

Provide 26 gage galvanized steel sheet or PVC plastic pipe sleeves.

2.5.3   Pipe Hangers (Supports)

Provide MSS SP-58 and MSS SP-69, Type 1 with adjustable type steel support 
rods, except as specified or indicated otherwise.  Attach to steel joists 
with Type 19 or 23 clamps and retaining straps.  Attach to Steel W or S 
beams with Type 21, 28, 29, or 30 clamps.  Attach to steel angles and 
vertical web steel channels with Type 20 clamp with beam clamp channel 
adapter.  Attach to horizontal web steel channel and wood with drilled hole 
on centerline and double nut and washer.  Attach to concrete with Type 18 
insert or drilled expansion anchor.  Provide Type 40 insulation protection 
shield for insulated piping.

2.5.4   Nameplates

Provide 0.125 inch thick melamine laminated plastic nameplates, black matte 
finish with white center core, for equipment, gages, thermometers, and 
valves; valves in supplies to faucets will not require nameplates.  
Accurately align lettering and engrave minimum of 0.25 inch high normal 
block lettering into the white core.  Minimum size of nameplates shall be 
1.0 by 2.5 inches.  Key nameplates to a chart and schedule for each system. 
Frame charts and schedules under glass and place where directed near each 
system.  Furnish two copies of each chart and schedule.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

The plumbing system shall be installed complete with necessary fixtures, 
fittings, traps, valves, and accessories.  Piping shall be connected to the 
exterior service lines or capped or plugged if the exterior service is not 
in place.  Sewer and water pipes shall be laid in separate trenches, except 
when otherwise shown.  Exterior underground utilities shall be at least 12 
inches below the average local frost depth or as indicated on the 
drawings.  If trenches are closed or the pipes are otherwise covered before 
being connected to the service lines, the location of the end of each 
plumbing utility shall be marked with a stake or other acceptable means.  
Valves shall be installed with control no lower than the valve body.

3.1.1   Water Pipe, Fittings, and Connections

3.1.1.1   Utilities

The piping shall be extended to fixtures, outlets, and equipment.  The 
hot-water and cold-water piping system shall be arranged and installed to 
permit draining.  The supply line to each item of equipment or fixture, 
except faucets, flush valves, or other control valves which are supplied 
with integral stops, shall be equipped with a shutoff valve to enable 
isolation of the item for repair and maintenance without interfering with 
operation of other equipment or fixtures.  Supply piping to fixtures, 
faucets, hydrants, shower heads, and flushing devices shall be anchored to 
prevent movement.

3.1.1.2   Cutting and Repairing

The work shall be carefully laid out in advance, and unnecessary cutting of 
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construction shall be avoided.  Damage to building, piping, wiring, or 
equipment as a result of cutting shall be repaired by mechanics skilled in 
the trade involved.

3.1.1.3   Protection of Fixtures, Materials, and Equipment

Pipe openings shall be closed with caps or plugs during installation. 
Fixtures and equipment shall be tightly covered and protected against dirt, 
water, chemicals, and mechanical injury.  Upon completion of the work, the 
fixtures, materials, and equipment shall be thoroughly cleaned, adjusted, 
and operated.  Safety guards shall be provided for exposed rotating 
equipment.

3.1.1.4   Mains, Branches, and Runouts

Piping shall be installed as indicated.  Pipe shall be accurately cut and 
worked into place without springing or forcing.  Structural portions of the 
building shall not be weakened.  Aboveground piping shall run parallel with 
the lines of the building, unless otherwise indicated.  Branch pipes from 
service lines may be taken from top, bottom, or side of main, using 
crossover fittings required by structural or installation conditions.  
Supply pipes, valves, and fittings shall be kept a sufficient distance from 
other work and other services to permit not less than 1/2 inch between 
finished covering on the different services.  Bare and insulated water 
lines shall not bear directly against building structural elements so as to 
transmit sound to the structure or to prevent flexible movement of the 
lines.  Water pipe shall not be buried in or under floors unless 
specifically indicated or approved.  Changes in pipe sizes shall be made 
with reducing fittings.  Use of bushings will not be permitted except for 
use in situations in which standard factory fabricated components are 
furnished to accommodate specific accepted installation practice.  Change 
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 center-line radius of bends shall be not 
less than six diameters of the pipe.  Bent pipe showing kinks, wrinkles, 
flattening, or other malformations will not be acceptable.

3.1.1.5   Pipe Drains

Pipe drains indicated shall consist of 3/4 inch hose bibb with renewable 
seat and full port ball valve ahead of hose bibb.  At other low points, 3/4 
inch brass plugs or caps shall be provided.  Disconnection of the supply 
piping at the fixture is an acceptable drain.

3.1.1.6   Commercial-Type Water Hammer Arresters

Commercial-type water hammer arresters shall be provided on hot- and 
cold-water supplies and shall be located as generally indicated, with 
precise location and sizing to be in accordance with PDI WH 201.  Water 
hammer arresters, where concealed, shall be accessible by means of access 
doors or removable panels.  Commercial-type water hammer arresters shall 
conform to ASSE 1010.  Vertical capped pipe columns will not be permitted.

3.1.2   Joints

Installation of pipe and fittings 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.  Joints shall be 
made up with fittings of compatible material and made for the specific 
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purpose intended.

3.1.2.1   Threaded

Threaded joints shall have American Standard taper pipe threads conforming 
to ASME B1.20.1.  Only male pipe threads shall be coated with graphite or 
with an approved graphite compound, or with an inert filler and oil, or 
shall have a polytetrafluoroethylene tape applied.

3.1.2.2   Mechanical Couplings

Mechanical couplings may be used in conjunction with grooved pipe for 
aboveground, ferrous or non-ferrous, domestic hot and cold water systems, 
in lieu of unions, brazed, soldered, welded, flanged, or threaded joints.  

Mechanical couplings are permitted in accessible locations including behind 
access plates.  Flexible grooved joints will not be permitted, except as 
vibration isolators adjacent to mechanical equipment.  Rigid grooved joints 
shall incorporate an angle bolt pad design which maintains metal-to-metal 
contact with equal amount of pad offset of housings upon installation to 
ensure positive rigid clamping of the pipe.  

Designs which can only clamp on the bottom of the groove or which utilize 
gripping teeth or jaws, or which use misaligned housing bolt holes, or 
which require a torque wrench or torque specifications will not be 
permitted.  

Rigid grooved pipe couplings shall be for use with grooved end pipes, 
fittings, valves and strainers.  Rigid couplings shall be designed for not 
less than 125 psi service and appropriate for static head plus the pumping 
head, and shall provide a watertight joint.  

Grooved fittings and couplings, and grooving tools shall be provided from 
the same manufacturer.  Segmentally welded elbows shall not be used.  
Grooves shall be prepared in accordance with the coupling manufacturer's 
latest published standards.  Grooving shall be performed by qualified 
grooving operators having demonstrated proper grooving procedures in 
accordance with the tool manufacturer's recommendations.  

The Contracting Officer shall be notified 24 hours in advance of test to 
demonstrate operator's capability, and the test shall be performed at the 
work site, if practical, or at a site agreed upon.  The operator shall 
demonstrate the ability to properly adjust the grooving tool, groove the 
pipe, and to verify the groove dimensions in accordance with the coupling 
manufacturer's specifications.

3.1.2.3   Unions and Flanges

Unions, flanges and mechanical couplings shall not be concealed in walls, 
ceilings, or partitions.  Unions shall be used on pipe sizes 2-1/2 inches 
and smaller; flanges shall be used on pipe sizes 3 inches and larger.

3.1.2.4   Grooved Mechanical Joints

Grooves shall be prepared according to the coupling manufacturer's 
instructions.  Grooved fittings, couplings, and grooving tools shall be 
products of the same manufacturer.  Pipe and groove dimensions shall comply 
with the tolerances specified by the coupling manufacturer.  The diameter 
of grooves made in the field shall be measured using a "go/no-go" gauge, 
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vernier or dial caliper, narrow-land micrometer, or other method 
specifically approved by the coupling manufacturer for the intended 
application.  Groove width and dimension of groove from end of pipe shall 
be measured and recorded for each change in grooving tool setup to verify 
compliance with coupling manufacturer's tolerances.  Grooved joints shall 
not be used in concealed locations.

3.1.2.5   Cast Iron Soil, Waste and Vent Pipe

Bell and spigot compression and hubless gasketed clamp joints for soil, 
waste and vent piping shall be installed per the manufacturer's 
recommendations.

3.1.2.6   Copper Tube and Pipe

a.  Brazed.  Brazed joints shall be made in conformance with AWS B2.2, 
MSS SP-73, and CDA A4015 with flux and are acceptable for all pipe 
sizes.  Copper to copper joints shall include the use of 
copper-phosphorus or copper-phosphorus-silver brazing metal without 
flux.  Brazing of dissimilar metals (copper to bronze or brass) shall 
include the use of flux with either a copper-phosphorus, 
copper-phosphorus-silver or a silver brazing filler metal.

b.  Soldered.  Soldered joints shall be made with flux and are only 
acceptable for piping 2 inches and smaller.  Soldered joints shall 
conform to ASME B31.5 and CDA A4015.  Soldered joints shall not be used 
in compressed air piping between the air compressor and the receiver.

c.  Copper Tube Extracted Joint.  Mechanically extracted joints shall be 
made in accordance with ICC IPC.

d.  Press connection.  Copper press connections shall be made in strict 
accordance with the manufacturer's installation instructions for 
manufactured rated size.  The joints shall be pressed using the tool(s) 
approved by the manufacturer of that joint.  Minimum distance between 
fittings shall be in accordance with the manufacturer's requirements.

3.1.2.7   Polypropylene Pipe

Joints for polypropylene pipe and fittings shall be made by heat fusion 
welding socket-type or butt-fusion type fittings and shall comply with 
ASTM F 2389.

3.1.3   Dissimilar Pipe Materials

Connections between ferrous and non-ferrous copper water pipe shall be made 
with dielectric unions or flange waterways.  Dielectric waterways shall 
have temperature and pressure rating equal to or greater than that 
specified for the connecting piping.  Waterways shall have metal 
connections on both ends suited to match connecting piping.  Dielectric 
waterways shall be internally lined with an insulator specifically designed 
to prevent current flow between dissimilar metals.  Dielectric flanges 
shall meet the performance requirements described herein for dielectric 
waterways.  Connecting joints between plastic and metallic pipe shall be 
made with transition fitting for the specific purpose.

3.1.4   Pipe Sleeves and Flashing

Pipe sleeves shall be furnished and set in their proper and permanent 
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location.

3.1.4.1   Sleeve Requirements

Unless indicated otherwise, provide pipe sleeves meeting the following 
requirements:

Secure sleeves in position and location during construction.   Provide 
sleeves of sufficient length to pass through entire thickness of walls, 
ceilings, roofs, and floors. 

A modular mechanical type sealing assembly may be installed in lieu of a 
waterproofing clamping flange and caulking and sealing of annular space 
between pipe and sleeve.  The seals shall consist of interlocking synthetic 
rubber links shaped to continuously fill the annular space between the pipe 
and sleeve using galvanized steel bolts, nuts, and pressure plates.  The 
links shall be loosely assembled with bolts to form a continuous rubber 
belt around the pipe with a pressure plate under each bolt head and each 
nut.  After the seal assembly is properly positioned in the sleeve, 
tightening of the bolt shall cause the rubber sealing elements to expand 
and provide a watertight seal between the pipe and the sleeve.  Each seal 
assembly shall be sized as recommended by the manufacturer to fit the pipe 
and sleeve involved.

 Sleeves shall not be installed in structural members, except where 
indicated or approved.  Rectangular and square openings shall be as 
detailed.  Each sleeve shall extend through its respective floor, or roof, 
and shall be cut flush with each surface, except for special circumstances. 
Pipe sleeves passing through floors in wet areas such as mechanical 
equipment rooms, lavatories, kitchens, and other plumbing fixture areas 
shall extend a minimum of 4 inches above the finished floor. 

 Unless otherwise indicated, sleeves shall be of a size to provide a 
minimum of  one inch clearance between bare pipe or insulation and inside 
of sleeve or between insulation and inside of sleeve.  Sleeves in bearing 
walls and concrete slab on grade floors shall be steel pipe or cast-iron 
pipe.  Sleeves in nonbearing walls or ceilings may be steel pipe, cast-iron 
pipe, galvanized sheet metal with lock-type longitudinal seam, or plastic.  

Except as otherwise specified, the annular space between pipe and sleeve, 
or between jacket over insulation and sleeve, shall be sealed as indicated 
with sealants conforming to ASTM C 920 and with a primer, backstop material 
and surface preparation as specified in Section 07 92 00 JOINT SEALANTS.  
The annular space between pipe and sleeve, between bare insulation and 
sleeve or between jacket over insulation and sleeve shall not be sealed for 
interior walls which are not designated as fire rated.  

Sleeves through below-grade walls in contact with earth shall be recessed 
1/2 inch from wall surfaces on both sides.  Annular space between pipe and 
sleeve shall be filled with backing material and sealants in the joint 
between the pipe and masonry wall as specified above.  Sealant selected for 
the earth side of the wall shall be compatible with 
dampproofing/waterproofing materials that are to be applied over the joint 
sealant.

3.1.4.2   Flashing Requirements

Pipes passing through roof shall be installed through a 16 ounce copper 
flashing, each within an integral skirt or flange.  Flashing shall be 
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suitably formed, and the skirt or flange shall extend not less than 8 inches
 from the pipe and shall be set over the roof or floor membrane in a solid 
coating of bituminous cement.  The flashing shall extend up the pipe a 
minimum of 10 inches.  For cleanouts, the flashing shall be turned down 
into the hub and caulked after placing the ferrule.  Pipes passing through 
pitched roofs shall be flashed, using lead or copper flashing, with an 
adjustable integral flange of adequate size to extend not less than 8 inches
 from the pipe in all directions and lapped into the roofing to provide a 
watertight seal.  The annular space between the flashing and the bare pipe 
or between the flashing and the metal-jacket-covered insulation shall be 
sealed as indicated.  Flashing for dry vents shall be turned down into the 
pipe to form a waterproof joint.  Pipes, up to and including 10 inches in 
diameter, passing through roof or floor waterproofing membrane may be 
installed through a cast-iron sleeve with caulking recess, anchor lugs, 
flashing-clamp device, and pressure ring with brass bolts.  Flashing shield 
shall be fitted into the sleeve clamping device.  Pipes passing through 
wall waterproofing membrane shall be sleeved as described above.  A 
waterproofing clamping flange shall be installed.

3.1.4.3   Pipe Penetrations of Slab on Grade Floors

Where pipes, fixture drains, floor drains, cleanouts or similar items 
penetrate slab on grade floors, except at penetrations of floors with 
waterproofing membrane as specified in paragraphs Flashing Requirements and 
Waterproofing, a groove 1/4 to 1/2 inch wide by 1/4 to 3/8 inch deep shall 
be formed around the pipe, fitting or drain.  The groove shall be filled 
with a sealant as specified in Section 07 92 00 JOINT SEALANTS.

3.1.4.4   Pipe Penetrations

Provide sealants for all pipe penetrations.  All pipe penetrations shall be 
sealed to prevent infiltration of air, insects, and vermin.

3.1.5   Supports

3.1.5.1   General

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.  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 members shall not exceed the hanger and support spacing 
required for an individual pipe in the multiple pipe run.  Threaded 
sections of rods shall not be formed or bent.

3.1.5.2   Pipe Hangers, Inserts, and Supports

Installation of 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.

b.  Type 3 shall not be used on insulated pipe.
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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 per MSS SP-69 and shall 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.  Type 39 saddles shall be used on insulated pipe 4 inches and larger 
when the temperature of the medium is 60 degrees F or higher.  Type 39 
saddles shall be welded to the pipe.

h.  Type 40 shields shall:

(1)  Be used on insulated pipe less than 4 inches.

(2)  Be used on insulated pipe 4 inches and larger when the temperature 
of the medium is 60 degrees F or less.

(3)  Have a high density insert for all pipe sizes.  High density 
inserts shall have a density of 8 pcf or greater.

i.  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.  Horizontal pipe runs shall 
include allowances for expansion and contraction.

j.  Vertical pipe shall be supported at each floor, except at 
slab-on-grade, at intervals of not more than 15 feet nor more than 8 
feet from end of risers, and at vent terminations.  Vertical pipe 
risers shall include allowances for expansion and contraction.

k.  Type 35 guides using steel, reinforced polytetrafluoroethylene (PTFE) 
or graphite slides shall be provided to allow longitudinal pipe 
movement.  Slide materials shall be suitable for the system operating 
temperatures, atmospheric conditions, and bearing loads encountered.  
Lateral restraints shall be provided as needed.  Where steel slides do 
not require provisions for lateral restraint the following may be used:

(1)  On pipe 4 inches and larger when the temperature of the medium is 
60 degrees F or higher, a Type 39 saddle, welded to the pipe, may 
freely rest on a steel plate.

(2)  On pipe less than 4 inches a Type 40 shield, attached to the pipe 
or insulation, may freely rest on a steel plate.

(3)  On pipe 4 inches and larger carrying medium less that 60 degrees F
 a Type 40 shield, attached to the pipe or insulation, may freely 
rest on a steel plate.

l.  Pipe hangers on horizontal insulated pipe shall be the size of the 
outside diameter of the insulation.  The insulation shall be continuous 
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through the hanger on all pipe sizes and applications.

m.  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.

3.1.5.3   Structural Attachments

Attachment to building structure concrete and masonry shall be by cast-in 
concrete inserts, built-in anchors, or masonry anchor devices.  Inserts and 
anchors shall be applied with a safety factor not less than 5.  Supports 
shall not be attached to metal decking.  Supports shall not be attached to 
the underside of concrete filled floor or concrete roof decks unless 
approved by the Contracting Officer.  Masonry anchors for overhead 
applications shall be constructed of ferrous materials only.

3.1.6   Welded Installation

Plumbing pipe weldments shall be as indicated.  Changes in direction of 
piping shall be made with welding fittings only; mitering or notching pipe 
to form elbows and tees or other similar type construction will not be 
permitted.  Branch connection may be made with either welding tees or 
forged branch outlet fittings.  Branch outlet fittings shall be forged, 
flared for improvement of flow where attached to the run, and reinforced 
against external strains.  Beveling, alignment, heat treatment, and 
inspection of weld shall conform to ASME B31.1.  Weld defects shall be 
removed and repairs made to the weld, or the weld joints shall be entirely 
removed and rewelded.  After filler metal has been removed from its 
original package, it shall be protected or stored so that its 
characteristics or welding properties are not affected.  Electrodes that 
have been wetted or that have lost any of their coating shall not be used.

3.1.7   Pipe Cleanouts

Pipe cleanouts shall be the same size as the pipe except that cleanout 
plugs larger than 4 inches will not be required.  A cleanout installed in 
connection with cast-iron soil pipe shall consist of a long-sweep 1/4 bend 
or one or two 1/8 bends extended to the place shown.  An extra-heavy 
cast-brass or cast-iron ferrule with countersunk cast-brass head screw plug 
shall be caulked into the hub of the fitting and shall be flush with the 
floor.  Cleanouts in connection with other pipe, where indicated, shall be 
T-pattern, 90-degree branch drainage fittings with cast-brass screw plugs, 
except plastic plugs shall be installed in plastic pipe.  Plugs shall be 
the same size as the pipe up to and including 4 inches.  Cleanout tee 
branches with screw plug shall be installed at the foot of soil and waste 
stacks, at the foot of interior downspouts, on each connection to building 
storm drain where interior downspouts are indicated, and on each building 
drain outside the building.  Cleanout tee branches may be omitted on stacks 
in single story buildings with slab-on-grade construction or where less than
 18 inches of crawl space is provided under the floor.  Cleanouts on pipe 
concealed in partitions shall be provided with chromium plated bronze, 
nickel bronze, nickel brass or stainless steel flush type access cover 
plates.  Round access covers shall be provided and secured to plugs with 
securing screw.  Square access covers may be provided with matching frames, 
anchoring lugs and cover screws.  Cleanouts in finished walls shall have 
access covers and frames installed flush with the finished wall.  Cleanouts 
installed in finished floors subject to foot traffic shall be provided with 
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a chrome-plated cast brass, nickel brass, or nickel bronze cover secured to 
the plug or cover frame and set flush with the finished floor.  Heads of 
fastening screws shall not project above the cover surface.  Where 
cleanouts are provided with adjustable heads, the heads shall be plastic.

3.2   IDENTIFICATION SYSTEMS

3.2.1   Identification Tags

Identification tags made of brass, engraved laminated plastic, or engraved 
anodized aluminum, indicating service and valve number shall be installed 
on valves, except those valves installed on supplies at plumbing fixtures. 
Tags shall be 1-3/8 inch minimum diameter, and marking shall be stamped or 
engraved.  Indentations shall be black, for reading clarity.  Tags shall be 
attached to valves with No. 12 AWG, copper wire, chrome-plated beaded 
chain, or plastic straps designed for that purpose.

3.2.2   Pipe Color Code Marking

Color code marking of piping shall be as specified in Section 09 90 00.00 98
 PAINTING AND COATING.

3.2.3   Color Coding Scheme for Locating Hidden Utility Components

Scheme shall be provided in buildings having suspended grid ceilings.  The 
color coding scheme shall identify points of access for maintenance and 
operation of operable components which are not visible from the finished 
space and installed in the space directly above the suspended grid ceiling. 
The operable components shall include valves, dampers, switches, linkages 
and thermostats.  The color coding scheme shall consist of a color code 
board and colored metal disks.  Each colored metal disk shall be 
approximately 3/8 inch in diameter and secured to removable ceiling panels 
with fasteners.  The fasteners shall be inserted into the ceiling panels so 
that the fasteners will be concealed from view.  The fasteners shall be 
manually removable without tools and shall not separate from the ceiling 
panels when panels are dropped from ceiling height.  Installation of 
colored metal disks shall follow completion of the finished surface on 
which the disks are to be fastened.  The color code board shall have the 
approximate dimensions of 3 foot width, 30 inches height, and 1/2 inch 
thickness.  The board shall be made of wood fiberboard and framed under 
glass or 1/16 inch transparent plastic cover.  Unless otherwise directed, 
the color code symbols shall be approximately 3/4 inch in diameter and the 
related lettering in 1/2 inch high capital letters.  The color code board 
shall be mounted and located in the mechanical or equipment room.

3.3   ESCUTCHEONS

Escutcheons shall be provided at finished surfaces where bare or insulated 
piping, exposed to view, passes through floors, walls, or ceilings, except 
in boiler, utility, or equipment rooms.  Escutcheons shall be fastened 
securely to pipe or pipe covering and shall be satin-finish, 
corrosion-resisting steel, polished chromium-plated zinc alloy, or polished 
chromium-plated copper alloy.  Escutcheons shall be either one-piece or 
split-pattern, held in place by internal spring tension or setscrew.

3.4   PAINTING

Painting of pipes, hangers, supports, and other iron work, either in 
concealed spaces or exposed spaces, is specified in Section 09 90 00.00 98 
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PAINTING AND COATING.

3.4.1   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.

3.4.1.1   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 B 117, 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.

3.4.1.2   Shop Painting Systems for Metal Surfaces

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except metal surfaces 
subject to temperatures in excess of 120 degrees F shall be cleaned to bare 
metal.

Where more than one coat of paint is specified, apply the second coat after 
the preceding coat is thoroughly dry.  Lightly sand damaged painting and 
retouch before applying the succeeding coat. Color of finish coat shall be 
aluminum or light gray.

a.  Temperatures Less Than 120 Degrees F: Immediately after cleaning, the 
metal surfaces subject to temperatures less than 120 degrees F shall 
receive one coat of pretreatment primer applied to a minimum dry film 
thickness of 0.3 mil, one coat of primer applied to a minimum dry film 
thickness of one mil; and two coats of enamel applied to a minimum dry 
film thickness of one mil per coat.

b.  Temperatures Between 120 and 400 Degrees F:  Metal surfaces subject to 
temperatures between 120 and 400 degrees F shall receive two coats of 
400 degrees F heat-resisting enamel applied to a total minimum 
thickness of 2 mils.

c.  Temperatures Greater Than 400 Degrees F: Metal surfaces subject to 
temperatures greater than 400 degrees F shall receive two coats of 600 
degrees F heat-resisting paint applied to a total minimum dry film 
thickness of 2 mils.
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3.5   TESTS, FLUSHING AND DISINFECTION

3.5.1   Plumbing System

The following tests shall be performed on the plumbing system in accordance 
with ICC IPC, except that the drainage and vent system final test shall 
include the smoke test.  The Contractor has the option to perform a 
peppermint test in lieu of the smoke test.  If a peppermint test is chosen, 
the Contractor must submit a testing procedure to the Contracting Officer 
for approval.

a.  Drainage and Vent Systems Test.  The final test shall include a smoke 
test.

b.  Building Sewers Tests.

c.  Water Supply Systems Tests.

 3.5.2   Defective Work

If inspection or test shows defects, such defective work or material shall 
be replaced or repaired as necessary and inspection and tests shall be 
repeated.  Repairs to piping shall be made with new materials.  Caulking of 
screwed joints or holes will not be acceptable.

3.5.3   System Flushing

3.5.3.1   During Flushing

Before operational tests or disinfection, potable water piping system shall 
be flushed with potable water.  Sufficient water shall be used to produce a 
water velocity that is capable of entraining and removing debris in all 
portions of the piping system.  This requires simultaneous operation of all 
fixtures on a common branch or main in order to produce a flushing velocity 
of approximately 4 fps through all portions of the piping system.  In the 
event that this is impossible due to size of system, the Contracting 
Officer (or the designated representative) shall specify the number of 
fixtures to be operated during flushing.  Contractor shall provide adequate 
personnel to monitor the flushing operation and to ensure that drain lines 
are unobstructed in order to prevent flooding of the facility.  Contractor 
shall be responsible for any flood damage resulting from flushing of the 
system.  Flushing shall be continued until entrained dirt and other foreign 
materials have been removed and until discharge water shows no 
discoloration.

3.5.3.2   After Flushing

 System shall be drained at low points.  Strainer screens shall be removed, 
cleaned, and replaced.  After flushing and cleaning, systems shall be 
prepared for testing by immediately filling water piping with clean, fresh 
potable water.  Any stoppage, discoloration, or other damage to the finish, 
furnishings, or parts of the building due to the Contractor's failure to 
properly clean the piping system shall be repaired by the Contractor.  When 
the system flushing is complete, the hot-water system shall be adjusted for 
uniform circulation.  Flushing devices and automatic control systems shall 
be adjusted for proper operation according to manufacturer's instructions.  
Comply with ASHRAE 90.1 - IP for minimum efficiency requirements.  Unless 
more stringent local requirements exist, lead levels shall not exceed 
limits established by 40 CFR 50.12 Part 141.80(c)(1).  The water supply to 
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the building shall be tested separately to ensure that any lead 
contamination found during potable water system testing is due to work 
being performed inside the building.

3.5.4   Operational Test

Upon completion of flushing and prior to disinfection procedures, the 
Contractor shall subject the plumbing system to operating tests to 
demonstrate satisfactory installation, connections, adjustments, and 
functional and operational efficiency.  Such operating tests shall cover a 
period of not less than 8 hours for each system and shall include the 
following information in a report with conclusion as to the adequacy of the 
system:

a.  Time, date, and duration of test.

b.  Water pressures at the most remote and the highest fixtures.

c.  Operation of each fixture and fixture trim.

d.  Operation of each valve, hydrant, and faucet.

e.  Pump suction and discharge pressures.

g.  Operation of each floor drain by flooding with water.

h.  Operation of each vacuum breaker and backflow preventer.

3.5.5   Disinfection

After all system components are provided and operational tests are 
complete, the entire domestic hot- and cold-water distribution system shall 
be disinfected.  Before introducing disinfecting chlorination material, 
entire system shall be flushed with potable water until any entrained dirt 
and other foreign materials have been removed. 

  Water chlorination procedure shall be in accordance with AWWA C651 and 
AWWA C652 as modified and supplemented by this specification.  The 
chlorinating material shall be hypochlorites or liquid chlorine. The 
chlorinating material shall be fed into the water piping system at a 
constant rate at a concentration of at least 50 parts per 
million (ppm).  Feed a properly adjusted hypochlorite solution injected 
into the system with a hypochlorinator, or inject liquid chlorine into 
the system through a solution-feed chlorinator and booster pump until 
the entire system is completely filled.  

Test the chlorine residual level in the water at 6 hour intervals for a 
continuous period of 24 hours. If at the end of a 6 hour interval, the 
chlorine residual has dropped to less than 25 ppm, flush the piping 
including tanks with potable water, and repeat the above chlorination 
procedures.  During the chlorination period, each valve and faucet 
shall be opened and closed several times. 

After the second 24 hour period, verify that no less than 25 ppm 
chlorine residual remains in the treated system. The 24 hour 
chlorination procedure must be repeated until no less than 25 ppm 
chlorine residual remains in the treated system.

Upon the specified verification, the system including tanks shall then be 
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flushed with potable water until the residual chlorine level is reduced 
to less than one part per million.  During the flushing period, each 
valve and faucet shall be opened and closed several times.   

Take addition samples of water in disinfected containers, for bacterial 
examination, at locations specified by the Contracting Officer
Test these samples for total coliform organisms (coliform bacteria, 
fecal coliform, streptococcal, and other bacteria) in accordance with 
AWWA 10084.  The testing method used shall be EPA approved for drinking 
water systems and shall comply with applicable local and state 
requirements.  

Disinfection shall be repeated until bacterial tests indicate the absence 
of coliform organisms (zero mean coliform density per 100 milliliters) 
in the samples for at least 2 full days.  The system will not be 
accepted until satisfactory bacteriological results have been obtained.

3.6   WASTE MANAGEMENT

Place materials defined as hazardous or toxic waste in designated 
containers.  Return solvent and oil soaked rags for contaminant recovery 
and laundering or for proper disposal.  Close and seal tightly partly used 
sealant and adhesive containers and store in protected, well-ventilated, 
fire-safe area at moderate temperature.  Place used sealant and adhesive 
tubes and containers in areas designated for hazardous waste.  Separate 
copper and ferrous pipe waste in accordance with the Waste Management Plan 
and place in designated areas for reuse.

3.7   POSTED INSTRUCTIONS

Framed instructions under glass or in laminated plastic, including wiring 
and control diagrams showing the complete layout of the entire system, 
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.

3.8   TABLES

TABLE I
PIPE AND FITTING MATERIALS FOR

DRAINAGE, WASTE, AND VENT PIPING SYSTEMS
--------------------------------------------------------------------------
                                                            SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials            A     B    C     D     E   F
--------------------------------------------------------------------------

1  Cast iron soil pipe and fittings, hub      X     X    X     X     X
   and spigot, ASTM A 74 with
   compression gaskets.  Pipe and 
   fittings shall be marked with the 
   CISPI trademark.

2  Cast iron soil pipe and fittings hubless,        X    X     X     X
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TABLE I
PIPE AND FITTING MATERIALS FOR

DRAINAGE, WASTE, AND VENT PIPING SYSTEMS
--------------------------------------------------------------------------
                                                            SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials            A     B    C     D     E   F
--------------------------------------------------------------------------
   CISPI 301 and ASTM A 888. Pipe and 
   fittings shall be marked with
   the CISPI trademark.

3  Cast iron drainage fittings, threaded,     X          X     X
   ASME B16.12 for use with Item 10

4  Cast iron screwed fittings (threaded)                       X     X
   ASME B16.4 for use with Item 10

5  Grooved pipe couplings, ferrous and        X     X          X     X
   non-ferrous pipe ASTM A 536
   and ASTM A 47/A 47M

6  Ductile iron grooved joint fittings        X     X          X     X
   for ferrous pipe ASTM A 536 and 
   ASTM A 47/A 47M for use with Item 5

7  Bronze sand casting grooved joint          X     X          X     X
   pressure fittings for non-ferrous pipe
   ASTM B 584, for use with Item 5

8  Wrought copper grooved joint pressure      X     X
   pressure fittings for non-ferrous pipe
    ASTM B 75 C12200,
   ASTM B 152/B 152M, C11000,
   ASME B16.22
   ASME B16.22 for use with Item 5

9  Malleable-iron threaded fittings,                           X     X
   galvanized ASME B16.3
   for use with Item 10

10  Steel pipe, seamless galvanized,          X                X     X
    ASTM A 53/A 53M, Type S, Grade B

11  Seamless red brass pipe, ASTM B 43              X     X

12  Bronzed flanged fittings,                                  X     X
    ASME B16.24 for use
    with Items 11 and 14

13  Cast copper alloy solder joint                             X     X
    pressure fittings, ASME B16.18
    for use with Item 14

14  Seamless copper pipe, ASTM B 42                           X

15  Cast bronze threaded fittings,                             X     X
    ASME B16.15
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TABLE I
PIPE AND FITTING MATERIALS FOR

DRAINAGE, WASTE, AND VENT PIPING SYSTEMS
--------------------------------------------------------------------------
                                                            SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials            A     B    C     D     E   F
--------------------------------------------------------------------------

16  Copper drainage tube, (DWV),              X*    X    X*    X     X
    ASTM B 306

17  Wrought copper and wrought                X     X    X     X     X
    alloy solder-joint drainage
    fittings.  ASME B16.29

18  Cast copper alloy solder joint            X     X    X     X     X
    drainage fittings, DWV,
    ASME B16.23

19  Acrylonitrile-Butadiene-Styrene (ABS)     X     X    X     X     X   X
    plastic drain, waste, and vent pipe
    and fittings ASTM D 2661,
    ASTM F 628

20  Polyvinyl Chloride plastic drain,         X     X    X     X     X   X
    waste and vent pipe and fittings,
    ASTM D 2665,
    ASTM F 891, (Sch 40)
    ASTM F 1760

21  Process glass pipe and fittings,                                     X
    ASTM C 1053

22  High-silicon content cast iron pipe             X                X   X
    and fittings (hub and spigot, and 
    mechanical joint), ASTM A 518/A 518M

23  Polypropylene (PP) waste pipe and                                    X
    fittings, ASTM D 4101

24  Filament-wound reinforced thermosetting                              X
    resin (RTRP) pipe, ASTM D 2996

    SERVICE:

    A - Underground Building Soil, Waste and Storm Drain
    B - Aboveground Soil, Waste, Drain In Buildings
    C - Underground Vent
    D - Aboveground Vent
    E - Interior Rainwater Conductors Aboveground
    F - Corrosive Waste And Vent Above And Belowground
    * - Hard Temper
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------

1  Malleable-iron threaded fittings,          X       X       X     X
   a.  Galvanized, ASME B16.3
       for use with Item 4a

   b.  Same as "a" but not galvanized                         X
       for use with Item 4b

2  Grooved pipe couplings, ferrous pipe       X       X       X
   ASTM A 536 and ASTM A 47/A 47M, 
   non-ferrous pipe, ASTM A 536 
   and ASTM A 47/A 47M,

3  Ductile iron grooved joint fittings        X       X       X
   for ferrous pipe ASTM A 536
   and ASTM A 47/A 47M, for use
   with Item 2

4  Steel pipe:                                X       X       X      X
   a.  Seamless, galvanized,
   ASTM A 53/A 53M, Type S, Grade B

   b.  Seamless, black,                                       X
   ASTM A 53/A 53M,
   Type S, Grade B

5  Seamless red brass pipe,                   X       X              X
   ASTM B 43

6  Bronze flanged fittings,                   X       X              X
   ASME B16.24 for use with 
   Items 5 and 7

7  Seamless copper pipe, ASTM B 42            X       X              X

8  Seamless copper water tube,                X**     X**     X**    X***
   ASTM B 88, ASTM B 88M

9  Cast bronze threaded fittings,             X       X              X
   ASME B16.15 for use
   with Items 5 and 7

10 Wrought copper and bronze solder-joint     X       X       X      X
   pressure fittings,
   ASME B16.22 for
   use with Items 5, 7 and 8

11 Cast copper alloy solder-joint             X       X       X      X
   pressure fittings,
   ASME B16.18
   for use with Item 8
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------

12 Bronze and sand castings grooved           X       X       X
   joint pressure fittings for non-
   ferrous pipe ASTM B 584,
   for use with Item 2

13 Polyethylene (PE) plastic pipe,            X                      X
   Schedules 40 and 80, based on
   outside diameter ASTM D 2447

14 Polyethylene (PE) plastic pipe             X                      X
   (SDR-PR), based on controlled
   outside diameter, ASTM D 3035

15 Polyethylene (PE) plastic pipe             X                      X
   (SIDR-PR), based on controlled
   inside diameter, ASTM D 2239

16 Butt fusion polyethylene (PE) plastic      X                      X
   pipe fittings, ASTM D 3261
   for use with Items 14, 15, and 16

17 Socket-type polyethylene fittings          X                      X
   for outside diameter-controlled
   polyethylene pipe, ASTM D 2683
   for use with Item 15

18 Polyethylene (PE) plastic tubing,          X                      X
   ASTM D 2737

19 Chlorinated polyvinyl chloride             X       X              X
   (CPVC) plastic hot and cold
   water distribution system,
   ASTM D 2846/D 2846M

20 Chlorinated polyvinyl chloride             X       X              X
   (CPVC) plastic pipe, Schedule 40
   and 80, ASTM F 441/F 441M

21 Chlorinated polyvinyl chloride             X       X              X
   (CPVC) plastic pipe (SDR-PR)
   ASTM F 442/F 442M

22 Threaded chlorinated polyvinyl chloride    X       X              X
   (chloride CPVC) plastic pipe fittings,
   Schedule 80, ASTM F 437,
   for use with Items 20, and 21

23 Socket-type chlorinated polyvinyl          X       X              X
   chloride (CPVC) plastic pipe
   fittings, Schedule 40, ASTM F 438
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------
   for use with Items 20, 21, and 22

24 Socket-type chlorinated polyvinyl          X       X              X
   chloride (CPVC) plastic pipe fittings
   Schedule 80, ASTM F 439
   for use with Items 20, 21, and 22

25 Polyvinyl chloride (PVC) plastic pipe,     X                      X
   Schedules 40, 80, and 120,
   ASTM D 1785

26 Polyvinyl chloride (PVC) pressure-rated    X                      X
   pipe (SDR Series), ASTM D 2241

27 Polyvinyl chloride (PVC) plastic pipe      X                      X
   fittings, Schedule 40, ASTM D 2466

28 Socket-type polyvinyl chloride (PVC)       X                      X
   plastic pipe fittings, schedule 80,
   ASTM D 2467 for use with Items 26 and 27

29 Threaded polyvinyl chloride (PVC)          X                      X
   plastic pipe fittings, schedule 80,
   ASTM D 2464

30 Joints for IPS PVC pipe using solvent      X                      X
   cement, ASTM D 2672

31 Polypropylene (PP) plastic pipe and        X       X              X
   fittings; ASTM F 2389

32 Steel pipeline flanges, MSS SP-44          X       X

33 Fittings: brass or bronze;                 X       X
   ASME B16.15, and ASME B16.18
   ASTM B 828

34 Carbon steel pipe unions,                  X       X       X
   socket-welding and threaded,
   MSS SP-83

35 Malleable-iron threaded pipe               X       X
   unions ASME B16.39

36 Nipples, pipe threaded ASTM A 733          X       X       X
 
37 Crosslinked Polyethylene (PEX)             X       X              X
   Plastic Pipe ASTM F 877

38 Press Fittings                             X       X
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------
    A - Cold Water Service Aboveground
    B - Hot and Cold Water Distribution 180 degrees F Maximum
        Aboveground
    C - Compressed Air Lubricated
    D - Cold Water Service Belowground
    Indicated types are minimum wall thicknesses.
    ** - Type L - Hard
    *** - Type K - Hard temper with brazed joints only or type K-soft temper
    without joints in or under floors
    **** - In or under slab floors only brazed joints

TABLE III
STANDARD RATING CONDITIONS AND MINIMUM PERFORMANCE RATINGS FOR WATER HEATING

EQUIPMENT (I-P)

A.  STORAGE WATER HEATERS

         STORAGE
         CAPACITY        INPUT
FUEL     GALLONS         RATING      TEST PROCEDURE    REQUIRED 
                                                       PERFORMANCE

Elect.  60 max.                      10 CFR 430       EF = 0.93

Elect.  60 min.                      10 CFR 430       EF = 0.91

Elect.  20 min.       12 kW max.     10 CFR 430       EF = 0.93-0.00132V min.

Elect.  20 min.       12 kW min.     CSA/AM Z21.10.3  SL = 20+35x(V^^1/2)max.

Elect. Heat Pump      24 Amps or     10 CFR 430       EF = 0.93-0.00132V
                      less and 250 Volts or less

Gas     50 max.                      10 CFR 430       EF = 0.62  

Gas     20 min.       75,000 Btu/h   10 CFR 430       EF =       80  -0.0019V
                       max.                                      min.

Gas     1,000         75,000 Btu/h   CSA/AM Z21.10.3  ET = 80 percent min.
        (Btu/h)/gal                                        SL = 1.3+38/V max.
        max.

Oil     20 min.     105,000 Btu/h    10 CFR 430       EF = 0.80-0.0019V min.
                    max.                                           

Oil     4,000 (Btu/h)/gal max        CSA/AM Z21.10.3  ET = 78 percent;
        105,000 Btu/h min.                                 SL = 1.3+38/V max.

B.  Unfired Hot Water Storage R-12.5 min.
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TABLE III
STANDARD RATING CONDITIONS AND MINIMUM PERFORMANCE RATINGS FOR WATER HEATING

EQUIPMENT (I-P)

A.  STORAGE WATER HEATERS

         STORAGE
         CAPACITY        INPUT
FUEL     GALLONS         RATING      TEST PROCEDURE    REQUIRED 
                                                       PERFORMANCE
C.  Instantaneous Water Heater

Gas     4,000       50,000 Btu/h min  10 CFR 430      EF = 0.62-0.0019V
        (btu/h)/gal 200,000 Btu/h max.
        and 2 gal max.

Gas     4,000       200,000 Btu/h    CSA/AM Z21.10.3  ET = 80 percent
        (Btu/h)/gal    min.
        and 10 gal max.

Gas     4,000       200,000 Btu/h    CSA/AM Z21.10.3  ET = 80 percent
        (Btu/h)/gal    min.                         SL = (Q/800+110x(V^^1/2))
        min and                                     max.
        10 gal. min.

Oil     4,000       50,000 Btu/h     10 CFR 430       EF = 0.59-0.0019V
        (Btu/h)/gal    min.                         SL = (Q/800+110x(V^^1/2))
        min. and    210,000 Btu/h                   max.
        2 gal max.     max.

Oil     4,000       210,000 Btu/h    CSA/AM Z21.10.3  ET = 80 percent
        (Btu/h)/gal    min.                         
        min. and                      
        10 gal max.

Oil     4,000       210,000 Btu/h    CSA/AM Z21.10.3  ET = 78 percent
        (Btu/h)/gal    min.                         SL = (Q/800+110x(V^^1/2))
        min. and                                    max.
        10 gal min.

D.  Pool Heater

Gas or     All          All          ASHRAE 146       ET = 78 percent
Oil

Heat Pump  All          All          ASHRAE 146       COP = 4.0

TERMS:

EF = Energy factor, minimum overall efficiency.
ET = Minimum thermal efficiency with 70 degrees F delta T.
SL = Standby loss is maximum Btu/h based on a 70 degree F temperature 
difference between stored water and ambient requirements.
V = Rated storage volume in gallons
Q = Nameplate input rate in Btu/h

        -- End of Section --
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SECTION 23 00 00.00 98

GENERAL MECHANICAL PROVISIONS
01/10

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 TESTING AND MATERIALS (ASTM)

ASTM A 123/A 123M (2009) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

UNDERWRITERS LABORATORIES (UL)

UL 6 (2007) Electrical Rigid Metal Conduit-Steel

 1.2   SUBMITTALS

NOT USED

1.3   APPLICABILITY

This section shall apply to, and be a component part of, each section that 
is a part of Division 23 "Heating, Ventilating and Air-Conditioning."

1.4   SCOPE OF WORK

The Contractor shall furnish all labor, materials, equipment, calculations, 
and services to construct, install, and test the complete mechanical 
systems and related work, indicated and specified.

1.5   INTERPRETATION OF DRAWINGS AND SPECIFICATIONS

It is the intent of these specifications and the contract drawings to 
provide a complete and workable facility.

Design drawings are diagrammatic and do not show all offsets, bends, elbows 
or other specific elements which may be required for proper installation of 
the work.  Such work shall be verified at the site.  Additional bends and 
offsets as required by vertical and horizontal equipment locations or other 
job conditions shall be provided to complete the work, at no additional 
cost to the Government.

Except where shown in dimensional detail, the locations of plumbing, 
mechanical equipment, ducts, piping, and fittings are only approximate; the 
exact locations shall be determined by the Contractor, subject to approval 
by the COTR.

The physical dimensions of equipment indicated are approximate.  The 
Contractor is responsible in verifying that the equipment furnished will 
fit in the available space.  Before installing any equipment, the 
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Contractor shall obtain the exact requirements for the items furnished and 
shall install plumbing, piping, fittings, supports, and other items of the 
correct size and shape for the equipment actually installed.  Plumbing and 
piping sizes and equipment ratings shall be taken as a minimum and shall 
not be reduced without approval.

1.6   CODES AND STANDARDS

Equipment design, fabrication, testing, installation, and system 
performance shall, unless shown or specified otherwise, comply with the 
referenced publications to the extent indicated by the references thereto.  
No equipment or piping, including soldered joints, containing lead shall be 
installed in potable water systems.   No internal fiberglass insulation 
shall be installed in any air ducts for acoustic or heat flow reduction.

1.7   COORDINATION

Contractor shall coordinate the work of the different trades so that 
interference between piping, equipment, structural, and electrical work 
will be avoided.  All necessary offsets in piping and ductwork, and all 
fittings, etc., required to install the work properly shall be furnished 
complete in place at no additional cost to the Government.

1.8   MECHANICAL SYSTEMS IDENTIFICATION

1.8.1   General

The Contractor shall provide a coordinated system of piping identification 
which includes:

Valves and components shall have a tag to identify the device and 
system it is installed.  Tag engraving shall be as detailed in 
paragraph "System Component Tags".

Piping identification and color coding as per paragraph "Service 
Labeling".

The Contractor shall submit the entire identification system for approval 
prior to proceeding with the work.

1.8.2   System Component Tags

Laminated Plastic Tags:

Identification tags shall be made of laminated plastic.  The tag's 
engraved letters/ numbers shall be black with background color the 
color listed under color bands under paragraph entitled "Service 
Labeling".  On brown colored tags, provide white letters/numbers.

Tags shall be rectangular 0.125 inch thick, 1.500 inch width by 5.750 
inch length for two letter-number rows.  The upper row shall indicate 
the components prefix number.  The lower row shall indicate the systems 
index number for the component.  The upper row shall be 0.250 inch  
from the top beginning 0.750 inch from left end with 0.500 inch by 
0.500 inch by 0.125 inch thick block letter-numbers on 0.250 inch  
spacing with 0.500 inch space between letters and numbers ending 0.500 
inch from right end.  The lower row shall be 0.250 inch from bottom, 
0.250 inch by 0.250 inch by 0.0625 inch thick block letters positioned 
under the upper row.  The left end of the tag shall have a 0.250 inch  
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hole centered in the 0.750 inch by 1.500 inch area for wiring to 
component.

Tags shall be wired to valve or component items with No. 12 AWG  
diameter stainless steel wire.  Care shall be taken when installing the 
tags so that valves are not damaged (softened) by hot objects.

All components shall be provided with identification tags displaying 
the numbers assigned by the COTR.  At the completion of the job, a list 
of all component numbers used, along with a description of component 
identified, shall be provided.

Metal Tags

Identification tags made  of brass or aluminum and indicating function 
of valve or similar component, shall be installed on such system 
devices.  Tags shall be not less than 2 inches in diameter an marking 
shall be stamped

Equipment shall be provided with metal identification tags bearing an 
equipment designation number matching the drawing or diagram 
designations.

Tags shall be secured to valve or equipment items with 10 gauge 
stainless steel wire.

1.8.3   Service Labeling

All piping and ductwork, including that concealed in accessible spaces; 
exposed, bare and painted; and insulated, shall be labeled to designate 
service.  Each label shall include an arrow or arrows to indicate flow 
direction and a color warning band.  Labels and system component tag color 
scheme shall be in accordance with the typical examples below:

  ___________________________________________________________________________

    SYSTEM                            BLACK LETTERS ON                COLOR
    AIR DUCTS AND PIPES               WHITE BACKGROUND                BANDS
   
    Heating Supply                    HTG SPLY                        White
    Outdoor Air                       OUTDR AIR                       White
  __________________________________________________________________________

    COMPRESSED GAS                    BLACK LETTERS ON                COLOR
                                      WHITE BACKGROUND                BANDS

    Atomization Air                   COMB AIR 150-PSIG               Gray
    Instrument Air                    INST AIR 20-PSIG                Gray
    Shop/Service Air                  SHOP AIR 125-PSIG               Gray
    Natural Gas                       NAT GAS 25 -PSIG                Yellow
                                      or 6 -PSIG                      Yellow
    ________________________________________________________________________
   
    WATER                             BLACK LETTERS ON                COLOR
                                      WHITE BACKGROUND                BANDS

    Boiler Feed                       BLR FD WTR 150 PSIG             Brown
    Boiler Makeup                     BLR MK WTR                      Brown
    Nonpotable Cold                   NONPOT DOM WTR                  Brown
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    WATER                             BLACK LETTERS ON                COLOR
                                      WHITE BACKGROUND                BANDS

    Potable Cold                      DOM WTR                         White
  Steam Cond:
    Gravity Return - Low Press        COND GRAV RTN -LOW PRESS        Gray  
    Medium Pressure                   COND GRAV RTN -MED PRESS        Gray
    High Pressure                     COND GRAV RTN -HIGH PRESS       Gray
    Pumped Return                     COND PUMP RTN                   Gray
  Steam Supply:
    Low Pressure                      LOW PRESS STEAM                 Gray
    Medium Pressure                   MED PRESS STEAM                 Gray
    High Pressure                     HIGH PRESS STEAM                Gray
  ___________________________________________________________________________

    FIRE PROTECTION                   WHITE LETTERS ON                COLOR
                                      RED BACKGROUND                  BANDS
  
    Fire Water                        FIRE PROT WTR 80 psig     Red
    Sprinkler Piping                  SPKLR SYST                      Red
__________________________________________________________________________________

    FUEL

    NO.2 Oil Supply                   Fuel Oil                        Orange
    NO.2 Oil Return                   Fuel Oil                        Orange
    Propane - Before Regulator        Propane - 250 psig              Yellow
    Propane - After Regulator         Propane - 85  psig              Yellow  
____________________________________________________________________________

Similar services with different temperatures or pressures shall be 
identified.  Where pressures may exceed 125 pounds per square inch, gage, 
the maximum system pressure shall be included in the label.

Piping shall be labeled and arrowed in accordance with the following:

Each point of entry and exit of pipe passing through walls

Each change in direction, i.e., elbows, tees

In congested or hidden areas and at all access panels at each point 
required to clarify service or indicated hazard.

In long straight runs, labels shall be located at distances within 
eyesight of each other but in no case shall the distance between labels 
exceed 25 feet.  All labels shall be visible and legible from the 
primary service and operating area.

The label and system component tag schedule above shall not be 
construed as defining or limiting the work.

Preprinted legends such as decalcomanias, snap-on, tie-on, or pressure 
secured are commercially available and shall be used with approval of the 
COTR.  Stapling label to insulation is not permissible.  The color band 
shall be used to secure each end of label.  When such legends are used 
their fabrication and application must be suitable for the environment in 
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which the are used.  Background and letter-numerals, style, size, and color 
scheme shall match the requirements listed in paragraph "Service Labeling."

1.8.4   Asbestos Free Labeling

All newly installed piping and duct insulation shall be labeled to verify 
that asbestos containing materials do not exist within the insulation.  
Labels shall be stick-on type with minimum 3/4 inch high white letters on 
blue background.  Stickers shall be formatted as follows:

ASBESTOS FREE

Stickers shall be attached to piping or duct insulation in accordance with 
the following:

Each point of entry and exit of piping or duct passing through walls or 
each change in direction, i.e., elbows, tees.

In long, straight runs of pipe or duct, the distance between labels 
shall not exceed 25 feet.

Labels are required in exposed and non-exposed areas.

1.9   APPROVAL REQUIREMENTS

Except as otherwise specified, approval of materials and equipment will be 
based on manufacturer's published data.

Where materials and equipment are specified to conform to the standards of 
the Underwriters Laboratories, the label of or listing with reexamination 
in UL 6 will be acceptable as sufficient evidence that the items conform to 
Underwriters Laboratories requirements.  In lieu of such label or listing, 
the Contractor may 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.  Methods of testing used by the 
specified agencies shall be outlined.

Where materials or equipment are specified to be constructed or tested, or 
both, in accordance with the standards of the American Society for Testing 
and Materials (ASTM), the American Society of Mechanical Engineers (ASME), 
or other standards, a manufacturer's certificate of compliance of each item 
will be acceptable as proof of compliance.

Conformance to such agency requirements does not relieve the item from 
compliance with other requirements of these specifications.

1.10   STORAGE AND PROTECTION OF EQUIPMENT AND MATERIALS

All equipment and materials stored at the site shall be fully protected 
from damage, dirt, debris, and weather.

All equipment installed with a factory finish shall be fully protected 
during construction and shall be maintained free of dust, dirt, and foreign 
matter.  All dents and marred finishes shall be repaired or replaced as per 
the COTR at no additional cost to the Government.
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1.11   PREVENTION OF CORROSION

Metallic materials shall be protected against corrosion.  Equipment 
enclosures shall be given rust-inhibiting treatment and standard finish by 
the manufacturer.  Aluminum shall not be used in contact with earth, and 
where connected to dissimilar metal, shall be protected 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 A 123/A 123M for exterior locations.

1.12   RECORD DRAWINGS AND MANUALS

The Contractor shall provide, and keep up-to-date, a complete record set of 
drawings which shall be corrected to show every change from the original 
specification and drawings.  Prints for this purpose may be obtained from 
the COTR.  This set of prints shall be kept on the jobsite and shall be 
used only as a record set.  This shall not be construed as authorization 
for the Contractor to make changes in the layout or specification without 
approval.  Upon completion of the work and before final payment, the record 
set of drawings and manuals shall be submitted for approval.  Upon 
approval, the record set of drawings and all manuals will be retained by 
the COTR.

Manuals shall be bound in a loose leaf, 3-ring binder with index tabs 
separating and identifying equipment.  The manual shall contain copies of 
controls and major equipment and shall be marked to indicate brand and 
model furnished with capacity data, parts lists, wiring diagrams, operating 
and maintenance information, and air/water balancing data.  One (1) hard 
paper copy and one (1) electronic version on CD shall be provided.

PART 2   PRODUCTS

2.1   IDENTIFICATION PLATES

In addition to standard manufacturer's identification plates, engraved 
laminated phenolic identification plates shall be provided for each piece 
of mechanical equipment.  Identification plates shall designate the 
function of the equipment.  Designation shall be submitted 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.  Identification plates shall be installed using a 
compatible adhesive and/or setscrews.

2.2   ANCHOR BOLTS

Anchor bolts shall be provided for equipment placed on concrete equipment 
pads or on concrete slabs.  Bolts shall be of the size and number 
recommended by the equipment manufacturer and shall be located by means of 
suitable templates.  Installation of anchor bolts shall not degrade the 
surrounding concrete.
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2.3   MATERIAL AND EQUIPMENT

Mechanical material and equipment shall meet the requirements indicated and 
specified and shall be designed for the installation shown.  All components 
bearing the same part number shall be identical in form, fit, and 
function.  All materials and equipment shall be new and free from defects. 
Any metal exposed to the weather shall be fabricated of aluminum or 
stainless steel (including bolts, nuts, fasteners, supports and ductwork).

2.4   COUPLING AND BELT GUARDS

All rotating equipment with couplings or V-belt drives shall be furnished 
with an OSHA approved guard.

2.5   PAINTING

All exposed air handling units, piping (not insulated), pneumatic control 
tubing, control panels, electric conduits for mechanical controls and 
equipment, and ductwork (not insulated) installed under this contract and 
exposed to view in finished areas, shall be painted.  See Division 9, 
"Finishes," for painting of bare and insulated piping and ductwork.

All equipment units shall be painted in accordance with approved equipment 
manufacturer's standards unless specified otherwise.  Field retouching 
shall be accomplished only if approved; otherwise equipment shall be 
returned to the factory for refinishing.

2.6   VALVES AND FITTINGS

Cast steel or carbon steel shall be used for steam piping systems.  Ductile 
or malleable iron, bronze or brass are acceptable for other piping systems 
with copper acceptable for water piping systems.

PART 3   EXECUTION

3.1   INSTALLATION

Materials and equipment shall be installed in accordance with the 
requirements of the contract drawings and approved recommendations of the 
manufacturers.  Installation shall be accomplished by workers skilled in 
this type of work.  Installation shall be made so that there is no 
degradation of the designed fire ratings of walls, partitions, ceilings, 
and floors.

No installation shall be permitted which blocks or otherwise impedes access 
to any existing machine or system.  All hinged doors shall swing open a 
minimum of 120 degrees.  The area in front of all access doors shall be 
clear a minimum of 3 feet.  The area in front of all access doors to 
electrical circuits shall be clear the minimum distance to energized 
circuits as specified in OSHA Standards, part 1910.333(Electrical-Safety 
Related work practices)and an additional 3 feet.

Except as otherwise indicated, emergency switches and alarms shall be 
installed in conspicuous locations.  All indicators, to include gauges, 
meters, and alarms shall be mounted in order to be easily visible by people 
in the area.

Materials encountered during the installation of piping and/or equipment 
may contain asbestos or coated with a lead containing paint.
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Insulation materials installed on piping and ductwork must be dry.  Any 
liquid containing insulation shall be replaced before the vapor barrier is 
sealed; and, if exposed to outdoor conditions, weather proofing is 
completed.

3.2   EQUIPMENT PADS

Equipment pads shall be provided and shall be of dimensions shown or, if 
not shown, they shall conform to the shape of each piece of equipment 
served with a minimum 3-inch margin around the equipment and supports and 
shall be 4-inch thickness.  Equipment bases and foundations, when 
constructed of concrete or grout, shall cure a minimum of 14 days before 
being loaded.  Chamfer top edges of equipment pads.

3.3   PIPE AND DUCTWORK SUPPORTS

Piping and ductwork shall be supported from, or suspended from, the 
building steel or concrete structure and not from the roof deck.

Pipe, including electric conduits, and ductwork on the roof shall be 
supported from an 18-gauge galvanized steel prefabricated curb, unitized 
construction with integral base plate, continuous welded corner seams, 
pressure treated wood nailer, counterflashing with lag screws, internally 
reinforced, 45-degree cant base for flashing, 12-inch minimum height, and 
12-inch minimum length.

Note the requirements of the paragraph "Material and Equipment" for 
materials exposed to weather.

3.4   CUTTING AND PATCHING

Contractor shall install his work in such a manner and at such time as will 
require a minimum of cutting and patching of the building structure.

Holes in exposed locations, in or through existing floors, shall be drilled 
and smoothed by sanding.  Use of a jackhammer will be permitted only where 
specifically approved by the Contracting Officer's Technical Representative.

Holes through masonry walls, floors, or ceilings, to accommodate sleeves, 
shall be made with an iron pipe masonry core saw.

3.5   CLEANING

Exposed surfaces of piping and equipment that have become covered with 
dirt, plaster, or other material during handling and construction shall be 
thoroughly cleaned before such surfaces are prepared for final finish 
painting or are enclosed within the building structure.

After piping has been pressure tested and prior to placing systems in 
operation, all piping and fittings shall be flushed to remove any dirt, 
grit, rust, scale, grease, oil, or other materials.  Water for flushing 
will be furnished by the Government; but, flushing shall be accomplished in 
such a manner as to prevent undue water waste.

Before final acceptance, mechanical equipment, including piping, ducting, 
and fixtures, shall be clean and free from dirt, grease, and finger marks.

When the work area is in an occupied space such as office, laboratory or 
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warehouse all furniture and equipment shall be protected from dirt and 
debris.  Field construction work shall incorporate housekeeping which 
leaves all furniture and equipment in the affected area free of 
construction generated dust and debris; and, all floor surfaces 
vacuum-swept clean.

3.6   HYDROSTATIC TESTING

3.6.1   General

These guidelines shall be followed for testing systems, that can be filled 
with a fluid, designed for liquid, gas, or steam.

These guidelines are based on the requirements of the ASME and ANSI 
Pressure Vessel and Piping Codes and the NASA GRC Operational Safety 
Manual.  The guidelines shall be followed when conducting a hydrostatic 
test of pressure vessels and piping systems.

See also Section 23 05 93.98 "TESTING, ADJUSTING AND BALANCING"

3.6.2   Before Test Requirements

Systems designed for gas or steam may require temporary support or bracing 
to withstand the weight of the fluid used in the test.  All stress loadings 
that may exist during this test is part of the design.  Any Contractor 
concerns shall be brought in writing to the attention of the COTR prior to 
conducting the test.

Expansion joints shall be provided with temporary restraints, if required, 
for the additional test pressure load; or they shall be isolated during the 
test.

Equipment that is not to be subjected to the pressure test shall be either 
disconnected from the system or isolated.  Valves may be used for this 
purpose provided the valve is designed for the proposed test pressure.  
Isolated equipment and piping not being tested shall be vented.

All welded, flanged, threaded, brazed, or soldered joints, and other 
connections not previously pressure tested, shall not be insulated before 
testing.  They shall be exposed for examination during testing.

Water shall be used as the primary test medium.  Test water shall be clean 
and of such quality as to minimize corrosion of the materials in the system 
under test.  Tests with water shall not be conducted when ambient 
temperature is below 40-degrees F.  The temperature of the water used to 
apply the test shall not be less than 60-degrees F. or higher than 
120-degrees F.  If a particular situation warrants, the COTR shall be 
contacted for approval to use other water temperatures or fluids as the 
test medium.

Vents shall be provided at all high points to purge any possible air 
pockets during filling the vessel or piping system.  Drain connections 
shall be provided at low points to remove water at the conclusion of the 
test.

A calibrated, certified pressure gauge shall be connected to the system to 
be tested.  The range of the gauge shall be at least 1 1/2-times the test 
pressure, but not greater than 2-times the test pressure.  Digital pressure 
gauges may be used if their accuracy is as good as a calibrated dial 
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pressure gauge.

3.6.3   Test Requirements

Before applying hydrostatic pressure, the test equipment shall be examined 
to see that it is tight.  All low pressure filling lines and other 
components of the test equipment, that should not be subjected to test 
pressure, shall be disconnected or isolated.  Contractor to complete NASA 
form C-4018, "Piping System Hydrostatic Test Checklist", and deliver to 
COTR.

The system under test shall be isolated from the hydrostatic pump by a hand 
valve.  The calibrated pressure gauge, attached to the system, shall be 
observed for at least 15-minutes to ensure the leak tightness of the 
system.  leaking will be indicated by a continuous decrease in the system 
pressure.  Temperature changes in the system shall be monitored to correct 
pressure changes.

Hydrostatic test results shall be documented on the form under Article 
"Attachments" entitled "Hydrostatic Testing Report" in this Section.  Only 
one vessel or system shall be documented on one report.  Multiple vessels 
or systems require multiple reports.

The hydrostatic pressure shall be increased gradually until the system is 
subjected to 50% of the test pressure.  At this point, the pressure shall 
be held for at least 10-minutes, documented on the "Hydrostatic Testing 
Report" under Article "Attachments" in this Section, and the system checked 
for leaks and other deficiencies.

After 50% of the test pressure is reached, the system pressure shall be 
increased in 10% increments.  Pressure shall be held for at least 
10-minutes at each pressure level, documented on the "Hydrostatic Testing 
Report" under Article "Attachments" in this Section, and visually inspected 
for leaks at each step.  Continue the test until the full test pressure is 
applied.

The full test pressure shall be continuously maintained for a minimum of 
30-minutes.  During this time, the system shall be observed for indications 
of leakage.  The pressure shall be documented on the "Hydrostatic Testing 
Report."

The hydrostatic test pressure at any point in the piping system shall not 
be less than 1.5-times the design pressure (see drawings for the required 
test pressure), but shall not exceed the maximum allowable test pressure of 
any non-isolated component, such as vessels, pumps or valves.

Following the application of the full hydrostatic test pressure, the 
pressure shall be reduced to not less than 67% of the test pressure.  A 
close examination of all welds, flanged, threaded, brazed, and soldered 
joints shall be made to pinpoint any leakage.

Upon completion of the test, a "Hydrostatic Testing Report"  shall be given 
to the COTR.  Contractor to use and complete NASA form VC-4012, "Piping 
System Hydrostatic Test Report."

3.7   FLUSHING AND DISINFECTION

All piping shall be flushed with potable water until visible grease, dirt 
and other contaminants are removed.  This shall require visual inspection 
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by COTR.

All potable water main and distribution piping, including valves, fittings, 
and other devices, shall be disinfected with a solution of chlorine and 
water, and tested according to AWWA C651 (1999) Disinfecting Water Mains.  
Solution shall contain not less than 50 parts per million (ppm) of 
available chlorine.  Solution shall be held for a period of not less than 8 
hours, after which time the solution shall contain not less than 10 ppm of 
available chlorine or the piping shall be disinfected again.  After 
successful disinfection, samples of water shall then be taken for bacteria 
count.  The samples of water shall be sent to an independent testing lab 
for the count in accordance with EPA 40 CFR, Chapter 1, Section 141.14.  
"Maximum microbiological containment level" and the results submitted to 
the COTR for approval.  System shall be re-sterilized until the count is 
approved by the COTR.  Before placing the system into service, the piping 
shall be flushed with water for a minimum of 2 hours or until the residual 
chlorine is reduced to less  than 1.0 ppm.  All testing and flushing shall 
be the responsibility of the Contractor.  Water for disinfection will be 
furnished by the Government, but disposal shall be the responsibility of 
the Contractor or directed to the nearest sanitary sewer and this will be 
determined on a case by case basis.

         -- End of Section --
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SECTION 23 03 00.00 98

BASIC MECHANICAL MATERIALS AND METHODS
01/10

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 B 117 (2009) Standing Practice for Operating 
Salt Spray (Fog) Apparatus

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2007; TIA 2007-1; TIA 2007-2; TIA 2007-3; 
TIA 2007-4; TIA 2007-5) National 
Electrical Safety Code

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2007; Errata 2008) Standard for 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

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

1.2   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.

1.3   QUALITY ASSURANCE

1.3.1   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, 
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manufacturers' catalogs, or brochures during the 2 year period.

1.3.2   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.

1.3.3   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 
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.

1.3.4   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.

1.3.5   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.

1.3.5.1   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."  References to the 
"permit holder" shall be interpreted to mean the "Contractor."

1.3.5.2   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.

1.4   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.
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1.5   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 under 
Section 26 05 00.00 98 BASIC ELECTRICAL MATERIALS AND METHODS.  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 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 Section 26 05 00.00 98 BASIC 
ELECTRICAL MATERIALS AND METHODS.

1.6   ELECTRICAL INSTALLATION REQUIREMENTS

Electrical installations shall conform to IEEE C2, NFPA 70, and 
requirements specified herein.

1.6.1   New Work

Provide electrical components of mechanical equipment, such as motors, 
motor starters (except starters/controllers which are indicated as part of 
a motor control center), control or push-button stations, float or pressure 
switches, solenoid valves, integral disconnects, and other devices 
functioning to control mechanical equipment, as well as control wiring and 
conduit for circuits rated 100 volts or less, to conform with the 
requirements of the section covering the mechanical equipment.  Extended 
voltage range motors shall not be permitted.  The interconnecting power 
wiring and conduit, control wiring rated 120 volts (nominal) and conduit, 
the motor control equipment forming a part of motor control centers, and 
the electrical power circuits shall be provided under Division 26, except 
internal wiring for components of package equipment shall be provided as an 
integral part of the equipment.  When motors and equipment furnished are 
larger than sizes indicated, provide any required changes to the electrical 
service as may be necessary and related work as a part of the work for the 
section specifying that motor or equipment.

1.6.2   Modifications to Existing Systems

Where existing mechanical systems and motor-operated equipment require 
modifications, provide electrical components under Division 26.

1.6.3   High Efficiency Motors

1.6.3.1   High Efficiency Single-Phase Motors

Unless otherwise specified, single-phase fractional-horsepower 
alternating-current motors shall be high efficiency types corresponding to 
the applications listed in NEMA MG 11.

1.6.3.2   High Efficiency Polyphase Motors

Unless otherwise specified, polyphase motors shall be selected based on 
high efficiency characteristics relative to the applications as listed in 
NEMA MG 10.  Additionally, polyphase squirrel-cage medium induction motors 
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with continuous ratings shall meet or exceed energy efficient ratings in 
accordance with Table 12-6C of NEMA MG 1.

1.6.4   Three-Phase Motor Protection

Provide controllers for motors rated one one horsepower and larger with 
electronic phase-voltage monitors designed to protect motors from 
phase-loss, undervoltage, and overvoltage.  Provide protection for motors 
from immediate restart by a time adjustable restart relay.

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   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

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.

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 B 117, 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 
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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.

3.1.2   Shop Painting Systems for Metal Surfaces

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except metal surfaces 
subject to temperatures in excess of 120 degrees F shall be cleaned to bare 
metal.

Where more than one coat of paint is specified, apply the second coat after 
the preceding coat is thoroughly dry.  Lightly sand damaged painting and 
retouch before applying the succeeding coat. Color of finish coat shall be 
aluminum or light gray.

a.  Temperatures Less Than 120 Degrees F: Immediately after cleaning, 
the metal surfaces subject to temperatures less than 120 degrees F 
shall receive one coat of pretreatment primer applied to a minimum 
dry film thickness of 0.3 mil, one coat of primer applied to a 
minimum dry film thickness of one mil; and two coats of enamel 
applied to a minimum dry film thickness of one mil per coat.

b.  Temperatures Between 120 and 400 Degrees F:  Metal surfaces 
subject to temperatures between 120 and 400 degrees F shall 
receive two coats of 400 degrees F heat-resisting enamel applied 
to a total minimum thickness of 2 mils.

c.  Temperatures Greater Than 400 Degrees F: Metal surfaces subject to 
temperatures greater than 400 degrees F shall receive two coats of 
600 degrees F heat-resisting paint applied to a total minimum dry 
film thickness of 2 mils.

        -- End of Section --
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SECTION 23 05 48

VIBRATION CONTROLS FOR HVAC PIPING AND EQUIPMENT
08/08

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 S2.71 (1983; R 2006) Guide to the Evaluation of 
Human Exposure to Vibration in Buildings

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

ASHRAE HVAC APP IP HDBK (2007) HVAC Applications Handbook, I-P 
Edition

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)

NEBB PROCEDURAL STANDARDS (2005) Procedural Standards for TAB 
(Testing, Adjusting and Balancing) 
Environmental Systems

1.2   GENERAL REQUIREMENTS

Section 23 00 00.00 98 GENERAL MECHANICAL PROVISIONS applies to work 
specified in this section to the extent applicable.

Section 23 50 11 BOILER PLANT MECHANICAL EQUIPMENT SYSTEMS applies to work 
specified in this section to the extent applicable.

All vibration-control apparatus must be the product of a single 
manufacturing source, where possible.  Human exposure levels should be 
considered using ASA S2.71 and NEBB PROCEDURAL STANDARDS.

Scheduled isolation mounting is in inches and is a minimum static 
deflection.

Spans referred to in Part 2, "Vibration-Isolation Systems Application," 
must mean longest bay dimension.

Determine exact mounting sizes and number of isolators by the isolator 
manufacturer based on equipment that will be installed.  Check equipment 
revolutions per minute (rpm) and spring deflections to verify that 
resonance cannot occur.

Installation Drawings for vibration isolator systems must include equipment 
and performance requirements.

Indicate within Outline Drawings for vibration isolator systems overall 
physical features, dimensions, ratings, service requirements, and weights 
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of equipment.

Equipment and Performance Data for vibration isolator systems must include 
equipment base design; inertia-block mass relative to support equipment 
weight; spring loads and free, operating, and solid heights of spring; 
spring diameters; nonmetallic isolator loading and deflection; disturbing 
frequency; natural frequency of mounts; deflection of working member; and 
anticipated amount of physical movement at the reference points.

1.3   SUBMITTALS

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

SD-02 Shop Drawings; G

Submit Installation Drawings and Outline Drawings in accordance 
with paragraph entitled, "General Requirements," of this section.

SD-03 Product Data; G

Submit Equipment and Performance Data in accordance with paragraph 
entitled, "General Requirements," of this section.

Submit Manufacturer's catalog data for the following items:

Mountings
Bases
Isolators
Floor-Mounted Piping
Vertical Piping

SD-06 Test Reports; G

Submit test reports for deflection tests in accordance with the 
paragraph entitled, "Type of Vibration-Isolation Provisions," of 
this section.  Include within reports the following information:

Type of Isolator
Type of Base
Allowable Deflection
Measured Deflection

PART 2   PRODUCTS

2.1   TYPE OF VIBRATION-ISOLATION PROVISIONS

Design for vibration isolation using ASHRAE HVAC APP IP HDBK, Chapter 47, 
as applicable to the following sections.

Test reports for testing vibration isolation must be submitted for each 
Type of Isolator and each Type of Base, and meet referenced standards 
contained within this section.  Include in test reports Allowable Deflection
and Measured Deflection also meeting referenced standards within this 
section.
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2.1.1   Materials

Rubber must be natural rubber.  Elastomer must be chloroprene.  Shore A 
durometer measurement of both materials and range between 40 and 60.

Inorganic materials such as precompressed, high-density, fibrous glass 
encased in a resilient moisture-impervious membrane may be used in lieu of 
specified natural rubber and elastomers.  Where this substitution is made, 
specified deflections must be modified by the manufacturing source to 
accommodate physical characteristics of inorganic materials and to provide 
equal or better vibration isolation.

Weather-exposed metal vibration-isolator parts must be corrosion 
protected.  Chloroprene coat springs.

2.1.2   Mountings

Mountings must be:

Type A:  Composite pad, with 0.25-inch thick elastomer top and bottom 
layers, molded to contain a pattern with nonslip characteristics in all 
horizontal directions.  Elastomer loading must not exceed 40 pounds per 
square inch (psi).  Minimum overall thickness must be 1 inch.  Maximum 
deflections up to 0.25-inch are allowed.

Type B:  Double elastomer-in-shear with molded-in steel reinforcement 
in top and bottom.  Maximum deflections up to 0.50 inch are allowed.

Type C:  Free-standing laterally stable open-spring type for 
deflections over 0.50 inch, with built-in bearing and leveling 
provisions, 0.25-inch thick Type A base elastomer pads, and 
accessories.  Outside diameter of each spring must be equal to or 
greater than 0.9 times the operating height of the spring under rated 
load.

Type D:  Partially housed type, containing one or more vertically 
restrained springs with at least 0.50 inch clearance maintained around 
springs, with adjustable limit stops, 0.25-inch thick Type A base 
elastomer pads, and accessories.

Type E:  Pendulum-suspension configuration with free-standing stable 
spring with resilient horizontal and vertical restraints to allow 
maximum movements of 0.25 inch in each direction, 0.25-inch thick Type 
A base elastomer pads.

Type F:  Combination spring and rubber-in-shear steel framed for 
hanger-rod mounting.  Minimum total static deflection must be 1 inch.

Type G:  Air spring with body constructed of reinforced elastomer 
specifically suitable for application environment.  Select air spring to 
provide a natural frequency equal to 5 inches of deflection of conventional 
specified steel springs.  Provide facilities for dead-level adjustment and 
height-control of supported equipment.

2.1.3   Bases

Bases must be:

Type U:  Unit isolators without rails, structural-steel bases, or 
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inertia blocks.

Type R:  Rails, connected mill-rolled structural steel, of sufficient 
dimension to preclude deflection at midpoint of unsupported span in 
excess of 1/1,440th of the span between isolators, power transmission, 
component misalignment, and any overhung weight.  Where Type R bases 
are specified and the equipment proposed requires additional base 
support, use a Type S base.

Type S:  Structural-steel bases common to a supported assembly, made 
from welded-joint mill-rolled structural steel with closed-perimeter 
configuration, isolators attached to outrigger supports.

Height of steel members must be sufficient to provide stiffness 
required to maintain equipment manufacturer's recommended alignment and 
duty efficiency of power-transmission components.  Height of steel 
member must not result in member deflection at midpoint of unsupported 
span of more than 1/1,440th of the span between isolators.  Minimum 
height must be 5 inches.

2.2   VIBRATION-ISOLATION SYSTEMS APPLICATION

Vibration isolation design per ASHRAE HVAC APP IP HDBK, Chapter 47.

2.2.1   Air Compressor Locations

                                  ON GRADE    ON GRADE    ON GRADE
                      BASEMENT    20-FOOT     30-FOOT     40-FOOT
              TYPE    BELOW-GRADE FLOOR-SPAN  FLOOR-SPAN  FLOOR-SPAN
            EQUIPMENT PROVISIONS* PROVISIONS* PROVISIONS* PROVISIONS*

            Hermetic    A-U-0.25    B-U-0.50    D-S-1.75    D-S-2.5

            *TYPE OF MOUNTING-BASE-MINIMUM DEFLECTION IN INCHES

2.2.2   Low-Pressure AHU Locations

Vibration-isolation provisions apply to floor-mounted Air Moving and 
Conditioning Association Class A packaged central-station units.

                                  ON GRADE    ON GRADE    ON GRADE
                      BASEMENT    20-FOOT     30-FOOT     40-FOOT
              TYPE    BELOW-GRADE FLOOR-SPAN  FLOOR-SPAN  FLOOR-SPAN
            EQUIPMENT PROVISIONS* PROVISIONS* PROVISIONS* PROVISIONS*

            Through
            5 hp        B-U-0.35    C-U-1.0     C-U-1.0     C-U-1.0

            7-1/2 hp
            and over
            250 to
            500 rpm     B-U-0.35    C-U-1.75    C-U-1.75    C-U-1.75

            500 rpm     B-U-0.35    C-U-1.0     C-U-1.5

            *TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES
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2.3   PIPE AND DUCT VIBRATION ISOLATION

Type G:  Isolators must be devices with in-series contained steel springs 
and preformed fibrous-glass or chloroprene-elastomer elements for 
connecting to building-structure attachments.  Load devices by supported 
system during operating conditions to produce a minimum spring and 
elastomer static deflection of 1 inch and 3/8 inch, respectively.

Type H:  Isolators must be devices with contained chloroprene-elastomer 
elements for connecting to building-structure attachments.  Load devices by 
supported system during operating conditions to produce a minimum elastomer 
static deflection of 3/8 inch.

Type J:  Isolators must be devices with elastomers mounted on 
floor-supported columns or directly on the floor.  Load devices by 
supported system during operating conditions to produce a minimum elastomer 
static deflection of 3/8 inch.

2.3.1   Floor-Mounted Piping

Type K:  Isolators must be devices with springs mounted on floor-supported 
columns or directly on the floor.  Load devices by supported system during 
operating conditions to produce a minimum spring static deflection of 1 inch.

2.3.2   Vertical Piping

Type L:  Isolators must be pipe base-support devices with one or more 
contained steel springs.  Load devices by supported system during operating 
conditions to produce a minimum static deflection of 1 inch.  Equip devices 
with precompression and vertical-limit features, as well as a minimum 
1/4-inch thick elastomer sound pad and isolation washers, for mounting to 
floor.

Type M:  Isolators must be elastomer mounted baseplate and riser pipe-guide 
devices.  Elastomer elements must be contained double acting, and 
elastomers under rated load must have a minimum static deflection of 3/8 
inch.  Size isolator to accommodate thermal insulation within the 
stationary guide ring.

PART 3   EXECUTION

3.1   INSTALLATION

Install equipment in accordance with manufacturer's recommendations.

Rails, structural steel bases, and concrete inertia blocks must be raised 
not less than 1 inch above the floor and be level when equipment supported 
is under operating load.

3.2   TESTS AND REPORTS

Vibration-isolation devices must be deflection tested.  Submit test reports 
in accordance with paragraph entitled, "Submittal Procedures," 
substantiating that all equipment has been isolated as specified and that 
minimum specified deflections have been met.  Make all measurements in the 
presence of the Contracting Officer.

        -- End of Section --
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SECTION 23 05 93.98

TESTING, ADJUSTING AND BALANCING
11/09

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 111 (2008) Practices for Measurement, Testing, 
Adjusting, and Balancing of Building 
Heating, Ventilation, Air-Conditioning, 
and Refrigeration Systems

ASME INTERNATIONAL (ASME)

ASME B40.100 (2005) Pressure Gauges and Gauge 
Attachments

ASSOCIATED AIR BALANCE COUNCIL (AABC)

AABC MN-1 (2002) National Standards for Total System 
Balance

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)

NEBB TABES (2005) Procedural Standards for Testing, 
Adjusting and Balancing of Environmental 
Systems

SHEET METAL & AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1143 (1985) HVAC Air Duct Leakage Test Manual

SMACNA TAB HVAC SYSTEMS (2002) HVAC Systems - Testing, Adjusting 
and Balancing

 1.2   SUBMITTALS

Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-03 Product Data

Equipment and Performance Data shall be submitted in accordance 
with paragraph entitled, "General Requirements," of this section.

SD-06 Test Reports

Test Reports shall be submitted in accordance with paragraph 
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entitled, "General Requirements," of this section.

SD-07 Certificates

Certificates shall be submitted in accordance with paragraph 
entitled, "General Requirements," of this section.

1.3   GENERAL REQUIREMENTS

Section 23 00 00.00 98, "GENERAL MECHANICAL PROVISIONS," applies to work 
specified in this section.

Equipment and Performance Data shall be submitted for instruments and 
equipment to be used during testing.

Test Reports shall be submitted to the Contracting Officer for approval.  
Six bound copies of the testing, adjusting, and balancing report shall be 
provided.

Certificates shall be submitted by the Contractor showing independent 
laboratory certification of test-apparatus calibration data, dated after 
the award of the contract.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

3.1   WATER SYSTEM INTEGRITY TESTING

Prior to acceptance of the work, systems shall be tested in the presence of 
the Contracting Officer.

Tests shall be performed prior to insulation of surfaces, painting, and 
concealment of work.  Systems containing repaired defects shall be retested 
to original criteria for acceptance, except when waived by the Contracting 
Officer.

Tests shall be hydrostatic.  See Section 23 00 00.00 98, "GENERAL 
MECHANICAL PROVISIONS" for Hydrostatic Testing requirements.  Water used 
for testing shall be potable.

Government will supply testing water, but the Contractor shall provide for 
approved disposal of contaminated water.

Contractor may conduct tests for his own purposes, but the acceptance test 
shall be conducted as specified herein.

If the test demonstrates that leakage rate exceeds specified limits, the 
source(s) of leakage shall be determined, defective materials and 
workmanship shall be repaired or replaced, and the system shall be retested 
until specified requirements are met.

Other than standard piping flanges, plugs, caps, and valves, only 
commercially manufactured expandable-elastomer plugs shall be used for 
sealing off piping for test purposes.  Safe test-pressure rating of any 
plug used shall be not less than two times the actual test pressure being 
applied.

SECTION 23 05 93.98  Page 2



NASA GRC Steam Plant B12 Project N0. 11421

Precautions shall be taken to vent the expansive force of compressed air 
trapped during high-pressure hydrostatic testing to preclude injury and 
damage.

Contracting Officer may require the removal of system components, such as 
plugs or caps, to ascertain that the water has reached all parts of the 
system if purging or vent valves are not provided.

Piping system components, such as valves, shall be checked for functional 
operation under system test pressure.  Components that could sustain damage 
due to test pressure shall be removed from piping systems prior to 
hydrostatic testing.

Leaking gasket joints shall be remade with new gaskets.  Leaking copper 
joints shall be remade with new fittings and new tube ends.

Temperature of water used for testing shall not cause condensation on 
system surfaces.

Test media shall not be added to a system during a test for a period 
specified or to be determined by the Contracting Officer.

Duration of a test will be determined by the Contracting Officer and shall 
be for a minimum of 2 hours, with a maximum of 24 hours.  Test may be 
terminated by direction of the Contracting Officer at any time during this 
period after it has been determined that the permissible leakage rate has 
not been exceeded.

Test records of piping systems tests shall be prepared and maintained.  
Records shall show test personnel responsibilities, dates, test gage 
identification numbers, ambient and test water temperatures, pressure 
ranges, rate of pressure drop, leakage rates, and other system 
characteristics.

3.1.1   Test Gages

Test gages shall have a 4-1/2 inch or larger dial, be accurate to plus or 
minus one-half of 1 percent of full-scale range, and have dial graduations 
and pointer width compatible with readability and one-half the accuracy 
extremes.  Maximum permissible scale range for a given test shall be such 
that the pointer shall have a test pressure 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 use, test gage number, and project number.

3.1.2   Test and Acceptance Criteria

Aboveground water systems shall be tested per contract drawings and the 
applied test pressure shall be maintained without further addition of test 
media for not less than 2 hours.  All joints must remain dry.

Underground rubber-jointed ferrous-pipe water systems shall be tested per 
contract drawings and the applied test pressure shall be maintained for not 
less than 2 hours.  Where no thrust blocks are to be provided, piping shall 
be tested at an approved pressure.  Satisfactory hydrostatic testing shall 
include the following:

Duration of each leakage test shall be not less than 2 hours.  During 
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the test, the main shall be subjected to 200 psi pressure, based on the 
elevation of the lowest section under test and corrected to the 
elevation of the test gage.

Leakage is defined as the additional quantity of water supplied into 
the laid pipe, or any valved section thereof, that is necessary to 
maintain the specified leakage test pressure after the pipe has been 
filled with water and the air expelled.

Piping installation using rubber gaskets shall not exceed two quarts 
per hour per 100 joints irrespective of pipe diameter.

Maximum allowable leakage for the piping with rubber gaskets installation (
two quarts per hour per 100 joints ) irrespective of pipe diameter.

Hydrostatic tests shall be applied only to piping with concrete thrust 
blocking that has cured for a minimum of 7 calendar days.

Backflow prevention devices in potable water systems and other water system 
devices shall be tested for proper functioning under conditions normal to 
their application.

3.2   AIR-HANDLING DUCTWORK INTEGRITY TESTING

Structural integrity and leakage testing of air-handling ductwork shall be 
performed by system or by duct mains and branches.

3.2.1   Duct Systems 0 To 6 Inches Pressure

Portions of systems shall be inspected and tested to positive or negative 
pressures, or both, whichever is normal to the portion of system under test.

Duct systems shall be structurally tested at static pressures 25 percent in 
excess of duct construction pressure class.  Leakage testing shall be at a 
pressure equal to duct pressure class.  System will be acceptable provided:

a.  There are no visible mechanical defects.

b.  There is no audible leakage at any point when area ambient noise 
is at normal-occupancy level.

c.  No leakage is perceptable to the hand, when placed within 6 inches 
of a joint.

Measured system leakage shall not exceed the following allowable leakage 
rates when tested in accordance with "Leak Tests":

DUCT CONSTRUCTION CLASS               LEAKAGE RATE
      (INCHES)                (CFM/100 SQ.FT. DUCT SURFACE)

         3                                25
         2                                20
         1                                15

3.2.2   Leak Tests

Test apparatus and procedures shall be similar in all respects to those 
defined in SMACNA TAB HVAC SYSTEMS and SMACNA 1143.  Filtered blower inlet 
and automatic safety relief device shall be provided to protect system.  
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Accuracy of measurement of leakage flow rate shall be certified to be 
within 1 percent of total system flow.

3.2.2.1   Test Apparatus

Test apparatus shall consist of:

a.  A source of high pressure air - a portable rotary blower or tank 
type vacuum cleaner.

b.  A flow measuring device usually an orifice assembly consisting of 
straightening vanes and an orifice plate mounted in a straight 
tube with properly located pressure taps.  Each orifice assembly 
shall be accurately calibrated to its own calibration curve.  
Pressure and flow readings are usually taken with U-tube 
manometers.

3.2.2.2   Test Procedures

Test for audible leaks as follows:

a.  Close off and seal openings in the duct section to be tested.  
Connect the test apparatus to the duct by means of a flexible duct 
section.

b.  Start the blower with its control damper closed (some small 
blowers popularly used for testing ducts may damage the duct 
because they can develop pressures up to 25 inches wg.

c.  Gradually open the inlet damper until the duct pressure reaches 
duct pressure class inches wg.  Test pressure is read on manometer 
No. 1.  Note that the pressure is indicated by the difference in 
level between the two legs of the manometer and not by the 
distance from zero to the reading on one leg only.

d.  Survey joints for audible leaks.  Mark each leak and repair after 
shutting down blower.  Do not apply a retest until sealants have 
set.

After all audible leaks have been sealed, the remaining leakage should be 
measured with the test apparatus orifice section as follows:

a.  Start blower and open damper until duct pressure reaches duct 
pressure class level inches wg.

b.  Read the pressure differential across the orifice on manometer No. 
2.  Leakage rate in cfm is read directly from the calibration 
curve.  If leakage does not occur, the pressure differential will 
be zero.

c.  Total allowable leakage should not exceed allowable leakage rate 
of total system.  When partial sections of the duct system are 
tested, the summation of the leakage for all sections shall not 
exceed the total allowable leakage.

d.  If all audible leaks have been corrected, it is unlikely that the 
measured leakage will exceed one percent of capacity.  If it does, 
the leaks shall be located by careful listening or feeling along 
the joint.
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e.  It should be noted that even though a system may pass the measured 
leakage test, a concentration of leakage at one point may result 
in a noisy leak that shall be corrected.

3.2.3   Test Report Criteria

A test report shall be provided for each system tested, identified by 
system or section thereof, and containing leak-test curves for apparatus 
used and data pertinent to acceptance requirements.

3.3   AIR AND HYDRONIC SYSTEMS TESTING AND ADJUSTMENT

Operational balancing and adjustment of air-handling and hydronic systems 
shall be performed under the direction of an independent certified 
balancing agency.  All work shall be done in accordance with NEBB TABES, 
ASHRAE 111, AABC MN-1 or SMACNA TAB HVAC SYSTEMS, where applicable, the 
requirements of the contract documents, and in the presence of the 
Contracting Officer.

Government reserves the right to require recalibration of any or all test 
apparatus in accordance with the frequency recommended by the component 
manufacturer, or when reasonable doubt of accuracy exists.

Hydronic systems structural and leakage testing shall be performed in 
accordance with requirements specified herein under "Water Systems Testing."

Air-handling systems structural and leakage testing shall be performed in 
accordance with requirements specified herein under "Air-Handling System 
Testing."

Components of the various air systems shall be adjusted to operate within 
the design and operating characteristics published by the equipment 
manufacturer.  Government will require the services of an authorized 
representative of the manufacturer if the Contractor is unable to adjust 
any equipment.

Equipment shall not be operated until properly lubricated and brought into 
specified service condition.

Air- and hydronic-system final adjustments shall be permanently marked to 
be readily restorable if disturbed.

Systems acceptance is predicated upon successful completion of specified 
work, receipt by the Contracting Officer of certified data summarizing the 
performance of all systems within design intent, and approval thereof.  
Data shall be arranged by system and identified by apparatus and item, 
using standard forms, where possible, and supplementing with reasonable 
facsimiles, where necessary.

3.3.1   Air-Handling Systems

3.3.1.1   Balancing, Adjustment, and Acceptance Criteria

All new air handling systems shall be balanced.

Final volume conditions for all systems shall be within the following 
limits:
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Air-handler delivery:  Plus 5 percent, minus 0 percent of design  cfm 
at design temperature

Primary air delivery:  Plus or minus 5 percent of design  cfm at design 
temperature

3.3.1.2   Balancing and Adjustment, Apparatus and Procedures

Balancing and adjustment apparatus and procedures shall be in accordance 
with SMACNA TAB HVAC SYSTEMS or NEBB TABES or AABC MN-1.

Instrumentation shall be provided to record air movement data, motor 
kilowatt (kW) input, and power factor.  If motor identification plate 
current value is exceeded, the next size larger motor, starter, and wiring 
(if necessary) shall be provided.

3.3.1.3   Test Reports

Test reports shall be provided on all systems tested together with 
test-apparatus data and air-diffusion device flow coefficients, and the 
following:

Air-handling apparatus data

Air-diffusion devices data

Duct-traverse data for the following:

Main supply duct
Outside air-intake duct
Other ducts as indicated

Duct zone-traverse data for the following:

All zones
Air-handling apparatus
Air-diffusion devices data
Each main duct, exhaust duct, and outside intake data

Filter apparatus data, including visual condition, inlet pressure, and 
differential pressure for each filter installation

Coil data, including visual condition, inlet pressure, and differential 
pressure for each coil installation

Pressure at inlet to face zone duct on multizone units

3.4   STEAM AND CONDENSATE SYSTEMS TESTING

Prior to acceptance of the work, completed systems shall be tested in the 
presence of the Contracting Officer.

System shall be subjected to pressure tests to determine structural 
integrity, and to operational and cyclic tests, as necessary, to determine 
that system functions and operates as required.

After pressure tests and cleaning operations have been satisfactorily 
completed, system components shall be adjusted for proper operation within 
the design and operating characteristics published by the component 
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manufacturer.  In addition to the services of an authorized representative 
of the manufacturer, the Government reserves the right to require the 
services of an authorized representative of a component manufacturer if the 
Contractor is unable to adjust a component.  Contractor shall arrange for 
such services and defray the cost.

3.4.1   Test Duration

Duration of a test will be determined by the Contracting Officer.

A pressure test shall be held for a minimum of 2 hours and a maximum of 24 
hours.

See also "Operational Testing"

A test may be terminated by the Contracting Officer at any time after it 
has been determined that the system meets specified requirements.

3.4.2   Test Gages

Contractor's test gages shall conform to ASME B40.100 and shall have 8-inch 
or larger dials.  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 use, test gage number, and project number.

3.4.3   Acceptance Pressure Testing

Testing shall take place during steady-state ambient temperature conditions.

Tests shall be hydrostatic.

Tests of steam and condensate systems shall be made using potable water.

Systems shall be tested at 1-1/2 times primary working steam pressure 
rating of system components, and the applied pressure shall be maintained 
without further addition of test media for not less than 2 hours.  Maximum 
allowable pressure drop shall be 1 psi, or as approved.

Contractor may conduct tests for his own purposes, but the acceptance test 
shall be conducted as specified herein.

If testing reveals that leakage exceeds specified 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.  Leaking gasket joints shall be remade with new gaskets and new 
flange bolting.  Old gaskets and bolting shall be discarded.  Leaking 
tubing joints shall be remade with new fittings and new tube ends.

Other than standard piping flanges, plugs, caps, and valves, only 
commercially manufactured expandable elastomer plugs shall be used for 
sealing off piping for test purposes.  Safe test-pressure rating of any 
plug used shall be not less than two times the test pressure.

Precautions shall be taken, when venting compressed air trapped during 
high-pressure hydrostatic testing, to preclude injury and damage.  If 
adequate purging or vent valves are not provided to ensure removal of 
compressed-air cushion, the Contracting Officer may require the removal of 
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any system component such as plugs and caps to ascertain that the water has 
reached all parts of the system.  Components shall be removed from piping 
systems prior to hydrostatic testing whenever the component could be 
damaged by shock or test pressure.

Movement limiting provisions shall be used to protect expansion joints 
against overextension from system pressures.

Piping system components, such as valves, shall be checked for functional 
operation under system test pressure.

Piping shall be subjected to shock developed by a vigorously applied 2-pound
hammer, as directed by the Contracting Officer.

Temperature of water used for testing shall not cause condensation on 
system surfaces.

3.4.4   Operational Testing

System shall be cycled five times, from start to operating thermal 
conditions, to verify adequacy of construction, system controls, and 
component performance, unless otherwise approved.

3.5   DRAINAGE AND VENTING SYSTEM TESTING

Drainage and venting system piping shall be tested before the fixtures are 
installed.  Soil and waste piping installed underground shall be tested 
before backfilling.  Testing shall be applied to the system in its entirety 
or in sections.  If the entire system is tested, openings in pipes, except 
the highest opening, shall be tightly closed and the system shall be filled 
with water to the point of overflow.

The highest opening of the section under test, shall be tightly plugged and 
each section shall be filled and tested with not less than a 10-foot head 
of water.  In testing successive sections, at least the upper 10 feet of 
the next preceding section shall be tested so that each joint or pipe in 
the system, except the uppermost 10 feet, has been submitted to a test with 
not less than a 10-foot head of water.  Water shall be kept in the system, 
or the portion under test, for at least 15 minutes before the inspection 
starts.  System shall be tight at all joints.

3.6   TEST REPORTS

Final test reports shall be provided to the Contracting Officer.  Reports 
shall have a cover letter/sheet clearly marked with the System name, Date, 
and the words "Final Test Reports.

         -- End of Section --
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SECTION 23 07 00

THERMAL INSULATION FOR MECHANICAL SYSTEMS
11/09

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.

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

ASHRAE 90.1 - IP (2007; Supplement 2008; Errata 2009; 
Errata 2009; INT 1-3 2009) Energy Standard 
for Buildings Except Low-Rise Residential 
Buildings

ASTM INTERNATIONAL (ASTM)

ASTM A 167 (1999; R 2009) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A 240/A 240M (2009c) Standard Specification for 
Chromium and Chromium-Nickel Stainless 
Steel Plate, Sheet, and Strip for Pressure 
Vessels and for General Applications

ASTM A 580/A 580M (2008) Standard Specification for 
Stainless Steel Wire

ASTM B 209 (2007) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM C 1126 (2004) Standard Specification for Faced or 
Unfaced Rigid Cellular Phenolic Thermal 
Insulation

ASTM C 1136 (2009) Standard Specification for 
Flexible, Low Permeance Vapor Retarders 
for Thermal Insulation

ASTM C 1290 (2006e1) Standard Specification for 
Flexible Fibrous Glass Blanket Insulation 
Used to Externally Insulate HVAC Ducts

ASTM C 1427 (2007) Specification for Preformed 
Flexible Cellular Polyolefin Thermal 
Insulation in Sheet and Tubular Form
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ASTM C 195 (2000) Standard Specification for Mineral 
Fiber Thermal Insulating Cement

ASTM C 449 (2007) Standard Specification for Mineral 
Fiber Hydraulic-Setting Thermal Insulating 
and Finishing Cement

ASTM C 533 (2009) Standard Specification for Calcium 
Silicate Block and Pipe Thermal Insulation

ASTM C 534/C 534M (2008) Standard Specification for 
Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular 
Form

ASTM C 547 (2008e1) Standard Specification for 
Mineral Fiber Pipe Insulation

ASTM C 552 (2007) Standard Specification for Cellular 
Glass Thermal Insulation

ASTM C 553 (2008) Standard Specification for Mineral 
Fiber Blanket Thermal Insulation for 
Commercial and Industrial Applications

ASTM C 591 (2009) Standard Specification for Unfaced 
Preformed Rigid Cellular Polyisocyanurate 
Thermal Insulation

ASTM C 592 (2008a) Standard Specification for Mineral 
Fiber Blanket Insulation and Blanket-Type 
Pipe Insulation (Metal-Mesh Covered) 
(Industrial Type)

ASTM C 610 (2009) Standard Specification for Molded 
Expanded Perlite Block and Pipe Thermal 
Insulation

ASTM C 612 (2009) Mineral Fiber Block and Board 
Thermal Insulation

ASTM C 647 (2008) Properties and Tests of Mastics and 
Coating Finishes for Thermal Insulation

ASTM C 795 (2008) Standard Specification for Thermal 
Insulation for Use in Contact with 
Austenitic Stainless Steel

ASTM C 916 (1985; R 2007) Standard Specification for 
Adhesives for Duct Thermal Insulation

ASTM C 920 (2008) Standard Specification for 
Elastomeric Joint Sealants

ASTM C 921 (2009) Standard Practice for Determining 
the Properties of Jacketing Materials for 
Thermal Insulation
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ASTM D 774/D 774M (1997; R 2007) Bursting Strength of Paper

ASTM D 882 (2009) Tensile Properties of Thin Plastic 
Sheeting

ASTM E 2231 (2009) Specimen Preparation and Mounting 
of Pipe and Duct Insulation Materials to 
Assess Surface Burning Characteristics

ASTM E 84 (2009c) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM E 96/E 96M (2005) Standard Test Methods for Water 
Vapor Transmission of Materials

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-69 (2003) 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

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 255 (2005; Errata 2006) Standard Method of 
Test of Surface Burning Characteristics of 
Building Materials

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-A-3316 (Rev C; Am 2) Adhesives, Fire-Resistant, 
Thermal Insulation

UNDERWRITERS LABORATORIES (UL)

UL 723 (2008) Standard for Test for Surface 
Burning Characteristics of Building 
Materials

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.

1.2.2   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 
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accordance with ASTM E 84.  Flame spread, and smoke developed indexes, 
shall be determined by ASTM E 84, NFPA 255 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 E 2231.  Insulation materials located exterior to 
the building perimeter are not required to be fire rated.

1.2.3   Recycled Materials

Provide thermal insulation containing recycled materials to the extent 
practicable, provided that the materials meets all other requirements of 
this section.  The minimum recycled material content of the following 
insulation are:

Rock Wool - 75 percent slag of weight
Fiberglass - 20-25 percent glass cullet by weight
Rigid Foam - 9 percent recovered material

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
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
Pipe Insulation Systems and Associated Accessories
Duct Insulation Systems and Associated Accessories
Equipment Insulation Systems and Associated Accessories

  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.

a.  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.

b.  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.

SD-03 Product Data

Pipe Insulation Systems; G
Duct Insulation Systems; G
Equipment Insulation Systems; G
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  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 copywrited, have an 
identifying or publication number, and shall have been published 
prior to the issuance date of this solicitation.  Materials 
furnished under this section of the specification shall be 
submitted together in a booklet and in conjunction with the MICA 
plates booklet (SD-02).  Annotate the product data to indicate 
which MICA plate is applicable.

SD-04 Samples

Thermal Insulation

  After approval of materials, actual sections of installed 
systems, properly insulated in accordance with the specification 
requirements, shall be displayed.  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.

  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.

  Duct Insulation Display Sections:  Display sample sections for 
rigid and flexible duct insulation used on the job.  A temporary 
covering shall be used to enclose and protect display sections for 
duct insulation exposed to weather.

SD-08 Manufacturer's Instructions

Pipe Insulation Systems; G
Duct Insulation Systems; G
Equipment Insulation Systems; G

Submit a booklet containing manufacturer's published installation 
instructions for the insulation systems in coordination with the 
submitted MICA Insulation Stds plates booklet.  Annotate their 
installation instructions to indicate which product data and which 
MICA plate are applicable.  The instructions must be copywrited, 
have an identifying or publication number, and shall have been 
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published prior to the issuance date of this solicitation.

1.4   QUALITY ASSURANCE

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.  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.  Provide insulation systems in accordance with the 
approved MICA National Insulation Standards plates as supplemented by this 
specification.  Provide field-applied insulation for heating, ventilating, 
and cooling (HVAC) air distribution systems and piping systems which are 
located within, on, under, and adjacent to buildings; and for plumbing 
systems.

2.2   MATERIALS

Provide insulation that meets or exceed the requirements of ASHRAE 90.1 - IP.  
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 C 795 requirements.  Materials shall be asbestos free and conform 
to the following:

2.2.1   Adhesives

2.2.1.1   Acoustical Lining Insulation Adhesive

Adhesive shall be a nonflammable, fire-resistant adhesive conforming to 
ASTM C 916, Type I.

2.2.1.2   Mineral Fiber Insulation Cement

Cement shall be in accordance with ASTM C 195.

2.2.1.3   Lagging Adhesive

Lagging is the material used for thermal insulation, especially around a 
cylindrical object.  This may include the insulation as well as the 
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cloth/material covering the insulation.  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 E 84.  Adhesive shall be MIL-A-3316, Class 1, pigmented red 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.

2.2.2   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 E 84.  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 400 degrees F.  
The dried adhesive shall be nonflammable and fire resistant.  Natural 
cross-ventilation, local (mechanical) pickup, and/or general area 
(mechanical) ventilation shall be used 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.

2.2.3   Caulking

ASTM C 920, Type S, Grade NS, Class 25, Use A.

2.2.4   Corner Angles

Nominal 0.016 inch aluminum 1 by 1 inch with factory applied kraft 
backing.  Aluminum shall be ASTM B 209, Alloy 3003, 3105, or 5005.

2.2.5   Finishing Cement

ASTM C 449: Mineral fiber hydraulic-setting thermal insulating and 
finishing cement.  All cements that may come in contact with Austenitic 
stainless steel must comply with ASTM C 795.

2.2.6   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 E 84.  Tape shall be 4 inch wide 
rolls.  Class 3 tape shall be 4.5 ounces/square yard.

2.2.7   Staples

Outward clinching type monel.
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2.2.8   Jackets

2.2.8.1   Aluminum Jackets

Aluminum jackets shall be corrugated, embossed or smooth sheet,  0.016 inch 
nominal thickness;  ASTM B 209, Temper H14, Temper H16, Alloy 3003, 5005, 
or 3105.  Corrugated aluminum jacket shall not be used outdoors.  Aluminum 
jacket securing bands shall be Type 304 stainless steel,  0.015 inch thick, 
 1/2 inch wide for pipe under 12 inch diameter and 3/4 inch wide for pipe 
over 12 inch and larger diameter.  Aluminum jacket circumferential seam 
bands shall be 2 by 0.016 inch aluminum matching jacket material.  Bands 
for insulation below ground shall be 3/4 by 0.020 inch thick stainless 
steel, or fiberglass reinforced tape.  The jacket may, at the option of the 
Contractor, be provided with a factory fabricated Pittsburgh or "Z" type 
longitudinal joint.  When the "Z" joint is used, the bands at the 
circumferential joints shall be designed by the manufacturer to seal the 
joints and hold the jacket in place.

2.2.8.2   Polyvinyl Chloride (PVC) Jackets

Polyvinyl chloride (PVC) jacket and fitting covers shall have high impact 
strength, UV resistant rating or treatment and moderate chemical resistance 
with minimum thickness 0.030 inch.

2.2.8.3   Vapor Barrier/Weatherproofing Jacket

Vapor barrier/weatherproofing jacket shall be laminated self-adhesive, 
greater than 3 plys 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 E 96/E 96M; heavy duty, white or 
natural; and UV resistant.

2.2.9   Vapor Retarder Required

ASTM C 921, Type I, minimum puncture resistance 50 Beach units on all 
surfaces except concealed ductwork, where a minimum puncture resistance of 
25 Beach units is acceptable.  Minimum tensile strength,  35 pounds/inch 
width.  ASTM C 921, 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 factory applied jackets are mineral fiber, cellular glass, 
polyisocyanurate, and phenolic foam.  Insulation materials that do not 
require jacketing are flexible elastomerics.  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 E 84.

2.2.9.1   White Vapor Retarder All Service Jacket (ASJ)

Standard reinforced fire retardant jacket for use on hot/cold pipes, ducts, 
or equipment.  Vapor retarder jackets used on insulation exposed in 
finished areas shall have white finish suitable for painting without sizing.

2.2.9.2   Vapor Retarder/Vapor Barrier Mastic Coatings

a.  The vapor barrier shall be self adhesive (minimum 2 mils adhesive,  
3 mils embossed) greater than 3 plys standard grade, silver, white, 
black and embossed white jacket for use on hot/cold pipes.  Less than 
0.02 permeability when tested in accordance with ASTM E 96/E 96M.  
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Meeting UL 723 or ASTM E 84 flame and smoke requirements; 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 
determined according to procedure B of ASTM E 96/E 96M utilizing 
apparatus described in ASTM E 96/E 96M.  The coating shall be a 
nonflammable, fire resistant type.  All other application and service 
properties shall be in accordance with ASTM C 647.

2.2.9.3   Laminated Film Vapor Retarder

ASTM C 1136, Type I, maximum moisture vapor transmission 0.02 perms, 
minimum puncture resistance 50 Beach units on all surfaces except concealed 
ductwork, where Type II, maximum moisture vapor transmission 0.02 perms, a 
minimum puncture resistance of 25 Beach units is acceptable.  Vapor 
retarder shall have a maximum flame spread index of 25 and a maximum smoke 
developed index of 50 when tested in accordance with ASTM E 84.

2.2.9.4   Polyvinylidene Chloride (PVDC) Film Vapor Retarder

The PVDC film vapor retarder shall have a maximum moisture vapor 
transmission of 0.02 perms, minimum puncture resistance of 150 Beach units, 
a minimum tensile strength in any direction of 30 lb/inch when tested in 
accordance with ASTM D 882, and a maximum flame spread index of 25 and a 
maximum smoke developed index of 50 when tested in accordance with ASTM E 84.

2.2.9.5   Polyvinylidene Chloride Vapor Retarder Adhesive Tape

Requirements must meet the same as specified for Laminated Film Vapor 
Retarder above.

2.2.9.6   Vapor Barrier

The vapor barrier shall be greater than 3 ply self adhesive laminate -white 
vapor barrier jacket- superior performance (less than 0.0000 permeability 
when tested in accordance with ASTM E 96/E 96M).  Vapor barrier shall meet 
UL 723 or ASTM E 84 25 flame and 50 smoke requirements; and UV resistant.  
Minimum burst strength 185 psi in accordance with ASTM D 774/D 774M.  
Tensile strength 68 lb/inch width (PSTC-1000).  Tape shall be as specified 
for laminated film vapor barrier above.

2.2.10   Vapor Retarder Not Required

ASTM C 921, Type II, Class D, minimum puncture resistance 50 Beach units on 
all surfaces except ductwork, where Type IV, maximum moisture vapor 
transmission 0.10, a minimum puncture resistance of 25 Beach units is 
acceptable.  Jacket shall have a maximum flame spread index of 25 and a 
maximum smoke developed index of 50 when tested in accordance with ASTM E 84.

2.2.11   Wire

Soft annealed ASTM A 580/A 580M Type 302, 304 or 316 stainless steel, 16 or 
18 gauge.

2.2.12   Insulation Bands

Insulation bands shall be 1/2 inch wide; 26 gauge stainless steel.
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2.2.13   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 
moisture vapor transmission of 0.02 perms, and a maximum flame spread index 
of 25 and a maximum smoke developed index of 50 when tested in accordance 
with ASTM E 84.

2.3   PIPE INSULATION SYSTEMS

Insulation materials shall conform to Table 1.  Insulation thickness shall 
be as listed in Table 2 and meet or exceed the requirements of 
ASHRAE 90.1 - IP. Comply with EPA requirements in accordance with Section 
01 62 35 RECYCLED / RECOVERED MATERIALS.  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.  Cellular Glass:  ASTM C 552, Type II, and Type III.  Supply the 
insulation with manufacturer's recommended factory-applied jacket/vapor 
barrier.

b.  Flexible Elastomeric Cellular Insulation:  ASTM C 534/C 534M, Grade 
1, Type I or II.  Type II shall have vapor retarder/vapor barrier skin 
on one or both sides of the insulation.  Insulation with pre-applied 
adhesive shall not be used.

c.  Mineral Fiber Insulation with Integral Wicking Material (MFIWM): 
ASTM C 547.  Install in accordance with manufacturer's instructions.

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 C 547, Types I, II or III, supply the 
insulation with manufacturer's recommended factory-applied jacket.

b.  Calcium Silicate:  ASTM C 533, Type I indoor only, or outdoors above
 250 degrees F pipe temperature.  Supply insulation with the 
manufacturer's recommended factory-applied jacket/vapor barrier.

2.4   DUCT INSULATION SYSTEMS

2.4.1   Duct Insulation

Provide factory-applied insulation with insulation manufacturer's standard 
reinforced fire-retardant vapor barrier, with identification of installed 
thermal resistance (R) value and out-of-package R value. 

2.4.1.1   Rigid Insulation

Rigid mineral fiber in accordance with ASTM C 612, Class 2 (maximum surface 
temperature 400 degrees F),  3 pcf average,  1-1/2 inch thick, Type IA, IB, 
II, III, and IV.
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2.4.1.2   Blanket Insulation

Blanket flexible mineral fiber insulation conforming to ASTM C 553, Type 1, 
Class B-3,  3/4 pcf nominal,  2.0 inches thick or Type II up to 250 degrees 
F.  Also ASTM C 1290 Type III may be used.  

2.4.2   Duct Insulation Jackets

2.4.2.1   All-Purpose Jacket

Provide insulation with insulation manufacturer's standard reinforced 
fire-retardant jacket with or without integral vapor barrier as required by 
the service.  In exposed locations, provide jacket with a white surface 
suitable for field painting.

2.4.2.2   Metal Jackets

a.  Aluminum Jackets:  ASTM B 209, Temper H14, minimum thickness of 27 
gauge ( 0.016 inch), with factory-applied polyethylene and kraft paper 
moisture barrier on inside surface.  Provide smooth surface jackets for 
jacket outside dimension 8 inches and larger.  Provide corrugated 
surface jackets for jacket outside dimension 8 inches and larger.  
Provide stainless steel bands, minimum width of 1/2 inch.

b.  Stainless Steel Jackets:  ASTM A 167 or ASTM A 240/A 240M; Type 
304, minimum thickness of 33 gauge ( 0.010 inch), smooth surface with 
factory-applied polyethylene and kraft paper moisture barrier on inside 
surface.  Provide stainless steel bands, minimum width of 1/2 inch.

2.4.2.3   Vapor Barrier/Weatherproofing Jacket

Vapor barrier/weatherproofing jacket shall be laminated self-adhesive 
(minimum 2 mils adhesive,  3 mils embossed) less than 0.0000 permeability, 
(greater than 3 ply, standard grade, silver, white, black and embossed or 
greater than 8 ply (minimum 2.9 mils adhesive), heavy duty white or 
natural).

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.

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   Installation

Except as otherwise specified, material shall be installed in accordance 
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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.

3.1.2   Painting and Finishing

Painting shall be as specified in Section 09 90 00.00 98 PAINTING AND 
COATING.

3.1.3   Installation of Flexible Elastomeric Cellular Insulation

Flexible elastomeric cellular insulation shall be installed with seams and 
joints sealed with rubberized contact adhesive.  Flexible elastomeric 
cellular insulation shall not be used on surfaces greater than 200 degrees F.  
Seams shall be staggered when applying multiple layers of insulation.  
Insulation exposed to weather and not shown to have jacketing shall be 
protected with two coats of UV resistant finish or PVC or metal jacketing 
as recommended by the manufacturer after the adhesive is dry and cured.  A 
brush coating of adhesive shall be applied to both butt ends to be joined 
and to both slit surfaces to be sealed.  The adhesive shall be allowed 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   Welding

No welding shall be done on piping, duct or equipment without written 
approval of the Contracting Officer.  The capacitor discharge welding 
process may be used for securing metal fasteners to duct.

3.1.5   Pipes/Ducts/Equipment which  Require Insulation

Insulation is required on all pipes, ducts, or equipment, except for 
omitted items, as specified.

3.2   PIPE INSULATION SYSTEMS INSTALLATION

Install pipe insulation systems in accordance with the approved 
MICA Insulation Stds plates as supplemented by the manufacturer's published 
installation instructions.

3.2.1   Pipe Insulation

3.2.1.1   General

Pipe insulation shall be installed on aboveground hot and cold pipeline 
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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.  Chromium plated pipe to plumbing fixtures.  However, fixtures for 
use by the physically handicapped shall have the hot water supply and 
drain, including the trap, insulated where exposed.

c.  Sanitary drain lines.

d.  Air chambers.

e.  Adjacent insulation.

f.  ASME stamps.

g.  Access plates of fan housings.

h.  Cleanouts or handholes.

3.2.1.2   Pipes Passing Through Walls, Roofs, and Floors

a.  Pipe insulation shall be continuous through the sleeve.

b.  An aluminum jacket or vapor barrier/weatherproofing - self adhesive 
jacket (minimum 2 mils adhesive,  3 mils embossed) less than 0.0000 
permeability, greater than 3 ply standard grade, silver, white, black 
and embossed with factory applied moisture retarder shall be provided 
over the insulation wherever penetrations require sealing.

c.  Where pipes penetrate interior walls, the aluminum jacket or vapor 
barrier/weatherproofing - self adhesive jacket (minimum 2 mils 
adhesive,  3 mils embossed) less than 0.0000 permeability, greater than 
3 plys standard grade, silver, white, black and embossed shall extend 2 
inches beyond either side of the wall and shall be secured on each end 
with a band.

d.  Where penetrating floors, the aluminum jacket shall extend from a 
point below the backup material to a point 10 inches above the floor 
with one band at the floor and one not more than 1 inch from the end of 
the aluminum jacket.

e.  Where penetrating waterproofed floors, the aluminum jacket shall 
extend from below the backup material to a point 2 inches above the 
flashing with a band 1 inch from the end of the aluminum jacket.

f.  Where penetrating exterior walls, the aluminum jacket required for 
pipe exposed to weather shall continue through the sleeve to a point 2 
inches beyond the interior surface of the wall.

g.  Where penetrating roofs, pipe shall be insulated as required for 
interior service to a point flush with the top of the flashing and 
sealed with vapor retarder coating.  The insulation for exterior 
application shall butt tightly to the top of flashing and interior 
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insulation.  The exterior aluminum jacket shall extend 2 inches down 
beyond the end of the insulation to form a counter flashing.  The 
flashing and counter flashing shall be sealed underneath with caulking.

h.  For hot water pipes supplying lavatories or other similar heated 
service that requires insulation, the insulation shall be terminated on 
the backside of the finished wall.  The insulation termination shall be 
protected with two coats of vapor barrier coating with a minimum total 
thickness of 1/16 inch applied with glass tape embedded between coats 
(if applicable).  The coating shall extend out onto the insulation 2 
inches and shall seal the end of the insulation.  Glass tape seams 
shall overlap 1 inch.  The annular space between the pipe and wall 
penetration shall be caulked with approved fire stop material.  The 
pipe and wall penetration shall be covered with a properly sized (well 
fitting) escutcheon plate.  The escutcheon plate shall overlap the wall 
penetration at least 3/8 inches.

i.  For domestic cold water pipes supplying lavatories or other similar 
cooling service that requires insulation, the insulation shall be 
terminated on the finished side of the wall (i.e., insulation must 
cover the pipe throughout the wall penetration).  The insulation shall 
be protected with two coats of vapor barrier coating with a minimum 
total thickness of 1/16 inch.  The coating shall extend out onto the 
insulation 2 inches and shall seal the end of the insulation.  The 
annular space between the outer surface of the pipe insulation and the 
wall penetration shall be caulked with an approved fire stop material 
having vapor retarder properties.  The pipe and wall penetration shall 
be covered with a properly sized (well fitting) escutcheon plate.  The 
escutcheon plate shall overlap the wall penetration by at least 3/8 
inches.

3.2.1.3   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 
22 00 00 PLUMBING, GENERAL PURPOSE.

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 cellular 
glass, perlite above 80 degrees F, or the necessary strength 
polyisocyanurate 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 
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insulation inserts.  The insulation jacket shall be continuous over the 
wooden dowel, wooden block, or insulation insert.

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 cellular glass or 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.  The jacket material used to cover 
inserts in flexible elastomeric cellular insulation shall conform to 
ASTM C 1136, Type 1, and is allowed to be of a different material than 
the adjoining insulation material.

3.2.1.4   Flexible Elastomeric Cellular Pipe Insulation

Flexible elastomeric cellular pipe insulation shall be tubular form for 
pipe sizes 6 inches and less.  Grade 1, Type II sheet insulation used on 
pipes larger than 6 inches shall not be stretched around the pipe.  On 
pipes larger than 12 inches, the insulation shall be adhered directly to 
the pipe on the lower 1/3 of the pipe.  Seams shall be staggered when 
applying multiple layers of insulation.  Sweat fittings shall be insulated 
with miter-cut pieces the same size as on adjacent piping.  Screwed 
fittings shall be insulated with sleeved fitting covers fabricated from 
miter-cut pieces and shall be overlapped and sealed to the adjacent pipe 
insulation.

3.2.1.5   Pipes in high abuse areas.

In high abuse areas such as janitor closets and traffic areas in equipment 
rooms, kitchens, and mechanical rooms, aluminum jackets shall be utilized.  
Pipe insulation to the 6 foot level shall be protected.
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3.2.1.6   Pipe Insulation Material and Thickness

TABLE 1
Insulation Material For Piping (°F)

  __________________________________________________________________________
  Service           Material         Spec.       Type  Class  Vapor Retarder/
                                                              Vapor Barrier
                                                                     Required
  ___________________________________________________________________________

 Cold Domestic   Polyisocianurate   ASTM C 591   I              Yes
 Water Piping,   Cellular Glass     ASTM C 552   II       2      No
                 Flex Elast Cell'r  ASTM C 534/C 534M   I        No
                 Faced Phenol Foam  ASTM C 1126  III            Yes
                 Polyofin Clos'cell ASTM C 1427  I               No
  ___________________________________________________________________________
 Compressed Air  Cellular Glass     ASTM C 552   II              No
 Discharge,      Mineral Fiber      ASTM C 547   I       1       No
 Steam and       Calcium Silicate   ASTM C 533   I               No
 Condensate      Faced Phenol Foam  ASTM C 1126  III            Yes
 Return Boiler   Perlite            ASTM C 610                   No
 Feed Water      Polyisocianurate   ASTM C 591   I               No
 (201 to 250°F)
  ___________________________________________________________________________
 Medium Tempera- Mineral Fiber      ASTM C 547   I       1       No
 ture Hot Water, Calcium Silicate   ASTM C 533   I               No
 Steam and       Cellular Glass     ASTM C 552   I or II         No
 Condensate     
 (251 to 350°F)  
  ___________________________________________________________________________

TABLE 2
Piping Insulation Thickness (inch and °F)

_______________________________________________________________________________
                                                Tube And Pipe Size (Inches)

  Service            Material          <1   1- <1.5   1.5- <4   4- <8  >or =
                                                                       to 8
_______________________________________________________________________________

  Cold Domestic      Cellular Glass     1.5     1.5     1.5    1.5    1.5
  Water Piping,      Flex Elas Cell'r   1       1          1      N/A    N/A
                     Faced Phenol Foam  1       1          1      1      1
                     Polyisocianurate   1       1          1      1      1  
__________________________________________________________________________
  Compressed Air     Mineral Fiber      1.5     1.5         2      2     2
  Discharge,                            1.5*    2*          2.5*   3*    3.5*
  Steam, and         Calcium Silicate   2.5     3           4      4     4.5
  Condensate Return  Cellular Glass     2       2.5         3      3     3
  Boiler Feed Water  
  (201°F to 250°F)
_____________________________________________________________________________
  Medium             Mineral Fiber      1.5     3           3      4      4
  Temperature Hot                       2.5*                3.5*           
  Waterand Steam     Calcium Silicate   2.5     3.5         4.5    4.5    5
  (251°F to 350°F)   
  ___________________________________________________________________________
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TABLE 2
Piping Insulation Thickness (inch and °F)

_______________________________________________________________________________
                                                Tube And Pipe Size (Inches)

  Service            Material          <1   1- <1.5   1.5- <4   4- <8  >or =
                                                                       to 8
_______________________________________________________________________________
 
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.  Domestic water.
b.  Non-Portable Water.
c.  Backflow Prevent Drain Pipe.

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 or field applied seal welded PVC jacket or greater 
than 3 ply laminated self-adhesive (minimum 2 mils adhesive,  3 mils 
embossed) vapor barrier/weatherproofing jacket - less than 0.0000 
permeability, standard grade, sliver, white, black and embossed for use 
with Mineral Fiber, Cellular Glass, Phenolic Foam, and Polyisocyanurate 
Foam Insulated Pipe.  Insulation inside the building, to be protected with 
an aluminum jacket or greater than 3ply vapor barrier/weatherproofing 
self-adhesive (minimum 2 mils adhesive,  3 mils embossed) product, less 
than 0.0000 permeability, standard grade, Embossed Silver, White & Black, 
shall have the insulation and vapor retarder jacket installed as specified 
herein.  The aluminum jacket or greater than 3ply vapor 
barrier/weatherproofing self-adhesive (minimum 2 mils adhesive,  3 mils 
embossed)  product, less than 0.0000 permeability, standard grade, embossed 
silver, White & Black, shall be installed as specified for piping exposed 
to weather, except sealing of the laps of the aluminum jacket is not 
required.  In high abuse areas such as janitor closets and traffic areas in 
equipment rooms, kitchens, and mechanical rooms, aluminum jackets or 
greater than 3ply vapor barrier/weatherproofing self-adhesive (minimum 2 
mils adhesive,  3 mils embossed) product, less than 0.0000 permeability, 
standard grade, embossed silver, white & black, shall be provided for pipe 
insulation to the 6 ft level.

3.2.2.3   Installing Insulation for Straight Runs Hot and Cold Pipe

a.  Insulation shall be applied to the pipe with joints tightly 
butted.  All butted joints and ends shall be sealed with joint sealant 
and sealed with a vapor retarder coating, greater than 3 ply laminate 
jacket - less than 0.0000 perm adhesive tape or PVDC adhesive tape.

b.  Longitudinal laps of the jacket material shall overlap not less than
 1-1/2 inches.  Butt strips 3 inches wide shall be provided for 
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circumferential joints.

c.  Laps and butt strips shall be secured with adhesive and stapled on 
4 inch centers if not factory self-sealing.  If staples are used, they 
shall be sealed in accordance with item "e." below.  Note that staples 
are not required with cellular glass systems.

d.  Factory self-sealing lap systems may be used when the ambient 
temperature is between 40 and 120 degrees F during installation.  The 
lap system shall be installed in accordance with manufacturer's 
recommendations.  Stapler shall be used only if specifically 
recommended by the manufacturer.  Where gaps occur, the section shall 
be replaced or the gap repaired by applying adhesive under the lap and 
then stapling.

e.  All Staples, including those used to repair factory self-seal lap 
systems, shall be coated with a vapor retarder coating or PVDC adhesive 
tape or greater than 3 ply laminate jacket - less than 0.0000 perm 
adhesive tape.  All seams, except those on factory self-seal systems 
shall be coated with vapor retarder coating or PVDC adhesive tape or 
greater than 3 ply laminate jacket - less than 0.0000 perm adhesive 
tape.

f.  Breaks and punctures in the jacket material shall be patched by 
wrapping a strip of jacket material around the pipe and securing it 
with adhesive, stapling, and coating with vapor retarder coating or 
PVDC adhesive tape or greater than 3 ply laminate jacket - less than 
0.0000 perm adhesive tape.  The patch shall extend not less than 1-1/2 
inches past the break.

g.  At penetrations such as thermometers, the voids in the insulation 
shall be filled and sealed with vapor retarder coating or PVDC adhesive 
tape or greater than 3 ply laminate jacket - less than 0.0000 perm 
adhesive tape or greater than 3 ply laminate jacket - less than 0.0000 
perm adhesive tape.

h.  Installation of flexible elastomeric cellular pipe insulation shall 
be by slitting the tubular sections and applying them onto the piping 
or 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.

b.  Precut or preformed insulation shall be placed around all fittings 
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and accessories 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'.

c.  Upon completion of insulation installation on flanges, unions, 
valves, anchors, fittings and accessories, terminations, seams, joints 
and insulation not protected by factory vapor retarder jackets or PVC 
fitting covers shall be protected with PVDC or greater than 3 ply 
laminate jacket - less than 0.0000 perm adhesive tape or two coats of 
vapor retarder coating with a minimum total thickness of 1/16 inch, 
applied with glass tape embedded between coats.  Tape seams shall 
overlap 1 inch.  The coating shall extend out onto the adjoining pipe 
insulation 2 inches.  Fabricated insulation with a factory vapor 
retarder jacket shall be protected with either greater than 3 ply 
laminate jacket - less than 0.0000 perm adhesive tape, standard grade, 
silver, white, black and embossed or PVDC adhesive tape or two coats of 
vapor retarder coating with a minimum thickness of 1/16 inch and with a 
2 inch wide glass tape embedded between coats.  Where fitting 
insulation butts to pipe insulation, the joints shall be sealed with a 
vapor retarder coating and a 4 inch wide ASJ tape which matches the 
jacket of the pipe insulation.

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.

3.2.3   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.

a. High pressure steam supply, return, and drain.  Boiler blowdown, 
feed water after economizer (251 degree F to 350 degree F).

b. Low pressure steam and condensate, pumped condensate, boiler drain 
pipe.  Boiler feed water before economizer (201 degree F to 250 degree 
F).

Insulation shall be covered, in accordance with manufacturer's 
recommendations, with a factory applied Type I jacket or field applied 
aluminum where required or seal welded PVC.

3.2.3.2   Insulation for Fittings and Accessories

a. General.  Pipe insulation shall be tightly butted to the insulation 
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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".

3.3   DUCT INSULATION SYSTEMS INSTALLATION

Install duct insulation systems in accordance with the approved 
MICA Insulation Stds plates as supplemented by the manufacturer's published 
installation instructions.

Except for oven hood exhaust duct insulation, corner angles shall be 
installed on external corners of insulation on ductwork in exposed finished 
spaces before covering with jacket.  Duct insulation shall be omitted on 
exposed supply and return ducts in air conditioned spaces where the 
difference between supply air temperature and room air temperature is less 
than 15 degrees F unless otherwise shown.  Air conditioned spaces shall be 
defined as those spaces directly supplied with cooled conditioned air (or 
provided with a cooling device such as a fan-coil unit) and heated 
conditioned air (or provided with a heating device such as a unit heater, 
radiator or convector).

3.3.1   Duct Insulation Thickness

Duct insulation thickness shall be in accordance with Table 4.

Table 4 - Minimum Duct Insulation (inches)

                                                                  
        
           Cold Air Ducts - Make-up air unit supply       1.0
           Relief Ducts                                   1.5
           Fresh Air Intake Ducts                         1.5

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.  Fresh air intake ducts.

Insulation for rectangular ducts shall be flexible type where concealed, 
minimum density 3/4 pcf, and rigid type where exposed, minimum density 3 pcf.  
Insulation for both concealed or exposed round/oval ducts shall be flexible 
type, minimum density 3/4 pcf or a semi rigid board, minimum density 3 pcf, 
formed or fabricated to a tight fit, edges beveled and joints tightly 
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butted and staggered.  Insulation for all exposed ducts shall be provided 
with either a white, paint-able, factory-applied Type I jacket or a field 
applied vapor retarder/vapor barrier jacket coating finish as specified, 
the total field applied dry film thickness shall be approximately 1/16 inch.  
Insulation on all concealed duct shall be provided with a factory-applied 
Type I or II vapor retarder/vapor barrier jacket.  Duct insulation shall be 
continuous through sleeves and prepared openings except firewall 
penetrations.  Duct insulation terminating at fire dampers, shall be 
continuous over the damper collar and retaining angle of fire dampers, 
which are exposed to unconditioned air and which may be prone to condensate 
formation.  Duct insulation and vapor retarder/vapor barrier shall cover 
the collar, neck, and any un-insulated surfaces of diffusers, registers and 
grills.  Vapor retarder/vapor barrier materials shall be applied to form a 
complete unbroken vapor seal over the insulation.  Sheet Metal Duct shall 
be sealed in accordance with Section 23 00 00.00 98 GENERAL MECHANICAL 
PROVISIONS.

3.3.2.1   Installation on Exposed Duct Work

a.  For rectangular ducts, rigid insulation shall be secured to the 
duct by mechanical fasteners on all four sides of the duct, spaced not 
more than 12 inches apart and not more than 3 inches from the edges of 
the insulation joints.  A minimum of two rows of fasteners shall be 
provided for each side of duct 12 inches and larger.  One row shall be 
provided for each side of duct less than 12 inches.  Mechanical 
fasteners shall be as corrosion resistant as G60 coated galvanized 
steel, and shall indefinitely sustain a 50 lb tensile dead load test 
perpendicular to the duct wall.

b.  Duct insulation shall be formed with minimum jacket seams.  Each 
piece of rigid insulation shall be fastened to the duct using 
mechanical fasteners.  When the height of projections is less than the 
insulation thickness, insulation shall be brought up to standing seams, 
reinforcing, and other vertical projections and shall not be carried 
over.  Vapor retarder/barrier jacket shall be continuous across seams, 
reinforcing, and projections.  When height of projections is greater 
than the insulation thickness, insulation and jacket shall be carried 
over.  Apply insulation with joints tightly butted.  Neatly bevel 
insulation around name plates and access plates and doors.

c.  Insulation shall be impaled on the fasteners; self-locking washers 
shall be installed and the pin trimmed and bent over.

d.  Joints in the insulation jacket shall be sealed with a 4 inch wide 
strip of tape.  Tape  seams shall be sealed with a brush coat of vapor 
retarder coating.

e.  Breaks and ribs or standing seam penetrations in the jacket 
material shall be covered with a patch of the same material as the 
jacket.  Patches shall extend not less than 2 inches beyond the break 
or penetration and shall be secured with tape and stapled.  Staples and 
joints shall be sealed with a brush coat of vapor retarder coating.

f.  At jacket penetrations such as hangers, thermometers, and damper 
operating rods, the voids in the insulation shall be filled and the 
penetrations sealed with a brush coat of vapor retarder coating.

g.  Insulation terminations and pin punctures shall be sealed and 
flashed with a reinforced vapor retarder coating finish.  The coating 
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shall overlap the adjoining insulation and un-insulated surface 2 inches.  
Pin puncture coatings shall extend 2 inches from the puncture in all 
directions.

h.  Oval and round ducts, flexible type, shall be insulated with 
factory Type I jacket insulation with minimum density of 3/4 pcf, 
attached as in accordance with MICA standards.

3.4   EQUIPMENT INSULATION SYSTEMS INSTALLATION

Install equipment insulation systems in accordance with the approved 
MICA Insulation Stds plates as supplemented by the manufacturer's published 
installation instructions.

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

3.4.2.1   Insulation Type

Insulation shall be suitable for the temperature encountered.  Material and 
thicknesses shall be as shown in Table 5:

Legend

RMF:  Rigid Mineral Fiber
FMF:  Flexible Mineral Fiber
CS:   Calcium Silicate
PL:   Perlite
CG:   Cellular Glass
FC:   Flexible Elastomeric Cellular
PF:   Phenolic Foam
PC:   Polyisocyanurate Foam
PE:   Polyolefin closed cell

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.
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b.  Unjacketed boilers or parts of boilers economizer and from 
economizer.

c.  Boiler flue gas connection from boiler to stack.

d.  FGR duct

e.  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 6:

Legend

RMF:  Rigid Mineral Fiber
FMF:  Flexible Mineral Fiber
CS:   Calcium Silicate
PL:   Perlite
CG:   Cellular Glass
FC:   Flexible Elastomeric Cellular
PF:   Phenolic Foam
PC:   Polyisocyanurate Foam

TABLE 6
Insulation Thickness for Hot Equipment (Inches and °F)

Equipment handling steam            Material                Thickness
or media to indicated pressure
or temperature limit:
_________________________________________________________________________

15 psig                                RMF                  2.0 inches
or                                     FMF                  2.0 inches
250 F                                  CS/PL                4.0 inches
                                       CG                   3.0 inches
                                       PF                   1.5 inches
                                       FC (<200F)           1.0 inches
__                                     PC                   1.0 inches

200 psig                               RMF                  3.0 inches
or                                     FMF                  3.0 inches
400 F                                  CS/PL                4.0 inches
                                       CG                   4.0 inches
_________________________________________________________________________
600 F                                  RMF                  5.0 inches
                                       FMF                  6.0 inches
                                       CS/PL                6.0 inches
                                       CG                   6.0 inches
_________________________________________________________________________
>600 F:  Thickness necessary to limit the external temperature of the 
insulation to 120F.  Heat transfer calculations shall be submitted to 
substantiate insulation and thickness selection.
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3.4.3.2   Insulation of Boiler Stack

Inside boiler House, bevel insulation neatly around openings and provide 
sheet metal insulation stop strips around such openings.  Apply a skim coat 
of hydraulic setting cement directly to insulation.  Apply a flooding coat 
of adhesive over hydraulic setting cement, and while still wet, press a 
layer of glass cloth or tape into adhesive and seal laps and edges with 
adhesive.  Coat glass cloth with adhesive.  When dry, apply a finish coat 
of adhesive at can-consistency so that when dry no glass weave shall be 
observed.  Provide metal jackets for stacks that are located above finished 
floor and spaces outside mechanical room.  Apply metal jackets directly 
over insulation and secure with 3/4 inch wide metal bands spaced on 18 inch 
centers.  Do not insulate name plates.  Insulation type and thickness shall 
be in accordance with the following Table 7.

TABLE 7
Insulation and Thickness (Inches and °F) for

Boiler Stack FGR Duct

___________________________________________________________________________
Service & Surface  Material                Outside Diameter (Inches)
Temperature Range               1/4-1-1/4   1-1/2-3   3-1/2-5  6-10  11-36
(Degrees F)
___________________________________________________________________________

Boiler Stack       Mineral Fiber     NA        NA         3      3.5   4
(Up to 400° F)     ASTM C 553
FGR Duct           Class B-3,
                   ASTM C 547
                   Class 1, or
                   ASTM C 612
                   Class 1
                   ________________________________________________________
                   Calcium Silicate  NA        NA         3      3.5   4
                   ASTM C 533,
                   Type 1
                   ________________________________________________________
                   Cellular Glass    1.5       1.5        1.5    2     2.5
                   ASTM C 552,
                   Type II
___________________________________________________________________________
Boiler Stack       Mineral Fiber     NA        NA         4      4     5
(401 to 600°F)     ASTM C 547,
                   Class 2,
                   ASTM C 592
                   Class 1, or
                   ASTM C 612
                   Class 3
                   ________________________________________________________
                   Calcium Silicate  NA        NA         4      4     4
                   ASTM C 533
                   Type I or II
                   ________________________________________________________
                   Mineral Fiber/
                     Cellular Glass
                     Composite:

                   Mineral Fiber     1         1          1      1      2
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TABLE 7
Insulation and Thickness (Inches and °F) for

Boiler Stack FGR Duct

___________________________________________________________________________
Service & Surface  Material                Outside Diameter (Inches)
Temperature Range               1/4-1-1/4   1-1/2-3   3-1/2-5  6-10  11-36
(Degrees F)
___________________________________________________________________________
                   ASTM C 547 Class 2
                   ASTM C 592
                   Class 1, or
                   ASTM C 612
                   Class 3

                   Cellular Glass    2         2          2      2     2
                   ASTM C 552,
                   Type II
_________________________________________________________________

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 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 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, such as boiler flue gas connection, draft 
fans, and fly ash or soot collectors, 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.  On equipment handling media above 600 degrees F, insulation shall 
be applied in two or more layers with joints staggered.

h.  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 
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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 09 11

INSTRUMENTATION AND CONTROL FOR BOILER PLANT
07/10

PART 1   GENERAL

1.1   REFERENCES

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

ASME INTERNATIONAL (ASME)

ASME B31.1 (2007; Addenda a-2008) Power Piping

ASME B40.100 (2005) Pressure Gauges and Gauge 
Attachments

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

NFPA 85 (2007) Boiler and Combustion Systems 
Hazards Code

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA WC 63.1 (2005) Twisted Pair Premise Voice and Data 
Communications Cables

UNDERWRITERS LABORATORIES (UL)

UL 508 (1999; R 1999 thru 2008) Standard for 
Industrial Control Equipment

UL 1449 (2006; R 1998 thru 2009) Standard for 
Surge Protective Devices

1.2   DESCRIPTION

Automatic controls, instruments, monitoring and data management systems and 
accessories for the boilers, burners and other boiler plant mechanical 
equipment. The specification classifies the systems into automatic boiler 
and burner control systems, burner management systems (flame safeguard), 
and data management and instrumentation systems.

1.3   RELATED WORK

B.  Piping for controls and instrumentation panel: Section 23 21 11, BOILER 
PLANT PIPING SYSTEMS.

D.  Instrumentation furnished with water tube boilers: Section 
23 70 02.00 10, CENTRAL STEAM GENERATING SYSTEM - COMBINATION GAS AND 
OIL FIRED.

E.  Air compressors and accessories for: Section 23 50 11, BOILER PLANT 
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MECHANICAL EQUIPMENT.

F.  Existing buillding automation system (Siemens); Section 23 09 23.98, 
DIECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING SYSTEMS.

1.4   QUALITY ASSURANCE

A.  The boiler and burner combustion control, monitoring, data gathering, 
instrumentation and associated systems specified in this section shall 
be provided by one manufacturer that has been in business at least ten 
years engineering, designing and servicing industrial and institutional 
boiler control and instrumentation systems similar to those specified 
herein, as a primary business. That company shall furnish all 
components including the burner management system (Burner management 
systems shall be provided by a manufacturer with same experience 
qualifications as the combustion control manufacturer.).  The 
manufacturer with their authorized service representative shall provide 
complete calibration, programming, start-up, testing, demonstrations, 
instructions and training services.  The contractor shall include with 
their proposal the name, address and qualifications of the combustion 
control and burner management manufacturers with their proposal.

B.  With the bid submit the names of at least six projects by the 
combustion control and burner management company has performed 
satisfactory work or approved with similar scopes to the one being 
quoted.  Also provide four references including person name, address 
and telephone numbers with the bid.  For instance, submit experience 
information on systems involving parallel positioning/combustion 
metering combustion control with O2 trim with control strategies 
meeting the  specifications if these systems are specified.  Submit 
with the bid SAMA diagram and operational description for the full 
metering systems showing that the strategy to be supplied includes the 
cross limiting and deviation limiting safety logic meeting the 
requirements.

C.  The boiler manufacturer will provide a complete burner package and 
coordinate with the burner manufacturer the required scope to ensure a 
complete boiler, burner, Burner Management System, Combustion Controls 
and Instrumentation as required by the specification.  The boiler 
manufacturer will ultimately be responsible for the specified 
performance, emission requirements and scope of supply.

D.  The burner manufacturer shall be responsible for the burner management 
system (flame safeguard), including interlocks, all accessories and for 
coordination with other control and monitoring systems.

E.  Code Approval:
1.  All burner management and combustion control systems and devices 

shall comply with NFPA 85. Locations and arrangements of safety 
devices on fuel trains shall comply with diagrams included in 
"Annex A" in the code.

2.  All burner management controls and interlock devices shall be UL 
listed and FM approved. All controllers that include burner 
management functions shall be UL listed and FM approved.

3.  Full metering combustion control systems shall comply with UL 1998.
4.  Computer-based electronic equipment shall conform to the 

requirements of FCC Part 15, Subpart J, for Class A computing 
devices governing radio frequency electromagnetic interference 
(EMI) while continuing to operate normally.
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5.  All electrical wiring shall be in accordance with NFPA 70.

F.  Personnel: All work shall be done by properly trained, skilled 
technicians who are regularly employed and qualified in the 
installation, programming, start-up, calibration, and testing of the 
systems provided, and who will be directed by experienced engineers 
employed by the equipment supplier. Personnel must have five years 
minimum experience with industrial and institutional boiler plant 
controls and instruments similar to those being furnished for this 
project.

G.  All controls need to be compatible with NASA's EMCS (Energy Management 
Control System) in accordance with Section 23 09 23.98 DIRECT DIGITAL 
CONTROL FOR HVAC AND OTHER BUILDING SYSTEMS and "Siemens" MODBUS RTU 
protocol.

1.5   SUBMITTALS

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

SD-02 Shop Drawings; G

Information on all the specific systems that is sufficient to 
allow complete troubleshooting. As a minimum this should include 
explanation of the control logic, and wiring diagrams of equipment 
and systems.  Hardware systems schematics showing field and panel 
equipment interface block diagram.  Location of interlock devices 
on the burners, boilers, fuel trains and accessory equipment.

Complete wiring and piping diagrams for all equipment and systems. 
The wiring diagram shall with all component device labled to 
reflect filed wiring numbers.  Drawing showing arrangement of 
instruments and controls on panels.  Drawing showing panel 
arrangements, construction, door swing clearance allowance, 
dimensions, finishes.  Description of panel construction.

Submit a complete written sequence of operations for all portions 
of system to be controlled by boiler control and burner management 
system.  Upon complete of the job any corrections necessary due to 
field programming change will be incorporated into the sequence of 
operation and resubmit as an as-built copy.

SD-03 Product Data; G

Material, Equipment and fixtures shall be submitted for complete system 
including manufacture's style or catalog numbers, specification and 
drawing reference numbers, warrantee information, and fabrication site 
information

Automatic Boiler/Burner Control System, Including Burner 
Management (Flame Safeguard); G

1.  Catalog cuts and specification sheets providing description and 
performance data on: Controllers, control and indicating 
stations,  sensors and transmitters, signal conditioners, electric 
switches and relays, indicators and annunciators, safety interlock 
devices, drive units and actuators, control valves, mechanical 
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linkage systems, compressed air filters and regulators, touch 
screen system, wiring, and piping, dampers, boiler draft gauge.

Boiler Plant Instrumentation; G
1.  Catalog cuts and specification sheets providing description and 

performance data on instruments and accessories.
2.  List of ranges of recorder displays or charts.
3.  Flow meter primary element design, size, performance, and sizing 

calculation. Steam flow performance data for flow meters verifying 
project performance requirements.

4.  Wiring and piping materials.

Flow Meters; G
1.  Catalog cuts and drawings with description, specifications and 

dimensions of meters and accessories.
2.  Design and construction of meters and accessories.
3.  Catalog cuts and drawings with description, specifications and 

dimensions of meters and accessories.
4.  Pressure and temperature limitations.
5.  Manufacturer's installation instructions.
6.  Arrangement of register face and remote indicator (if provided).

Pressure Gages; G
1.  Catalog cuts showing design, construction, dimensions of gages and 

accessories.
2.  Accuracy.
3.  Pressure and temperature limitations of gages and accessories.
4.  List of scale ranges to be provided.

Thermometers; G
1.  Temperature sensor and trans.

Submit a list of all input and output points to the microprocessor 
including port numbers, description and location of the device, 
and English language character designation for the device with all 
variables, set points, flags, and alarms.

Material, Equipment, and Fixture Lists shall be submitted for 
complete system including manufacturers style or catalog numbers, 
specification and drawing reference numbers, warrantee 
information, and fabrication site information. 

Submit a list of recommended spare parts.

Final submittal of schedule to include all items as noted above 
with all schedules in AS-BUILT form.

SD-06 Test Reports; G

FINAL REPORTS (SYSTEM TESTING)

Test Reports shall be submitted for the Combustion Control and 
Burner Management System in accordance with the paragraph 
entitled, "Testing, Calibration, and Acceptance" of this section.

SD-08 Manufacturer's Instructions; G

"Operating Instructions" shall be submitted for Control and 
Instrumentation consisting of standard operating procedures and 
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shall include start up, shutdown, programming and software use 
instructions and emergency operation procedures.

Submit a complete Printout of all software, including all control 
algorithms, calculations, and entire control sequence.  The 
program print out shall be in English Language source code, and 
each line shall be annotated with remark describing the action of 
that line.  The remarks may be printed out as part of the program 
or may be added by hand to a copy of the actual print out. 

The Contractor shall provide classroom and Field Instructions in 
operation and maintenance of systems equipment where required by 
the technical provisions.  These services shall be directed by the 
Contractor using the manufacturer's factory trained personnel or 
qualified representative.  The Contracting Officer's Technical 
Representative (C.O.T.R.) shall be given fourteen calendar days 
materials belonging to the manufacturer or vendor; e.g., lists, 
static exhibits, visual aids shall be made available to the 
C.O.T.R.

SD-10 Operation and Maintenance Data; G

The Contractor shall submit 1 copy of the Operation and 
Maintenance Manuals 14 calendar days prior to final testing the 
Boiler Control and Flame Safe Guard System. Data shall be updated 
and resubmitted for final approval no later than 30 days prior to 
contract completion.

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 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 shall have 3/8 inch holes and be 
bound in a 3-ring, loose-leaf binders. Data shall be organized by 
separate index and tabbed sheets, in a loose leaf binder. The 
binder shall lie flat with printed sheets that are easy to read. 
Caution and warning labels shall be clearly labeled. Equipment 
catalog cuts shall be clearly marked to indicate the item 
furnished.

In addition to the manuals, contractor must provide 5 sets of 
manuals on compact disc (CD) format.

In addition, prior to final approval all Manufacturers Software
Packages including electronic compact disks and package manuals, 
one back up copy of the software, and two copies of programs 
incorporating all field changes shall be submitted to the 
C.O.T.R.  All software and programs submitted shall be on 
electronic compact disk and compatible with existing Government 
hardware and software.

PART 2   PRODUCTS

2.1   AUTOMATIC BOILER/BURNER CONTROL SYSTEM, INCLUDING BURNER MANAGEMENT 
(FLAME SAFEGUARD)

A.  Basic Description of Controllers and Control Functions:
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1.  Controllers shall be industrial-process-grade multi-loop 
programmable microprocessor, programmable automation controller or 
UL 1998 (UL Standard for Safety Saftware in programmable 
Components) approved PLC/PAC technology.

2.  Control functions:
a. Control of burner firing rates to maintain steam header pressure.  

From the exisiting Plant Master Controller (see additional note 
below).

b. In addition to being able to receive remote plant master firing 
rate control, the contractor must be capable of selecting to local 
drum pressure transmitter for firing rate control.

c. Full metering combustion control (air/fuel ratio, excess air)with 
flue gas oxygen trim.

d. Flue gas recirculation (FGR).
e. Boiler outlet draft.
f. Boiler water level, 1 element system.

3.  Control features:
a. Operator interface on control faceplates. Operator interface shall 

include manual/automatic selection, manual loading, and displays 
that show set point, process variable, signal to actuator, process 
status and controller status.  Touch screens have additional 
display requirements; refer to paragraph below.

b. Provide separate dedicated control system for each boiler.  For 
multiple loop technology fuel/air control loops, including flue 
gas recirculation (FGR) and oxygen trim may be incorporated into 
one station for each boiler. For multiple loop technology the 
boiler/economizer outlet draft and boiler water level control 
shall have separate stations for each item on each boiler. All 
control items for one boiler are shown on one touchscreen.

c. Variable frequency drives on forced draft fan motors.  A VFD by 
pass feature must be provided to allow burner operation if full 
load VFD should fail.

4.  Refer to the paragraphs that follow for complete detailed 
requirements.

5.  Refer to Par. 2.2 for burner management controls.

B.  Controllers: Multiple-loop programmable microprocessor or Programmable 
Automation Controller with proportional-integral-differential (PID) 
solid-state logic shall control all functions except burner management.
1.  Accuracy: 0.1 percent analog inputs and outputs.
2.  Resolution: 16 bit input and output.
3.  Environment: , 15 percent to 95 percent RH, non-condensing.
4.  As a minimum, each controller shall have capability for five 

analog and four digital inputs, four analog and four digital 
outputs, and four PID loops.

5.  Memory retention for twelve months minimum for power failure or 
for storage as spare parts.

6.  Membrane push buttons with tactile feedback.
7.  Displays shall be a combination of English language, color 

graphics, and digital with 0.5 percent resolution, visible from 
wide angle.

8.  Bumpless manual/automatic transfer.
9.  High and low alarms for all inputs.  Face plate must be flush on 

alarm condition.
10. Programming: Control system shall have capability for quick (5 - 
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10 minutes) reloading of memory by operating personnel upon memory 
loss. Provide laptop computer with all software and hardware 
necessary to allow field downloading of configuration memory to 
the control system.

11. Password Protection: Provide levels of password protection for all 
safety related options and parameters including all commissioning 
programming.  Provide all passwords to Contracting Officers 
Technical Representative (COTR).

12. In the event of a control system shall have a dedicated relay 
output that results in the shut down of the boiler and provides an 
alarm to a panel-mounted light and audible alarm. Failure of 
control system for one boiler shall not affect automatic and 
manual operation of other boilers.

13. Control system and software that operate variable frequency drives 
shall be manufactured and tested in accordance with UL 508.

14. Controllers shall provide serial RS485 Modbus communication.  It 
shall be possible to defeat the remote control from the front 
panel of each individual controller, preventing any status changes 
from being initiated at the computer workstation.

15. All control hardware and displays including those assigned to data 
processing, shall be same model and series.

16. Controllers shall be the current generation product that will be 
supported by the manufacturer, with parts and service, for a 
minimum of ten years from time of installation.

17. The control system shall be mounted within specified control 
panels.

18. Design Base Controller: Preferred Burner Mate Universal.  Other 
manufacturer(s)/equivalant system approved by NASA three weeks 
prior to bid opening.

C.  Power Supplies: Provide separate uninterrupted power supply for each 
boiler control panel. Any signal that is common to all boilers, such as 
plant master control signals, shall be isolated from all other boilers 
so that failure in one boiler circuit will not affect other boilers.

D.  Touch Screen System and Components:

1.  Provide a ten (10.4) inch Operator Interface Terminal (OIT) 
designed to provide local  operation, graphic display of 
information, alarm message display, historical and real time 
trending, remote controller tuning, x/y plots of fuel-air curve 
date for intuitive commissioning, Ethernet connectivity, and 
standard internet browser remote communication.  The OIT shall be 
networked to the fired equipment control and flame safeguard 
systems.  Provide spare modules and software for maintenance 
purposes.  If the touch screen fails, the must continue to operate 
safely and provide backup LCD screen to continue safe operation or 
provide a smooth shutdown of the system for spare parts 
replacement.

2.  Control Station and Display Requirements:
a. Local operation and programming of controllers, graphic display of 

information, alarm message display, historical and real time 
trending, remote controller tuning, plots of fuel air curve data 
for intuitive commissioning of controllers, Ethernet connectivity 
and standard Internet browser remote communication.  Network to 
boiler control and burner management systems.

b. Selection of automatic or manual control of firing rate. Local 
manual control to increase and decrease the firing rate.
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c. Indicate burner management data from the burner management system 
via Modbus to the control system to indicate status and 
diagnostics in English messages: control on, pre-purge, trial for 
ignition, igniter flame signal, main flame signal, post purge, 
burner off, all diagnostic information available from burner 
management system, continuous indication of flame signal.

d. Real time display of all connected process parameters including 
control output, set point, process variable, all data gathering 
and processing from all controllers associated with the boiler.

e. Display of all control system alarm messages and faults. History 
of alarms and faults and recommendations for troubleshooting.

f. Complete display and facilities to allow programming all 
controllers associated with the boiler or the master control. 
Burner management is excluded from this requirement.

g. Provide alternate means such as spare parts of each module and a 
spare touch screen if touch-screen fails.

3.  Touch Screen System Hardware and Software:
a. Minimum  (10.4 inch) panel-mounted display, TFT with 256 colors, 

640 x 480 pixel LCD resolution, 600:1 contrast ratio, 128 kb 
SRAM.  Locate on the panel for easy viewing and access from 
operating floor.  Displays shall include as a minimum boiler 
graphics, control face plate graphics, historical trends, alarm 
displays, range scaling displays, I/O trouble shooting displays, 
combustion tuning displays, fuel/air/O2 trim and other loop tuning 
displays, I/O status and alarm status displays. If condensate, DA, 
oil tank and other unit operations are monitored or controlled the 
graphics plus control and status displays must be included.

b. The touch screen shall be rated at least NEMA 4X/IP66 (for indoor 
use only) and shall have an aluminum construction plastic type 
case shall not be acceptable.

c. The system shall have RS 485 Modbus for communication with a 
building management system.  It shall be the responsibility of the 
building management company to integrate the data from the system.

d. Multiple RS-485 Modbus communication interfaces.
e. Provide means to store the final tuning, scaling and commissioning 

parameters for future maintenance.  This will include a laptop 
computer with control system software.

f. Operation interaction shall be touch-based allowing easy selection 
of screens, manual/automatic status changes, start/stop functions, 
set point changes, output changes and PID tuning parameters 
without any special programming skills.  Screen selection shall 
also be available through tactile feedback function keys or via 
menu driven icons on the touch screen.

g. Show vertical loop display for each loop showing the process 
variable, set point, manual automatic push button in full color 
facsimiles of each control lop and clearly labeled English 
language and engineering unit display of the control parameters.

h. Graphic X/Y curve data plotting capability for historical 
trending.  When used in conjunction with fuel/air ratio control, 
provide automated fuel/air ratio curve and oxygen trim setpoint 
curve adjustment for rapid, error free burner tune-up. Only a 
single operator action shall be required to store commissioning 
data into multiple characterizer curves for a particular load 
point.

E.  Drive Units and Actuators for Dampers, Fuel Flow Control Valves, 
Feedwater Flow Control Valves:
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1.  Electric drive units.

2.  Electric drive units shall have continuous modulating duty cycle 
without any duty cycle or thermal motor limitations. Shall start 
instantaneously at full rated torque, stop instantaneously without 
coast or overshoot. Shall smoothly operate all connected devices 
without overload. Provide 100 percent duty cycle maintenance free 
motors that never overheat or burnout under stalled conditions. 
Gearing shall eliminate backlash. Movement shall be constant speed 
and shall be coordinated with the controlled process so that 
performance parameters remain within specified limits.  For fuel 
valve(s) provide linkage less configuration.

3.  Additional Requirements for Electric Drive Units on full metering 
Combustion Control Systems:

a. Drive units shall have precise positioning and repeatability to 
provide air-fuel positioning ratios with a maximum hysteresis of 2 
percent.

b. Provide continuous precise feedback signals, 1000-ohm 
potentiometer or 4-20 mADC feed back from drive units to 
controllers.

c. Belt-type drive units not permitted unless approved. 
d. Drive unit shafts using linkage or linkage less shall be keyed to 

fuel flow control valves and damper shafts to eliminate the 
possibility of slipping. 

4.  Boiler outlet damper drive units may be different model than drive 
units for fuel valves and forced draft damper. Drive units shall 
be capable of  (100 ft-lb.) torque minimum.  Less powerful drive 
units may be utilized if certified as adequate by the burner 
manufacturer.

F.  Variable Frequency Drives (VFD) for Forced Draft Fans:
1.  Refer to Section 26 29 23.98 VARIABLE-FREQUENCY MOTOR CONTROLLERS 

FOR HVAC and Section 23 70 02.00 10 CENTRAL STEAM GENERATING 
SYSTEM - COMBINATION GAS AND OIL FIRED, for electrical 
requirements. In addition, there shall be a VFD mounted operator 
interface unit that allows configuration of drive parameters and 
displays diagnostic information for troubleshooting.

2.  Provide feedback system including motor speed and direction of 
rotation to combustion control system.  Provide tachometer feed 
back to the control system.  Feedback transmitter must have 
no-drift guarantee. Feedback system shall not be affected by 
position of H-O-A switch on motor control system.

3.  Provide noise filters, if required.
4.  The VFD shall automatically limit the rate of fan speed change to 

that which will prevent an over-current trip in the event of a 
"step" speed increase of 0 - 100 percent.

5.  Provide constant speed feature and operator-selectable air/fuel 
program in the controller for constant speed operation maintaining 
specified air/fuel ratios (excess air).

6.  Forced draft fan damper operation is required in conjunction with 
operation of the VFD at the lower firing rates and for VFD bypass 
mode.

G.  Transmitters: See Paragraphs, PRESSURE SENSORS AND TRANSMITTERS, 
TEMPERATURE SENSORS AND TRANSMITTERS.

H.  Final Control Elements:
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1.  Fuel flow control valves, forced draft fan dampers, flue gas 
recirculation (FGR) dampers, variable frequency forced draft fan 
drives (VFD), feedwater control valves: Refer to Section 
23 70 02.00 10, CENTRAL STEAM GENERATING SYSTEM - COMBINATION GAS 
AND OIL FIRED.

2.  Dampers in stacks and breechings: Refer to Section 23 70 02.00 10, 
CENTRAL STEAM GENERATING SYSTEM - COMBINATION GAS AND OIL FIRED.

I.  Uninterrupted Power Supplies: 
1.  Provide separate complete protected power conditioners for each 

boiler combustion control systems. Power supply shall protect all 
computers, controls, instruments and accessories from damage due 
to ground leakage, spikes, sags, surges, transients and overloads 
in the incoming power supply.

2.  Line interactive, UL 1449-rated, interactive digital display. 
Automatic internal bypass. Smooth sine wave output. 

3.  Suitable for ambient temperature of  (110 degrees F) in boiler 
room panel.

4.  Hot swappable batteries.
5.  Audible and visual alarms to signal failure of power supply. 
6.  This UPS system can be deleted from the project if controls 

furnished have integral protection from power supply 
irregularities listed above, and if software can be immediately 
reloaded by plant personnel.

J.  Spare Parts and Tools:
2.  Provide one spare module and touch screen for touch screen systems 

or one spare controller of each type used for multiple loop 
systems.

3.  Laptop computer with hardware and software sufficient for 
downloading and uploading all programming configurations with all 
the controllers and for the smart transmitters.

4.  Electric power drive unit: One of each size and type used.

K.  Detailed Control Functions:

1.  The exisiting Plant Master Control of Burner Firing Rates to 
Maintain Steam Header Pressure: (Provide SAMA Diagrams and 
Operational Descriptions)

a. Plant master will provide master loading signal to each boiler 
combustion control system to automatic modulation of burner firing 
rates on all boilers to maintain set pressure of main steam. 
Master controller receives signal from exisiting header pressure 
transmitter, processes and transmits signal to submaster 
controller for each boiler/burner.  Submaster control loop 
provides the control of the fuel flow and combustion airflow. In 
case of plant master fault the system shall automatically convert 
to the local boiler master control from a steam pressure 
transmitter located in each boiler drum.
Individual set point adjustment range: +/-  (20 psi).

b. Control Stations: Individual control systems shall be provided for 
boiler sub master (firing rate) control system.  All of the boiler 
combustion control system shall be on individual panels located 
near the boiler.  Burner management panels shall be combined with 
the combustion control system.

c. Low fire hold capability and user definable optimum ignition 
position.

d. Interface with burner management system for automatic positioning 
of forced draft fan damper, forced draft fan speed and fuel flow 
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control valves during pre-purge, ignition, shutdown and post-purge.
e. Interlocks to prove proper positions of forced draft fan damper, 

forced draft fan speed, boiler/economizer outlet damper and fuel 
flow control valves for ignition and running cycles. Refer to 
paragraph, BURNER MANAGEMENT SYSTEM WITH SAFETY INTERLOCKS AND 
ACCESSORIES.

f. The combustion control panel, the system must meet NFPA 85 
paragraph 1.93.2.3. separation requirement "Flame Safeguard 
Function" shall be performed in seperate processor.

2.  Full Metering Combustion Control (Air/Fuel Ratio, Excess Air):  
Provide SAMA Diagrams and Operational Descriptions:

a. Boiler/burner submaster control system provides firing rate 
signals to separate drive units (actuators) for forced draft fan 
VFD or dampers and for each of the fuel flow control valves and to 
the variable frequency drive (VFD) of the forced draft fan. 
Air/fuel ratio maintained by firmware and software programming of 
the submaster (boiler master) control system. Boiler master 
capability shall be provided to facilitate boiler startup and for 
boiler pressure control if plant master has a fault.  Software 
shall be factory-programmed for the specific application.  Only 
tuning and scaling shall be performed in the field.

b. Hardware, firmware and software shall comply with UL 1998. 
Incorporate cross-limiting (air leading fuel on load increases, 
fuel leading air on load decreases) and deviation limiting 
(allowable tolerances on air/fuel ratio).  Provide automatic 
burner shut down if deviation exceeds programmed limits or if 
there is a controller failure.

c. Provide feedback signals from drives and actuators.  Fuel flow 
shall not increase until appropriate combustion air flow increase 
is proven.  Combustion air flow shall not decrease until 
appropriate fuel flow decrease is proven.  VFD feedback 
transmitters shall have "no-drift" guarantee.

d. Accuracy of control of drive units shall result in fuel-air 
positioning ratios that are specified by the burner manufacturer 
for efficient and safe operation with a maximum hysteresis of 2 
percent. Excess air in flue gas shall conform to limits given 
below. 

e. Manual control function accessible to operating personnel shall be 
confined to base loading the firing rate of the burner and shall 
not permit separate control of fuel or combustion air. All other 
manual functions shall be password protected intended to be 
accessible only to qualified technicians. If system is improperly 
placed in a manual control mode, the system shall shut down the 
boiler or maintain safe excess air levels at all times, within 
parameters that limit the carbon monoxide emissions to specified 
limits.

f. From low fire to high fire the air/fuel ratio (excess air) shall 
be programmed over at least fifteen evenly spaced increments of 
fuel input.

g. Control positions and display indications shall be linear in 
relation to firing rate.  For example, 20 percent control position 
shall be 20 percent firing rate (20 percent of full load).

h. Mechanical connections between drive units and dampers and valves 
shall not have hysteresis and shall be keyed to eliminate 
slippage. Use of linkage systems must be minimized and submitted 
for approval as a deviation to the contract.

i. Excess Air and Emissions Limits:  Refer to the boiler and burner 
specification.
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3.  Automatic Flue Gas Oxygen Trim System: Provide SAMA Diagrams and 
Operational Descriptions:

a. Boiler/burner submaster air/fuel controller shall utilize signal 
from flue gas oxygen analyzer and vary the combustion air flow to 
maintain the specified air/fuel ratio (excess air) at all firing 
rates 15 percent of maximum firing rate and greater.

b. Operation and Performance:
1)   Separate characterized set point curves for each fuel, 
minimum ten points per fuel. A single curve with biasing for the 
other fuel is not acceptable. Automatic change over of set point 
curves when type of fuel being fired is changed.
2)   Maximum deviations from set points shall not exceed ten 
percent at any firing rate. Combustion shall not generate carbon 
monoxide (CO) in excess of 100 parts per million (ppm) at any time.
3)   At firing rates below 20 percent of maximum steam flow, trim 
shall automatically return to null position (no trim).
4)   Variable gain to decrease output sensitivity at low loads.
5)   Adjustable high and low trim limiting. Excessive high or low 
trim correction, low excess air, or oxygen analyzer failure shall 
actuate audible and visual alarm on the boiler submaster air/fuel 
ratio controller. Analyzer failure shall cause system to go to 
null position.
6)   Manual trim output shall revert to null setting when system 
is placed in automatic control.

c. During burner start-up and adjustment of air/fuel ratios (excess 
air) by service technician, trim shall be on manual control at 
null position.

d. Refer to Paragraph, FLUE GAS OXYGEN ANALYZERS.

4.  Flue Gas Recirculation (FGR) Control: Provide SAMA Diagram and 
Operational Description:

a. Automatic operation of FGR damper to control NOx emissions to 
required limits and to provide purging of combustibles from the 
FGR ducts during the pre-purge cycle.

b. Automatically disable FGR during burner start-up cycle due to 
potential for flame instability. Automatically enable the FGR 
after the boiler flue gas outlet temperature reaches a minimum of  
(300 degrees F). Alternately provide the sequence of operation 
required by the burner manufacturer.

c. Interface with burner management system with interlocks to prove 
FGR dampers in proper position for pre-purge prior to ignition. 
Refer to Paragraph, BURNER MANAGEMENT SYSTEMS WITH SAFETY 
INTERLOCKS AND ACCESSORIES.

5.  Boiler Outlet Draft Control: Provide SAMA Diagram and Operational 
Description:

a. Automatically modulate position of boiler or economizer outlet 
damper to maintain constant negative pressure (draft) at the flue 
gas outlet of the boiler. Utilize feed forward signal from the 
boiler/burner submaster air/fuel controller to enhance control 
response.  Position damper open and closed during boiler start-up 
and shut-down cycles.

b. Maintain draft as required to maintain the highest burner 
efficiency.

c. Panel-mounted automatic controller, with manual/automatic feature 
and set point adjustment, for each boiler. Locate on main 
instrumentation panel unless otherwise shown.

d. Draft sensor, transmitter, and outlet damper actuator for each 
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boiler. Refer to Article, PRESSURE SENSORS AND TRANSMITTERS.
e. Automatically position damper as required for pre-purge, burner 

ignition and shut down. Provide damper position switch interlocked 
with burner management system. Refer to Paragraph, BURNER 
MANAGEMENT SYSTEMS WITH SAFETY INTERLOCKS AND ACCESSORIES.

6.  Boiler Water Level Control:  Provide SAMA Diagram and Operational 
Description:

a. Automatically modulate the position of feedwater control valve on 
each boiler to maintain the water level in the boiler within plus 
or minus  (2 inches) of set point with instantaneous load swings 
of 20 percent of boiler capacity. Adjustable set point.

b. Type of System:
1) Single Element System: Single element feed water should utilize 
signal from water level transmitter on boiler.

c. Boiler Water Level Sensors: Boiler water level safeties are always 
required.
1) Differential Pressure Transmitters: Refer to Paragraph, 
PRESSURE SENSORS AND TRANSMITTERS.

g. Set point position as recommended by boiler manufacturer.

7.  Boiler and Economizer Efficiency Make Available to EMS Display: 
Provide on the combustion control system and the computer.  
Provide continuous automatic calculations and indication of 
heat-loss combustion efficiency based on flue gas outlet 
temperature of economizer (or boiler if economizer is not 
provided), flue gas oxygen, and type of fuel in use. Base 
calculation method on ASME Performance Test Code Form Number 4 1b, 
HEAT LOSS EFFICIENCY, with no consideration for boiler radiation 
and unaccounted losses.

2.2   BURNER MANAGEMENT (FLAME SAFEGUARD CONTROL) SYSTEM WITH SAFETY 
INTERLOCKS AND ACCESSORIES:  PROVIDED BY BURNER COMPANY

A.  Complete automatic safety control and monitoring system for burner 
ignition sequencing, operating cycle, and shut-down sequencing.  System 
shall include microprocessor programmer, self-checking ultraviolet (UV) 
for gas and IR flame scanner for oil and amplifier (see below for 
limited exceptions), burner cycle display, first-out diagnostic 
annunciation display for oil, burner safety shut down interlocks, 
communication with monitoring systems, and accessories. Mount 
controllers, control switches and displays with the boiler/burner 
control panel. Refer to Paragraph, BOILER/BURNER CONTROL PANELS. All 
interlock devices shall be designed to permit  periodic operational 
testing, including set points and trip points, without changing set 
points or programming.

B.  Code Compliance: Conform to NFPA 85. All components UL listed, FM 
approved.

C.  Operate on 102 to 132 volts; 60 Hertz AC. Operating ambient temperature 
range  (32  F to 125 degrees F).

D.  Flame Scanners: Provide self-checking ultraviolet (UV) scanner for 
gas.  When UV is unreliable for oil, provide infrared scanners.
1.  Position scanners so that they do not view the ignition spark.  

Scanner sight tubes must be non-reflective to avoid the scanner 
detecting the reflection of the ignition spark. UV 
non-self-checking scanners are not permitted because they can fail 
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in an unsafe mode on continuously operated burners.
2.  Infrared (IR) systems must be able to detect igniter flame with 

atomizing steam media flowing thru the oil burner atomizer.  The 
IR scanner must be adjustable and not detect any radiation from 
the refractory portion of the burner exit throat or the furnace 
and provide a false flame detection.

E.  Control Features:
1.  Automatic recycling on high steam pressure only.
2.  Interrupted ignition.
3.  Electronically prevent UV scanner sensing ignition spark. Methods 

include early spark termination or by phasing the firing of the 
ignition spark off cycle from the scanner activation.

4.  Flame failure response time as per manufacturer recommendations.
5.  Ten seconds trial for ignition except 15 seconds permitted on 

heavy oil fuel.
6.  Pre-purge timing set for 8 air changes on water tube boilers per 

NFPA 85.  The exact timing must be determined by the boiler 
manufacturer.

F.  Provide components that can be easily removed from the panel without 
disturbing wiring.

G.  Memory storage and self-diagnostics of at least six most recent causes 
of burner shutdown, which can be accessed by operating and service 
personnel. Diagnostics shall include all individual interlocks.

H.  Provide Modbus RS232/RS485 and modem interface to allow remote access 
to memory. Provide interface with Siemens BMS system.

I.  Burner cycle indication on face of panel: Show instantaneous status of 
start up, run and shut down program. Provide indicator for control 
power on, ignition, main fuel valve open, and flame failure.

J.  Reset button on face of panel.

K.  Annunciator Display and Alarm:
1.  Locate display on outside face of panel between  (4 feet and 5 feet

) above the floor.
2.  English language read-out with individual identification of 

specific interlocks. Where two or more interlocks serve the same 
function, individual display of each interlock is not required.

3.  Indicate burner status in English messages: control on, pre-purge, 
trial for ignition, igniter flame signal, main flame signal, post 
purge, burner off.

4.  Continuously indicate flame signal strength.
5.  Provide first-out annunciation, including English language 

message, and audible alarm (horn) for each of the following 
interlocks:

a. Flame failure.
b. Purge airflow low.
c. Combustion air low.
d. False combustion air (switch activated with combustion air flow).
e. High main gas fuel pressure.
f. Low main gas fuel pressure.
g. High oil pressure.
h. Low oil pressure.
i. Low igniter (pilot) gas pressure.
k. Fuel safety shut-off valves not closed prior to ignition cycle.
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l. Low fire position not attained prior to ignition cycle.
m. Low atomizing media (air) static pressure at atomizing media 

service connection to burner piping.
n. Low atomizing air/steam/oil differential pressure.  Where burner 

does not maintain differential pressure provide low atomizing 
media pressure at burner.

o. High steam pressure.
p. Low water cutoff.
q. Low control air pressure (if pneumatic feedwater control valve 

drive units or other controls are furnished).
r. Flue gas recirculation (if provided) improper damper position.
s. Low flue gas oxygen.
t. High furnace pressure (if outlet draft control system furnished).
u. Building combustion air intake louver closed or make-up air 

ventilation system not operating.
v. VFO Fault Trip.
w. Plot Flame Failure.
x. False Flame Detected.

6.  Audible alarm (horn): Sounds upon all burner shutdowns except 
automatic recycle shutdowns on steam pressure. Provide silencing 
control, which automatically resets when burner control is reset.

L.  Pre-Purge Timing: Integral with the programmer.  Non-adjustable after 
initially set to suit boiler pre-purge requirements.

M.  Auxiliary relays: Industrial type rated for the service, enclosed 
contacts.

N.  Selector switches, push buttons and control switches: Heavy duty, 
industrial type.

O.  Safety shut down and manual reset required for, but not limited to:
1.  Flame signal detected prior to ignition cycle.
2.  Pre-ignition interlock open during pre-purge.
3.  High fire purge interlock fails to close within ten minutes or 

less after firing rate drive unit is commanded to drive to high 
fire.

4.  Low fire interlock fails to close within ten minutes or less after 
firing rate drive unit is commanded to drive to low fire.

5.  Igniter (pilot) or main burner fails to ignite.
6.  Malfunction of flame detector.
7.  Malfunction of programmer.
8.  Malfunction of flame signal amplifier.
9.  Combustion air proving switch actuated prior to start-up of forced 

draft fan.
10. Lock-out interlock open during pre-purge (after 15 seconds), 

ignition or run period.
11. Interlock open.
12. Flame failure.
13. Building combustion air intake louvers closed or make up air 

ventilation system not operating.

P.  Burner Safety Shut Down Interlock Devices:

1.  Basic Requirements:
a. Adjustable Set Points.
b. Maximum Set Point Deviation: 5 percent of full scale.
c. Minimum Repeatability: 2 percent of full scale.
d. Minimum Set Point Accuracy: 10 percent of full scale or 20 percent 
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of set point. 
e. Scale range shall allow set points to be within 30 to 70 percent 

of full scale.
f. Safety interlock devices shall be separate from operating control 

elements, such as feedback devices.  This is to avoid having the 
failure of an operating control device preventing the operation of 
the safety device.

2.  Provisions for Testing of Interlocks:
a. Installation of all interlock devices shall permit testing of set 

points and control operation without removing or disconnecting the 
devices and without adjusting set points of devices.  Provide 
permanent connection points for test instruments, such as 
manometers and pressure gages, on sensing piping and tubing. Where 
necessary, provide lockable valves to allow temporary isolation of 
device from the service to allow testing of the device.

b. Provide all necessary control system passwords and written 
instructions to COTR to facilitate interlock testing.

3.  Forced Draft Fan Motor Operation Interlock: Provide current relays 
on each phase of power circuits to fan motor. For variable speed 
drives, provide signals to control system from VFD fault and run 
contacts and signals from VFD shaft speed feedback to prove proper 
fan speed for purging, low fire ignition, and for each burner load 
point. Any disconnects or other power shut-off devices between the 
location of the interlock devices and the motor shall also shut 
down the power supply to the burner management control system.

4.  Atomizing Air Compressor Motor Energized Interlock:  Provide 
current relays on each phase of power circuits to the motor. In 
the power supply to the motor there shall be no disconnects or 
other power shut-off devices between the location of the interlock 
devices and the motor.

5.   Forced Draft Fan Damper, Boiler Or Economizer Flue Gas Outlet 
Damper (if provided) Pre-Purge Position Interlock: Prove dampers 
wide open for pre-purge. Actuate sealed snap-action switches by 
levers attached directly to dampers or to damper linkages, which 
are pinned to prevent slippage. Parallel positioning systems may 
have the interlock switches in the drive units.

6.   Flue Gas Recirculation (FGR) Dampers (if provided) Position 
Interlock:  Prove dampers positioned as required by burner 
manufacturer for pre-purge and firing. Actuate sealed snap-action 
switches by levers attached directly to dampers or to damper 
linkages, which are pinned to prevent slippage. 

7.  Pre-Purge Airflow Interlock: 
a. Sense differential pressure between two points in combustion air 

system where the differential pressure at high fire is 
significant, such as several inches water column. There must be no 
intervening dampers.  This is typically between the windbox and 
boiler outlet.

b. Diaphragm-actuated snap-action switch designed for maximum system 
pressure, adjustable set point, graduated set point indicating 
scales.

c. UL listed, FM approved. Dwyer Model 1638 or equal.
d. Provide air pressure sensing connections for test manometer so 

that air flow switch settings can be verified.
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e. Trip point shall prove at least 70% of maximum airflow.

8.  Combustion Air Proving Interlock: 
a. Sense differential air pressure across the forced draft fan with 

no intervening dampers.
b. Diaphragm-actuated snap-action switch designed for maximum system 

pressure, adjustable set point, graduated set point indicating 
scales.

c. UL listed, FM approved. Provide switch designed for "false 
combustion air" feature on start-up interlock. Dwyer Model 1638, 
or equal.

d. Provide air pressure sensing connections for test manometer so 
that switch settings can be verified.  Demonstrate that trip point 
is within 10 percent of minimum differential pressure over the 
firing range of the burner.

9.  High And Low Main Burner Fuel (Gas and Oil) And Low Igniter 
(Pilot) Gas Pressure Interlocks:

a. Solid-state sensor, snap action switch, automatic reset. Provide 
graduated set point indicator, switch position indicator, 
adjustable set point coordinated with burner requirements either 
on the switch or as a part of the controller. Switch movements 
shall have bushings to eliminate metal-to-metal wear.

b. Gas pressure switch ratings: Sustained pressure capability shall 
exceed two times lock-up of nearest upstream regulator.

c. Oil pressure switch ratings: Sustained pressure capability shall 
exceed set pressure, plus accumulation, of oil pump safety relief 
valve.

d. Low gas pressure switches shall include impulse dampener to reduce 
the effects of pressure dips during start-up.

e. Mechanical movements shall have bushings to eliminate wear of 
metal parts.

f. Approvals: UL listed, FM approved.
g. Switch Locations:  Must be located where pressure is constant, as 

controlled by pressure regulator (if provided) on fuel train. Must 
be upstream of modulating fuel flow control valves.

h. Set points shall be within 20 percent of the normal operating 
pressure.

i. High pressure switches shall be piped to the service with lockable 
isolation valve and valved test connection so that switch can be 
set and tested using compressed air.

11. Low Atomizing Media Pressure, Differential Pressure And Flow 
Interlocks:

a. Type: Snap action switches, graduated set point indicator, switch 
position indicator, adjustable set point coordinated with burner 
requirements, automatic reset.  Switch movements shall have 
bushings to eliminate metal-to-metal wear.

b. Rating: Shall exceed pressure setting of nearest upstream relief 
valve.

d. Approvals: UL listed.
e. Locations and types of switches on atomizing media piping: Two 

switches required for each burner, a static pressure switch on 
atomizing media supply ahead of differential pressure control 
valve, and differential pressure flow switch with flow meter 
orifice on atomizing piping adjacent to burner. On burners that 
maintain an approximately constant differential pressure between 
the atomizing compressed air and oil, provide a compressed air/oil 
differential pressure switch instead of the flow switch at the oil 

SECTION 23 09 11  Page 17



NASA GRC Steam Plant B12 Project N0. 11421

burner.
Burners with individual air compressors for air atomization shall 
be provided with one air pressure switch and compressor motor 
interlocks as specified above.

12. Main Fuel (Gas And Oil) Automatic Safety Shut-Off Valves 
Proof-Of-Closure (Over Travel) Interlocks. Provide on all 
automatic safety shut off valves to prove closure prior to igniter 
(pilot) ignition.  Provide manually-actuated test circuits through 
the proof-of-closure switches that will demonstrate that the 
switches close and open properly and that the circuit is connected 
to the burner management system.

13. Low Fire Position of Fuel Flow Control Valves Interlocks: Sealed 
snap-acting switches. Actuate switches by levers attached directly 
to fuel valves. As an option, the switch lever may be pinned to 
the jackshaft to which the fuel valve proportioning cams are also 
pinned or provide UL listed and FM approved position sensor on the 
motor which positions the jackshaft to which all the operating 
levers are pinned.  UL approved serves units utilizing feedback 
position in lieu of position switch is acceptable.

14. High Boiler Steam Pressure Limit and Interlock: Operating limit 
switch allowing burner recycling and safety shut down interlock 
switch. Refer to Paragraph, BOILER TRIM, in Section 23 70 02.00 10, 
CENTRAL STEAM GENERATING SYSTEM - COMBINED GAS AND OIL FIRED.

15. Low Boiler Water Level Interlocks: Primary and auxiliary low water 
burner shut down interlocks. Refer to Paragraph, BOILER TRIM, in 
Section 23 70 02.00 10, CENTRAL STEAM GENERATING SYSTEM - COMBINED 
GAS AND OIL FIRED. Operation of auxiliary low water cutoff shall 
interrupt the power supply to the burner management control system.

16. Boiler Control Compressed Air Pressure Interlock (Pneumatic 
Control Systems):

a. Type: Snap action switch, graduated set point indicator, switch 
position indicator, adjustable set point coordinated with burner 
requirements, automatic reset.

b. Rating: Shall exceed maximum relief pressure of nearest upstream 
relief valve.

c. Approvals: UL listed.

17. Low Flue Gas Oxygen Alarm and Interlock: Signals from flue gas 
oxygen analyzer providing low oxygen alarm and low oxygen burner 
shut down. Refer to Paragraph, BOILER FLUE GAS OXYGEN ANALYZER 
SYSTEMS.

18. High Furnace Pressure Interlock:
a. Required only for boilers that have boiler outlet draft control 

system.
b. Sense static pressure in furnace.
c. Diaphragm-actuated snap-action switch, adjustable set point, set 

point indicating scale, designed for maximum system pressure.
d. UL listed, FM approved.
e. Connect to the service with a lockable isolation valve and valved 

test connection to allow the switch to be set and tested with 
pressurized air source.

19. Building Combustion Air Intake Interlock: Provide devices to prove 
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outside air building wall louvers are open or H&V unit is in 
operation.

Q.  Automatic Programming Sequence:
1.  After personnel select the fuel to be burned and operate the 

burner start switch, the control system shall automatically 
perform the following operations:

2.  Prove proper operation of all interlocks except purging interlocks 
or prevent further progress.

3.  Open all air dampers fully. This includes all dampers (if 
provided) in the boiler outlet breeching and stack system.

4.  Position flue gas recirculation damper (if provided) as required 
by burner manufacturer to purge flue gas from recirculation duct.

5.  Prove 70 percent of maximum air flow through the boiler and prove 
all air dampers open wide and flue gas recirculation damper (if 
provided) in proper position.

6.  Pre-purge eight air changes for water tube boilers.
7.  Return forced draft fan dampers and fuel flow control valves to 

low fire position.
8.  If boiler outlet damper is provided, retain outlet damper wide 

open. If outlet draft damper modulating control system is provided 
and excessive draft due to wide-open damper is incompatible with 
the burner, automatically position the outlet damper to an 
acceptable position for burner ignition.

9.  Prove low fire start position.
10. Sensing of flame prior to this shall cause shutdown.
11. Energize igniter and open igniter fuel automatic safety shut-off 

valves. Prove igniter flame in ten seconds or provide shutdown.
12. On systems with ultraviolet flame scanners, terminate ignition 

spark five seconds before main fuel valves open.
13. Open main fuel safety shut-off valves for fuel selected. Close 

igniter fuel valves within ten seconds after main fuel valves open 
(15 seconds on heated oil).

14. Prove main flame or provide shutdown.
15. Place flue gas recirculation damper (if provided) in modulating or 

in fixed position as required by design of burner furnished.
16. If provided, release boiler/economizer outlet draft control damper 

to modulation.
17. Release burner from low fire position to automatic or manual 

firing rate control.
18. Provide 15 second post purge at end of burner firing cycle.
19. Close all dampers upon completion of post purge.

R.  Spare Parts:
1.  One flame control programmer chassis complete.
2.  One flame control amplifier complete.
3.  One flame scanner complete with connecting leads.
4.  Twelve lamps for each type of replaceable lamp.
5.  Two of each type of relay and timer.

2.3   COMBUSTION CONTROL AND BURNER MANAGEMENT PANEL(S):

A.  Type: Provide one panel for each boiler for the combustion control 
system and with burner management system.  Locate panels as shown on 
the drawings. Each panel shall be free standing factory assembled steel 
enclosure with control system, control switches, instruments and 
indicators on panel front and controllers, relays and other components 
mounted on interior sub bases. NEMA 12 rating. Refer to drawings for 
arrangement and overall dimensions.
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B.  Panel Construction:
1.  Minimum  (0.134 inch) thick steel sheet with steel angle or bar 

reinforcement. Provide vertical reinforcement from top to bottom 
of panel between each large instrument opening. Provide horizontal 
reinforcement above and below each large instrument opening.

2.  Provide sufficient reinforcement to prevent any warping or 
displacement due to weight of equipment mounted on and within 
panel.

3.  All corners and edges shall be smooth.
4.  Access Doors: Sufficient quantity to cover full height and width 

of panel, three point latches with key type locks, three hinges 
per door, or piano type hinges.

5.  Finish:
a. Exterior: Undercoat of rust resistant primer, finish coats of 

textured spatter paint, dark gray.
b. Interior: Undercoat of rust resistant primer, finish coats of 

enamel, light gray or white.
6.  Provide duplex 120 v. GFI receptacle inside the panel.
7.  Provide fan-type ventilation if necessary to protect equipment 

from overheating.  Assume boiler room temperature of  (100 degrees 
F).

D.  Boiler Combustion Control Systems: Refer to Paragraph, AUTOMATIC BOILER 
AND BURNER CONTROL SYSTEMS. Units shall be flush mounted on panel front.

E.  Recording Systems: Refer to Paragraph, RECORDERS. Locate monitoring 
recorders is supplied on the Main Panel and the boiler recorders if 
supplied with the boiler combustion control system(s).

F.  Touch Screens:  Refer to Paragraph, AUTOMATIC BOILER/BURNER CONTROL 
SYSTEM.

G.  Pressure Gages: Flush mounted, 0.5 percent accuracy,  (6 inch) dial 
diameter, micrometer adjustable pointer, solid front, blow out disk in 
rear, back connected, and of indicated range. Provide gage cock within 
panel for each gage. Provide gages for steam header pressure, boiler 
feed header pressure for each boiler, fuel header pressures.

H.  Push Button Stations and Indication Lights for Pump Control: Lights 
shall be oil tight, standard industrial construction, 120 volt, 
utilizing lamps which are readily available. Lenses shall be red and 
green colored, held in place by threaded ring. Push button stations 
shall be flush mounting, oil tight, momentary contact. Provide 
non-latching lamp test control on main panel.

I.  Boiler Economizer Temperature Indicator Displays:  Should be displayed 
on either the front panel of a multiple loop controller or the touch 
screen for touch screen systems.
1. Provide RTD sensors measuring temperature at four points: feedwater 

in and out, flue gas in and out. Separate indicators, graduated 0 
- 600 degrees F.

J.  Clock: Microprocessor-driven digital,  (2.5 inch) high wide angle LED 
display, selectable 12/24 hours, enable/disable automatic daylight 
savings time changeover, enable/disable alternating time and date, 
seven year battery-back-up memory, time base accurate to plus or minus 
two minutes per year.
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K.  Nameplates: Provide engraved plastic laminated nameplates for all 
devices on front of panel. Nameplates shall have white letters on black 
background. Mount with screws or rivets. List equipment title and 
identification number, such as "BOILER FEED PUMP P 1." Do not use 
abbreviations.

L.  Auxiliary relays: Industrial type rated for the service, enclosed 
contacts.

M.  Draft Gages: See Paragraph, DRAFT GAGES.

N.  Selector switches if specified should be push buttons and control 
switches: Heavy duty, industrial type.

O.  Wiring and Piping Methods:
1.  All devices mounted in and on panel shall be factory-wired and 

piped.
2.  All electrical contacts shall switch the phase conductor.
3.  Electric wiring: Conform to NFPA 70, all wiring in troughs, 

terminations in industrial class terminal blocks, terminals 
numbered for identification, 20 percent extra terminals. All 
wiring color coded and numbered using numbering system that 
identifies the destination. There shall be no exposed wiring 
connections exceeding 120 volts inside the panels. Refer to 
Section 23 21 11, BOILER PLANT PIPING SYSTEMS, and Section 
26 05 00.00 98 BASIC ELECTRICAL MATERIALS AND METHODS.

4.  Piping: Stainless steel tubing, securely mounted, terminate in 
fittings at top of the cabinets.

P.  Spare Parts Required:
Lamps: Six of each type in panel and instruments.
Touch up paint for panel: One pint.

Q.  Burner Management Control Panels: Burner management control switches, 
instruments and indicators on panel fronts, relays and other components 
mounted on interior sub-bases, or mounted in boiler control panel as a 
panel insert.

1.  Burner Management System with Annunciator: See Paragraph, BURNER 
MANAGEMENT SYSTEM WITH SAFETY INTERLOCKS AND ACCESSORIES.

2.  Boiler and burner management interface and burner management 
displays and resets: See Paragraphs, AUTOMATIC BOILER CONTROL 
SYSTEMS, BURNER MANAGEMENT (FLAME SAFEGUARD CONTROL) SYSTEMS WITH 
SAFETY INTERLOCKS AND ACCESSORIES.

3.  Control switches on face of panel:
a. Fuel selector.
b. Burner start and stop selector (off-automatic-on).
c. Circuit breaker for power to burner control system.
d. Alarm silence.
e. Forced draft fan start-stop.
f. Burner stop switch with mushroom head.
g. Reset for burner management system.

4.  Boiler water level alarm on face of panel (non lock-out):
a. Provide separate visual indications and audible alarm (bell) for 

high water and low water. Low water alarm is separate from low 
water cutouts and set at higher level than low water cutouts.
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b. Indicating lights: Industrial, transformer type, removable amber 
lenses. Burner status and shut down annunciator specified above 
may be used. Standard water level alarm display of water level 
control manufacturer may be used.

c. Alarm bell:  (six inch) diameter. Provide silencing control, which 
is automatically deactivated when another alarm condition occurs.

5.  Horn and bell: Mounted high on exterior of panel, audible 
throughout the boiler plant. The horn is for burner management 
system alarms and the bell is for high and low water level alarms 
(not burner cutoff) (See Paragraph G).

R.   Panel Certification and Testing:
1.   Manufacture and inspection of completed panels, including all 

wiring and components, shall comply with UL 508. 
2.   Complete cabinets shall be factory tested and certified. The 

panel shall be labeled as complying with UL 508.  A copy of the 
wiring diagram shall be placed in the cabinet prior to shipment.

2.3   SIEMENS BMS SYSTEM INTERFACE

A.  The individual boiler plant controllers and instrumentation system 
shall be networked with a central computer workstation to provide 
remote monitoring, custom graphic display of information, alarm message 
display, report generation, historical trending. All control functions 
shall be accomplished within the individual controllers and shall be 
monitored by the central computer so that the integrity of the control 
system shall not be dependent on the status of the central computer or 
the interconnecting network. Burner management (flame safety control) 
systems shall not be controllable from the workstation but shall be 
monitored from the workstation for status and access to historical 
data. Modem and software shall provide remote communication with 
diagnostic and status indications.
1.   Provide capability to monitoring the following, remotely at the 

BMS.
2.   Individual boilers with economizers showing:
a. Steam output instantaneous flow rate (pressure compensated), lb/hr.
b. Steam output flow totalization (pressure compensated), lb/hr. This 

is total production starting from time, day, month and year as set 
by operating personnel.  Calculation shall be accomplished in 
control or instrumentation system, not in the SCADA software.

c. Fuel flow gas and oil rate and totalization if individual boiler 
fuel meters are provided standard scfh; gpm. Totalization 
calculations shall be accomplished at the meters, not in the SCADA 
software.

d. Trends of all flow, pressure and temperature data as listed above.
e. Boiler status.
f. Efficiency.

B.  Sensors and Transmitters: Provide as necessary to satisfy programming 
requirements listed in this section for display and reporting 
requirements. Provide only the transmitters and meters listed in the 
Articles, PRESSURE SENSORS AND TRANSMITTERS, and TEMPERATURE SENSORS 
AND TRANSMITTERS.

2.4   FLUE GAS OXYGEN ANALYZERS:

A.  Oxygen content of flue gases of each boiler measured by zirconium-oxide 
in-situ systems with probe mounted in stack or breeching. Output to 
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boiler/burner submaster controller for oxygen trim, boiler operations 
recorder. Single range, 0 to 10 percent oxygen.  O2 analyzer shall be a 
standard product of the combustion control manufacturer unless approved 
otherwise prior to bid opening.

B.  Performance:
Minimum accuracy of plus or minus 2 percent of reading. 
Speed of response eight seconds or less to 90 percent accurate reading.
Resolution 0.1 percent oxygen.
These performance requirements are minimums and must be increased if 
necessary to suit the requirements of the oxygen trim system (if 
provided).

C.  Field-replaceable cell, heater, and cell temperature sensor.  Sensor 
shall be field repairable using kits supplied by the manufacturer.

D.  Calibration System: In-stack using bottled calibration gas mixtures 
containing oxygen and nitrogen. Number of mixtures and composition as 
recommended by analyzer manufacturer. See Article, TOOLS. 
Selectable manual/automatic calibration, which will operate at 
preprogrammed intervals and upon power-up. 
Calibration gas piping system with permanently installed stop valves, 
pressure and flow regulators, pressure gages, and flow meters to permit 
connection of gas bottles to unit. Locate all gas bottle connections, 
regulators, gages and valves accessible from floor without use of 
ladders.

E.   Analyzer Displays: Operating parameters, process and diagnostic data, 
including percent oxygen, cell temperature, and set points of alarms 
and burner cutouts.

F.   Analyzer Outputs:
1.  Analog output compatible with boiler/burner submaster controller 

for flue gas oxygen trim.
2.  Low flue gas oxygen alarm on main panel annunciator. Set point 

adjustable 0.5 to 3.0 percent oxygen.  Interface with burner 
management system to provide low oxygen shutdown of burner. Set 
point adjustable 0.5 to 3.0 percent oxygen. Set points shall not 
be adjustable from the front of the panel. Refer to Paragraph, 
BURNER MANAGEMENT SYSTEMS WITH SAFETY INTERLOCKS AND ACCESSORIES.

2.5   FLOW METERS:

A.   Orifice Plate Steam Meter with Transmitters:
1.   The steam flow meters shall be of orifice plate type.  316 

stainless steel with carbon steel raised face weld neck flanges 
(Schedule 40).  Orifice plate beta ratio shall be within 0.25 to 
0.75.  the element shall be sized for 5 to 1 turn down..

2.   Pressure transmitters shall be provided for each vortex flow 
meter to provide pressure compensation of the flow rate.  The 
signals from the flow meters shall be inputs to the control system 
for totalization and pressure compensation and for use as steam 
flow. Refer to Paragraph, PRESSURE SENSORS AND TRANSMITTERS.

3.   Programmable microprocessor electronics with on-board 
programming. Output signals immune to ambient temperature swings. 
Continuous self-diagnostic routines are to be provided that 
identify electronics problems and provide a warning. Electronics 
are replaceable in the field without affecting metering accuracy. 
Provide power supply as needed from the control system. Mount 
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electronics separate from meter body in position accessible from 
platform or floor without the use of a portable ladder.

4.   Transmitted signal accuracy plus or minus 1.5% of flow rate. 
Repeatability 0.2 percent of actual flow rate. Meter designed to 
minimize vibration effect and to provide elimination of this 
effect.

B.   Fuel Oil Meters:
1.  Manufacturer: Great Plain Industries, Oval Gear Type Flow Meter or 

equal.
2.  Alternative oval gear oil flow element: Provide one (1) oval gear 

oil flow element.  An oval gear type volumetric flow meter shall 
be used for fuel oil flow measurement because of its ease of 
installation, accuracy and repeatability features.  Each oval gear 
rotation measures a swept volume of liquid, independent of 
viscosity or density and accurately records the volume.  Accuracy 
shall be 1.00 percent of reading.  Meters shall include 
construction rated for heated number 6 Fuel Oil at 250 degrees F.  
Provide a pulse transmitter to send a 4 -20 ma rate of flow signal 
to the combustion control system.

D.  Natural Gas Flow Meters and Alternate Thermal Mass Flow Meter:

1.  Provide one (1) thermal mass insertion meter.  The Thermal Mass 
Flow Meter consists of two sensing elements, a velocity sensor and 
a temperature sensor.  The transducer electronics heats the 
velocity sensor to a constant temperature differential above the 
gas temperature and measures the cooling effect of the gas flow.  
The electrical power required to maintain a constant temperature 
differential is directly proportional to the gas mass flow rate.  
The thermal type mass flow meter provides a mass flow measurement 
independent of natural gas pressure or temperature changes.

2. Filter: Contractor shall provide filters with replaceable glass 
fiber or cellulose cartridge with ten micron or smaller particle 
retention. Filter enclosure shall be the pipe size of the meter or 
larger as required by pressure drop considerations. Static 
pressure capability shall be at least twice lockup pressure of 
service supply regulators. Maximum pressure loss  (5 inches WC) at 
maximum design flow rate of meter. Plug all drains or 
instrumentation outlets. Provide vent with cock for relieving 
pressure in filter.  Manufacturer: American Meter, Dollinger or 
equivalent.

2.6   PRESSURE AND DIFFERENTIAL PRESSURE TRANSMITTERS:

A.   Transmitters for gage pressure, differential pressure, fluid level, 
and draft utilized for instrumentation, computer workstation, and 
controls.

B.  "Smart" Hart programmable electronics, sealed diaphragms, 
direct-sensing electronics, no mechanical force or torque transfer 
devices, non-interactive external span and zero adjustment, solid-state 
plug-in circuit boards. Minimum accuracy plus or minus 0.1 percent of 
calibrated span. 40:1 minimum rangeability.  Communication system shall 
be compatible with boiler plant controls and instrumentation.  
Electronics shall have local displays.

C.  Shut-off and blowdown valves on all transmitters. 
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Equalizing/calibration manifold valves on all differential pressure and 
fluid level transmitters. Connection points to permit calibration of 
system with a portable pressure calibrator. 

D.   Reservoirs for transmitter piping connections where an interface 
between liquid and steam is present, such as boiler water level sensing 
and differential pressure steam flow meter applications.

E.  Provide and deliver to Contracting Officers Technical Representative 
(COTR) with laptop computer with software necessary for field 
calibrating and programming all transmitters.

G.  Spare Parts:  One transmitter of each type utilized in the project.

2.7   BOILER DRAFT GAGES:

A.  Provide gages for windbox, furnace, boiler outlet, and economizer (if 
provided) outlet.

B.  Type: Analog, multiple vertical scale, dry diaphragm, balanced 
pointers, semi-flush-mounted, zero adjustment.

C.  Scales: Internally illuminated, minimum length  (5 inches), scale 
ranges coordinated with equipment furnished and actual operating 
conditions, scales labeled for the service. If, in operation, 
indicators go under-range or over-range, the gages shall be replaced 
with greater ranges, at no additional cost to the Government. Scales 
for furnace, boiler outlet, and economizer outlet gages must be 
combination negative and positive pressure.

D.  3-way cock for each gage to permit shut-off, connection to service, 
connection to atmosphere.

E.  Mount on boiler/burner control panel.

2.8   TEMPERATURE SENSORS AND TRANSMITTERS:

A.  Provide resistance temperature detectors (RTD).

B.  Provide transmitters or panel-mounted indicator transmitters, 
transducers, and receivers compatible with the system including the 
controllers recorders.

C.  Minimum accuracy one percent of actual temperature.

D.  Boiler and economizer flue gas temperature sensors shall be averaging 
type and shall extend across width of stack or breeching.

E.  Provide stainless steel weather hood on outside air temperature sensor, 
which shields the sensor from direct sunlight.

2.9   RECORDERS:

A.  Provide complete systems to continuously receive and record steam flow, 
gas and oil flow, fluid temperatures, fluid pressures and boiler flue 
gas oxygen percent. System, gas and oil, shall also include steam flow 
totalizing functions.

B.  Identification: Provide engraved plastic or metal plate at each 
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recorder which lists recording and totalizing ranges, units of 
measurement, multiplying factors, steam flow transmitter differential 
pressure, steam flow primary element identification data such as steam 
pressure upon which primary element size was calculated, chart 
identification number.

C.  Electronic Display-Type Paperless Recorder:
1.  Microprocessor-based programmable signal receiving, recording and 

display. Configure through touchscreen or front keypad. Waterproof 
and dustproof front panel.

2.  Display:  (10 inch) minimum height and width, XGA 16 bit color 
with 125 ms trend speed or TFD color LCD. 24 colors minimum.

3.  User-editable custom screens. 
4.  Input channels: Quantity sufficient for requirements stated below 

or shown on drawings.  Each recorder shall be limited to data from 
two boilers.

5.  Minimum of 16 simultaneous real time trending displays shown as 
selectable trace, bargraph and digital values and identified as to 
function with scale values, engineering units.

6.  Totalizers for all flow functions.
7.  Under/over range signal and alarm displays and high and low alarm 

displays for each input.
8.  32 Mbyte internal flash memory.
9.  Standard Ethernet communications - 1/100baseT. Modbus protocol.
10. USB plug and play capability to allow remote connection to perform 

any operation that can be done directly on the instrument.
11. Recording destinations:
a. Data backup static minimum 36 Mbyte RAM.
b. Automatically download data directly to in-plant computer 

workstation hard drive. Provide and install software compatible 
with workstation operating system.

c. USB Memory Stick removable media.
12. Password protection of parameters. Provide passwords to 

Contracting Officers Technical Representative (COTR).
13. Manufacturers: Foxboro 6180A, Yokogawa DX Advanced.

E.   Recording Functions:

1.  Steam Flow: 
a. Record steam, gas, and oil flow rate and totalize steam, gas, and 

oil flow from each boiler.
b. Provide continuous totalizer for each flow function. Counter shall 

have six digits minimum.
c. Pressure Compensation: Provide system that automatically corrects 

the steam flow recording and totalization for the actual line 
pressure. Boiler and distribution steam flow recorders may utilize 
the main header pressure as the signal for pressure correction if 
there are no intervening pressure regulators. On boilers with 
two-element or three-element feedwater level control, provide 
pressure compensated flow signal to the feedwater level controller.

2.  Boiler Flue Gas Oxygen, Stack Temperature, Steam Drum Pressure, 
Outside Air Temperature, Feedwater Temperature.

3.  Provide all new sensors and transmitters for each recorder input.
4.  All data shall be available via Modbus communications for the EMS.
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2.10   GAGES, PRESSURE AND COMPOUND, PIPE OR TANK MOUNTED: PROVIDED BY 
INSTALLING CONTRACTOR:

A.  Construction:
1.  Case: Solid armored front between measuring element and dial, 

blowout back, bottom connection, phenol turret type.
2.  Dial: Non corrosive,  (4 1/2 inch) diameter face with black 

markings on white background.
3.  Measuring Element: Bourdon tube designed for the required service. 

Provide bellows designed for service for pressure ranges under  (
15 psi).

4.  Movement: Stainless steel, rotary.
5.  Pointer: Micrometer adjustable, black color.
6.  Window: Plastic.
7.  Liquid Filled Gages: Provide at inlet and outlet of all pumps, on 

compressed air systems, and on fuel and atomizing media lines at 
locations closest to burners where bourdon tube gages are 
utilized. Gage filling shall be glycerin or silicone oil. Purpose 
of filling is to provide pulsation dampening.  As an option to 
liquid filling, provide dry gages that have built-in fluid clutch 
dampeners that are not vulnerable to plugging due to foreign 
material, such as Ashcroft "Duragage Plus" or equal.

B.  Accuracy: ASME B40.100, Grade 2A, 0.5 percent, on all gages; except 
Grade A, one percent permitted on diaphragm actuated gages, liquid 
filled gages, and compound gages.

C.   Accessories:
1.  Red set hands on gages located at automatic pressure regulator 

valve outlets.
2.  Needle valve or gage cock rated for the service.
3.  Syphon on all steam gages.
4.  Pulsation snubbers on diaphragm-type gages located adjacent to gas 

burners.

D.   Scale Ranges: Provide English scales:
3.  High pressure steam above  (59 psi):  0 to 200 psi.
4.  Natural and LP gas: 0 to 40 psi.
5.  LP gas before gas regulators: 0 to 300 psi.
6.  Gas burner, 125 percent of full load pressure, 0 TO 40 psi.
7.  Oil pump suction:  vacuum to 30 inches Hg vacuum to 15 psi.
8.  Oil pump discharge: 0 to 200 psi.
9.  Oil burner, 125 percent of full load pressure, psi.
10. Compressed air,  (50 psi & higher): 0 to 200 psi.
13. Pumped condensate: 0 to 60 psi.
14. Condensate transfer pump discharge: 0 to 60 psi.
15. Condensate transfer pump suction:  vacuum to 30 inches Hg vacuum 

to 15 psi.
17. Other services, 200 percent of maximum operating pressure.

E.  Boiler Steam Pressure Gages: Refer to Section 23 70 02.00 10, CENTRAL 
STEAM GENERATION SYSTEM - COMBINATION GAS AND OIL FIRED.

F.  Panel mounted Gages: Refer to Article, MAIN INSTRUMENTATION AND CONTROL 
PANEL.
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2.11   THERMOMETERS, PIPE OR TANK MOUNTED TO BE PROVIDED BY INSTALLING 
CONTRACTOR: 

A.  General: Thermometer locations are shown on the drawings.

B.  Construction:
1.  Industrial type, separable well and socket, union connected.
2.  Scales: Red reading mercury combination 30 to 300 degrees 

Fahrenheit scales.  For compressed air, and low pressure steam, 30 
to 450 degrees F or high pressure steam, feed water, and flue gas, 
unless otherwise shown. Scale length  (9 inch) except  (7 inch) 
scale length acceptable on oil burner piping. Mercury sealed under 
pressure with inert gas to prevent oxidation and separation of 
column. 

3.  Case: Corrosion resistant with glass or plastic front.
4.  Form: Straight or back form except thermometers located more than 

7 feet above floor or platform shall be adjustable angle.
5.  Wells: Sized to suit pipe diameter without restricting flow. 

Provide snug sliding fit between socket and well.
6.  Accuracy: One percent of scale range.

PART 3   EXECUTION

3.1   INSTALLATION, BOILER PLANT INSTRUMENTATION, AUTOMATIC BOILER CONTROL 
SYSTEMS, BURNER MANAGEMENT SYSTEMS

A.  General:
1.  Nameplates, Labels and Identification: Refer to Section 

23 00 00.00 98, GENERAL MECHANICAL PROVISIONS.
2.  Electrical Work and Safety Requirements: Comply with NFPA 70 and 

referenced electrical sections of these specifications.
3.  Electrical Wiring: Comply with Section 26 05 00.00 98, BASIC 

ELECTRICAL MATERIALS AND METHODS.  The term "wiring" includes 
furnishing of wire, conduit, miscellaneous material and labor to 
install a complete working system as specified.

4.  Protect all circuits to avoid interruption of service or damage to 
equipment due to short-circuiting or other conditions. 
Line-protect from lightning and static electricity all wiring that 
comes from external sources.

5.  Except for short apparatus connections, run conduit and pneumatic 
tubing parallel to or at right angles to the building structure.

6.  Run tubing and wire connecting devices in control cabinets 
parallel with the sides of the cabinets neatly racked to permit 
tracing. Rack wiring bridging a cabinet door along the hinge side 
and protect from damage. Provide grommets, sleeves or vinyl tape 
to protect plastic tubing or wires from sharp edges of panels, 
conduit, and other items. Fit all equipment contained in cabinets 
or panels with service loops; each loop shall be at least  (12 
inches) long. Equipment for fiber optic systems shall be 
self-supporting, code gage steel enclosure.

7.  Permanently mark terminal blocks for identification. Label or code 
each wire at each end. Permanently label or code each point of all 
field terminal strips to show the instrument or item served. 
Color-coded cable with cable diagrams may be used to accomplish 
cable identification.

8.  Cables:
a.  Keep cable runs as short as possible. Allow extra length for 

connecting to the terminal board.
b.  Do not bend flexible coaxial cables in a radius less than ten 
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times the cable outside diameter.
c.  Cables shall be supported for minimum sag.
d.  Splices in shielded and coaxial cables shall consist of 

terminations and shielded cable couplers. Terminations shall be in 
accessible location. Cables shall be harnessed with cable ties.

B.  Pressure, Temperature, Level and Flow Transmitters: Mount in locations 
accessible from floor or platform without use of portable ladders. 
Provide separate conduit for each transmitter signal if recommended by 
manufacturer. Protect sensor or controller on steam or water service by 
an adequate water seal at all times and provide blowdown facilities to 
permit blowdown of sensing lines. Install temperature sensors with 
entire temperature sensing surface immersed in media being measured. 
Locate outside air temperature sensor on north side of building away 
from heat sources. Provide isolation valves on all transmitters 
connected to fluid systems. Locate isolation valves so that transmitter 
can be isolated while main sensing line is being blown down. Provide 
equalizing valves on all differential pressure transmitters. Provide 
valved drains on all fluid lines. Valves shall be rated for minimum of 
150 percent of system pressure and temperature.

C.  Steam Flow Meter Primary Elements (In Line Flow Sensors) including 
Plate or Face Type: Provide straight runs of piping upstream and 
downstream as recommended by manufacturer to achieve maximum accuracy 
and rangeability. Verify that stresses in piping system do not exceed 
allowable stress of flow meter body. Locate meter electronics including 
read-out devices accessible from floor or platform without the use of 
portable ladders.

D.  Flue Gas Oxygen Analyzers:
1.  Mounting: Provide mounted for mounting control panels and 

read-outs. Position panels and readouts 1500 mm (5 feet) above the 
boiler room floor.

2.  Sampling point shall be upstream of smoke density monitor in non 
turbulent area. Locate probe within  (15 feet) of floor or 
accessible from platform.

3.  Calibration Gases: Provide permanently installed valved piping 
connections, pressure regulators and gages in flue gas sampling 
system for connection of required calibration gases. Locate within 
1200 mm (4 feet) of main floor.

4.  Interconnection of Instruments: Provide shielded wiring as 
recommended by instrument manufacturer.

5.  Power Circuits: Provide dedicated circuits from a plant panel. 
Analyzers shall remain powered when burner control is off.

E.  Wiring and Piping: Is generally not shown on the drawings. All wiring 
and piping must be provided in accordance with NFPA 70 and ASME B31.1.

F.  Combustion Control Linkage Systems: After completion of burner 
adjustments, counter sink all lever set screws into shafts or pin 
levers to shafts to prevent levers from slipping on the shafts.

H.  Compressed Air Filters: Pipe drain to nearest floor drain.

3.2   INSTALLATION, NATURAL GAS FLOW METERS:

Entire installation shall conform to recommendations of the meter 
manufacturer for obtaining the most accurate flow measurements. Arrange 
meter readout so that it is visible from nearest walkway or service 
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platform.

3.3   INSTALLATION, PRESSURE GAGES: 

Orient gages so that dials are upright and visible from the nearest walkway 
or access platform. Install gages with gage cocks.  Provide pig-tail 
syphons on steam service. Provide compound gages on all pump suction lines 
and elsewhere. Install liquid filled or equivalent (as specified) gages at 
inlet and outlet of all pumps, on compressed air systems, and on fuel and 
atomizing media lines at locations closest to burners. If diaphragm type 
gages are used, provide pulsation dampeners.

3.4   INSTALLATION, THERMOMETERS: 

Arrange thermometers so that scales are upright and visible from nearest 
walkway or access platform. Provide adjustable angle thermometers on 
applications more than  (7 feet) above floor or platform. Tilt the angle 
type thermometers for proper view from floor or platform. Locate wells in 
flow stream.

3.5   INSTALLATION OIL FLOWMETERS: 

Provide strainer upstream with 80 mesh screen liner. Refer to Section 
23 21 11, BOILER PLANT PIPING SYSTEMS. Position register for upright 
viewing from nearest walkway.

3.6   TESTING, BOILER PLANT INSTRUMENTATION, AUTOMATIC BOILER CONTROL 
SYSTEMS, BURNER MANAGEMENT SYSTEMS, COMPUTER WORKSTATION (IF PROVIDED) AND 
BMS INTERFACE: 

A.  Representatives of the designer of the system shall demonstrate proper 
operation and calibration of all components, computer programs, and 
entire systems to the Contracting Officers Technical Representative 
(COTR). If the project includes boiler/burner testing, the 
demonstration involving boiler/burner data shall be conducted during 
the boiler/burner tests. Furnish personnel, instrumentation, and 
equipment necessary to perform calibration and testing.  All 
calibration work must be completed prior to the testing.

B.  Burner Management (Safety Control) Systems: Refer to Section, 
WATER-TUBE BOILERS.

C.  Steam Flow Measuring: Demonstrate proper calibration of each flow rate 
signal and indication and each totalizer signal and indication to COTR 
or their representative prior to the start of the final boiler testing.

D.  Pressure test all pneumatic control tubing at one and one-half times 
the normal operating pressure.

E.  Testing shall demonstrate proper calibration of input and output 
devices, the proper operation of all equipment, proper execution of the 
sequence of operation, proper tuning of control loops and maintaining 
of all set points.

F.  Document all tests with detailed report of test results. Explain in 
detail the nature of each failure and corrective action taken.

G.  During and after completion of the pretests, and again after the final 
acceptance tests, identify, determine causes, replace, repair and 
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calibrate equipment that fails to comply with contract requirements or 
the standards of the manufacturer. Provide written report to COTR.

H.  Demonstrate safety and operating interlocks.

I.  Demonstrate that programming is not lost and that the control and 
instrumentation system performs the correct sequence of control and 
instrument functions after a loss of power.

J.  Furnish to COTR graphed trends of control loops to demonstrate that the 
control loops are stable and that set points are maintained. Trend data 
shall be instantaneous and the time between data points shall not be 
greater than one minute.

K.  Signal Transmission System Equipment:
1.  Ground Rod Tests: Before any wire is connected to the ground rods, 

use a portable ground testing instrument to test each ground or 
group of grounds.

2.  Coaxial Cable Tests: Implement NEMA WC 63.1 as a minimum.

L.  Siemens BMS Operation Test:
1.  Test ability to properly communicate with and operate the control 

systems.
2.  Demonstrate the ability to edit the programs off and on line.
3.  Demonstrate operation of all alarm points.
4.  Demonstrate the receipt, display, and saving of trend and status 

reports.
5.  Demonstrate display and operation of all graphics.
6.  Demonstrate all program calculating functions and report 

generation.

M.  Startup and Commissioning Service By Combustion Control Manufacturer: 
Provide the one site services of the employees or certified service 
personnel of the manufacturer of the combustion control system a 
minimum of 10 work days for both boilers for the combustion control 
system, 5 work days for combustion control training, 22 work days for 
the computer workstation startup and commissioning.  The workdays will 
exclude travel time to and from the site. The manufacturer shall 
include with their scope site support by the local representative as 
required for project coordination.

        -- End of Section --
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SECTION 23 09 23.98

DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING SYSTEMS
03/10

PART 1   GENERAL

1.1   GENERAL REQUIREMENTS

Section 23 00 00.00.98, "GENERAL MECHANICAL PROVISIONS", applies to work 
specified in this section. 

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.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL (AMCA)

AMCA 500-D (1998) Laboratory Methods of Testing 
Dampers for Rating

AMCA 511 (1999; R 2004) Certified Ratings Program 
for Air Control Devices

1.3   SUBMITTALS

Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings; G

Control Schematic drawings shall be submitted for Control and 
Instrumentation systems showing the relative location of all 
sensors and control output devices, control diagrams, and final 
terminations.

Sequence of Operations shall be shown on the Control Diagram 
drawings.

Submit a complete written Sequence of Operations for all portions 
of the system to be controlled by the Direct Digital Control 
System.  Sequence of operation to be in English Language and 
following approximately the written Sequence of Operation as shown 
on the drawings.

Upon completion of the job any corrections necessary due to field 
programming changes will be incorporated into this Sequence of 
Operation and resubmitted as an AS-BUILT copy.

Wiring Diagrams: Installation drawings shall be submitted, showing 
the complete wiring diagrams with all component devices labeled to 
reflect field wiring numbers.

SD-03 Product Data; G
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Manufacturer's Catalog Data shall be submitted for the following 
items:

Microprocessor; G
Unitary Controllers; G
Control Devices; G
Sensors; G
Temperature Sensors; G
Central Control Cabinet; G
Control System Valves; G
Dampers; G
Actuators; G

Schedules; G

Submit a list of all input and output points to the microprocessor 
including port numbers, description and location of the device, 
and English language character designation for the device with all 
variables, set points, flags, and alarms.

Material, Equipment, and Fixture Lists shall be submitted for 
complete system including manufacturers style or catalog numbers, 
specification and drawing reference numbers, warrantee 
information, and fabrication site information. 

Submit a list of recommended spare parts.

Final submittal of schedule to include all items as noted above 
with all schedules in AS-BUILT form.

SD-06 Test Reports; G

FINAL REPORTS (SYSTEM TESTING)

Test Reports shall be submitted for the DDC System in accordance 
with the paragraph entitled, "Testing, Calibration, and 
Acceptance" of this section.

SD-08 Manufacturer's Instructions; G

Operating Instructions shall be submitted for Control and 
Instrumentation consisting of standard operating procedures and 
shall include start up, shutdown, programming and software use 
instructions and emergency operation procedures.

Submit a complete Printout of all software, including all control 
algorithms, calculations, and entire control sequence.  The 
program print out shall be in English Language source code, and 
each line shall be annotated with remark describing the action of 
that line.  The remarks may be printed out as part of the program 
or may be added by hand to a copy of the actual print out. 

The Contractor shall provide classroom and Field Instructions in 
operation and maintenance of systems equipment where required by 
the technical provisions.  These services shall be directed by the 
Contractor using the manufacturer's factory trained personnel or 
qualified representative.  The Contracting Officer's Technical 
Representative (C.O.T.R.) shall be given fourteen calendar days 
materials belonging to the manufacturer or vendor; e.g., lists, 
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static exhibits, visual aids shall be made available to the 
C.O.T.R.

SD-10 Operation and Maintenance Data; G

The Contractor shall submit 1 copy of the Operation and 
Maintenance Manuals 14 calendar days prior to final testing the 
DDC Systems. Data shall be updated and resubmitted for final 
approval no later than 30 days prior to contract completion.

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 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 shall have 3/8 inch holes and be 
bound in a 3-ring, loose-leaf binders. Data shall be organized by 
separate index and tabbed sheets, in a loose leaf binder. The 
binder shall lie flat with printed sheets that are easy to read. 
Caution and warning labels shall be clearly labeled. Equipment 
catalog cuts shall be clearly marked to indicate the item 
furnished.

In addition, prior to final approval all Manufacturers Software
Packages including electronic compact disks and package manuals, 
one back up copy of the software, and two copies of programs 
incorporating all field changes shall be submitted to the 
C.O.T.R.  All software and programs submitted shall be on 
electronic compact disk and compatible with existing Government 
hardware and software.

1.4   DESCRIPTION OF SYSTEM

The Direct Digital Control (DDC) System, referred to herein shall be a
complete and total, "turn key" system incorporating a microprocessor unit
with all of its software and hardware components, all portions of the
necessary pneumatic control and sensing devices, and all portions of the
electrical system including all control and limited power wiring. All
necessary hardware, software, electronic, electrical and pneumatic
components, training, testing, calibration as defined herein, on the
drawings, or the sequence of operation to be considered as part of the 
"complete system".

The DDC System shall be a fully automated field monitoring and control
system capable of performing its assigned control and energy management 
functions as a stand alone unit. It shall be capable of being incorporated 
into the Energy Management Control System (EMCS) for communication with or 
management by the EMCS.  See Part 1.4.1.1 for information on existing 
EMCS.  As necessary additional slave units as dictated by the scope of 
work, sequence of operation, and spare capacity requirements shall be 
included.

  
All portions of the "complete" DDC System to be supplied by and to be the 
responsibility of the Temperature and Controls (TC) Contractor.

1.4.1   Direct Digital Control System

The Direct Digital Control System shall be fully integrated into the 
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existing EMCS as follows:

1.4.1.1   Existing System

The NASA Glenn EMCS is composed of distributed microprocessor-based field 
panel configured in four (4) peer-to-peer networks that are supervised by a 
host computer.  The host computer provides database management and operator 
interface through five (5) PC-based workstations:  System vendor is Siemens 
Building Technologies, Inc., Cleveland, Ohio --(216) 332-7360.

1.4.1.2   Building Network

All new master microprocessors shall be configured as unique node(s) on the 
existing EMCS peer to peer network.  Network transmission shall be RS-485 
via twisted shielded cable.  All communication hardware, software, database 
and start-up shall be provided to accomplish seamless integration with the  
existing EMCS building network including (1) high speed data transfer rates 
for alarm reporting, report generation, data up-line/down-line loading, two 
(2) message and alarm buffering, three (3) error detection, correction, and 
retransmission to guarantee data integrity, and four (4) synchronization of 
real-time clocks.

1.4.1.3   Floor Networks

New or existing Master DDC panels shall support up to three (3) local 
floor-level networks for bi-directional communication with the Master DDC.  
Each floor network may support a family of Application Specific Controllers 
(ACSs) or other point expansion panels.  See the sequence of operation for 
specific configuration requirements.

PART 2   PRODUCTS

2.1   MICROPROCESSOR UNITS

2.1.1   Stand Alone Capability

The master microprocessor shall have the capability to function as a 
stand alone unit. Each additional slave unit (as and if required) need to 
have stand alone capability provided that each slave panel is tied to the 
master panel as a true slave with a hard wired communication and power link.

2.1.2   Communication Capability

Each master microprocessor (and slave unit through the master or as stand
alone unit) shall be capable of being interfaced with the existing 
Government EMCS with the addition of communication hardware and all 
required programming such that the master panel (and all slave panels) can 
communicate with  and be supervised by the EMCS.

The microprocessor shall be capable of performing its full control and
energy management functions, regardless of the condition of the
communication link with the EMCS.

2.1.3   Quantity of Microprocessor Units

The TC Contractor shall be responsible for providing the quantity of
microprocessor units to satisfy all of the following conditions:

Microprocessor unit(s) must have capacity to fully implement the
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requirements contained within the specifications for both control and
energy management as well as having capacity for memory to accomplish all
historical, time clock, and field programmable programs as defined herein.

Microprocessor unit(s) must be capable of fully implementing all portions
of the sequence of operations including all sensing, read only, and control
output points as defined within the body of the sequence of operation and
by the drawing schematics.

Microprocessor unit(s) must have a minimum of 25 additional (spare)
capacity based on the required quantity of digital and analog inputs and
outputs utilized to completely implement the system. As necessary to
complete the spare capacity requirements, an additional slave panel(s)
shall be installed including all power and communication links and have
battery backup capacity. The system shall have a minimum spare capacity of
not less than 8 inputs and 8 outputs.

Regardless of the number of panels indicated on the drawings (or
elsewhere), the number provided shall accommodate the above capacity
criteria.

2.1.4   Application Specific Controllers (ACSs)

2.1.4.1   General

Each DDC Controller shall be able to extend its performance and capacity 
through the use of remote application specific controllers (ASCs). Each ASC 
shall operate as a stand-alone controller capable of performing its 
specified control responsibilities independently of other controllers in 
the network.  Each ASC shall be a microprocessor-based, multi-tasking, 
real-time, digital control processor.  The spare point requirement, unless 
specified elsewhere, shall not apply to ASCs.

Each ASC shall have connection provisions for a portable operator's 
terminal.  This tool shall allow the user to display, generate or modify 
all point databases and operating programs.

ASCs shall be configured on floor networks in a functional relationship 
manner with Master DDC controllers.  For example, a VAV terminal unit 
controller shall be on a floor originating from the DDC Controller that is 
controlling its corresponding air handling unit.

2.1.4.2   Unitary Controllers (UCs)  

Provide UCs where indicated by the sequence of operation.  Each UC shall 
have sufficient memory to accommodate its point database and operating 
programs.  All databases shall be stored in non-volatile memory.  Programs 
shall be fully customized to meet the exact sequence.

Controllers that utilize pre-packaged or "canned" programs shall not be 
acceptable where unitary controller is used.

2.1.5   Expandability

The DDC System shall be expandable in the future by the installation of
additional slave panels. Total system capacity shall be expandable to at
least 180 input and 180 output points.
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2.1.6   Battery Backup

The microprocessor shall incorporate a battery backup system capable of
retaining the programs Random Access Memory (RAM)for all units for not less
than 30 hours.

The battery backup shall incorporate an automatic battery charger.

2.1.7   Hand/Off/Auto Capability

Each and every output point of the microprocessor shall have a manual three
position switch marked "Hand/Off/Auto" (HOA) which is capable of overriding
the microprocessor output signal when in the "hand" or "off" positions.
The microprocessor shall be capable of interpreting the HOA switch position
and communicating the position of this switch.

Switching the output signal of any single output point to "Hand" or "Off"
shall not affect the signal of any other output point, except as necessary
by program function or logic.

All HOA switches shall be contained within the microprocessor cabinet and
not be accessible without opening the panel cover.

All HOA switches shall be viewable through a clear plexiglass viewing
window in the cabinet cover panel.

All HOA switches shall be coupled with pilot lights (also viewable through
the plexiglass window) indicating the position of the HOA switch.

2.1.8   Control Functions

2.1.8.1   Control

Control Algorithms shall be available and resident in the digital system
controller to permit Proportional, Integral and Derivative control modes in
any combination to meet the needs of the applications. Other control modes
such as incremental, floating or two position shall be available to adopt
to job needs.

All control shall be performed in a digital manner using the digital signal
from the microprocessor based controller converter through electronic
circuitry for modulation through transducers to produce the pneumatic
signal for actuation of pneumatic actuators.

2.1.8.2   Energy Management

The digital system controller shall be capable of performing all the energy
management functions, whether or not required at this time, necessary to
reduce energy consumption. These programs shall include but not be limited
to:

Time of Day Scheduling

Boiler Efficiency
Trending of Variables
Totalizing

Specific program requirements shall be as needed to completely
accomplish the requirements of the sequence of operations as defined
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on the construction drawings, and to accomplish the requirements of
this specification.

2.1.9   Historical Data Storage

The microprocessor must be capable of storing all input and output values
in its Random Access Memory. For each variable stored the length of time
between samples shall be adjustable via software. The microprocessor
shall be capable of retaining at least 24 samples of each input/output in
its memory. The amount of memory required for storage of historical data
shall be in addition to the amount of memory required for other functions
defined herein.

2.1.10   Off Hour Programming and Override Capability

The microprocessor shall be capable of "off hour" programming both for
evening and weekends. The instructions for "off hour" timing are defined
in the Sequence of Operation.

As denoted in the Sequence of Operation and on the drawings the
microprocessor may be required to respond to several override switches
each of which governs its own system and area. The microprocessor shall be
programmed to respond to each of those areas independently of other areas.
All switches are to be timed out switches with a minimum override time of
two hours and a maximum override time of eight hours. Unless otherwise
specified, override to be adjustable turn knob.

2.1.11   Holiday Programming

The microprocessor shall operate on a "real time" calendar. As such it
shall be capable of responding to at least ten pre-programmed holidays
including New Years Day, Martin Luther King Day, Presidents Day, Memorial
Day, Independence Day, Labor Day, Columbus Day, Veterans Day, Thanksgiving
Day, and Christmas Day. In addition the microprocessor shall have the
capability of having at least six additional "off" days programmed into it
and further have the capability of adding these additional days to its
"real time" calendar for permanent storage.

2.1.12   Field Programmable

The controller shall contain all necessary mathematic, logic, utility
functions and all standard energy calculations and control functions in
Read Only Memory (ROM) to be available in any combination for field
programming the unit. These routines shall include but not be limited to:

Math Routines:
 Basic Algebra
 Binary Logic
 Relational Logic
 Fixed Formulas for Psychometric Calculations

Utility Routines for:
 Process entry and exit
 Variable adjustments and output
 Alarm indication
 Restart

Control Routines for:
 Signal compensation
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 Loop control
 Energy conservation
 Timed programming

2.1.13   Calibration Compensation

To maintain long term analog accuracy in the controller sensing circuits, 
the DDC System shall sense the voltage being supplied to the resistance 
sensing element and through firmware compensate for power supply changes 
due to long term drift or drift due to ambient temperature changes at the 
power supply.

2.1.14   Diagnostics

The DDC System shall contain in its program a self test procedure for 
checking the indication lights on the digital display, and by means of 
nondestructive memory, check the computer.

2.1.15   Default Operating Procedure and Alarms

All variables shall be identified as being reliable or unreliable. When a 
calculation is required to use a value (sensed or calculated), which is 
being identified as being unreliable, the unreliable data shall flash. The 
calculation will use a default value programmed into the unit.

All alarms (for example, a fan did not start) and all deviation alarms (for 
example, temperature out of range of programmed set point) shall send an 
alarm signal and light a red light. A scan can then identify all alarms 
conditions and their identifier.

2.1.16   UL Approval

The DDC microprocessor shall be an approved U.L. system, with U.L. listing
as a signaling system.

2.2   SOFTWARE

2.2.1   Language

The software shall be written in an easily understood computer language. A 
sample of the language to be used shall be submitted for approval by the 
C.O.T.R.

Terminology used shall be in accordance with ASHRAE 85.

2.2.2   Software Accessibility

The software shall be written such that field changes and general
accessibility to the microprocessor unit are limited by password
protection.

There shall be a minimum of 3 password protected levels, as follows, with 
the most accessible (least protected) level listed first.

The least protected level shall allow access with "read only" and "print" 
(if it does not compromise other levels) capability. At this level, through 
a field connected IBM compatible PC unit (or, if available, through a phone 
modem), the user shall have the ability to recall program variables and 
view them. Further, the user shall have the capability of printing screen 
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and historical data programs previously written and stored in the 
microprocessor RAM. No other accessibility beyond "read and print" only is 
requested or desired and any capability beyond this for this level is to be 
identified in writing for approval.

The next level shall allow all as identified in the first (lowest) level 
listed above plus the following:

It shall allow access to change variables and set points previously 
installed in the program and identified in the Sequence of Operation as 
"adjustable".

It shall allow the user to define and extrapolate historical data 
parameters.

It shall allow the user to recognize and acknowledge any alarms and flags.

It shall allow the user to make changes to the real time clock and will 
allow the user to change holiday and off hour scheduling.

It shall allow the user to override the program and enable or disable
control input or outputs. NOTE THAT WHEN ANY OF THE PROGRAM INPUT OR
OUTPUTS ARE IN THE DISABLE MODE THIS SHALL CLEARLY AND BOLDLY BE
RECOGNIZED WHEN READING VARIABLE AND SET POINT VALUES.

The highest level shall allow the user to do all as identified in the first
two levels listed above plus the following:

It shall allow the user to enter and modify the program logic and
further shall allow the user to incorporate changes into the permanent
memory of the microprocessor.

It shall allow the user to assign new passwords and to reject
previously assigned passwords.

2.2.3   Software Programming

The software program shall be written to fully implement the Sequence of
Operation, as shown on the drawings, and to accommodate all requirements as
defined herein.

In addition the software program shall accommodate the following:

The software program shall be written such that changes to variables
and setpoints can be made without accessing the program logic
statements.

All inputs, outputs, variables, and setpoints shall be referenced
throughout the software by an "alphanumeric" designation. This
designation shall be consistent as possible in character, shall be as
descriptive as possible of the physical device, and as much as possible
define the physical location of the device (for example I.RMSEN.l could
be used to define the Input of the RooM. SENsor located in
microprocessor number 1). Further, these designations shall be
consistent between the program statements and all submitted lists,
drawings, and schedules. A list of designations shall be submitted to
the C.O.T.R. for approval prior to installation in the microprocessor.

All displayed units (historical or point in time data) shall be in    
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standard English units such as Degrees Fahrenheit, Pounds-per-square
Inch, Inches-of-Water Column.

Final values for all variables and set points, including alarm ranges,
shall be approved by the C.O.T.R. and changes to these variables, up
until the time of final acceptance, shall be made at no cost to the
Government.

2.2.4   Alarms

2.2.4.1   Preset Alarm Requirements

Alarm values shall be preset for all input points to the microprocessor. If
the alarm value is exceeded a flag shall denote the alarm. The flag shall
remain denoted until the flag is acknowledged.

2.2.4.2   Future Considerations for Alarms

The TC Contractor shall provide an alarm management application program 
inherent to the DDC Controller(s) that will update the existing building 
network and host computer and support existing host-level alarm management 
functions such as custom messaging, graphical displays, archiving 
functions, and destination routing.  The TC Contractor shall implement and 
demonstrate the local alarm management program and its compatibility to the 
host-level alarm software.  All host-level alarm management additions or 
modifications for this project's work shall be by the TC Contractor (See 
also Part 2.6 of this Section).

2.2.5   Software Loading and Downloading Capability

Approved programs shall be loaded into the microprocessor via
owned IBM compatible PC with a electronic compact disk.

At completion of the job, after all final debugging has occurred, and the
program has been proven to be operational the TC Contractor shall provide 
the Government with two (2) copies of the final program and software to run
the program. Copies shall be provided on electronic compact disks and shall 
be compatible with government owned hardware and software.

Software shall allow for future downloading and reloading of the program,
including all permanent changes made to the program by authorized
government personnel, from and into the microprocessor.

2.2.6   Trend Logging

TC Contractor shall demonstrate the use of trend logging for all
equipment, alarms, variable, set points, and historical data collected.  
The TC Contractor shall trend variables/setpoints (20 as defined by COTR) 
to prove operation as specified.

2.3   CENTRAL CONTROL CABINET

2.3.1   General

Control cabinet, for housing of control devices such as transducers and
read out gages, shall consist of an enclosed wall mounted modular cabinet
section. The front face shall be a hinged cover complete with incorporated
cabinet type key lock.  NOTE: All locked cabinets to be keyed such that
one key is capable of opening all lockable cabinets, including the

SECTION 23 09 23.98  Page 10



NASA GRC Steam Plant B12 Project N0. 11421

microprocessor cabinet, regardless of quantity used. Four keys shall be
provided to the C.O.T.R. at completion of the project.

Control cabinets damaged in shipment shall be replaced. Microprocessor
Cabinets shall be replaced entirely including all internal components and
boards. Control Device Cabinets shipped with control components installed
shall have all components replaced also. Control Device Cabinets shipped
without control devices installed can have damaged parts (door, tub, back
plates) replaced.

2.3.2   Microprocessor Control Cabinet(s)

Cabinet for the microprocessor shall incorporate all requirements as shown
 on the drawings and as specified herein. Microprocessor cabinet can be
 manufacturers standard unit provided that it meets or exceeds all
 requirements stated herein for "Control Cabinets" and provided that all
 requirements for switches, visibility of switches, and indicator lighting
 are also satisfied.

Finish for the microprocessor control cabinet to be manufactures standard
finish.

NOTE: All finish and painting of the microprocessor cabinet shall be
done in the manufacturers shop prior to the installation of any
components.

2.3.3   Control Device Cabinet(s)

Control Device Cabinet(s) are cabinets supplied by the Controls Contractor
to house devices such as transducers, readout gauges, control air gauges,
etc.

Cabinets shall be made of steel or aluminum and shall provide a flat faced,
rigid front panel.  Finish shall be manufacturer's standard.

Surfaces shall be free of scale, welding slag, and dirt, and shall be flat
without waves. Handling during installation shall not distort the cabinet.

Cutouts shall be square with panels to ensure that instruments can be
installed level and square. Finished cutouts and holes shall be free of 
burrs and sharp edges.

Where multiple cabinets are required, cabinets shall be made up of modular
or fabricated sections and no individual section shall exceed 915 
millimeters wide by 1220 millimeters high.  Cabinet section joints shall be 
aligned to each other and installed with bottom parallel to the floor. Each 
cabinet shall be anchored to the wall or floor as required.

Exterior hardware (screws, hinges, latches) shall be a high grade
steel with a polished-nickel or chrome plated finish.

Interior hardware (screws, nuts) shall be cadmium plated steel.

Access door shall be provided with hinges, latches, and locks. Use of
right or left side hinges to be as shown on drawings or to fit application
if not shown. Cabinet frame shall be reinforced to prevent doors from
sagging when open.

NOTE: All locked cabinets to be keyed such that one key is capable of
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opening all lockable cabinets, including the microprocessor cabinet
regardless of quantity used.

Field touch up of Control Cabinets shall only be done after all internal
components have been removed. Covering these components prior to touch up 
is not acceptable alternative. An alternative for field touch up of
doors is to remove the door from the cabinet, cover the cabinet with
plastic to prevent construction dust from entering the cabinet, and make 
necessary touch up to door away from the cabinet.

 
NOTE: All finish and painting of the Control Device Cabinet shall be
done in the Control's Contractors shop (or in the field) prior to the
installation of any components.

2.4   SENSORS

2.4.1   General

All electronic sensors shall have characteristics compatible to the device
to which they are connected.

All analog sensors shall utilize industry standard signals (4 to 20
milliamps or 0 to 20 volts D.C.) to facilitate future expansion. Sensors
based on proprietary equipment are not acceptable.

All sensors shall be isolated from environments which could adversely
affect their ability to accurately perform their function. For example,
thermostats installed on exterior walls shall be thermally isolated from
the affect of outdoor conditions.

All sensors shall be placed such that they can accurately measure the
conditions of the environment being sampled. If the appropriate location
differs from that shown on the drawing, it is the responsibility of the TC
Contractor to inform the C.O.T.R. of the suggested location prior to
installation of wiring or conduit for the sensor.

2.4.2   Room or Duct Temperature Sensors/Thermostats

Temperature sensor signals shall be directly proportional to the variations
in the measured temperature. The linearity shall be within plus or minus
1/2 of 1 percent for a 200 degree F span, and plus or minus 1 percent for a
50 degree F span, throughout the scale range.

Thermostats shall have adjustable knob for set point and thermometer 
included.

2.4.3   Building or Air Handling Unit Static Pressure Transmitter

Building static-pressure controller shall be a double-bell, differential
type with temperature compensation. Scale range shall be +/- 0.5 inch WG, 
and sensitivity shall be within +/- 0.05 inch WG. The controller shall be 
supplied with an adjustable setpoint over the full scale range, an 
adjustable throttling range (proportional band), and electronic output.

Total system accuracy shall not be less than 0.05 inch WG.

2.4.4   Building or Air Handling Unit Static Pressure Controller

Building static-pressure controller shall be a slack diaphragm type, with
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an adjustable set point and adjustable throttling range. Controller
range shall be 0.01 to 6 inch WG. Throttling range shall be adjustable
from 0.002 to 0.05 inches WG. Output shall be electronic.

2.4.5   Air, Water or Steam Pressure Transmitters

Pressure transmitters shall be the indicating type for gas, liquid, or
steam service. Transmitter range shall be selected for system operating
characteristics. Output shall be proportional to system pressure and shall
be electronic.

Total system accuracy shall not be less than 1/2 percent of the system
range.

2.5   CONTROL SYSTEM VALVES

Provide bronze or cast carbon steel valve bodies, depending on system type, 
2 inch iron pipe size (ips) and smaller, with screwed end connections.  If 
2-1/2 inch ips and larger, provide cast iron or cast steel valve bodies 
with flanged end connections.

Provide single seated valves for dead-end service except where otherwise 
indicated.

Provide modulating service valves with plugs matched to the characteristics 
of the coil for effective control.  Provide tetrafluoroethylene, 
spring-loaded, and self-adjusting valve-stem packing.

Provide top and bottom guided and AISI, Type 303 corrosion-resistant steel 
valve stem.  Cage construction is acceptable.

Provide valves with position indicators and, where indicated or required 
for proper operation, provide with positioners.

Provide valve linkage with an adjustment for valve lift.

2.5.1   Steam

Provide steam cast carbon steel valve bodies and trim that are rated for 
service pressures through 150 psi saturated steam.

Provide steam valve replaceable plugs and seats that are AISI, Type 440C 
corrosion-resistant steel hardened to not less than 500 Brinell.

Provide maximum pressure drop across any steam valve at maximum flow as 
indicated.

2.5.1.1   Valve Assembly

Valve bodies shall be designed for 150 psig minimum working pressure or 150 
percent of the operating pressure, whichever is greater.  Valve stems shall 
be Type 316 stainless steel.  Valve leakage ratings shall be 0.01 percent 
of rated Cv value.  Class 150 copper alloy valve bodies and steel or 
stainless steel valves shall meet the requirements of ASTM A 126 Class B or 
C.

2.5.1.2   Butterfly Valves

Butterfly valves shall be the threaded lug type suitable for dead-end 
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service and for modulation to the fully-closed position, with stainless 
steel shafts supported by bearings, non-corrosive discs geometrically 
interlocked with or bolted to the shaft (no pins), and EPDM seats suitable 
for temperatures from minus 20 degrees F to plus 250 degrees F.  Valves 
shall have a means of manual operation independent of the actuator.

2.5.2   Actuators

Provide direct-drive electric actuators for all control applications, 
except where indicated otherwise.

2.5.2.1   Electric Actuators

Each actuator shall deliver the torque required for continuous uniform 
motion and shall have internal end switches to limit the travel, or be 
capable of withstanding continuous stalling without damage.  Actuators 
shall function properly within 85 to 110 percent of rated line voltage.  
Provide actuators with hardened steel running shafts and gears of steel or 
copper alloy.  Fiber or reinforced nylon gears may be used for torques less 
than 16 inch-pounds.  Provide two-position actuators of single direction, 
spring return, or reversing type.  Provide modulating actuators capable of 
stopping at any point in the cycle, and starting in either direction from 
any point.  Actuators shall be equipped with a  switch for reversing 
direction, and a button to disengage the clutch to allow manual 
adjustments.  Provide the actuator with a hand crank for manual 
adjustments, as applicable.  Thermal type actuators may only be used on 
make-up air units.  Spring return actuators shall be provided on all 
control dampers and all control valves except make-up air units; unless 
indicated otherwise.  Each actuator shall have distinct markings indicating 
the full-open and full-closed position, and the points in-between.

2.5.2.2   Damper Actuators

Damper actuators shall provide the torque necessary per damper 
manufacturer's instructions to modulate the dampers smoothly over its full 
range of operation and torque shall be at least 6 inch-pounds/1 square foot 
of damper area for opposed blade dampers and 9 inch-pounds/1 square foot of 
damper area for parallel blade dampers.

2.6   DAMPERS

2.6.1   Damper Assembly

A single damper section shall have blades no longer than 48 inch and shall 
be no higher than 72 inch.  Maximum damper blade width shall be 8 inch.  
Larger sizes shall be made from a combination of sections.  Dampers shall 
be steel, or other materials where shown.  Flat blades shall be made rigid 
by folding the edges.  Blade-operating linkages shall be within the frame 
so that blade-connecting devices within the same damper section shall not 
be located directly in the air stream.  Damper axles shall be 1/2 inch 
minimum, plated steel rods supported in the damper frame by stainless steel 
or bronze bearings.  Blades mounted vertically shall be supported by thrust 
bearings.  Pressure drop through dampers shall not exceed 0.04 inches water 
gauge at 1,000 ft/min in the wide-open position.  Frames shall not be less 
than 2 inch in width.  Dampers shall be tested in accordance with AMCA 500-D.

2.6.2   Operating Linkages

Operating links external to dampers, such as crank arms, connecting rods, 

SECTION 23 09 23.98  Page 14



NASA GRC Steam Plant B12 Project N0. 11421

and line shafting for transmitting motion from damper actuators to dampers, 
shall withstand a load equal to at least 300 percent of the maximum 
required damper-operating force without deforming.  Rod lengths shall be 
adjustable.  Links shall be brass, bronze, zinc-coated steel, or stainless 
steel.  Working parts of joints and clevises shall be brass, bronze, or 
stainless steel.  Adjustments of crank arms shall control the open and 
closed positions of dampers.

2.6.3   Damper Types

2.6.3.1   Flow Control Dampers

Outside air, return air, relief air, exhaust, face and bypass dampers shall 
be provided where shown and shall be parallel-blade type.  Blades shall 
have interlocking edges and shall be provided with compressible seals at 
points of contact.  The channel frames of the dampers shall be provided 
with jamb seals to minimize air leakage.  Unless otherwise shown, dampers 
shall meet AMCA 511 Class 2 and shall not leak in excess of 20 cfm per 
square foot at 4 inches water gauge static pressure when closed.  Outside 
air damper seals shall be suitable for an operating temperature range of 
-40 to +167 degrees F.  Dampers shall be rated at not less than 2000 ft/min 
air velocity.

2.7   DATABASE MODIFICATIONS

The TC Contractor shall provide all database additions and modifications to 
the central host computer to operate the EMCS, including databases for 
alarm management, historical archiving, time-of-day programming, building 
equipment and floor plan graphical presentations.  The Temperature Controls 
(TC) Contractor shall insure that the equipment and software provided under 
this project is fully compatible with the existing ECMS operating software 
and file structure.  Floor plan graphical presentations shall be approved 
by the COTR.

2.8   SERVICE CONTRACT

TC Contractor shall provide a one year service contract including but not
limited to a complete checkout of controls, including confirmation of
transducer accuracy, system program operation, and calibration of all
operator devices and sensors. Service to be provided twice (one-summer and
one-winter) per full year following final acceptance. TC Contractor to
submit a written report within 30 calendar days of inspection.

PART 3   EXECUTION

3.1   INSTALLATION

Special tools shall be provided as required for the operation and
adjustment of controllers, instruments, or other control system devices.

All control components shall be done by a qualified control and
instrumentation specialist, working under the direction of the
manufacturer's representative.

Installation shall conform to the published or written instructions of the
manufacturer, except as otherwise specified herein.

Installation of electrical work to be performed by the TC Contractor shall
conform to the specifications in Division 26 unless specified differently
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herein.

3.2   MICROPROCESSOR AND CONTROL DEVICE CABINET INSTALLATION

Microprocessors shall be installed in locations as indicated on the
drawings. All portions of the cabinetry including related components and
control devises in separate cabinets shall be mounted adjacent to each
other.

A minimum of 3 feet clear space shall be provided in front of the face
of the hinged cabinet door. For cabinet installations with doors greater
than three feet wide, clear space shall be provided in front of the panel
to open the door 105 degrees from a closed position.

Cabinets shall be mounted such that the center of the panel is 5 feet above 
finished floor. In no case shall the top of a panel exceed 7 feet above 
finished floor.

Stacking of panels is prohibited unless specifically shown otherwise on the
drawings, or approved by the C.O.T.R..

CONTRACTOR TO COORDINATE THE INSTALLATION OF CONTROL PANELS SUCH THAT ALL
BUILDING MATERIAL FINISHES ARE COMPLETE ENOUGH THAT THERE WILL BE NO SPRAY 
PAINTING IN ROOMS AFTER THE MICROPROCESSOR CONTROL CABINET OR CONTROL
DEVICE CABINET (WITH CONTROLS INSTALLED IN CABINET) HAVE BEEN INSTALLED.
IF TOUCH UP PAINTING IS REQUIRED AFTER INSTALLATION IT SHALL BE BY BRUSH
ONLY OR THE MICROPROCESSOR AND/OR CONTROL CABINET (WITH CONTROLS INSTALLED
IN CABINET) SHALL BE REMOVED.

3.3   SOFTWARE

"Approved" software packages shall be entered into the microprocessor in
the field and debugged after all necessary components (such as air
handlers, room sensors, control components) have been installed and proven
operational. Work on portions of the system is allowed where all
components of that portion can function as a stand alone system.

Prior to on-line operation a complete demonstration and readout of the
computer real time responsibilities of sensing and control shall be
demonstrated in the presence of the C.O.T.R. and project managers
representative.

3.4   ELECTRICAL AND ELECTRONIC EQUIPMENT INSTALLATION

The following requirements shall supersede any requirements as shown in the 
Electrical portion of this specification (Division 26).

3.4.1   Limited Power Wiring Requirements

The Contractor is responsible for providing sufficient power to a junction
box within 6 feet of the microprocessor master panel. Appropriate circuit 
breakers shall be provided by the Electrical Contractor. The exact power 
requirements are to be determined by the TC Contractor.

The Contractor is responsible for providing a clean and direct ground at
the above junction box. By "clean" and "direct" it is meant that one of
the following two methods of grounding shall be provided.

Preferred method is a direct ground line to a properly installed ground rod.
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Option is a ground wire "Cad-Welded" to a building ground wire which is
directly connected to a building ground. Note that it is not
acceptable to connect to building steel as a ground source.

Power wiring from junction box (as defined above) to the microprocessor
shall include the following:

 -Connection devices, including any terminal strips required
 -Surge protection devices
 -Ground system (see definition below)
 -Any and all power wiring between microprocessor and control
  devises including linking wiring.
 -Any and all power wiring necessary for the operation of motorized
  dampers, control valves, control devices, controlled directly and/or
  indirectly by the microprocessor.

NOTE: THE TERM "POWER WIRING" USED ABOVE SHALL BE CONSTRUED TO MEAN ALL
WIRE, CONDUIT, FITTINGS, JUNCTION BOXES AS IS NECESSARY FOR A COMPLETE AND
TOTAL SYSTEM. FURTHER ALL "POWER WIRING" SHALL BE DONE IN FULL COMPLIANCE
WITH DIVISION 26 "ELECTRICAL," HEREIN UNLESS SPECIFICALLY EXCEPTED ABOVE.

3.4.2   Control Wiring

Contractor shall be responsible for the complete installation of the entire
control wiring package including higher voltage (110 volt thermostat)
control wiring.

All control wiring to be as required in Division 26 of this specification.

NOTE: THE TERM "CONTROL WIRING" USED ABOVE SHALL BE CONSTRUED TO MEAN ALL 
WIRE, CONDUIT, FITTINGS, JUNCTION BOXES AS IS NECESSARY FOR A COMPLETE AND
TOTAL SYSTEM.

3.4.3   Grounding System

All grounded devices, relative to and including the microprocessor unit
shall be individually grounded with a direct tie to the "clean" and 
"direct" ground line as defined in above paragraph entitled, "Limited Power 
Wiring Requirements."

The use of grounding terminal strips is permitted provided that each strip
is tied directly to the "clean" and "direct" ground line.

NO DAISY CHAIN GROUNDING SHALL BE PERMITTED.

The only exception to the requirements for grounding shall be that
grounding done at and by the manufacturer's factory shall be per the
manufacturers standards. Note that components assembled by the TC
Contractor, whether in his shop or in the field shall not be considered to
be factory installed.

All panels including the microprocessor and control device cabinets shall
be individually grounded back to the "clean" and "direct" line described
above.

3.5   SURGE SUPPRESSION

All surge suppression devices are to be sized, furnished and installed by 
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the TC Contractor.

All surge suppression devices to be direct grounded to the "clean" and
"direct" ground line provided by the Electrical Contractor.

All surge protection devices to be fuse protected at the device. 

3.5.1   Surge Suppression for Power Wiring

All power wiring to the microprocessor and control cabinet to be protected
by a surge suppression device. Devices to be selected such that they fully
protect the microprocessor and all down stream equipment based on the
manufacturers recommendation.

Where multiple power line inputs are used with multiple microprocessors or
control device cabinets a separate surge protection device will be used for 
each device.

3.5.2   Surge Suppression for Communication and/or Phone Connection

The surge suppression device for the microprocessor shall be equipped with 
phone line class surge protection regardless of whether or not a 
communication card or phone modem system is provided.

If a separate surge protection device is used for the phone, it shall be 
direct connected to the "clean" and "direct" ground line.

3.6   ELECTRO MAGNETIC FIELD INTERFERENCE

Manufacturer's recommendations are to be followed relative to the placement 
of microprocessor units, field routing of sensing, control, and  
communication wiring, and required shielding as necessary to prevent 
interference from Electro-Magnetic Fields (EMF) inherent in electrical 
power equipment.

If not specified in the manufacturers literature the following minimum
guidelines shall be followed:

No microprocessor, control cabinet, or exposed control wiring shall he
placed within 20 feet of an electrical power source (for example, 
transformer-feed side voltage rating, switch gear, motor) that is
operating at higher than 500 volts.

No microprocessor, control cabinet, or exposed control wiring shall be 
placed within 10 feet of an electrical power source (for example, 
transformer-feed side voltage rating, switch gear, motor) that is 
operating between 300 and 500 volts.

No Control wiring, installed in conduit, shall be run within 15 feet of
power wiring, not encased in metal conduit, operating above 500 volts.

No control wiring, installed in conduit, shall be run within 7 feet of 
power wiring, not enclosed in metal conduit, operating between 300 and 
500 volts.

No Control wiring, installed in conduit, shall be run within 10 feet of 
power wiring, encased in metal conduit, operating above 500 volts.

No control wiring, installed in conduit, shall be run within 5 feet of 
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power wiring, encased in metal conduit, operating between 300 and 500
volts.

Sensing equipment shall follow the same guidelines as noted for the
control wiring installed in conduit.

EXCEPTION: AS NECESSARY SENSORS WILL BE ALLOWED CLOSER WHERE THERE
FUNCTION DICTATES SUCH. (i.e. Pressure transmitter around filters on
air handling units may necessarily be installed inside the minimum
distances noted above because of proximity of filters to motor, however
every effort should be made to maximize the distance between the sensor
and voltage source.)

3.7   Dampers

3.7.1   Damper Actuators

Actuators shall not be mounted in the air stream.  Multiple actuators shall 
not be connected to a common drive shaft.  Actuators shall be installed so 
that their action shall seal the damper to the extent required to maintain 
leakage at or below the specified rate and shall move the blades smoothly.

3.7.2   Damper Installation

Dampers shall be installed straight and true, level in all planes, and 
square in all dimensions.  Dampers shall move freely without undue stress 
due to twisting, racking (parallelogramming), bowing, or other installation 
error.  Blades shall close completely and leakage shall not exceed that 
specified at the rated static pressure.  Structural support shall be used 
for multi-section dampers.  Acceptable methods include but are not limited 
to U-channel, angle iron, corner angles and bolts, bent galvanized steel 
stiffeners, sleeve attachments, braces, and building structure.  Where 
multi-section dampers are installed in ducts or sleeves, they shall not sag 
due to lack of support.  Jackshafts shall not be used to link more than 
three damper sections.  Blade to blade linkages shall not be used.  Outside 
and return air dampers shall be installed such that their blades direct 
their respective air streams towards each other to provide for maximum 
mixing of air streams.

3.8   TESTING, CALIBRATION, AND ACCEPTANCE (COMMISSIONING)

After the inspection has been completed, all systems shall be checked for 
continuity. All control equipment shall be tested and adjusted, relative to 
design, function, and performance, and shall otherwise be made ready for 
air handling system acceptance tests. A report showing set points and final 
adjustments of all equipment and controls shall be submitted to the 
Government C.O.T.R.

After air handling system acceptance and after systems have operated in
normal service for two weeks, The adjustments on all equipment and devices 
shall be checked and a report submitted indicating all items tested. All 
items found to be out of order shall be corrected. When all HVAC systems 
are in specified operating condition and when all other pertinent 
specification requirements have been met, and when training is complete the
Temperature and Control package will be accepted.

Equipment necessary to check the calibration of the control system 
components shall be provided by the contractor. Components not in 
calibration shall be corrected or replaced.
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3.9   OPERATING INSTRUCTION

Written and verbal operating instructions on sequence of operations and 
controls shall be provided. Training shall be completed within two weeks
of the final test and calibration. Time for training shall be coordinated
through the Contracting Officer.

3.10   SPECIAL TOOLS

Special tools shall be provided as required for the operation and 
adjustment of controllers, instruments, or other control system devices.

    -- End of Section --
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SECTION 23 11 25.00 98

FACILITY GAS PIPING
06/10

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 WHB-2.9 (2004) Welding Handbook; Volume Two - 
Welding Processes

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C104/A21.4 (2008) Cement-Mortar Lining for 
Ductile-Iron Pipe and Fittings for Water

ASME INTERNATIONAL (ASME)

ASME B16.11 (2009) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.3 (2006) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.40 (2002) Manually Operated Thermoplastic Gas 
Shutoffs and Valves in Gas Distribution 
Systems

ASME B16.5 (2009) Standard for Pipe Flanges and 
Flanged Fittings:  NPS 1/2 Through NPS 24

ASME B16.9 (2007) Standard for Factory-Made Wrought 
Steel Buttwelding Fittings

ASME B31.1 (2007; Addenda a-2008) Power Piping

ASME B31.8 (2007) Gas Transmission and Distribution 
Piping Systems

ASME BPVC SEC IX (2007; Addenda 2008; Addenda 2009) Boiler 
and Pressure Vessel Code; Section IX, 
Welding and Brazing Qualifications

ASTM INTERNATIONAL (ASTM)

ASTM A 105/A 105M (2009) Standard Specification for Carbon 
Steel Forgings for Piping Applications

ASTM A 181/A 181M (2006) Standard Specification for Carbon 
Steel Forgings, for General-Purpose Piping
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ASTM A 197/A 197M (2000; R 2006) Standard Specification for 
Cupola Malleable Iron

ASTM A 234/A 234M (2007) Standard Specification for Piping 
Fittings of Wrought Carbon Steel and Alloy 
Steel for Moderate and High Temperature 
Service

ASTM A 269 (2008) Standard Specification for Seamless 
and Welded Austenitic Stainless Steel 
Tubing for General Service

ASTM A 53/A 53M (2007) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A 694/A 694M (2008) Standard Specification for Carbon 
and Alloy Steel Forgings for Pipe Flanges, 
Fittings, Valves, and Parts for 
High-Pressure Transmission Service

ASTM D 1248 (2005) Standard Specification for 
Polyethylene Plastics Extrusion Materials 
for Wire and Cable

ASTM D 2513 (2009) Standard Specifications for 
Thermoplastic Gas Pressure Pipe, Tubing, 
and Fittings

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-69 (2003) Pipe Hangers and Supports - 
Selection and Application (ANSI Approved 
American National Standard)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 54 (2008) National Fuel Gas Code

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS L-C-530 (Rev C) Coating, Pipe, Thermoplastic Resin

1.2   SUBMITTALS

Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Fabrication Drawings shall be submitted for in accordance with 
paragraph entitled, "General Requirements," of this section.

Installation drawings shall be submitted for natural gas systems 
in accordance with the paragraphs entitled, "Underground Piping 
Systems Installation" and "Aboveground Piping Systems 
Installation," of this section.
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SD-03 Product Data

Manufacturer's catalog data shall be submitted for the following 
items:

Piping Materials; G
Valves; G
Piping Specialties; G
Transition Fitting; G

SD-04 Samples

Manufacturer's catalog data shall be submitted for welding 
equipment, welding rods and accessories Welder's pre-qualification 
samples shall be submitted prior to start.

SD-06 Test Reports

Test reports shall be submitted for the following tests in 
accordance with paragraph entitled, "Testing," of this section.

Pneumatic; G
Leakage; G
Pressure; G

SD-07 Certificates

Certificates shall be submitted for the following items showing 
conformance with the referenced standards contained in this 
section.

Piping Materials; G
Valves; G
Piping Specialties; G

All welding certifications such as WPS, PQR and WQ shall be submitted to 
NASA's COTR at least two weeks prior to starting any work.  These documents 
will be reviewed by NASA's designated welding inspector.

The Contractor's personnel who perform heat-fusion joining shall be 
qualified by the pipe manufacturer's qualifying representative prior to 
starting work.

1.3   Personnel

This specification contains the minimum requirements for qualifying welding 
procedures, welders, and welding operators for making and inspecting 
welds.  The Welder's Performance Qualification shall be affected when the 
following occurs:

Welder has not used the process within a 6-month period prior to expiration 
of qualifications.

Welder can extend qualifications for an additional 6-months with proof of 
process by means of welder's log.

SECTION 23 11 25.00 98  Page 3



NASA GRC Steam Plant B12 Project N0. 11421

PART 2   PRODUCTS

2.1   UNDERGROUND PIPING MATERIALS

2.1.1   Piping Types

Ells and tees shall be of the same type and class of material as the pipe.

Type BCS-PS:  Black carbon steel piping with polyethylene sheath shall 
conform to ASTM A 53/A 53M, Type S seamless.  In sizes through 10-inch iron 
pipe size (ips), pipe shall have Schedule 40 wall.  In size 12 inches and 
larger, pipe wall shall be 0.375 inch thick.

Thermoplastic sheath shall conform to FS L-C-530.  Sheath joints shall be 
made with thermally fitted shrinking sleeves applied with factory-approved 
shrinking devices.  Taped fitting protection and repairs shall be made in 
accordance with manufacturer's instructions.  Electrical flaw detection 
testing at the factory shall require 10,000 volts to be impressed across 
the sheath.  Sheath breakdown voltage shall be not less than 13,000 volts.

Fittings shall be long-radius butt weld carbon steel conforming to 
ASTM A 234/A 234M and ASME B16.9 to match pipe wall thickness.  Bending of 
pipe is not permitted.  Aboveground terminal fittings shall be 150-pound 
working steam pressure (wsp) forged steel, weld neck flanges to match wall 
thickness, conforming to ASTM A 694/A 694M, ASME B16.5, and 
ASTM A 181/A 181M, Class 60.

When using polyethylene pipe and fittings for underground gas distribution 
piping shall conform to all applicable provisions and requirements of the 
latest revisions of the U.S. Department of Transportation Pipeline Safety 
Regulations 49 CFR Part 192, Federal Minimum Safety Standards.

Polyethylene pipe shall conform to ASTM D 2513, ASTM D 1248, pipe 
designation PE 3408, DR 11 (100 psig MAWP) and colored yellow for natural 
gas.

2.1.1.1   Joining Polyethylene

Piping shall be joined by qualified personnel using procedures in 
accordance with AGA XR0104.  Use manufacturer's prequalified joining 
procedures.  Joints shall be inspected by an inspector qualified in the 
joining procedures being used and in accordance with AGA XR0104.

Joiners and inspectors shall be qualified by a person who has been 
certified by the manufacturer of the pipe to train and qualify joiners and 
inspectors in each joining procedure to be used on the job.  Training shall 
include use of equipment, explanation of the procedure, and successfully 
making joints which pass tests specified in AGA XR0104.

Polyethlene fittings shall use compounds complying with all appropriate 
requirements of Part 192 of the Federal minimum safety standards.  Heat 
fusion fittings shall be allowed only when joining new sections of pipe 
together that are the same material type and size and approved by NASA's 
System Manager.  All other connections shall be electrofusion couplings.

A single conductor 14 AWG wire with type TW insulation shall be installed 
with HDPE pipe to facilitate pipe location.
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2.1.1.2   Joining Carbon Steel Piping

Qualification documents in WPS, PQR and WPQ shall be in accordance with 
ASME BPVC SEC IX.

2.1.2   Natural Gas Shutoff Valve Assemblies

All valves shall be suitable for flow from either direction and shall seal 
tightly in either direction.

2.1.2.1   Plug Valves

Lubricated plug valves for carbon steel pipe

Valves shall be Type 1, Style A, taper plug type rated for not less than 
175 pounds per square inch (psi) water, oil, or gas (wog) service and shall 
conform to MIL-V-12003.

Valves shall be cylindrical plug type, constructed to service pressure and 
materials requirements specified for taper plug valves.  In addition, 
clearance between plug and body sealing surfaces shall be 2 mils, maximum, 
for valves to 2-inch ips and 3 to 5 mils for larger valves.  Plug stem seal 
and bottom support shall be reinforced tetrafluoroethylene, and plug shall 
be bottom spring loaded.

Plug shall be restricted port type unless full ports or proportioning ports 
are specified.

Valves shall be provided with screwed end connections for all sizes 1-inch 
ips and smaller and with flanged connections for all larger valves.

Valves shall have an effective sealing and lubrication system which, when 
actuated, forces movement of plug within seating surfaces.

Extended lubricant lines with check valves shall be provided for grease gun 
access at grade.  Lubricant shall be identified and sufficient quantity 
provided to lubricate each valve at least once.

T-handle extension operators adapted to valve stem shall be provided for 
sizes 6-inch ips and smaller.

T-handle extensions and worm and gear operator shall be provided for valves 
8-inch ips and larger.  Operator shall not require input of more than 50 
foot-pounds of torque, shall be totally enclosed, grease packed, and sealed 
for 20-foot head submerged service in brackish water.  Worm and shaft shall 
be steel, gear shall be bronze.  Worm shaft shall be mounted in bronze 
sleeve bearings.  Operator shall have open and close stops and plug 
position indication.

All external surfaces shall be coated with bituminous sealer conforming to 
AWWA C104/A21.4.

2.1.2.2   HDP Valves

High density polyethlene valves for underground installation only, shall 
conform to ASME B16.40.  Polyethlene ball valve shall be full port HDPE, PE 
3408 DR 11 with dual purges and high head extension.  All valves 4 inches 
and larger shall have gear operator and shall turn clockwise to close.  
Valves with exposed metal parts requiring cathodic protection or which 
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require maintenance or lubrication will not be allowed.

2.2   ABOVEGROUND PIPING MATERIALS - OUTSIDE OF BOILER ROOM

Type BCS-NG:  Black carbon steel

Pipe (1/8 inch and greater): Schedule 40 seamless black carbon steel, 
conforming to ASTM A 53/A 53M, Grade B, Type S

Fittings (2 inch and under):  Class 300 banded black malleable iron 
screwed, conforming to ASTM A 197/A 197M, ASME B16.3 and ASTM A 234/A 234M

Fittings (2-1/2 inches and over):  Steel butt weld, conforming to 
ASTM A 234/A 234M and ASME B16.9 to match pipe wall thickness, or steel 
socket weld, conforming to ASTM A 105/A 105M and ASME B16.11.

Flanges (2-1/2 inches and over):  Class 150 forged steel welding neck to 
match pipe wall thickness, and conforming to ASME B16.5 and 
ASTM A 694/A 694M

All carbon steel piping will be painted with 1 coat primer and 2 finish 
coats of safety yellow.

Tubing (1/4-inch outside diameter minimum): Seamless 304 stainless steel 
ASTM A 269 or equivalent.

2.3   PIPING SPECIALTIES

2.3.1   Appliance Connectors

Connectors shall be corrugated bronze metal with brazed inverted flare-type 
brass fittings complete with transition for ips connection.  Maximum length 
shall be 6 feet.  Connectors shall be AGA-approved type.

2.3.2   Natural Gas Pressure-Reducing Station

2.3.2.1   Pressure-Reducing Station - See Project Drawings

a.  Pressure regulators shall have suitable method to prevent 
overpressuring of the system in accordance with ASME B31.8.

b.  The system shall have a monitoring regulator installed in series 
with the primary regulator set to limit the pressure on the primary 
regulator.

PART 3   EXECUTION

3.1   UNDERGROUND PIPING SYSTEMS INSTALLATION

3.1.1   Installation

Installation of natural gas systems shall be performed in accordance with 
ASME B31.8, AGA XR0104, and 49 CFR 192.

Abandoning existing gas piping shall be done in accordance with ASME 
B31.8.  Pipe shall be cut without damaging the pipe.  Unless otherwise 
authorized, cutting shall be done by an approved type of mechanical 
cutter.  Wheel cutters shall be used where practical.  On steel pipe 
6-inches and larger, an approved gas-cutting and beveling machine may be 
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used.  Cutting of plastic pipe shall be in accordance with AGA 0104.  Valve 
installation in plastic pipe shall be designed to protect the plastic pipe 
against excessive torsion or shearing loads when the valve is operated and 
from other stresses which may be exerted through the valve or valve box.

If facilities are abandoned in place, they shall be physically disconnected 
from the piping system. The open ends of the abandoned facilities shall be 
purged, capped, plugged or otherwise effectively sealed.

All excavations shall be dry and clear of extraneous materials when pipe is 
being laid.

Piping shall be laid beginning at the low point of a system; when in final 
position it shall be true to the grades and alignment indicated, with 
unbroken continuity of invert.

Connections between new work and existing gas line shall be made to the 
satisfaction of the Contracting Officer, using proper specials and fittings 
to suit the actual conditions.  When connections are made by tapping into a 
gas main, the connecting fitting shall be the same size as the pipe to be 
connected.

Gas mains shall be graded for the complete drainage of condensate to drips 
placed at low points; service lines shall be graded to drain to the main 
line wherever practical.

Crossings of gas mains under traffic lanes shall be made as shown on 
drawings.

Drips shall be installed where shown on drawings and at all low points 
whether indicated or not.  Drips shall conform to the details indicated or 
shall be of commercial manufacture approved as to type and capacity.  A 
1-1/4-inch or larger blowoff pipe shall be connected to each drip at its 
lowest point and shall extend to or near the ground surface at a convenient 
location outside of traffic.  Discharge terminal shall be provided with a 
reducing fitting, plug valve, and 1/2-inch nipple turned down.  Discharge 
terminal shall be inside a length of 12-inch or larger vitrified clay pipe 
or concrete sewer pipe, set vertically on a bed of coarse gravel 1 foot 
thick and about 3 feet square, and closed at the ground surface with a 
suitable replacement cover.  When details are not shown, drips shall be 
made of 6-inch pipe 12 feet long, laid parallel and completely below the 
gas main and shall be provided with 1-1/4-inch or larger blowoff as 
specified above.

When installed underground beneath buildings, gas piping shall be encased 
in a conduit that shall extend into a normally usable and accessible 
portion of the building.  At the point where the conduit terminates in the 
building, the space between the conduit and the gas piping shall be sealed 
to prevent the entrance of gas into the building.  Conduit shall extend at 
least 4 inches outside the building, shall be vented above grade, and shall 
be installed in a manner that will prevent the entrance of water.  Conduit 
shall be of the same materials as used for the line being enclosed.  Vent 
shall be fitted with a metal identification plate indicating its function.

Conduit passing through walls below grade and ground floor slab shall pass 
through pipe sleeves larger than conduit and shall be made watertight using 
link seals.

In fill areas, conduit passing under or through building grade beams shall 
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have a minimum clearance of 4 inches in all directions to prevent damage.

In excavations occurring near and below building footing, the backfilling 
material shall consist of Class 2000A concrete poured or pressure grouted 
up to the level of the footing.

Where pipe penetrates earth or concrete grade, not less than 12 inches of 
polyethylene-coated Type BCS-PS pipe shall be exposed to view.

Type BCS-PS materials shall be installed for underground and aboveground 
piping and in accordance with the manufacturer's instructions.  Pipe shall 
be palletized in padded pallets at the factory and shall be handled from 
pallet to final position with padded gear.  Surfaces shall be protected 
from the sun with black polyethylene sheeting.  Prior to being lowered into 
a trench, sheeting shall be checked for continuity with 10,000 volts 
applied by a continuity detector with an audible alarm.  In the trench, 
after joints and fittings have been made, previously untested surfaces 
shall be checked for continuity.  When discontinuities in thermoplastic 
sheeting are found, not less than 12 inches of material upstream and 
downstream of the fault shall be removed and replaced.

After valves, valve operators, and valve boxes have been inspected, and not 
less than 48 hours prior to being lowered into a trench, external surfaces 
shall be coated with a compatible bituminous coating for protection against 
brackish ground water.

Application shall be in accordance with the manufacturer's instructions and 
shall result in a dry-film thickness of not less than 12 mils.

After pressure testing and approval, valves and valve operators shall be 
thoroughly cleaned, coated with bitumen, wrapped with tape, and recoated 
with bitumen to form an impervious membrane.  Tape shall be glass-fiber 
reinforced with parallel strands of continuous filament within the fiber 
structure, bonded with an insoluble, inert, resinous binder that is 
compatible with bituminous material used.

Prior to backfilling, coated and wrapped pipe and valves shall be tested 
with an electric holiday detector operating at from 10,000 to 15,000 volts. 
Defects shall be repaired by clipping back the coatings to the bare metal 
and recoating with the materials as specified for the original work and to 
the satisfaction of the Contracting Officer.

Defective materials found shall be distinctly marked and promptly removed 
from the site.

3.2   ABOVEGROUND PIPING SYSTEMS INSTALLATION

3.2.1   Aboveground Piping

Contractor to provide an anodeless riser as a transition fitting between 
HDPE pipe and carbon steel piping that is above ground per 49 CFR 192.375.

Aboveground piping with operating pressures of 1/2 psig and less, 
designated "low pressure," shall be fabricated and installed in accordance 
with NFPA 54, AWS WHB-2.9, MSS SP-69.

Aboveground piping with operating pressures in excess of 1/2 psig, 
designated "high pressure," shall be fabricated and installed in accordance 
with ASME B31.8, AWS WHB-2.9 and MSS SP-69.
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Work shall be performed in the presence of the Contracting Officer who 
shall be notified 48 hours in advance of start of work.

Pipe shall be fabricated to measurements established on the job and shall 
be carefully worked into place without springing or forcing.  Adequate 
provision shall be made for absorbing all expansion and contraction without 
stress in any part of the system.

Pipe, tubing, fittings, valves, equipment, and accessories shall be visibly 
clean and free of foreign material before being installed into the 
respective systems.  Pipe shall be cleaned by hammering, shaking, or 
swabbing, or by a combination of methods.  Lines shall be purged with dry, 
oil-free compressed air after erection, but purging out shall not be relied 
upon for removing all foreign matter.  During the progress of construction, 
open ends of pipe, fittings, and valves shall be properly protected at all 
times to prevent the admission of foreign matter.  Plugs or caps shall be 
placed in the ends of installed work at all times when connecting work is 
not actually under way.  Plugs shall be commercially manufactured products 
approved by the Contracting Officer.  Outlets, including valve outlets, 
shall be securely closed gastight with a threaded plug or cap immediately 
after installation and shall be left closed until the gas equipment is 
connected thereto.

Piping shall be installed straight and true with approved offsets around 
obstructions and with 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.

Natural gas piping smaller than 1/2-inch ips shall not be concealed.

When installing piping that is to be concealed, the following and similar 
connections shall not be concealed:  unions, tubing fittings, running 
threads, right and left couplings, and swing joints made by combinations of 
fittings.

Standard long sweep pipe fittings shall be used for changes in direction; 
no mitered joints or unapproved pipe bends will be permitted.

Pipe bends in seamless pipe of not less than 5 pipe diameters radius may be 
made with hydraulic benders in the field for pipe sizes to 4-inch ips upon 
approval of the Contracting Officer.

Tee connections shall be made with screwed tee fittings or butt, or, where 
pipe is being welded, branch connections may be made with either butt or 
socket 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 where attached to the run, 
reinforced against external strains, and designed to withstand full 
pipe-bursting strength requirements.

Short-radius elbows may be used only where specifically authorized by the 
Contracting Officer.

Horizontal piping shall have a grade of 1 inch per 100 feet.

Reducers shall be concentric or eccentric.  Eccentric reducers shall be 
used where required to permit proper drainage of pipe lines.  Bushings as 
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reducers are not permitted.  Drain valves shall be provided in all piping 
systems at low points.

Installation of piping shall be such as to prevent stresses and strains 
from being placed on connected equipment.

Dielectric connection shall be provided at inlet side to building pressure 
regulator.

Expansion bends in steel pipe shall be made from pipe sections and long 
radius welding elbows in sizes 1 inch and larger.  Expansion U-bends 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.

3.2.2   Joints

Joints larger than 2-inch ips shall be welded.

Pipe ends shall be reamed before joint connections are made.

Screwed joints shall be made up with joint compound.

Joint compounds shall be applied to the male thread only, and care shall be 
exercised to prevent compound from reaching the interior of the pipe.

Screwed unions, welded unions, or bolted flanges shall be provided wherever 
required to permit convenient removal of equipment, valves, and piping 
accessories from the piping system.

Flanged joints shall be assembled with appropriate flanges, gaskets, and 
bolting.  Clearance between flange faces shall be such 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. 
Gaskets shall be centered on the flange faces without projecting into the 
bore.  Bolting shall be lubricated with oil and graphite before assembly to 
ensure uniform bolt stressing.  Flange bolts shall be drawn up and 
tightened in staggered sequence in order to prevent unequal gasket 
compression and deformation of the flanges.  Wherever a flange with a 
raised face is joined to a companion flange with a flat face, the raised 
face shall be machined down to a smooth matching surface and a full face 
gasket shall be used.  After the piping system has been tested and is in 
service at its maximum temperature, bolting shall be retightened to achieve 
minimum gasket seating stress recommended by the gasket manufacturer.  Only 
hex-head nuts and bolts shall be used.

Gasket material shall be fresh stock.

Uncoated metallic gaskets shall be assembled with specified compound.

Field-welded joints shall conform to the requirements of the AWS WHB-2.9 
and ASME B31.1.

3.2.3   Control and Instrument Piping

Tubing shall be mechanically attached to supporting surfaces.  Supports 
using adhesives shall not be acceptable.

Stainless steel tubing horizontal supports for less than three tubes shall 
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be rigid 1- by 3/8-inch metal channel and proprietary metal tube race for 
three or more tubes.

3.2.4   General Service Valve Locations

Valves shall be located to permit isolation of branch piping and each 
equipment item from the balance of the system and to allow safe and 
convenient access without moving equipment and with a minimum of piping and 
equipment disassembly.

Valves shall be provided in piping mains and branches and at equipment 
where indicated and where specified.

No valve shall be placed in an inaccessible space.

3.3   NATURAL GAS SYSTEMS TESTING

3.3.1   Tests

Prior to acceptance of the work, the Contractor shall test completed 
systems in the presence of the Contracting Officer.

Tests shall be Pneumatic and shall utilize dry, oil-free nitrogen.  Testing 
shall be done in two stages, preliminary and acceptance.

Personnel not directly involved in pneumatic testing of ferrous piping in 
excess of 5 psi shall be evacuated from the area.

Testing of any system for any purpose shall include preliminary testing by 
the process of swabbing of all joints under test with standard 
high-film-strength soap solution conforming to MIL-L-25567, and the 
subsequent observation for bubbles at internal pressures not in excess of 5 
psi.

When testing reveals that Leakage exceeds specified 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.  Leaking gasket joints shall be remade with new gaskets and new 
flange bolting.  Removed bolting and gaskets shall not be used again. 
Leaking tubing joints shall be remade with new fittings and new tube ends.

Only standard piping flanges, plugs, caps, and valves shall be used for 
sealing off piping for test purposes.

Components that could sustain damage due to test pressure shall be removed 
from piping systems during testing.  Piping system components such as 
valves shall be checked for proper operation under system test pressure.

No test media shall be added to a system during a test for a period 
specified or determined by the Contracting Officer.

Test duration shall be long enough to determine if there are any leaks but 
not less than 1 hour for each 500 cubic feet of pipe volume or fraction 
thereof, except that when testing a system having a volume of less than 10 
cubic feet, the test duration may be reduced to 15 minutes.  For piping 
systems having a volume or more than 24,000 cubic feet, the duration of the 
test shall be 24 hours.

Test material shall be retained in piping system after successful testing 
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until purged by natural gas.  No ambient air shall be permitted to enter 
piping system.

Records of piping systems tests shall be prepared and maintained.  Records 
shall show Governmental and Contractor test personnel responsibilities, 
dates, test gage identification numbers, ambient temperatures, pressure 
ranges, rates of pressure drop, and leakage rates.  Each acceptance test 
shall require the signature of the Contracting Officer.

3.3.2   Test Gages

Contractor's test gages shall have dial size 4-1/2 inches or larger with 
accuracy of plus or minus one-half of 1 percent of full-scale range.  Dial 
graduations and pointer width shall be compatible with readability to 
one-half the accuracy extremes.  Maximum permissible scale range for a 
given test shall be such that the pointer during a test shall have a 
starting point 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, and shall show test gage 
number and the project number.

3.3.3   Acceptance Pressure Testing

Testing shall take place during steady ambient temperature conditions.

Any reduction of test pressures shall be deemed to indicate the presence of 
leaks which shall be corrected unless the pressure loss can otherwise be 
accounted for.  A correction of plus or minus 0.3 psi will be allowed for 
each degree change between initial and final system temperature, plus for 
an increase in temperature and minus for a decrease.

Test duration shall be long enough to determine if there are any leaks but 
not less than 1 hour for each 500 cubic feet of pipe volume or fraction 
thereof, except that when testing a system having a volume of less than 10 
cubic feet, the test duration may be reduced to 15 minutes.  For piping 
systems having a volume of more than 24,000 cubic feet, the duration of the 
test shall be 24 hours.

Control and instrumentation tubing systems shall be tested at 30 psi and 
the test pressure shall be maintained for a period of not less than 24 
hours with no pressure drop.

3.3.4   Purging of Piping

During construction, where necessary, purge valves shall be provided and 
located to ensure complete system purging with discharge exterior to the 
building.

        -- End of Section --
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SECTION 23 21 11

BOILER PLANT PIPING SYSTEMS
07/10

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 A 48/A 48M (2003; R 2008) Standard Specification for 
Gray Iron Castings

ASTM A 53/A 53M (2007) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A 106/A 106M (2008) Standard Specification for Seamless 
Carbon Steel Pipe for High-Temperature 
Service

ASTM A 105/A 105M (2009) Standard Specification for Carbon 
Steel Forgings for Piping Applications

ASTM A 126 (2004) Standard Specification for Gray 
Iron Castings for Valves, Flanges, and 
Pipe Fittings

ASTM A 193/A 193M (2009) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service

ASTM A 194/A 194M (2009) Standard Specification for Carbon 
and Alloy Steel Nuts for Bolts for 
High-Pressure or High-Temperature Service, 
or Both

ASTM A 197/A 197M (2000; R 2006) Standard Specification for 
Cupola Malleable Iron

ASTM A 216/A 216M (2008) Standard Specification for Steel 
Castings, Carbon, Suitable for Fusion 
Welding, for High-Temperature Service

ASTM A 234/A 234M (2007) Standard Specification for Piping 
Fittings of Wrought Carbon Steel and Alloy 
Steel for Moderate and High Temperature 
Service

ASTM A 269 (2008) Standard Specification for Seamless 
and Welded Austenitic Stainless Steel 
Tubing for General Service
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ASTM A 395/A 395M (1999; R 2009) Standard Specification for 
Ferritic Ductile Iron Pressure-Retaining 
Castings for Use at Elevated Temperatures

ASTM A 536 (1984; R 2009) Standard Specification for 
Ductile Iron Castings

ASTM B 61 (2008) Standard Specification for Steam or 
Valve Bronze Castings

ASME INTERNATIONAL (ASME)

ASME B16.11 (2009) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.3 (2006) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.5 (2009) Standard for Pipe Flanges and 
Flanged Fittings:  NPS 1/2 Through NPS 24

ASME B16.9 (2007) Standard for Factory-Made Wrought 
Steel Buttwelding Fittings

ASME B31.1 (2007; Addenda a-2008) Power Piping

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-45 (2003; R 2008) Bypass and Drain Connections

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MSS SP-69 (2003) Pipe Hangers and Supports - 
Selection and Application (ANSI Approved 
American National Standard)

MSS SP-89 (2003) Pipe Hangers and Supports - 
Fabrication and Installation Practices

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 30 (2008; Errata 08-1) Flammable and 
Combustible Liquids Code

NFPA 31 (2006; Errata 06-1 & -2) Standard for the 
Installation of Oil Burning Equipment

AMERICAN WELDING SOCIETY (AWS)

AWS B2.1/B2.1M (2009) Specification for Welding Procedure 
and Performance Qualification

1.2   DESCRIPTION

All boiler plant piping systems, except plumbing and sanitary, including 
piping supports. Piping located outside of the boiler plant building is not 
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included except for gas regulator and meter stations.

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

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 for pipes, valves and specialties in 
accordance with the paragraph entitled, "Pipe Installation," of 
this section.

SD-03 Product Data

Steam Piping; G
Steam Condensate Piping; G
Fuel Piping; G
Boiler Feedwater Piping; G
Boiler Blowoff Piping; G
Drain Piping from Boiler Accessories to Drain Valve; G
Vent Lines from Tanks and Safety and Relief Valves; G
Cold Water Piping; G
Chemical Feed Piping; G
Compressed Air Piping (Fuel Oil Atomizing Service); G
Boiler Water Sampling, Continuous Blowdown; G
Miscellaneous Piping; G
Dielectric Fittings; G
Valves, Gate, Globe, Plug, Check, Ball, Butterfly, Vent Cocks; G
Sightflow Indicators; G
Hose Connectors and Steam Hoses; G
Safety Valves, Relief Valves, Safety Relief Valves and Accessories; 
G
Steam Pressure Reducing Valves; G
Strainers, Simplex Basket Type; G
Strainers, Y Type; G
Liquid Petroleum Tanks Gas Pressure Regulators; G
Steam Traps; G
Flexible Connectors; G
Piping Support Systems; G
Pipe and Valve Flange Gaskets; 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 
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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
Air Tests; G

Test reports shall be submitted for radiographs.

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.

Certificates for the following shall be submitted in accordance 
with paragraph entitled, "Quality Assurance," of this section.

List of welders and welder's symbols.; G
Certified Welding Procedure Specifications (WPS); G
Certified Brazing Procedure Specifications (BPS); G
Certified Procedure Qualification Records (PQR); G
Certified Welder Performance Qualifications (WPQ); G
Certified Brazer Performance Qualifications (BPQ); G

SD-10 Operation and Maintenance Data

Submit Operation and Maintenance Manuals in accordance with 
paragraph entitled, "Operation and Maintenance," of this section.

1.4   QUALITY ASSURANCE

Entire installation shall comply with ASME Power Piping Code, ASME B31.1 
and appendices.  Boiler External Piping, as defined in the ASME Boiler and 
Pressure Vessel Code, Section I, is required to be constructed and 
inspected in conformance with the ASME Code.  Mechanics shall be skilled in 
their work or trade. Welders on pressure vessels or piping shall show 
evidence of qualification in accordance with the ASME Power Piping Code and 
the ASME Boiler and Pressure Vessel Code. Certify that each welder has 
passed American Welding Society (AWS) qualification tests for the welding 
processes involved, and that certification is current. Each welder shall 
utilize a stamp to identify all work performed by the welder. The 
Government reserves the right to reject any personnel found unqualified in 
the performance of work for which they are employed.
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1.4.1   Material, Equipment and Personnel 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.

Within fifteen calendar days after receipt of Notice to Proceed, the 
Contractor shall submit for approval, to the Contracting Officer, Certified 
Welding Procedure Specifications (WPS), Certified Brazing Procedure 
Specifications (BPS) and Certified Procedure Qualification Records (PQR).

In addition, the Contractor shall submit a list of welders and welder's 
symbols, assigned number or letter which shall be used to identify work of 
the welder which shall be affixed immediately upon completion of the weld.

Fifteen calendar days prior to any employee welding on project material, 
the Contractor shall submit for approval to the Contracting Officer four 
Certified Brazer Performance Qualifications (BPQ) and Certified Welder 
Performance Qualifications (WPQ).

1.4.2   Personnel

This specification contains the minimum requirements for qualifying welding 
procedures, welders, and welding operators for making and inspecting welds 
in mechanical fabrications of carbon steel, low alloy steel, 
extra-high-strength quenched and tempered low alloy steels and austenitic 
stainless steel materials.

The Welder's Performance Qualification shall be affected when the following 
occurs:

Welder has not used the process within a 6-month period, prior to 
expiration of qualifications.

Welder can extend qualifications for an additional 6-months with 
proof of process by means of welder's log.

1.4.3   General

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 
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, warranty information, 
fabrication site information.  Provide a complete list of construction 
equipment to be used.

Include with Listing of Product Installations for piping systems 
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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 or 
work in allotted spaces.  Indicate on drawings where conflicts or clearance 
problems exist between various trades.

1.5   PRODUCT DELIVERY, STORAGE AND HANDLING

All piping shall be stored and kept free of foreign material and shall be 
internally and externally cleaned of all oil, dirt, rust and foreign 
material. Deliver and store valves and pipe hangers in sealed shipping 
containers with labeling in place.  Storage must be in dry, protected 
location.

1.6   INFORMATION ON PRESSURE TEMPERATURE DESIGN OF PIPING SYSTEMS

A.  Steam service pressures are selected to provide optimum pressure to the 
facilities served by the boiler plant. Main steam header pressure shall 
be controlled at 100 psi. Maximum pressure capability of steam systems 
between boilers and through first pressure reducing valve protected by 
a safety valve shall be governed by the pressure/temperature 
relationship of the highest safety valve setting shown for the boilers.

B.  Steam distribution systems protected by safety valves following 
pressure reducing stations or protected by safety valves on the boilers 
shall be governed by the pressure/temperature relationship developed by 
the maximum setting of the safety valve on that system.

C.  Boiler feedwater systems between boiler feed pumps, economizers, and 
boilers are designed for a normal maximum temperature of 280 degree F, 
and emergency temperature of 415 degree F (if economizers are provided 
and economizer safety relief valve setting is 275 psi. Design pressure 
is the greater of: boiler feed pump shut off head; or 275 psi set 
pressure, plus accumulation, of economizer (if provided) relief valve.

D.  Condensate collection and transfer systems are designed for maximum 
temperatures to 350 degree F, and pressures 100 psi.

E.   Natural gas fuel systems are designed and materials and equipment are 
applied to prevent failure under gas pressure of 60 psi entering 
Government property. LP gas systems for igniters (pilots) are designed 
for maximum LP tank pressure of 250 psig.
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F.   Fuel oil system pressures are determined by the requirements of the 
burners and fuel trains. No. 2 oil systems are designed for maximum 
temperatures of 130 degree F, and pressures of 150 psi.

G.   Water service pressures are 80 psi maximum. Systems are designed to 
operate under conditions of maximum available pressure.

H.   Drips, drains, blowdown, water sampling, and chemical treatment are 
designed, and materials and equipment are applied in accordance with 
the maximum pressure and temperature of the system with which they are 
associated.

I.   Low pressure steam, condensate, vacuum and vents are designed for 
service pressures and temperatures equivalent to 15 psi saturated steam.

J.   Compressed air systems are designed to accommodate a maximum pressure 
of 175 psi.

K. Instrumentation and control piping shall be provided for the service and 
pressure characteristics of the systems to which they are connected.

PART 2   PRODUCTS

2.1   STEAM PIPING

A.  Pipe: Carbon steel, ASTM A 106/A 106M Grade B, seamless. Schedule 40 
for piping with welded ends, Schedule 80 for piping with threaded ends, 
standard weight permitted for pipe sizes  12 inches and above.

B.  Joints:
1.  Pipe sizes  2-1/2 inches and above: Butt welded
2.  Pipe sizes  2 inches and below: socket welded.

C.  Fittings:
1.  Welded joints: Steel, ASTM A 234/A 234M, Grade B, ASME B16.9, same 

schedule as adjoining pipe, all elbows long radius.
2.  Socket welded joints: Forged steel, ASME B16.11, 2000 psi class.

D.  Unions on Threaded Piping: Forged steel, 2000 psi class or 3000 psi 
class.

E.  Flanges and Bolts: Forged steel weld neck, ASME B16.5, ASTM A 105/A 105M, 
150 psi pressure class, except 300 psi class required adjacent to 250 
psi and 300 psi class valves. Bolts shall be high strength steel 
ASTM A 193/A 193M, Class 2, Grade B8. Nuts shall be ASTM A 194/A 194M.

2.2   STEAM CONDENSATE PIPING

A.   Includes all gravity, drip return, pumped and vacuum systems. Does not 
include piping system between boiler feed pumps and boilers.

B.   Pipe: Carbon steel, ASTM A 106/A 106M Grade B, seamless, Schedule 80.

C.   Joints:
1.  Pipe sizes 2-l/2 inches and above: Butt welded.
2.  Pipe sizes 2 inches and below: Threaded.

D.   Fittings:
1.  Welded joints: Steel, ASTM A 234/A 234M, Grade B, ASME B16.9, same 
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schedule as adjoining pipe.
2.  Threaded joints: Malleable iron,  A197, ASME B16.3, 300 psi class.

E.  Unions on Threaded Piping: Malleable iron, 300 psi on piping  2 inches 
and under.

F.  Flanges: Forged steel weld neck with raised face or flat face and 
concentric serrated finish, ASTM A 105/A 105M, ASME B16.5, 150 psi.

2.3   FUEL PIPING

A.  Natural gas, LP gas (propane), fuel oil (No. 2) for main burner and 
igniter (pilot) fuels, gas vent piping.  Comply with ASME B31.1.

B.  Piping: Carbon steel, ASTM A 53/A 53M Grade B seamless, Schedule 40 for 
weld end, Schedule 80 for threaded end. Fuel oil piping shall be 
seamless downstream of burner automatic shutoff valves.

C.  Joints:
1.  Pipe sizes  2 l/2 inches and above: Butt welded.
2.  Pipe sizes 2 inches and below: Butt welded.
3.  Pipe sizes 1 inches and below: Thread fittings in lieu of welded 

steel maybe used.

D.  Fittings:
1.  Butt welded joints: Steel, ASTM A 234/A 234M, Grade B, ASME B16.9, 

same schedule as adjoining pipe.
2.  Threaded joints: Malleable iron, A197, ASME B16.3, 300 psi class.

E.  Unions on piping  (1 inches) and under: Forged steel, 2000 psi class or 
3000 psi class.

F.  Flanges: Forged steel weld neck, ASME B16.5, ASTM A 105/A 105M, 150 psi.

G.  Companion flanges: Flanges and bolting shall conform to ASME B16.5. 

H.  Burner Piping: Furnished as part of the factory-assembled burners may 
be manufacturer's standard materials and assembly. Comply with 
ASME B31.1, for the actual operating conditions.

I.  Igniter (Pilot) Piping: Furnished as part of the factory assembled 
burners may have 300 psi ASME B16.3 malleable iron threaded fittings in 
lieu of welded steel. If threaded fittings are provided, piping shall 
be Schedule 80.

2.4   BOILER FEEDWATER PIPING

A.  Piping from boiler feedwater pump discharge to inlet of boilers.

B.  Pipe: Carbon steel, ASTM A 53/A 53M Grade B, seamless. Piping with 
threaded joints shall be Schedule 80; welded joints Schedule 40.

C.  Joints:
1.  Pipe sizes  (2 1/2 inches) and above: Butt welded.
2.  Pipe sizes  (two inches) and below: Threaded.

D.  Fittings:
1.  Butt welded Joints: Steel, ASTM A 234/A 234M, Grade B, ASME B16.9, 

same schedule as adjoining pipe.
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2.  Threaded Joints: Forged steel, ASME B16.11, 2000 psi class.

E.  Unions: Forged steel, 2000 psi class or 3000 psi class. 

F.  Flanges and Bolts: Forged steel weld neck ASME B16.5, ASTM A 105/A 105M, 
300 psi pressure class. Bolts shall be High strength ASTM A 193/A 193M, 
Class 2, Grade B8. Nuts shall be ASTM A 194/A 194M.

2.5   BOILER BLOWOFF PIPING

A.  From boiler bottom blowoff connection to blowoff tank. Connections 
between boiler accessories drain valves and blowoff lines.

B.  Pipe: Carbon steel, ASTM A 53/A 53M, Grade B, seamless, Schedule 80. 

C.  Joints: Butt welded.

D.  Fittings: Steel, ASTM A 234/A 234M, Grade B, ASME B16.9, same schedule 
as adjoining pipe, all elbows long radius, no tees or crosses permitted.

E.  Flanges: Forged steel weld neck, ASME B16.5, ASTM A 105/A 105M, 300 psi. 

2.6   DRAIN PIPING FROM BOILER ACCESSORIES TO DRAIN VALVE

A.  Drain piping from water column, low water cutoffs, gage glass, water 
level sensor, remote water level devices (where applied).

B.  Pipe: Carbon steel, ASTM A 53/A 53M Grade B, seamless, Schedule 40.

C.  Joints: Threaded.

D.  Fittings: Malleable iron, A197, ASME B16.3, 300 psi class.

E.  Unions: Forged steel, or malleable iron, 300 psi class.

2.7   VENT LINES FROM TANKS AND SAFETY AND RELIEF VALVES

A.  Pipe: Carbon steel, ASTM A 53/A 53M Grade B , seamless, Schedule 40.

B.  Joints:
1.  Pipe sizes  (2 l/2 inches) and above: Butt welded.
2.  Pipe sizes  (2 inches) and below: Threaded.

C.  Fittings:
1.  Welded Joints: Steel, ASTM A 234/A 234M Grade B, ASME B16.9, same 

schedule as adjoining pipe.
2.  Threaded Joints: Cast malleable iron, ASTM A 197/A 197M, ASME B16.3, 

(150 psi).

D.  Unions: Malleable iron, 150 psi class.

E.  Flanges: Forged steel weld neck, ASME B16.5, ASTM A 105/A 105M, 150 psi.

2.8   COLD WATER PIPING

A.  City Water: See Section 22 00 00, PLUMBING, GENERAL PURPOSE.
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2.9   COMPRESSED AIR PIPING (FUEL OIL ATOMIZING SERVICE)

A.  Pipe: Carbon steel, ASTM A 53/A 53M Grade B, seamless or ERW Schedule 
40.

B.  Joints: Threaded.

C.  Fittings: Malleable iron A197, ASME B16.3, 150 psi class.

D.  Unions: Malleable iron, 300 psi class.

2.10   BOILER WATER SAMPLING, CONTINUOUS BLOWDOWN

A.  Pipe: Steel, ASTM A 106/A 106M Grade B, seamless, Schedule 80. 

B.  Joints: Threaded.

C.  Fittings: Forged steel, ASME B16.11, 2000 psi class. Fittings between 
boiler and first stop valve must be forged steel, ASME B16.11, 2000 psi 
or 3000 psi class.

D.  Unions: Forged steel, 2000 psi class or 3000 psi class;

2.11   CHEMICAL FEED PIPING

A.  Pipe: Stainless steel tubing, ASTM A 269, Type 316.

B.  Fittings: Stainless steel Type 316 welding fittings.

2.12   MISCELLANEOUS PIPING

A.  Instrument and Control Piping (Sensing Point to Transmitter, 
Controller, or Other Instrument): Construction shall be same as 
specified for main service.

B.  Drain Piping (All Drain Piping Discharging to Floor Drain From Drain 
Valve to Floor Drain):
1.  Pipe: Carbon steel, ASTM A 53/A 53M Grade B, seamless, Schedule 

40. 
2.  Fittings and Unions: Malleable iron, 150 psi, threaded.

2.13   DIELECTRIC FITTINGS

Provide threaded dielectric unions for pipe sizes  (2 inches) and under. 
For  (2 1/2 inches) and above, provide copper and steel flanges 
electrically isolated at gasket and by sleeves at bolts. Fittings on cold 
water and soft water lines shall be rated for 100 psi, 80  F. Fittings on 
steam condensate lines shall be rated at 75 psi, 250  F. Fittings on other 
services shall be rated for the maximum pressure and temperature conditions 
of the service.

2.14   VALVES, GATE, GLOBE, PLUG, CHECK, BALL, BUTTERFLY, VENT COCKS

A.  Valves for particular services are generally specified as Type Numbers. 
The Type Numbers are defined below. All valves of the same type shall 
be the products of a single manufacturer. Comply with MSS SP-45, MSS SP 
80, and ASME B31.1. Design valves for the service fluids and 
conditions. Pressure temperature ratings listed are minimum 
requirements. Packing and gaskets shall not contain asbestos.
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B.  Valve Type Designations:

1.  Gate Valves:
a. Type 101: Cast steel body ASTM A 216/A 216M WCB, rated for  at (

150 psi at 500 degrees F, ll l/2 to l3 percent chromium stainless 
steel flexible wedge and hard faced (stellite) or nickel copper 
alloy seats, 150 psi ASME flanged ends, OS&Y, rising stem, bolted 
bonnet.
1)  Provide factory installed globe valved warm-up bypass when 
main valve is (6 inch) pipe size or greater and serves steam main 
longer than (20 feet). Conform to MSS SP-45.
2)  Drill and tap bosses for connection of drains. Conform to 
MSS SP-45.

b. Type l02: Cast iron body ASTM A 126 Class B, rated for 250 psi 
saturated steam, 500 psi WOG, bronze wedge and seats, 250 psi ASME 
flanged ends, OS&Y, rising stem, bolted bonnet, renewable seat 
rings.
1)  Provide factory installed globe valved bypass when main valve 
is (3 inch) pipe size or greater and serves steam main longer than 
20 feet. Conform to MSS SP-45.
2)  Drill and tap bosses for connection of drains if valve is in 
steam service. Conform to MSS SP-45.

c. Type 103: Cast iron body ASTM A 126 Class B, rated for 125 psi 
saturated steam, 200 psi WOG, bronze or bronze faced wedge and 
seats, 125 psi ASME flanged ends, OS&Y, rising stem, bolted 
bonnet, renewable seat rings.
1)  Provide factory installed globe valved bypass when main valve 
is (3 inch) pipe size or greater and serves steam main longer than 
6 m (20 feet). Conform to MSS SP-45.
2)  Drill and tap bosses for connection of drains if valve is in 
steam service. Conform to MSS SP-45.

d. Type 104: Bronze body ASTM B 61, rated for 200 psi saturated 
steam, 400 psi WOG, bronze wedges and Monel or stainless steel 
seats, threaded ends, rising stem, union bonnet.

e. Type l05: Forged steel body ASTM A 105/A 105M, rated for at 300 
psi at 420 degrees F minimum, Class 600 psi or Class 800 psi, 
hardened stainless steel or stellite wedge and seats, threaded 
ends, OS&Y, rising stem, bolted bonnet.

2.  Globe Valves:
a. Type 201: Cast steel body ASTM A 216/A 216M WCB, rated for 150 psi 

at 500 degrees F, 11 1/2 to 13 percent chromium stainless steel or 
stellite disc and seat, 150 psi ASME flanged ends, OS&Y, rising 
stem, bolted bonnet, renewable seat rings. Drill and tap bosses 
for connection of drains where shown. Conform to MSS SP-45.

b. Type 202: Cast iron body ASTM A 126 Class B, rated for 250 psi 
saturated steam, 500 psi WOG, bronze or bronze faced disc and 
seat, 250 psi ASME flanged ends, OS&Y, rising stem, bolted bonnet, 
renewable seat rings. Drill and tap bosses for connection of 
drains where shown. Conform to MSS SP-45.

c. Type 203: Cast iron body ASTM A 126 Class B, rated for 125 psi 
saturated steam, 200 psi WOG, bronze or bronze faced disc (Teflon 
or composition facing permitted) and seat, 125 psi ASME flanged 
ends, OS&Y, rising stem, bolted bonnet, renewable seat rings.

d. Type 204: Bronze body ASTM B 61, rated for 200 psi saturated 
steam, 400 psi WOG, hardened stainless steel disc and seat, 
threaded ends, rising stem, union bonnet, renewable seat rings.

e. Type 205: Forged steel body ASTM A 105/A 105M, rated for 300 psi 
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at 420 degrees F minimum, Class 600 psi or Class 800 psi, 
stainless steel disc, stellite seat, threaded ends, OS&Y, rising 
stem, bolted bonnet.

3.  Plug Valves: Cast iron body ASTM A 126 Class B, rated for l75 psi 
WOG, one fourth turn to open. 125 psi ASME flanged ends for pipe 
sizes above  (2 inches), threaded ends for pipe sizes  (2 inches) 
and under. All components designed for service to which applied: 
natural gas, LP gas (propane), or fuel oil. Furnish lever handle 
for each valve.

a. Type 301: Two-way valves up through  (4 inches) pipe size. 
Eccentric action, non-lubricated plug with resilient seal molded 
into groove on plug face providing bubble-tight shut off. O-ring 
stem seal, corrosion-resistant bearings, corrosion-resistant seat 
coating, seal materials as recommended by valve manufacturer for 
the service. Valves on natural gas service AGA approved. Keyport 
Fig. 425 (Southern Manufacturing Group) or equal.

b. Type 302: Two-way valves  (5 inches) pipe size and above, all 
sizes of three way valves. Lubricated full-port plug type with 
lubricant for intended service. Reinforced Teflon stem seal, valve 
plug floated on Teflon surfaces, lubricant injection system that 
has sufficient pressure to fully lubricate all sealing surfaces.  
Provide laminated plastic label attached to each valve stating, 
"Lubricate with (Insert appropriate description) once a year".

4.  Check Valves:
a. Type 401: Not used.
b. Type 402: Swing-type, cast iron body ASTM A 126 Class B, rated for 

250 psi saturated steam, 500 psi WOG, bronze or bronze-faced disc 
and seat, 250 psi ASME flanged ends, bolted cover, renewable disc 
and seat.

c. Type 403: Swing type, cast iron body ASTM A 126 Class B, rated for 
l25 psi saturated steam, 200 psi WOG, bronze or bronze faced disc 
and seat, l25 psi ASME flanged ends, bolted cover, renewable disc 
and seat.

d. Type 404: Swing-type, bronze body ASTM B 61, rated for 200 psi 
saturated steam, 400 psi WOG, bronze disc, threaded ends, 
regrinding disc.

e. Type 405: Lift-type, forged steel body ASTM A 105/A 105M, rated 
for at 300 psi at 420 degrees F minimum (Class 600 psi or 800 psi
)), hardened stainless steel disc, hard faced seat, bolted cover, 
threaded ends.

f. Type 406: Swing type, Type 316 stainless steel body, disc and 
hanger, rated for  (250 psi at 360 degrees F) minimum.

g. Type 407: Silent spring loaded wafer type, cast iron body 
ASTM A 48/A 48M or ASTM A 126 Class B, rated for  (125 psi) water, 
 (250 degrees F).

h. Type 408: Silent spring-loaded wafer type, cast steel 
ASTM A 216/A 216M WCB or cast iron ASTM A 48/A 48M or ASTM A 126 
body, rated for  (300 psi) water,  (250 degrees F), stainless 
steel trim. Mfgrs: Metraflex, Spence Engineering, or equal.

5.  Ball Valves: Reduced port permitted for bypass (throttling) 
service; full port required for all other services, one-fourth 
turn to open.

a. Type 501: Type 316 stainless steel body, ball and stem, rated for  
(150 psi at 365 degrees F),  (600 psi at 200 degrees F); 
reinforced TFE seat, stem seal and thrust washer; end entry, 
threaded ends.
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b. Type 502: Bronze body, rated for  (150 psi at 365 degrees F),  (
250 psi at 250 degrees F), reinforced TFE seat, stem seal and 
thrust washer; end entry, threaded ends, UL-listed for natural or 
LP gas shut off service when used on those services.

c. Type 503: Carbon steel or ASTM B 61 bronze body, steam service, 
rated for  (200 psi at 390 degrees F), stainless steel ball and 
stem, Polyfil seat, live-loaded or adjustable stem seal, threaded 
ends.  Manufacturer: Worcester, Nibco or equal.

d. Type 504:  Carbon steel or ASTM A 536 ductile iron body, saturated 
steam service, rated for  (150 psi), stainless steel ball and 
stem, Polyfil seat, live-loaded stem seal, ASME flanged ends. 
Manufacturer:  American, Worcester or equal.

6.  Butterfly Valves:
a. Type 601: Ductile iron body ASTM A 395/A 395M or ASTM A 536, wafer 

style, rated for  (125 psi at 250 degrees F), bronze disc, 
stainless steel stem, EPDM liner, EPDM stem seal and body seal, 
neck extending beyond pipe insulation, lever operator.

b. Type 602: Carbon steel body, triple-offset design, lug or flanged 
type, rated for steam service at  (150 psi at 500 degrees F), 
stainless steel nitrided disc, stainless steel seat, stainless 
steel shaft, stainless steel/graphite laminated seal ring, neck 
extending beyond pipe insulation, geared handwheel operator for 
valves  (4 inch) pipe size and over, lever operator for valves  (3 
inch) pipe size and under.  Manufacturer: Flowseal MS (Crane Co.) 
or equal.

7.  Gas Vent Cocks:

Type 701: Bronze body, tee handle, rated for  (30 psi at 100 degrees F), 
ground plug, rated for tight shut off on fuel gas service.

C.  Boiler Valves:

1.  Steam Non Return Stop Check Valves:
a. Type: Straight way Y pattern, with dash pot and piston and tapped 

drain openings, OS&Y, bolted bonnet, rising stem. Provide angle 
pattern only if shown on the contract drawings.

b. Construction: Cast steel body ASTM A 216/A 216M WCB, rated for  (
300 psi) saturated steam, stellite faced steel disc, alloy steel 
seat,  (300 psi) ASME flanged ends.

c. Operation: Valves shall automatically close tightly when boiler 
steam pressure becomes less than that of the steam header. Valves 
shall operate without sticking or chattering.

d. Manufacturer: Crane Co. No. 28 or equal.

2.  Valves in Drain Lines from Steam Stop Check Valve, Water Column, 
Gage Glass, Low Water Cut offs:

a. Gate valves, two inches and under: Type 105.
b. Check valves, two inches and under: Type 405.

3.   Bottom Blowoff Valves:
a. Type: Seatless, sliding plunger, 0S&Y, designed for blowoff 

service. Sliding disc-type or globe-type valves are not permitted.
b. Construction: ASTM A 216/A 216M WCB cast steel body, rated for  (

300 psi) saturated steam,  (300 psi) ANSI flanged ends. Valves 
shall have handwheel with rotating handle.

c. Conform to ASME B31.1.
d. Manufacturer: Yarway sliding plunger design or equal.
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D.  Steam above 15 psi, all valves in steam pressure reducing stations:
1.  Gate valves,  (2 inches) and under: Type 105.
2.  Gate valves,  (2-1/2 inches) and above: Type 101.
3.  Globe valves,  (2 inches) and under: Type 205.
4.  Globe valves,  (2-1/2 inches) and above: Type 201.

E.  Steam 15 psi and under:
1.  Gate valves,  (2 inches) and under: Type 105.
2.  Globe valves,  (2 inches) and under: Type 205.
3.  Globe valves,  (2 1/2 inches) and above: Type 201.

F.  Boiler Feedwater from Pumps to Boilers, Recirculation:
1.  Gate valves,  (2 inches) and under: Type 105.
2.  Gate valves,  (2 1/2 inches) and above: Type 101.
3.  Globe valves,  (2 inches) and under: Type 204 or 205.
4.  Globe valves,  (2 l/2 inches) and above: Type 201.
5.  Check valves, at boiler feed pump discharge: Type 408.
6.  Check valves, at boiler,  (2 inches) and under: Type 405. 
7.  Check valves, at boiler,  (2 1/2 inches) and above: Type 402.

G.  Condensate, Condensate Transfer, Overflow, Control and Instrument 
Piping for Condensate Storage Tank and for Feedwater Deaerator:
1.  Gate valves,  (2 inches) and under: Type 104.
2.  Gate valves,  (2 1/2 inches) and above: Type 103.
3.  Globe valves,  (2 inches) and under: Type 204.
4.  Globe valves,  (2 1/2 inches) and above: Type 203.
5.  Butterfly valves,  (2-1/2 inches) and above Type 601.
6.  Ball valves,  (2 inches) and under: Type 502.
7.  Ball valves,  (2-1/2 inches) and above: Type 504.
8.  Check valves  (2 inches) and under: Type 404.
9.  Check valves,  (2 1/2 inches) and above: Type 403.
10. Check valves on pump discharge, all sizes: Type 407.

H.  Boiler Water Sampling, Continuous Blowdown:
1.  Gate Valves,  (2 inches) and under: Type 104.
2.  Globe valves,  (2 inches) and under: Type 204.
3.  Check valves,  (2 inches) and under: Type 404.
4.  Ball valves,  (2 inches) and under: Type 502.
5.  Continuous Blowdown Flow Control Valve: Bronze or forged steel 

angle type body, rated for  (300 psi at 550 degrees F), hardened 
stainless steel disc and seat, threaded ends, rising stem, union 
bonnet, graduated micrometer type dial and pointer showing amount 
of valve opening. Furnish valve blowdown chart showing flow rate 
versus valve opening based on  (125 psi) boiler drum pressure.

J.  Chemical Feed System (including inlet and drain valves on shot type 
chemical feeders):
1.  Ball valves,  (2 inches) and under: Type 501.
2.  Check valves,  (2 inches) and under: Type 406.

K.  Fuel Oil: Discharge side of pumps. Conform to NFPA 30 and NFPA 31.
1.  Gate valves,  (2 inches) and under: Type l04.
2.  Gate Valves,  (2 l/2 inches) and above: Type l0l or 102.
3.  Globe valves,  (2 inches) and under: Type 204.
4.  Plug valves,  (4 inches) and under: Type 301. (Tank isolating 

valve on return line.)
5.  Check valves,  (2 inches) and under: Type 404 or 408.
6.  Check valves,  (2 l/2 inches) and above: Type 402 or 408.
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7.  Ball valves,  (2 inches) and under: Type 502.

L.  Fuel Oil: Suction side of pumps. Conform to NFPA 30 and NFPA 31.
1.  Gate valves,  (2 inches) and under: Type l04.
2.  Gate valves,  (2 l/2 inches) and above: Type l03.
3.  Plug valves,  (4 inches) and under: Type 301.
4.  Check valves,  (2 inches) and under: Type 404.
5.  Check valves,  (2 l/2 inches) and above: Type 403.
6.  Ball valves,  (2 inches) and under: Type 502.

N.  Fuel Gas: Main fuel and igniter (pilot) systems.
1.  Plug valves,  (4 inches) and under: Type 301.
2.  Ball valves,  (2 inches) and under: Type 502. May be applied where 

plug valves are shown.
3.  Plug valves,  (5 inches) and above: Type 302.
4.  Plug valves, three-way, all sizes: Type 302.
5.  Check valves,  (2 inches) and under: Type 404.
6.  Vent cocks,  (1/2 inch) and under: Type 701.

O.  Compressed Air:
1.  Gate valves,  (2 inches) and under: Type l04.
2.  Ball valves,  (2 inches) and under: Type 502.

P.  City (Cold) Water: See Section 22 00 00, PLUMBING, GENERAL PURPOSE.

Q.  Instrumentation and Control Piping: 
1.  Ball valves,  (2 inches) and under: Type 502.

R.  Non-Boiler Blowdowns, Drains, Flow Sensing Lines: 
1.  Gate valves,  (2 inches) and under: Type l04.
2.  Ball valves,  (2 inches) and under: Type 503.

2.15   SIGHTFLOW INDICATORS

A.  Provide, where shown, to allow observation of flow in piping systems.

B.  Type: In line, dual portholes on opposite sides, with safety shield, 
with or without rotor as shown on the drawings. Where provided, rotor 
shall have minimum of three vanes.

C.  Construction: Cast iron or bronze body, tempered borosilicate window, 
PTFE seals (except Buna N on oil service), threaded ends on pipe sizes 
under  (2 1/2 inches), flanged ends on sizes  (2 1/2 inches) and above. 
Pressure and temperature ratings shall be equivalent to requirements 
for valves on the same pipelines.

D.  Safety Shield: Transparent wrap-around overlap covering entire 
sightflow indicator, designed to protect personnel from failure of 
indicator. Shield shall fit the indicator tightly and be suitable for  (
150 psi, 300 degrees F).

2.16   HOSE CONNECTORS AND STEAM HOSES

A.  Provide on all Y-strainer drains and where shown to allow of length of 
hose to piping drain or blowoff so that discharge fluid (water or 
steam) can be conveyed to a drainage system.

B.  Type: Straight through, plug and socket, screw type or cam locking 
connections, all units  (3/4 inch) pipe size. Integral shut off devices 
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not required.

C.  Service: Design for water and steam at  (15 psi),  (310 degrees F).

D.  Spare Parts: Furnish one socket and one plug.

E.  Accessories: Furnish two hoses  (20 feet) long,  (3/4 inch) inside 
diameter, rated for steam service at  (100 psi, 300 degrees F). Hose 
must be sufficiently flexible to be placed in  (4 foot) diameter coil. 
Provide connector on one end of each hose to mate with connectors on 
drains. Provide hose rack for holding both hoses. Securely mount rack 
in location selected by Resident Engineer.

2.17   SAFETY VALVES, RELIEF VALVES, SAFETY RELIEF VALVES AND ACCESSORIES

A.  Provide valves and accessories to protect piping systems and pressure 
vessels from over pressure. All valves shall comply with ASME Boiler 
and Pressure Vessel Code (Section I and VIII). Flow capacities shall be 
certified by National Board of Boiler and Pressure Vessel Inspectors 
(NB).

B.  Boiler and Economizer Service: Refer to Section 23 70 02.00 10, CENTRAL 
STEAM GENERATING SYSTEM - COMBINATION GAS AND OIL FIRED.

D.  Fuel Oil Service: Refer to Section 23 50 11, BOILER PLANT MECHANICAL 
EQUIPMENT.

E.  Compressed Air Service: Refer to Section 23 50 11, BOILER PLANT 
MECHANICAL EQUIPMENT.

F.  Drip Pan Ells: Cast iron factory-built safety valve discharge fitting 
with pipe within pipe slip type connection to vertical vent pipe, basin 
for collecting condensate from vent pipe, drain connections on basin 
and at base of ell.

2.18   STEAM PRESSURE REDUCING VALVES

A.  Type: Single seated, diaphragm operated, spring loaded, steam pilot 
controlled, normally closed, packless, adjustable set pressure. Pilot 
shall sense controlled pressure downstream of main valve.

B.  Service: Provide controlled reduced pressure to steam piping systems. 
Design for saturated steam at pressures shown on drawings or equipment 
requirements.

C.  Performance: Pressure control shall be smooth, continuous. Maximum 10 
percent deviation from set pressure over an 18/1 turndown. Refer to 
schedules on drawings for flow and pressure requirements. Maximum flow 
capability of each valve shall not exceed capacity of downstream safety 
valves.

D.  Construction:
1.  Main Valve: Cast steel body rated for  (150 psi), threaded ends, 

for pipe sizes  (2 inches) and under. Cast steel body rated for  (
150 psi) ASME flanged ends, for pipe sizes above  (2 inches). 
Valve plug and seat shall be replaceable, Type 316 stainless steel 
or Monel. Stainless steel stem.

2.  Pilot Valve: Valve plug and seat shall be replaceable, stainless 
steel or Monel.
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2.19   STRAINERS, SIMPLEX BASKET TYPE

A.  Provide on condensate lines where shown. Refer to Section 23 50 11, 
BOILER PLANT MECHANICAL EQUIPMENT, for duplex basket strainers at oil 
pumps.

B.  Type: Simplex cylindrical basket type, clamp cover, closed bottom, 
removable basket, drain at bottom with threaded plug.

C.  Service: Water at  (212 degrees F),  (15 psi) maximum pressure.

D.  Construction:
1.  Body: Cast STEEL rated for  (150 psi) ASME flanged ends, flow 

arrows cast on side.
2.  Basket: Stainless steel,  (0.125 inch) perforations. Ratio of 

screen open area to cross section of pipe; four to one minimum.

2.20   STRAINERS, Y TYPE

A.  Provide as shown on steam, water and compressed air piping systems.

B.  Type: Open end removable cylindrical screen. Threaded blow off 
connection.

C.  Construction:
1.  Steam Service  (61 to 150 psi): Cast steel rated for  (150 psi) 

saturated steam with  (150 psi) ASME flanged ends, for pipe sizes 
above  (2 inches). Cast steel for steam, rated for saturated steam 
at  (150 psi) threaded ends, for pipe sizes  (2 inches) and under.

2.  Steam Service  (60 psi) and under, water (except boiler feed 
between feedwater pumps and boilers), compressed air: Cast steel 
for steam rated for  (150 psi) saturated steam,  with  (150 psi) 
ASME flanged ends for pipe sizes above  (2 inches). Cast steel for 
steam, threaded ends, rated for  (150 psi) saturated steam, for 
pipe sizes  (2 inches) and under.

3.  Boiler Feed between Feedwater Pumps and Boilers: Cast steel rated 
for  (250 psi at 450 degrees F) with  (300 psi) ASME flanged ends, 
or cast iron with 250 psi ASME flanged ends, for pipe sizes above  
(2 inches). Cast iron or bronze, threaded ends, rated for  at 232 
degrees F (250 psi at 450 degrees F) for pipe sizes  (2 inches) 
and under. 

D.  Screen: Monel or stainless steel, free area not less than 2 1/2 times 
flow area of pipe. For strainers  (3 inch) pipe size and smaller, 
diameter of openings shall be  (0.033 inch) or less on steam service,  (
0.05 inch) or less on water service,  (0.01 inch) or less on compressed 
air service. For strainers  (4 inch) pipe size and greater, diameter of 
openings shall be  (0.05 inch) on steam service,  (0.125 inch) on water 
service. Provide 80 mesh stainless steel screen liner on all strainers 
installed upstream of water meters or control valves. 

E.  Accessories: Gate or ball valve and hose connection on all blowoff 
connections. These items are specified elsewhere in this section.

2.21   LIQUID PETROLEUM TANKS GAS PRESSURE REGULATORS

A.  Type: Single stage or two stage designed to reduce tank pressure to LPG 
header pressure (5 psi). Outlet pressure shall be adjustable. Design 
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for LPG (propane) service. Valve shall be weatherproof for outside 
installation. Valve body shall be designed for  (250 psi). Provide 
internal relief valve set at  (10 psi).

B.  Performance: Valve shall provide steady outlet pressure of  (5 psi) 
with flow rate required by igniters (pilots) furnished, with tank 
pressure variation from  (250 to 30 psi).

2.22   STEAM TRAPS

Certificates shall be submitted for Steam Traps and Trap Bodies and 
Components showing conformance with the referenced standards contained in 
this section.

a.   Trap Applications

SERVICE TRAP TYPE

Steam mains, risers, branches Type IB, inverted bucket with 
thermostatic air vent where necessary

Steam coils associated with fans Type F&T float and thermostatic

Steam coils not associated with fans 
and not subject to freezing

Type T, thermostatic

Flash tank Type IB, inverted bucket

b.  Trap-Sizing Criteria

Traps in steam mains, risers, and branches shall be sized to provide an 
actual capacity, under normal operating conditions, of not less than three 
times the normal condensing rate.

Traps in steam mains, risers, and branches, weather-exposed and subject to 
freezing, shall be sized to provide an actual capacity, under normal 
operating conditions, of two times normal condensing rate and duplex.  
Provide two identical traps, sized appropriately at each drainage point.

Traps draining steam coils under modulating control shall be sized to 
provide an actual capacity, under conditions normal to the system and 
including 1/2-pound per square inch (psi) coil pressure, of two times 
normal condensing rate and capable of opening at maximum coil steam 
pressure.

Traps in all other services shall be sized to provide an actual capacity, 
under normal operating conditions, of three times normal condensing rate.

Trap safety factors are minimal and shall be increased where necessary to 
ensure proper system drainage for a given application but not be decreased 
without written approval.

c.  Trap Type, Construction, and Materials

Trap bodies and components shall have a primary working steam pressure 
(wsp)-rating equal to or in excess of the maximum wsp of the steam system 
to which applied.

Welded end connection trap bodies shall be cast steel in accordance with 
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ASTM A 216/A 216M, Grade WCB forged carbon steel in accordance with 
ASTM A 105/A 105M.

Traps shall have permanent external identification of service rating and 
orifice size.

1. Type IB

Inverted bucket traps shall have AISI 300 Series corrosion-resistant steel 
floats and operating mechanisms and hardened, 13 percent chrome 
corrosion-resistant steel seats and valves.

Thermostatic elements shall be bimetallic type.

Design traps to permit removal and replacement of all operating and wearing 
parts without disturbing piping connections to trap body.

Provide strainers as an integral part of the body.

Provide bodies with plugged priming and draining openings.

Provide test cocks.

2. Type F&T

Float and thermostatic traps shall have AISI 300 series corrosion-resistant 
steel, heliarc-welded floats and operating mechanisms, and hardened, 13 
percent chrome corrosion-resistant steel seats and valves.

Thermostatic elements shall be balanced pressure type, with 
corrosion-resistant alloy bellows charged with a fluid that will provide 
most rapid response to changes in temperature.

Bellows shall be suitable for service with condensate having a pH of 6.0.

Traps shall be designed to permit removal and replacement of all operating 
and wearing parts without disturbing piping connections to trap body.

Bellows shall be designed to permit removal while hot without overexpansion 
and shield from direct blast of steam and condensate.

Bodies shall be fitted with drain plug.

3. Type T

Thermostatic traps shall be balanced pressure type, with 
corrosion-resistant alloy bellows charged with a fluid that will provide 
most rapid response to change in temperature.

Bellows shall be suitable for service with a condensate having a pH of 
6.0.  Bellows shall be shielded from direct blast of steam and condensate 
and shall be design to permit removal while hot without overexpansion.

Valves and valve seats shall be hardered, 13 percent chrome 
corrosion-resistant steel.

Traps shall be designed to permit removal and replacement of all operating 
and wearing parts without disturbing piping connections.
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2.23   FLEXIBLE CONNECTORS

A.  Provide flexible connectors as shown to allow differential movements of 
pumps and piping systems subject to thermal expansion, to serve as 
vibration isolators between air compressors and piping systems, and to 
allow connection of compressed air atomizing media for oil burners on 
water tube boilers.

B.  Units for Water Service

1.  Service: Refer to schematic diagrams for pressure, temperature and 
movement requirements. If requirements are not shown on the 
drawings, units shall be designed for maximum system pressure, 
temperature, axial movement and lateral movement. 

2.  Construction
a. Teflon Bellows Type: Molded Teflon bellows with metal reinforcing 

rings, flanged ends, bolted limit rods.
b. Stainless Steel Bellows Type: Multi ply stainless steel with 

flanged ends, bolted limit rods.a. Teflon Bellows Type: Molded 
Teflon bellows with metal reinforcing rings, flanged ends, bolted 
limit rods.

c. Flexible Metal Hose Type: Corrugated stainless steel or bronze 
hose wrapped with wire braid sheath. Ends shall be threaded, with 
union connectors, for pipe sizes  (2 inches) and below, flanged 
for pipe sizes  (2-1/2 inches) and greater.

C.  Units for Compressed Air Service Only:
1.  Service: Designed for  (200 degrees F),  (150 psi),  (1/2 inch) 

intermittent offset.
2.  Construction. Flexible corrugated stainless steel or bronze hose 

wrapped with wire braid sheath. Provide threaded ends with union 
connectors.

D.  Units for Atomizing Media Service(Compressed Air) and Steam Safety 
Valve Drip Pan Ell Drains:
1.  Service: Designed for saturated steam at set pressure of boiler 

safety valves or for set pressure of compressor relief valve, 
whichever is greater. Hose shall be designed for bend radii to 
suit location of connection points to burner piping system. Hose 
shall also be designed for intermittent flexing.

2.  Construction: Flexible corrugated stainless steel or bronze hose 
wrapped with wire braid sheath. Provide threaded ends with union 
connectors.

2.24   PIPING SUPPORT SYSTEMS

A.  Provide an engineered piping support system with all hangers, supports 
and anchors designed and located by experienced technical pipe support 
specialists, utilizing piping system design and analysis software. The 
system design must be completely documented and submitted for review.

B.  All pipe hangers and supports, and selection and installation shall 
comply with MSS SP-58, MSS SP-69, MSS SP-89, MSS SP-90, MSS SP-127.

C.   All pipe hanger and support devices must be in compliance with 
specified MSS SP-58 type numbers, have published load ratings, and be 
products of engineered pipe support manufacturers.  Manufacturers 
include: Anvil International, Bergen-Power, Lisega, Piping Technology 
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and Products, or equal.

D.  All pipe stresses and forces and moments on connecting equipment and 
structures shall be within the allowances of the ASME B31.1 code, 
applicable building codes, and equipment manufacturer's design limits.

E.  Piping that expands and contracts horizontally including steam, steam 
condensate, boiler feed, condensate transfer, shall be supported by 
roller or sliding type hangers and supports except when long vertical 
hanger rods permit sufficient horizontal movement with the vertical 
angles of the rods less than 4 degrees.

F.  Piping that expands and contracts vertically including steam, steam 
condensate, boiler feed, condensate transfer, shall be supported by 
engineered variable spring and spring cushion hangers. Utilize MSS SP-69
 selection requirements and guidelines.  Vibration isolator hanger 
types are not permitted.

G.  Piping system anchors shall be engineered and located to control 
movement of piping that is subject to thermal expansion.

H.  Prior to construction, submit complete engineering calculation methods 
and results, descriptions of all devices with MSS numbers, sizes, load 
capabilities and locations. Submit calculations on all moments and 
forces at anchors and guides, all hanger loads, all pipe stresses that 
are within 20% of the code allowable or exceed the ASME B31.1 code 
allowable, all pipe movements at supports.

I.  Detailed Design Requirements:
1.  Piping system design and analysis software shall be current state 

of the art that performs B31.1 Code analyses, and shall be 
utilized to analyze pipe movement and deflection, pipe stresses, 
pipe support forces and moments, and for selection of pipe support 
types and sizes.

2.  Each support for piping  (2-1/2 inches) and above shall be 
completely engineered to include location, type and size, hot and 
cold loads and movement. Submit layout drawings showing precise 
support locations and submit individual drawings for each support 
assembly showing all components, sizes, loadings.

3.  Supports for piping  (2 inches) and below shall be engineered in 
general terms with approximate locations, typical support types 
and sizes, approximate movements. Submit layout drawings showing 
general locations and support types and sizes.

4.  Obtain permissible loadings (forces and moments) for equipment 
nozzles (pipe connections) from the manufacturer of the boilers, 
and any other equipment as necessary.  Professional structural 
engineer shall verify capability of building structure to handle 
piping loads.

6.  Variable spring hangers conforming the MSS SP-58, Type 51, shall 
support all piping that expands vertically from thermal effects 
which may include connected equipment, such as boilers. Spring 
rates must be selected to avoid excessive load transfer to the 
connected equipment as the piping expands vertically.  
Vibration-type spring isolators are not acceptable.  Light duty 
spring hangers, MSS SP-58, Type 48, may be utilized on loads of  (
200 lb) or less, and vertical movement of  (0.125 inches) or less. 
Spring cushion hangers, MSS SP-58, Type 49, may be utilized for 
vertical movement of  (0.125 inches) or less. 

7.  Locate supports to permit removal of valves and strainers from 
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pipelines without disturbing supports.
8.  If equipment and piping arrangement differs from that shown on the 

drawings, support locations and types shall be revised at no cost 
to the Government.

J.  Hangers and Supports - Products:

1.  Factory built products of a manufacturer specializing in 
engineered pipe supports. All components must have published load 
ratings.  All spring type supports shall have published spring 
rates and movement limits. All support assemblies shall include 
threaded connections that permit vertical position adjustment. 
Supports shall comply with MSS SP-58 Type Numbers as listed below.

2.  Upper Attachments to Building Structure: Types 18, 20, 21, 22, 23, 
29, and 30.

3.  Roller Supports: Types 41, 43, and 46. Provide vertical adjustment 
for Type 41 with threaded studs and nuts adjacent to the roller.

4.  Variable Spring Hanger Assembly:
a. Type 51 variable spring, with Type 3 pipe clamp or Type 1 clevis. 

Type 53 variable spring trapeze may also be used. Locate Type 51 
variable spring within  (1 foot) above pipe attachment. Attach rod 
to top of variable spring with Type 14 clevis.

b. Typical features of variable spring hangers include spring rates 
under 150 lb/in, enclosed spring, load and travel indicator, sizes 
available with load capabilities ranging from 50 lb to multiples 
of 10,000 lb.

5.  Spring Cushion Hanger Assembly: Double Rod: Type 41 and 49.

6.  Light Duty Spring Hanger Assembly: Type 48 light duty spring, with 
Type 3 pipe clamp or Type 1 clevis. Locate Type 48 light duty 
spring within  (1 foot) above pipe attachment.

7.  Clevis Hangers: Type 1.

8.  Wall Brackets: Type 31, 32, and 33.

9.  Pipe Stands: Type 38.

10. Riser Clamps: Type 42.

11. Roller Guides: Type 44. Construct guides to restrain movement 
perpendicular to the long axis of the piping. All members shall be 
welded steel.

12. Trapeze Supports: May be used where pipes are close together and 
parallel. Construct with structural steel channels or angles. Bolt 
roller supports to steel to support piping subject to horizontal 
thermal expansion. Attach other piping with U bolts.

13. Pipe Covering Protection Saddles: Type 39. Provide at all support 
points on insulated pipe except where Type 3 pipe clamp is 
provided. Insulation shields are not permitted.  Refer to Section 
23 07 00, THERMAL INSULATION FOR MECHANICAL SYSTEMS.

14. Sliding Supports: Type 35. Welded steel attachments to pipe and 
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building structure with Teflon or graphite sliding surfaces bonded 
to the attachments. Provide steel guides, except at expansion 
bends, to prevent lateral movement of the pipe.

15. Piping Anchors: Provide engineered designs to accommodate the 
calculated loads.

2.25   PIPE AND VALVE FLANGE GASKETS

Non-asbestos, designed for the service conditions.  Gasket material for 
steam and condensate flanges shall be "graylock", graph-lock, style 
3125ss-0.002.  This gasket is good for pressure up to 2000 psig and 
temperatures of 850 degrees F.

2.26   THREAD SEALANTS:

As recommended by the sealant manufacturer for the service. Utilize 
Hercules "GRIPP", or equal, for oil and gas piping.

2.27   PIPE SLEEVES: 

A.  Service: For pipes passing through floors, walls, partitions.

B.  Construction: Steel pipe, schedule 10 minimum.

C.  Sleeve Diameter: Not less than  (1 inch) larger than the diameter of 
the enclosed pipe and thermal insulation, vapor barrier, and protective 
covering for insulated pipe; sleeves for un-insulated pipe shall be not 
less than  (1 inch) larger than the diameter of the enclosed pipe.

PART 3   EXECUTION

3.1   ARRANGEMENT OF PIPING

A.  The piping arrangement shown is a design based on currently available 
equipment. The plans show typical equipment to scale and show practical 
arrangement. Modification will be necessary during construction, at no 
additional cost to the Government, to adapt the equipment layout and 
piping plans to the precise equipment purchased by the Contractor. 
Accessibility for operation and maintenance must be maintained.

B.  All piping shall be installed parallel to walls and column centerlines 
(unless shown otherwise). Fully coordinate work of each trade to 
provide the designed systems without interference between systems. All 
piping shall be accurately cut, true, and beveled for welding. Threaded 
piping shall be accurately cut, reamed and threaded with sharp dies. 
Copper piping work shall be performed in accordance with best practices 
requiring accurately cut clean joints and soldering in accordance with 
the recommended practices for the material and solder employed.

C.  All piping shall be pitched for drainage at a constant slope of  in  (1 
inch in 40 feet). Steam, condensate, trap discharge, drip, drain, air, 
gas and blowdown piping shall pitch down in direction of flow. Service 
water, pumped condensate, pumped boiler feedwater, oil, shall pitch up 
in direction of flow. Provide valved air vents at top of rise and 
valved drains at low points. Gas piping may be run level as it is 
presumed to be dry, but dirt pockets shall be provided at base of 
risers.
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D.  Valves shall be located and stems oriented to permit proper and easy 
operation and access to valve bonnet for maintenance of packing, seat 
and disc. Valve stems shall not be below centerline of pipe. Refer to 
plans for stem orientation. Where valves are more than  (7 feet) above 
the floor or platform, stems shall be horizontal unless shown 
otherwise. Gate and globe valves more than  (10 feet) above floor or 
platform, shall have chain wheel and chain for operation from floor or 
platform. Provide hammer-blow wheel on any valve that cannot be opened 
or tightly closed by one person.  Steam line gate and butterfly type 
isolation valves  (3 inch) pipe size and above shall have factory or 
field-fabricated  or  (3/4 or one inch) globe-valved warm-up bypasses 
if the steam line length is  (20 feet) or longer.

E.  Provide union adjacent to all threaded end valves.

F.  Bolt wafer-type butterfly valves between pipe flanges.

G.  Provide valves as necessary to permit maintenance of a device or sub 
system without discontinuing service to other elements of that service 
or system.

H.  Do not install any piping within  (2 feet) of water tube boiler side or 
top casings.

3.2   WELDING

A.  The contractor is entirely responsible for the quality of the welding 
and shall:
1.  Conduct tests of the welding procedures used by his organization, 

determine the suitability of the procedures used, determine that 
the welds made will meet the required tests, and also determine 
that the welding operators have the ability to make sound welds 
under standard conditions.

2.  Comply with ASME B31.1 and AWS B2.1/B2.1M.
3.  Perform all welding operations required for construction and 

installation of the piping systems.

B.  Qualification of Welders: Rules of procedure for qualification of all 
welders and general requirements for fusion welding shall conform with 
the applicable portions of ASME B31.1, and AWS B2.1/B2.1M, and also as 
outlined below.

C.  Examining Welder: Examine each welder at job site, in the presence of 
the Contracting Officer's Technical Representative (COTR), to determine 
the ability of the welder to meet the qualifications required. Test 
welders for piping for all positions, including welds with the axis 
horizontal (not rolled) and with the axis vertical. Each welder shall 
be allowed to weld only in the position in which he has qualified and 
shall be required to identify his welds with his specific code marking 
signifying his name and number assigned.

D.  Examination Results: Provide the COTR with a list of names and 
corresponding code markings. Retest welders who fail to meet the 
prescribed welding qualifications. Disqualify welders, who fail the 
second test, for work on the project.

E.  Beveling: Field bevels and shop bevels shall be done by mechanical 
means or by flame cutting. Where beveling is done by flame cutting, 
surfaces shall be thoroughly cleaned of scale and oxidation just prior 
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to welding. Conform to specified standards.

F.  Alignment: Utilize split welding rings or approved alternate method for 
joints on all pipes above  (two-inches) to assure proper alignment, 
complete weld penetration, and prevention of weld spatter reaching the 
interior of the pipe.

G.  Erection: Piping shall not be split, bent, flattened, or otherwise 
damaged before, during, or after installation. If the pipe temperature 
falls to  (32 degrees F) or lower, the pipe shall be heated to 
approximately  (100 degrees F) for a distance of  (one foot) on each 
side of the weld before welding, and the weld shall be finished before 
the pipe cools to  (32 degrees F).

H.  Non-Destructive Examination of Piping Welds:
1.  The RE/COTR may require up to ten percent of the welded piping 

joints to be examined using radiographic testing.  If defective 
welds are discovered the RE/COTR may require examination of all 
pipe joint welds.

2.  An approved independent testing firm regularly engaged in 
radiographic testing shall perform the radiographic examination of 
pipe joint welds. All radiographs shall be reviewed and 
interpreted by an ASNT Certified Level III radiographer, employed 
by the testing firm, who shall sign the reading report.

3.  Comply with ASME B31.1. Furnish a set of films showing each weld 
inspected, a reading report evaluating the quality of each weld, 
and a location plan showing the physical location where each weld 
is to be found in the completed project. The RE/COTR reserves the 
right to review all inspection records.

I.  Defective Welds: Replace and reinspect defective welds. Repairing 
defective welds by adding weld material over the defect or by peening 
will not be permitted. Welders responsible for defective welds must be 
requalified.

J.  Electrodes: Electrodes shall be stored in a dry heated area, and be 
kept free of moisture and dampness during the fabrication operations. 
Discard electrodes that have lost part of their coating.

3.3   PIPING JOINTS

A.  All butt welded piping shall be welded at circumferential joints, 
flanges shall be weld neck type; slip on flanges, screwed flanges may 
be applied only with written approval of the COTR.

B.  Companion flanges at equipment or valves shall match flange 
construction of equipment or valve. Raised face shall be removed at all 
companion flanges when attached to flanges equipped for flat face 
construction.

C.  Gaskets and bolting shall be applied in accordance with the 
recommendations of the gasket manufacturer and bolting standards of 
ASME B31.1. Strains shall be evenly applied without overstress of 
bolts. Gaskets shall cover entire area of mating faces of flanges.

D.  Screw threads shall be made up with Teflon tape except gas and oil 
piping joints shall utilize specified "GRIPP" joint compound.

E.  Solder joints shall be made up in accordance with recommended practices 
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of the materials applied. Apply 95/5 tin and antimony on all copper 
piping.

3.4   BRANCH INTERSECTION CONNECTIONS

A.  Factory-built reinforced tees and laterals are required.

B.  Factory-built integrally reinforced forged steel branch outlet fittings 
may be used on reduced size connections upon approval of RE/COTR. They 
must comply with MSS-SP-97.

3.5   EXPANSION AND FLEXIBILITY

The design includes provision for piping expansion due to pressure, 
thermal, weight and seismic (where applicable) effects. It is the 
Contractor's responsibility to avoid reduction in flexibility and increase 
in stress in piping systems. Major deviation will be shown by submittal for 
review of scale working drawings and stress calculations for the piping 
systems. Contractor shall provide any necessary additional construction and 
materials to limit stresses to safe values as directed by the COTR and at 
no additional cost to the Government.

3.6   PIPE BENDING

Only ASTM A 106/A 106M seamless pipe may be bent. Sizes below  (2 inches) 
may be bent in field; sizes  (2 1/2 inches) and larger shall have factory 
fabricated bends. Minimum radii and tangent lengths for field bent piping 
are shown in the following table:

Size Minimum Radius Minimum Tangent

1/2 inch 2-1/2 inches 1-1/2 inches

3/4 inch 2-3/4 inches 1-3/4 inches

1-inch 5-inches 2-inches

1-1/4 inches 6-1/4 inches 2-inches

1-1/2 inches 7-1/2 inches 2-1/2 inches

3.7   SIZE CHANGES

Piping size changes shall be accomplished by use of line reducers, reducing 
ell, reducing tee. Apply eccentric reduction in all piping requiring 
continuous drainage; steam, condensate, vacuum, blowdown. Concentric 
reduction may be applied in run of piping involving pressure water systems 
except at pump inlets. Use concentric increasers where flow is in direction 
of increased size. Eccentric reduction, top flat, at all pump connections.

3.8   ADDITIONAL DRIPS AND TRAPS

Where additional rises or drops in steam or gas lines are provided, provide 
additional drip pockets with steam trap assemblies on steam lines and 
additional dirt pockets on gas lines.
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3.9   MINOR PIPING

Minor piping associated with instrumentation and control is generally not 
shown. Interconnection of sensors, transducers, control devices, 
instrumentation panels, combustion control panel, burner control panels is 
the responsibility of the contractor. Small piping associated with water 
cooling, drips, drains and other minor piping may not be shown to avoid 
confusion in the plan presentation but shall be provided as part of 
contract work.

3.10   DIELECTRIC CONNECTION

Where copper piping is connected to steel piping provide dielectric 
connections.

3.11   INSTALLATION   BOILER EXTERNAL STEAM PIPING FROM BOILER TO MAIN HEADER

A.  From Boiler to Second Stop Valve: Fabricate from boiler nozzle through 
second stop valve under the rules for boiler external piping of the 
ASME Boiler and Pressure Vessel Code, Section I. Full compliance will 
be required, including qualification of welders, Code inspection, and 
certification with ASME Form P4A. Deliver original of Form P4A properly 
executed to COTR.

B.  Construction shall include: non-return stop and check valve at the 
boiler, welding coupling for  (3/4 inch) vent, second stop valve, steam 
flowmeter primary element, welding coupling for IPT calorimeter 
connection located to provide clear space and access for temporary test 
calorimeter, and header stop valve.  Second stop valve may be deleted 
if the entire steam line from the non-return valve to the header valve 
is constructed in accordance with the rules for boiler external piping, 
ASME Section I.

C.  Companion flange at  (300 psi) valves shall be  (300 psi) weld neck; at 
 (150 psi) valves shall be  (150 psi) weld neck.

D.  Equip header stop valve with factory applied warm-up bypass connected 
to drilled and tapped bosses in valve body located above and below 
valve wedge. Connect valved drain to header valve body boss located 
above valve wedge.

E.  Equip steam pipe with  (3/4 inch) vent, 200 psi bronze gate valve, as 
specified.

F.  Support and slope boiler steam line to drain; apply variable spring 
hangers (MSS-SP58, Type 51 or 53).

G.  Provide screwed fitting for calorimeter (temporary test instrument) on 
side of pipe as shown. Allow  (2 feet) horizontal and vertical 
clearance for calorimeter.

H.  Handwheel and drain valve on non return stop check valve shall be 
within easy reach of boiler platform.

I.  Disassemble, clean and reassemble entire mechanism of non return stop 
check valve after conclusion of boiler testing.
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3.12   INSTALLATION   BOILER BOTTOM BLOWOFF PIPING

Fabricate with long radius ells, Y form laterals. Tees and crosses are not 
permitted.

3.13   INSTALLATION   PRESSURE AND TEMPERATURE REGULATORS, CONTROL VALVES, 
SAFETY SHUT OFF VALVES

Provide sufficient clearance on all sides of valve to permit replacement of 
working parts without removing valve from pipeline.

3.14   INSTALLATION FLEXIBLE CONNECTORS

Install units for water and compressed air service in a straight run of 
pipe. Units for atomizing media service may be installed with bends if 
necessary. Designer of atomizing media piping must coordinate hose 
connection points with allowable bend radius of hose.

3.15   INSTALLATION SAFETY VALVES, RELIEF VALVES AND SAFETY RELIEF VALVES

A.  Orient valves so that lifting levers are accessible from nearest 
walkway or access platform. Valves must be removable without requiring 
disassembling of vents, except where otherwise specifically provided.

B.  Provide a drip pan elbow at discharge of each steam or economizer valve 
with slip joint in vent discharge line, arranged to prevent vent line 
from imposing any force on valve and to prevent any moisture 
accumulation in valve. Connected drip pan ell drains to drain piping to 
floor drain. Provide flexible connector on drain line, adjacent to drip 
pan ell.

C.  Support vent line from above. Each steam valve must have separate vent 
line to atmosphere unless shown otherwise.

3.16   INSTALLATION - Y-TYPE STRAINERS ON STEAM SERVICE

Install with basket level with the steam pipe so that condensate is not 
trapped in the strainer.

3.17   INSTALLATION   QUICK COUPLE HOSE CONNECTORS

Install male plugs on each piping drain. Connect socket to one end of steam 
hose.

3.18   INSTALLATION   VIBRATION ISOLATORS IN PIPING

A.  Install on all air lines and water supply lines to air compressors.

B.  Also install on pump connections as shown.

3.19   INSTALLATION   PIPE SLEEVES

A.  Accurately locate and securely fasten sleeves to forms before concrete 
is poured; install in walls or partitions during the construction of 
the walls.

B.  Sleeve ends shall be flush with finished faces of walls and partitions.

C.  Pipe sleeves passing through floors shall project  (1 inch) minimum 
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above the finished floor surface and the bottom of the sleeve shall be 
flush with the underside of the floor slab.

3.20   INSTALLATION - PIPE SUPPORT SYSTEMS

A.  Coordinate support locations with building structure prior to erection 
of piping. Also refer to approved shop drawings of equipment and 
approved piping layout and hanger layout drawings when locating 
hangers. Arrangement of supports shall facilitate operating, servicing 
and removal of valves, strainers, and piping specialties. Hanger parts 
must be marked at the factory with a numbering system keyed to hanger 
layout drawings. Layout drawings must be available at the site.

B.  Upper attachments to Building Structure:
1.  New Reinforced Concrete Construction: Concrete inserts. 
2.  Existing Reinforced Concrete Construction: Upper attachment welded 

or clamped to steel clip angles (or other construction shown on 
the drawings) which are expansion bolted to the concrete. 
Expansion bolting shall be located so that loads place bolts in 
shear.

3.  Steel Deck and Structural Framing: Upper attachments welded or 
clamped to structural steel members.

C.  Expansion Fasteners and Power Set Fasteners: In existing concrete 
floor, ceiling and wall construction, expansion fasteners may be used 
for hanger loads up to one third the manufacturer's rated strength of 
the expansion fastener. Power set fasteners may be used for loads up to 
one fourth of rated load. When greater hanger loads are encountered, 
additional fasteners may be used and interconnected with steel members 
combining to support the hanger.

D.  Special Supports:
1.  Secure horizontal pipes where necessary to prevent vibration or 

excess sway.
2.  Where hangers cannot be adequately secured as specified, (for 

example, support for flow metering sensing lines, pneumatic 
tubing, control piping) special provisions shall be made for 
hanging and supporting pipe as directed by the COTR.

3.  Pipe supports, hangers, clamps or anchors shall not be attached to 
equipment unless specifically permitted by the specifications for 
that equipment or unless RE/COTR gives written permission. No 
attachments to boiler casings permitted.

E.  Spring Hangers: Locate spring units within one foot of the pipe, 
breeching or stack attachment except in locations where spring 
assemblies interfere with pipe insulation. Adjust springs to loads 
calculated by hanger manufacturer.

3.21   CLEANING OF PIPING AFTER INSTALLATION

Flush all piping sufficiently to remove all dirt and debris. Fill piping 
completely. Velocity shall be equivalent to that experienced during normal 
plant operation at maximum loads. During flushing, all control valves, 
steam traps and pumps must be disconnected from the system. After cleaning 
is complete, remove, clean and replace all strainer baskets and elements. 
Reconnect all equipment. Provide safe points of discharge for debris blown 
from pipes.
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3.22   TESTING

A.  Testing of piping components is not required prior to installation. 
Valves and fittings shall be capable of withstanding hydrostatic shell 
test equal to twice the primary design service pressure except as 
modified by specifications on fittings, ASME B16.5. This test 
capability is a statement of quality of material. Tests of individual 
items of pipe, fittings or equipment will be required only on 
instruction of COTR and at Government cost.

B.  After erection, all piping systems shall be capable of withstanding a 
hydrostatic test pressure of 1.5 times design pressure, as stipulated 
in ASME B31.1. Hydrostatic tests will be required only on boiler 
external steam piping, utilizing water as the test medium. Hydrostatic 
tests will be required on other piping when operating tests described 
are unsatisfactory, or when inspection of welds shows poor workmanship 
and is subject to question by the COTR. When hydrostatic tests show 
leaks, the COTR will require necessary welding repairs, in accordance 
with ASME B31.1, at the Contractor's cost.

C.  Perform operating test as follows:
1.  All steam piping prior to insulation shall be subjected to steam 

at final operating pressure. Inspect all joints for leaks and 
workmanship. Corrections shall be made as specified.

2.  Test main gas piping with compressed air at 125 psi. Test LP gas 
piping at the maximum tank pressure,  (250 psig), with compressed 
air. Test joints with soap solution, check thoroughly for leaks.

3.  Test boiler feedwater, condensate, and service water systems under 
service conditions and prove tight.

4.  Test oil and compressed air systems under service conditions at 
pressure equal to highest setting of safety and relief valves in 
the individual systems.

5.  Make corrections and retests to establish systems that have no 
leaks. Replace or recut any defective fittings or defective 
threads. Soldered material shall be thoroughly cleaned prior to 
resoldering. Back welding of threads will not be permitted.

D.  Hydrostatically test boiler external steam piping from boiler to header 
in approved manner with water of same time boiler is hydrostatically 
tested under the supervision of COTR. Prior to hydrostatic test, remove 
all valves not rated for hydrostatic test pressure. Replace valves 
after tests are satisfactorily completed. Hydrostatic test pressure 
shall be 1.5 times design pressure and performed in accordance with 
ASME Boiler and Pressure Vessel Code, Section I.

E.  Generally, insulation work should not be performed prior to testing of 
piping. Contractor may, at own option and hazard, insulate piping prior 
to test, but any damaged insulation shall be replaced with new quality 
as specified for original installation at Contractor's cost and time.

F.  Safety, Safety Relief, Relief Valves: After installation, test under 
pressure in presence of COTR. Test operation, including set pressure, 
flow, and blowdown in accordance with ASME Boiler and Pressure Vessel 
Code. Any deficiencies must be corrected and retest performed. Refer to 
Section 23 70 02.00 10, CENTRAL STEAM GENERATION SYSTEM-COMBINATION GAS 
AND OIL FIRED for boiler safety valve test requirements.

        -- End of Section --
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SECTION 23 31 13.20 98

WELDING METAL
10/08

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 B31.1 (2007; Addenda a-2008) Power Piping

ASME B31.3 (2006) Process Piping

ASME B31.5 (2006) Refrigeration Piping and Heat 
Transfer Components

ASME BPVC SEC IX (2007; Addenda 2008; Addenda 2009) Boiler 
and Pressure Vessel Code; Section IX, 
Welding and Brazing Qualifications

ASME BPVC SEC V (2007) Boiler and Pressure Vessel Code; 
Section V, Nondestructive Examination

ASME BPVC SEC VIII D1 (2007) Boiler and Pressure Vessel Code; 
Section VIII, Pressure Vessels Division 1 
- Basic Coverage

INTERNATIONAL CODE COUNCIL (ICC)

ICC IPC (2009) International Plumbing Code

NATIONAL BOARD OF BOILER AND PRESSURE VESSEL INSPECTORS (NBBPVI)

NBBPVI NB-23 (2004) National Board Inspection Code

PIPE FABRICATION INSTITUTE (PFI)

PFI ES 1 (2004) Internal Machining and Solid 
Machined Backing Rings for Circumferential 
Butt Welds

PFI ES 21 (2004) Internal Machining and Fit-up of 
GTAW Root Pass Circumferential Butt Welds

PFI ES 3 (2004) Fabricating Tolerances

PFI ES 31 (1992; R 2004) Standard for Protection of 
Ends of Fabricated Piping Assemblies

PFI ES 35 (1998; R 2004) Nonsymmetrical Bevels and 
Joint Configurations for Butt Welds
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PFI ES 7 (2004) Minimum Length and Spacing for 
Welded Nozzles

PFI TB1 (1994; R 1999) Pressure Temperature 
Ratings of Seamless Pipe Used in Power 
Plant Piping Systems

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

Manufacturer's catalog data shall be submitted for Welding 
Equipment; G and Welding Rods and Accessories; G in accordance 
with paragraph entitled, "Welding Equipment," of this section.

SD-04 Samples

Welder's Pre-Qualification Samples; G shall be submitted prior to 
start.

SD-06 Test Reports

Test reports shall be submitted for Radiographs; G.

SD-07 Certificates

Certificates for the following shall be submitted in accordance 
with paragraph entitled, "Quality Assurance," of this section.

Certified Welding Procedure Specifications (WPS); G
Certified Brazing Procedure Specifications (BPS; G
Certified Procedure Qualification Records(PQR); G
Certified Welder Performance Qualifications (WPQ); G
Certified Brazer Performance Qualifications (BPQ);G

1.3   QUALITY ASSURANCE

Within fifteen calendar days after receipt of Notice to Proceed, the 
Contractor shall submit for approval to the Contracting Officer Certified 
Welding Procedure Specifications (WPS),  Certified Brazing Procedure 
Specifications (BPS) and Certified Procedure Qualification Records (PQR).

Fifteen calendar days prior to any employee welding on project material, 
the Contractor shall submit for approval to the Contracting Officer four 
copies of each Certified Welder Performance Qualifications (WPQ) and 
Certified Brazer Performance Qualifications (BPQ).

1.3.1   Personnel Qualifications

This specification contains the minimum requirements for qualifying welding 
procedures, welders, and welding operators for making and inspecting welds 
in mechanical fabrications of carbon steel, low alloy steel, 
extra-high-strength quenched and tempered low alloy steels, and austenitic 
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stainless steel materials.

The welder's performance qualification shall be affected when the following 
occurs (QW 322):

Welder has not used the process within a 6 month period, prior to 
expiration of qualifications.

Welder can extend qualifications for an additional 6 months with 
proof of process by means of welder's log.

1.3.2   Pressure Vessels Qualification

Qualification documents WPS, PQR, WPQ, BPS, AND BPQ shall be in accordance 
with ASME BPVC SEC IX.

1.3.3   Piping Qualifications

1.3.3.1   High Pressure Piping

Qualification documents for 100 psig or above, WPS, BPS, PQR and WPQ, BPQ 
shall be in accordance with ASME BPVC SEC IX.

1.3.3.2   Low Pressure Piping

Refrigeration Piping:  Qualification documents for below 100 psig, BPS and 
BPQ for "Refrigeration Piping" shall be in accordance with ASME B31.5.

Plumbing:  Plumbing work shall be performed by a state licensed plumber 
registered in the state where the work is being performed.

Other Low Pressure Piping:  Qualification documents, WPS, BPS, PQR, WPQ, 
and BPQ shall be in accordance with ASME BPVC SEC IX.

1.4   WELDING EQUIPMENT

Manufacturer's catalog data shall be provided for welding equipment and 
welding rods and accessories.  Equipment shall meet referenced standards 
contained in this section.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

3.1   CONSTRUCTION

3.1.1   Pressure Vessels

3.1.1.1   New Construction

Contractor shall meet the fabrication, welding/brazing and inspection 
requirements of the ASME BPVC SEC VIII D1.

3.1.1.2   Repairs to Existing Pressure Vessels

Code Stamped Vessels:  Contractor shall meet the fabrication, 
welding/brazing and inspection requirements of NBBPVI NB-23.
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Non-Code Vessels:  Contractor shall meet the fabrication, welding/brazing 
and inspection requirements of NBBPVI NB-23 with the following exception:

a.  It is not necessary that a National Board Code Inspector inspect 
the work.

b.  National Board ("R" Stamp) Code stamping is not required.

3.1.2   Piping

3.1.2.1   High Pressure (100 Psig or Above)

Steam Piping:  Piping systems shall be fabricated, assembled and 
welded/brazed in accordance with ASME B31.1, and Power Piping Codes, 
PFI ES 1, PFI ES 3, PFI ES 7, PFI ES 21, PFI ES 31, PFI ES 35, and PFI TB1, 
of the Piping Fabrication Institute's companion code requirements.

Other High Pressure Piping:  Other high pressure piping systems shall be 
fabricated, assembled and welded/brazed in accordance with ASME B31.3, and 
Power Piping Codes, PFI ES 1, PFI ES 3, PFI ES 7, PFI ES 21, PFI ES 31, 
PFI ES 35, and PFI TB1, of the Piping Fabrication Institute's companion 
code requirements.

3.1.2.2   Low Pressure (Below 100 Psig)

Refrigeration Piping:  Piping systems shall be fabricated, assembled and 
welded/brazed/soldered in accordance with the ASME B31.5.

Plumbing:  Plumbing systems shall be fabricated, assembled and 
welded/brazed/soldered in accordance with ICC IPC.

Other Low Pressure Piping:  Other low pressure piping systems shall be 
fabricated, assembled and welded/brazed/soldered in accordance with the 
ASME B31.1.

3.2   HEAT INPUT REQUIREMENTS

3.2.1   Preheat

Welding shall not be done at ambient temperature below 32 degrees F, or 
when the surfaces are wet or exposed to rain, snow, or high wind.  
Temperature of the metals in the area where the welding is to be done shall 
be not less than 50 degrees F.  When the ambient conditions are such that 
the normal temperature of the base metal is below 50 degrees F, the area 
surrounding the joint shall be preheated to provide a base metal 
temperature of 100 degrees F for a distance of at least 3 inches in all 
directions from the joint to be welded.  Preheat shall be in accordance 
with ASME BPVC SEC VIII D1  and ASME BPVC SEC V.

3.2.2   Interpass

In a multipass weld, the interpass temperature is the temperature of the 
weld metal before the next pass is started.  Interpass requirements shall 
be in accordance with ASME BPVC SEC V.

3.2.3   Postweld

Weldments shall not be given a postweld heat treatment unless noted in the 
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applicable NASA approved code qualified/certified welding documentation, 
WPS, PQR and WPQ.

3.3   INSPECTION/NONDESTRUCTIVE TESTING (NDT)

3.3.1   General

Fabrication/Erection inspection shall be performed prior to assembly, 
during assembly, during welding and after welding to ensure that materials 
and workmanship meet the requirements of the contract documents.

Each specified radiograph shall, as a minimum, have the following 
additional information permanently included in the image:

Agency Weld No. (including repair cycle no.)

Agency drawing No.

Agency View No.

Agency Contract No.

Final interpretation and acceptance of all Radiographs of welded joints, 
with the exception of code stamped pressure vessel welds, will be by the 
Contracting Officer.

Final acceptance of all welded/brazed joints shall be by the Contracting 
Officer.

Prior to the Contracting Officer's inspection, all slag and scale shall be 
removed from all welds.  Procedure employed shall not produce notches in 
either the weld metal or adjacent base metal.

Unacceptable welds shall be immediately repaired and made ready for 
Government reinspection at no additional cost to the Government.

After weld joints have been satisfactorily completed by the Contractor and 
accepted by the Contracting Officer, the joint area shall be cleaned to a 
bright, unpitted, and unscarred surface and then protected in accordance 
with the contract documents.

3.3.2   Pressure Vessels

3.3.2.1   Test Method

All nondestructive testing shall be performed in accordance with the 
requirements of ASME BPVC SEC V.

3.3.2.2   Acceptance Requirements

Acceptance requirements shall be in accordance with ASME BPVC SEC V.

3.3.3   Piping

3.3.3.1   Test Method

NDT (Nondestructive Testing) of all piping systems, except plumbing 
systems, shall be performed in accordance with the requirements of 
ASME BPVC SEC V.
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For high pressure (100 psig or above) systems.  Not less than 10 percent of 
all butt welds shall be examined fully by random radiography.  Welds to be 
examined shall be selected to ensure that the work product of each welder 
or welding operator doing the production welding is included.  These welds 
shall satisfy the acceptance standards of the specified code.  If any of 
the butt welds examined reveals an unacceptable indication, all butt welds 
welded by that welder(s) shall be examined/accepted by radiography.

3.3.3.2   Acceptance Requirements

High Pressure (100 psig or above):

a.  Steam piping systems shall meet the requirements of ASME B31.1.

b.  Other high pressure piping systems shall meet the requirements of 
ASME B31.3.

Low Pressure (Below 100 psig):

a.  Refrigeration piping systems shall meet the requirements of 
ASME B31.5.

b.  Plumbing piping systems shall meet the requirements of ICC IPC.

c.  Other low pressure piping systems shall meet the requirements of 
ASME B31.1.

3.4   PROTECTION OF ADJACENT MATERIALS

Contractor shall sufficiently protect machinery, materials, floor, 
furnishings, finishes and other items  adjacent to the welding/brazing 
operations to prevent any damage from these operations.

        -- End of Section --
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SECTION 23 31 13.98

METAL DUCTS
06/10

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 (2005) Manual of Steel Construction

AISC 360 (2005) Specification for Structural Steel 
Buildings, with Commentary

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

ASHRAE EQUIP IP HDBK (2004) Handbook, HVAC Systems and 
Equipment (IP Edition)

ASHRAE FUN IP (2009) Fundamentals Handbook, I-P Edition

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2004; Errata 2004) Specification for 
Filler Metals for Brazing and Braze Welding

ASTM INTERNATIONAL (ASTM)

ASTM A 123/A 123M (2009) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A 36/A 36M (2008) Standard Specification for Carbon 
Structural Steel

ASTM A 653/A 653M (2009a) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A 924/A 924M (2009a) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2009; Errata 09-1) Standard for the 
Installation of Air Conditioning and 
Ventilating Systems
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SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1741 (2006) HVAC Duct Systems Inspection Guide

SMACNA 1966 (2005) HVAC Duct Construction Standards 
Metal and Flexible - Third Edition

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE AMS 2480 (2001; Rev G; R 2006) Phosphate Treatment, 
Paint, Base

UNDERWRITERS LABORATORIES (UL)

UL 181 (2005) Standard for Factory-Made Air Ducts 
and Air Connectors

1.2   DESIGN REQUIREMENTS

Section 23 00 00.00 98 GENERAL MECHANICAL PROVISIONS apply to work 
specified in this section.

Section 23 31 13.20 98 WELDING METAL applies to work specified in this 
section.

Submit Equipment and Performance Data for medium/high pressure ductwork 
systems consisting of use life, system functional flows, safety features, 
and mechanical automated details.  Submit test response and performance 
characteristics curves for certified equipment.

Submit Design Analysis and Calculations for medium/high pressure ductwork 
systems indicating the manufacturer's recommended air velocities, maximum 
static pressure, and temperature calculations.

1.3   SCOPE OF WORK

Encompass low-pressure systems ductwork and plenums where maximum air 
velocity is 2,000 feet per minute(fpm) and maximum static pressure is 2 
inches water gage (wg), positive or negative.

Submit Connection Diagrams for low pressure ductwork systems indicating 
the relation and connection 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 Design Analysis and Calculations for low pressure ductwork 
systems indicating the manufacturer's recommended air velocities, 
maximum static pressures, temperature calculations and acoustic levels.

Encompass high velocity systems ductwork where:

Minimum air velocity exceeds 2,000 feet per minute (fpm) or static 
pressure exceeds 2 inches water gage (wg).

Do not use rigid fibrous-glass ductwork.
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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 Contractor Quality Control 
approval.  Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Submit Material, Equipment, and Fixture Lists and Records of 
Existing Conditions in accordance with paragraph entitled, 
"General Requirements," of this section.

SD-02 Shop Drawings

Submit the following in accordance with paragraph entitled, 
"Drawings," of this section.

Connection Diagrams; G
Record Drawings; G

SD-03 Product Data

Submit Equipment and Performance Data for medium/high pressure 
ductwork systems in accordance with paragraph entitled, "Design 
Requirements," of this section.

Submit manufacturer's catalog data for the following items:

Galvanized Steel Ductwork Materials; G
Brazing Materials; G
Mill-Rolled Reinforcing and Supporting Materials; G
Round Sheet Metal Duct Fittings; G
Turning Vanes; G
Dampers; G
Flexible Connectors; G
Flexible Duct Materials; G
Manual Volume Dampers; G
Gravity Backdraft and Relief Dampers; G
Power Operated Dampers; G

SD-05 Design Data

Submit Design Analysis and Calculations for medium/high pressure 
ductwork systems in accordance with paragraph entitled, "Design 
Requirements," of this section.

SD-07 Certificates

Listing of Product Installations for medium/high pressure ductwork 
systems in accordance with paragraph entitled, "Installation," of 
this section.

Submit certificates, showing conformance with the referenced 
standards contained in this section for:

Galvanized Steel Ductwork Materials; G
Brazing Materials; G
Mill-Rolled Reinforcing and Supporting Materials
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Round Sheet Metal Duct Fittings; G
Turning Vanes
Dampers; G
Flexible Connectors; G

SD-10 Operation and Maintenance Data

Submit Operation and Maintenance Manuals in accordance with 
paragraph entitled, "Operation and Maintenance," of this section.
Power Operated Dampers

1.5   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 acceptance of existing conditions.

Include the manufacturer's style or catalog numbers, specification and 
drawing reference numbers, warranty information, and fabrication site 
information within Material, Equipment, and Fixture Lists.

1.6   DRAWINGS

Submit Connection Diagrams for medium/high pressure ductwork systems 
indicating the relation and connection 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.

Provide Record Drawings with current factual information including 
deviations from, and amendments to, the drawings and concealed or visible 
changes in the work, for medium/high pressure ductwork systems.  Label 
drawings "As-Built".

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Galvanized Steel Ductwork Materials

Galvanized steel ductwork sheet metal shall be carbon steel, of 
lock-forming quality, hot-dip galvanized, with regular spangle-type zinc 
coating, conforming to ASTM A 924/A 924M and ASTM A 653/A 653M, Designation 
G90.  Treat duct surfaces to be painted by phosphatizing.

Conform to  ASHRAE EQUIP IP HDBK, Chapter 16,  ASHRAE FUN IP, Chapter 32 
and SMACNA 1966 for sheet metal gages and reinforcement thickness.

 Low pressure ductwork minimum standards are as follows:

MINIMUM SHEET METAL GAGE

                          DUCT WIDTH
                           INCHES             GAGE

                           0 - 12              26
                          13 - 30              24
                          31 - 60              22
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MINIMUM SHEET METAL GAGE

2.1.2   Brazing Materials

Brazing materials shall be silicon bronze conforming to AWS A5.8/A5.8M.

2.1.3   Mill-Rolled Reinforcing And Supporting Materials

Conform to ASTM A 36/A 36Mfor mill-rolled structural steel and, wherever in 
contact with sheet metal ducting galvanize to commercial weight of zinc or 
coated with materials conforming to ASTM A 123/A 123M.

Equivalent strength, proprietary design, rolled-steel structural support 
systems may be submitted for approval in lieu of mill-rolled structural 
steel.

2.2   COMPONENTS

2.2.1   Round Sheet Metal Duct Fittings

Shop fabricate fittings.

Manufacture as separate fittings, not as tap collars welded or brazed into 
duct sections.

Submit for approval offset configurations.

Miter elbows shall be two-piece type for angles less than 31 degrees, 
three-piece type for angles 31 through 60 degrees, and five-piece type for 
angles 61 through 90 degrees.  Centerline radius of elbows shall be 1-1/2 
times fitting cross section diameter.

Crosses, increasers, reducers, reducing tees, and 90-degree tees shall be 
conical type.

Cutouts in fitting body shall be equal to branch tap dimension or, where 
smaller, excess material shall be flared and rolled into smooth radius 
nozzle configuration.

2.2.2   Turning Vanes

Turning vanes shall be double-wall type, commercially manufactured for 
high-velocity system service.

2.2.3   Dampers

Low pressure drop, high-velocity manual volume dampers, and high-velocity 
fire dampers shall be constructed in accordance with ASHRAE EQUIP IP HDBK, 
Chapter 16, ASHRAE FUN IP, Chapter 32 and SMACNA 1966.

2.2.4   Flexible Connectors For Sheet Metal

Connectors shall be UL listed, 30-ounce per square foot, waterproof, 
fire-retardant, airtight, woven fibrous-glass cloth, double coated with 
chloroprene.  Clear width, not including clamping section, shall be 6 to 8 
inches.
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Leaded vinyl sheet shall be provided as a second layer for sound 
attenuation.  Leaded vinyl shall be not less than 0.055 inch thick, shall 
weigh not less than 0.87 pound per square foot, and shall be capable of 
approximately 10-decibel attenuation in the 10- to 10,000-hertz range.

2.2.5   Duct Hangers

Duct hangers in contact with galvanized duct surfaces shall be galvanized.

2.2.6   Mill-Rolled Reinforcing And Supporting Materials

Mill-rolled structural steel shall conform to ASTM A 36/A 36M and, whenever 
in contact with sheet metal ducting, shall be galvanized in accordance with 
ASTM A 123/A 123M.

Equivalent strength, proprietary-design, rolled-steel structural support 
systems may be submitted for approval in lieu of mill-rolled structural 
steel.

2.2.7   Flexible Duct Materials

Flexible duct connectors shall be in accordance with UL 181, Class 1 
material and shall comply with NFPA 90A.

Metal duct shall be bendable through 180 degrees without damage, with an 
inside bend radius not greater than one-half the diameter of duct.  Metal 
shall be carbon steel zinc-coated ASTM A 123/A 123M.

Wire-reinforced cloth duct shall consist of a chloroprene or 
vinyl-impregnated and coated fibrous-glass cloth bonded to and supported by 
a corrosion-protected spring steel helix.  Fabric may be a laminate of 
metallic film and fibrous glass.  Working pressure rating of ducting shall 
be not less than three times maximum system pressure, and temperature range 
shall be minus 20 to plus 175 degrees F.

2.2.8   Manual Volume Dampers

Conform to SMACNA 1966 for volume damper construction.

Equip dampers with an indicating quadrant regulator with a locking feature 
externally located and easily accessible for adjustment and standoff 
brackets to allow mounting outside external insulation. Where damper rod 
lengths exceed 30 inches, provide a regulator at each end of damper shaft.

All damper shafts shall have two-end bearings.

Splitter damper shall be 2 gages heavier than duct in which installed.  
Hinges shall be 1/8 inch thick door type.

Damper shaft shall be full length and shall extend beyond damper blade.  A 
3/8 inch square shaft shall be used for damper lengths up to 20 inches and a
 1/2 inch square shaft shall be used for damper lengths 20 inches and 
larger.  Where necessary to prevent damper vibration or slippage, 
adjustable support rods with locking provisions external to duct shall be 
provided at damper blade end.

Dampers in ducts having a width perpendicular to the axis of the damper 
that is greater than 12 inches shall be multiblade type having a 
substantial frame with blades fabricated of 16-gage metal.  Blades shall 

SECTION 23 31 13.98  Page 6



NASA GRC Steam Plant B12 Project N0. 11421

not exceed 10 inches in width and 48 inches in length and shall be welded to
 1/2 inch diameter shafts.  Dampers greater than 48 inches in width shall 
be made in two or more sections with intermediate mullions, each section 
being mechanically interlocked with the adjoining section or sections.  
Blades shall have graphite-impregnated nylon bearings and shall be 
connected so that adjoining blades rotate in opposite directions.

2.2.9   Gravity Backdraft And Relief Dampers

Frame shall be constructed of not less than 1-1/2- by 4 inch reinforced 
16-gage galvanized carbon steel.  Frames and mullions shall be solidly 
secured in place and sealed with elastomer calking against air bypass.

Maximum blade width shall be 9 inches, and maximum blade length shall be 36 
inches.  Blade material shall be 16-gage galvanized steel 14-gage 6063 
alloy aluminum.  Blades shall be provided with mechanically retained seals 
and 90-degree limit stops.

Dampers used for relief service shall have blades linked together to open 
not less than 30 degrees on 0.05 inch wg differential pressure.

Shaft bearings shall be graphite-impregnated nylon bronze.

Counterbalanced dampers shall be equipped with fixed or adjustable 
counterbalancing weights.

2.2.10   Power-Operated Dampers

Dampers shall conform to applicable requirements specified under Section 
23 09 23.98 DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING SYSTEMS.

PART 3   EXECUTION

3.1   PREPARATION

Provide sheet metal construction in accordance with the recommendations for 
best practices in ASHRAE EQUIP IP HDBK, Chapter 16, SMACNA 1966, NFPA 90A, 
and ASHRAE FUN IP, Chapter 32.

Where construction methods for certain items are not described in the 
referenced standards or herein, perform the work in accordance with 
recommendations for best practice defined in ASHRAE EQUIP IP HDBK.

Clean free of oil, grease, and deleterious substances sheet metal surfaces 
to be painted and surfaces to which adhesives are to be applied.

Duct strength shall be adequate to prevent failure under service pressure 
or vacuum created by fast closure of duct devices.  Provide leaktight, 
automatic relief devices.

Supplementary steel shall be designed and fabricated in accordance with 
AISC 360 and AISC 325.

3.2   INSTALLATION

Within Listing of Product Installations for medium/high pressure ductwork 
systems include 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 purchaser, address of installation, service 
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organization, and date of installation.

Fabricate airtight and include reinforcements, bracing, supports, framing, 
gasketing, sealing, and fastening to provide rigid construction and freedom 
from vibration, airflow-induced motion and noise, and excessive deflection 
at specified maximum system air pressure and velocity.

Enclose dampers located behind architectural intake or exhaust louvers by a 
rigid sheet metal collar and sealed to building construction with 
elastomers for complete air tightness.

Provide outside air-intake ducts and plenums made from sheet metal with 
soldered watertight joints.

Provide offsets and transformations as required to avoid interference with 
the building construction, piping, or equipment.

Wherever ducts pass through firewalls or through walls or floors dividing 
conditioned spaces from unconditioned spaces, provide a flanged segment in 
that surface during surface construction.

Clean free of oil, grease, and deleterious substances sheet metal surfaces 
to be painted or surfaces to which adhesives will be applied.

Where interiors of ducting may be viewed through air diffusion devices, 
construct the viewed interior with sheet metal and paint flat black.

Make plenum anchorage provisions, sheet metal joints, and other areas 
airtight and watertight by calking mating galvanized steel and concrete 
surfaces with a two-component elastomer.

3.3   APPLICATION

3.3.1   Low Pressure Sheet Metal Ducts

Ductwork airtight traverse connection system shall be leak-free, gasketed 
flanged rigid galvanized steel, static pressure rating: 4 inch WG, as 
manufactured by "DUCTMATE INDUSTRIES, INC of E.  Monongahela, PA (or NASA 
approved equivalent.)

Standard seam joints shall be sealed with an elastomer compound to comply 
with SMACNA 1966 Seal Class A, B or C as applicable.

Crossbreaking shall be limited to 4 feet and shall be provided on all ducts 
8 inches wide and wider.  Bead reinforcement shall be provided in lieu of 
crossbreaking where panel popping may occur.  Where rigid insulation will 
be applied, crossbreaking is not required.

3.3.1.1   Longitudinal Duct Seams

Corner seams shall be  Pittsburg lock.  

3.3.1.2   Joints and Gaskets

Companion angle flanges shall be bolted together with 1/4 inch diameter 
bolts and nuts spaced 6 inches on center.  Flanged joints shall be gasketed 
with chloroprene full-face gaskets 1/8 inch thick, with Shore A 40 
durometer hardness.  Gaskets shall be one piece and vulcanized at joints.
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3.3.1.3   Flexible Duct Joints

Joints between flexible duct without sheet metal collars and round metal 
ductwork connections shall be made by trimming the ends, coating the inside 
of the flexible duct for a distance equal to depth of insertion with 
elastomer calk, and by securing with sheet metal screws or binding with a 
strap clamp.

3.3.1.4   Square Elbows

Provide double-vane duct turns in accordance with SMACNA 1966.

3.3.1.5   Radius Elbows

Conform to SMACNA 1966 for radius elbows.  Provide an inside radius equal 
to the width of the duct.  Where installation conditions preclude use of 
standard elbows, the inside radius may be reduced to a minimum of 0.25  
times duct width and install turning vanes in accordance with the following 
schedule.

                                         RADIUS OF TURNING
            WIDTH OF ELBOWS        VANES IN PERCENT OF DUCT WIDTH
                 INCHES        VANE NO. 1    VANE NO. 2    VANE NO. 3

                Up to 16           56            --            --

                17 to 48           43            73            --

               49 and over         37            55            83

Where two elbows are placed together in the same plane in ducts 30 inches 
wide and larger, the guide vanes shall be continuous through both elbows 
rather than spaced in accordance with above schedule.

3.3.1.6   Outlets, Inlets, And Duct Branches

Install branches, inlets, and outlets so that air turbulence will be 
reduced to a minimum and air volume properly apportioned. Install 
adjustable splitter dampers at all supply junctions to permit adjustment of 
the amount of air entering the branch.  Wherever an air-diffusion device is 
shown as being installed on the side, top, or bottom of a duct, and 
whenever a branch takeoff is not of the splitter type, a commercially 
manufactured 45 degree side-take-off (STO) fitting with manual; provide 
volume damper to allow adjustment of the air quantity and to provide an 
even flow of air across the device or duct it services.

Where a duct branch is to handle more than 25 percent of the air handled by 
the duct main, use a complete 90-degree increasing elbow with an inside 
radius of 0.75 times branch duct width.  Size of the leading end of the 
increasing elbow within the main duct shall have the same ratio to the main 
duct size as the ratio of the related air quantities handled.

Where a duct branch is to handle 25 percent or less of the air handled by 
the duct main, the branch connection shall have a 45 degree side take-off 
entry in accordance with SMACNA 1966.

3.3.1.7   Duct Transitions

Where the shape of a duct changes, the angle of the side of the transition 
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piece shall not exceed 15 degrees from the straight run of duct connected 
thereto.

Where equipment is installed in ductwork, the angle of the side of the 
transition piece from the straight run of duct connected thereto shall not 
exceed 15 degrees on the upstream side of the equipment and 22-1/2 degrees 
on the downstream side of the equipment.

3.3.1.8   Branch Connections

Construct radius tap-ins in accordance with SMACNA 1966.

3.3.1.9   Access Openings

Install access doors and panels in ductwork adjacent to fire dampers, and 
every 20 feet for indoor air quality housekeeping purposes.

Minimum size of access opening shall be 18 by 24 inches, unless precluded 
by duct dimensions or otherwise indicated.

Construct access door in accordance with SMACNA 1966, except that sliding 
doors may be used only for special conditions upon prior approval.  
Insulated doors shall be double-panel type.

Access doors that leak shall be made airtight by adding or replacing hinges 
and latches or by construction of new doors adequately reinforced, hinged, 
and latched.

Duct access shall be particularly suitable for commercial duct cleaning 
methods utilizing vacuum devices.  Space access openings with a frequency 
and at points which will permit ready access to duct internals with 
essentially no duct or insulation cutting.  Where access through an 
air-diffusion device or through access doors specified herein is not 
available at a specific point, 8 inch diameter, 16-gage provide access 
plates not more than 10 feet on center.  Where duct is insulated and 
vapor-sealed, provide mastic seals around circumference of access.  When 
access plate is in place and insulated, externally identify the location.

3.3.1.10   Plenum Construction

Intake and discharge plenum shall have companion angle joints with the 
following minimum thickness of materials:

  LONGEST      SHEET
  ANGLES       METAL                                     REINFORCEMENT
   SIDE        USS GAGE     COMPANION ANGLES         INCHES, 24 INCHES ON
  INCHES       ALL SIDES         INCHES                  CENTER MAXIMUM

  To 48           20       1-1/2 by 1-1/2 by 1/8      1-1/2 by 1-1/2 by 1/8

  49 to 84        18           2 by 2 by 1/8              2 by 2 by 3/16

  85 to 120       16           2 by 2 by 1/8              2 by 2 by 1/8

  121 and larger  14           2 by 2 by 3/16             2 by 2 by 3/16

At the floor line and other points where plenums join masonry construction, 
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panels shall be bolted 12 inches on center to 2- by 2- by 3/16 inch thick 
hot-dip galvanized steel angle that has been secured to the masonry with 
masonry anchors and bolts 24 inches on center and calked tight to the 
masonry.

Panels shall be anchored to curbing by not less than 2- by 2- by 3/16 inch
thick hot-dip galvanized steel angle iron.  Concrete curbing shall include 
angle iron nosing with welded studs for the anchoring of panels.  Nosing 
shall be level at curb height within plus or minus 1/16 inch.

Plenum access doors shall be constructed in accordance with SMACNA 1966
except that access doors smaller than man-access doors shall have door 
openings framed with angle iron that is one commercial size smaller than 
specified panel reinforcement.

Man-access door size shall be per SMACNA 1966 and paragraph entitled, 
"Access Openings," of this section.  Insulated and uninsulated construction 
shall be per SMACNA 1966.  Door openings shall be framed with channel 
iron.  Doors shall be framed with angle iron.  Channel iron and angle iron 
shall be approximately the same size as specified panel reinforcement.  
Exterior door skin shall be 16 gage.  Latches shall be fabricated steel, 
hinges shall be at least 4 inches long, and bolting shall be at least 3/8 
inch diameter.

Angle iron and channel iron shall have welded and ground miter corners.

3.3.1.11   Manual Volume Dampers

Balancing dampers of the splitter, butterfly, or multilouver type, shall be 
provided to balance each respective main and branch duct.

Dampers regulated through ceilings shall have regulator concealed in box 
mounted in the ceiling, with a cover finish aesthetically compatible with 
ceiling surface.  Where ceiling is of removable construction, regulators 
shall be above ceiling, and location shall be marked on ceiling in a manner 
acceptable to the Contracting Officer.

3.3.1.12   Flexible Connectors For Sheet Metal

Air handling equipment, ducts crossing building expansion joints, and fan 
inlets and outlets shall be connected to upstream and downstream components 
by treated woven-cloth connectors.

Connectors shall be installed only after system fans are operative, and 
vibration isolation mountings have been adjusted.  When system fans are 
operating, connectors shall be free of wrinkle caused by misalignment or 
fan reaction.  Width of surface shall be curvilinear.

3.3.2   Rectangular Sheet Metal Ducts

3.3.2.1   Medium And High-Pressure Branches, Inlets, Outlets

Install branches, inlets, and outlets to minimize air turbulence and to 
ensure proper airflow.

Install dampers so that the amount of air entering duct mains can be 
adjusted.

Provide commercially manufactured air extractors to allow adjustment of the 
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air quantity and to provide an even flow of air across the device or duct 
served.

Where a duct branch is to handle over 25 percent of the air handled by the 
duct main, a complete 90-degree increasing elbow shall be used, with an 
inside radius of 0.75 times duct branch width.  Size of the trailing end of 
the increasing elbow within the main duct shall be in the same ratio to the 
main duct size as the ratio of the relative air quantities handled.

Where a duct branch is to handle 25 percent or less of the air handled by 
the duct main, the branch connection shall have an inside radius of 0.75 
times branch duct width, a minimum arc length of 45 degrees, and an outside 
radius of 1.75 times duct branch width.  Arc shall be tangent to duct main.

3.3.2.2   High-Pressure Gages, Joints, And Reinforcement

Sheet metal minimum thickness, joints, and reinforcement between joints 
shall be in accordance with ASHRAE EQUIP IP HDBK, Chapter 16, ASHRAE FUN IP,
 Chapter 32 and SMACNA 1966.

The following types of ASHRAE EQUIP IP HDBK, Chapter 16,  ASHRAE FUN IP, 
Chapter 32 and SMACNA 1966 transverse joints shall be used:

Welded flange joint with angle

Companion angle flanged joint

The following types of longitudinal seams shall be used:

Approved lock seams, back brazed, or continuously brazed seams for 
ducts with largest dimension up to 72 inches.

Continuously welded or brazed seams for ducts with largest dimension 
greater than 72 inches.

Sheet metal minimum thickness, transverse reinforcement between joints, and 
companion angle joints of ducts with longest side greater than 96 inches 
shall be in accordance with the following:

             SHEET           REINFORCEMENT ANGELS   
             METAL         INCHES, ON CENTER MAXIMUM
             GAGE
           ALL SIDES          (BACK TO BACK)

                                             

             1.6

             2.0           Two 2 1/2 by 2 1/2 by 1/4
                           with tie rods every 2 feet

3.3.3   Round Sheet Metal Ducts

3.3.3.1   Duct Gages, Joints, And Reinforcement

Sheet metal minimum thickness, joints, and reinforcement between joints 
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shall be in accordance with ASHRAE EQUIP IP HDBK, Chapter 16, ASHRAE FUN IP,
 Chapter 32 and SMACNA 1966.

Longitudinal duct joint shall be manufactured by machine, with spiral 
lockseams to and including 60 inch diameters, and to dimensional tolerances 
compatible with fittings provided.

Ducts shall have supplemental girth angle supports, riveted with solid 
rivets 6 inches on center to duct.  Girth angles shall be located as 
follows:

            DIAMETER, INCHES      REINFORCEMENT-MAXIMUM SPACING, INCHES

                 25 to 36            1-1/4 by 1-1/4, 1/8 thick, 72
                                     inches on center

                 37 to 50            1-1/4 by 1-1/4, 1/8 thick, 60
                                     inches on center

                 51 to 60            1-1/2 by 1-1/2, 1/8 thick, 48
                                     inches on center

Draw band girth joints are not acceptable.

Slip joints shall be made up by coating the male fitting with elastomer 
sealing materials, exercising care to prevent mastic from entering fitting 
bore, leaving only a thin annular mastic line exposed internally.  Sheet 
metal screws shall be used to make assembly rigid, not less than four 
screws per joint, maximum spacing 6 inches.  Pop rivets shall not be used.  
All joints shall be taped and heat sealed.

Bolt heads and nuts shall be hex-shaped, 5/16 inch diameter for ducts up to 
50 inch diameter, and 3/8 inch diameter for 51 inch diameter ducts and 
larger.

Flanges shall be continuously welded to duct on outside of duct and 
intermittently welded with 1 inch welds every 4 inches on inside joint 
face.  Excess filler metal shall be removed from inside face.  Galvanized 
areas that have been damaged by welding shall be protected with 
manufacturer's standard corrosion-resistant coating.

3.3.3.2   Duct Transitions

Where the shape of a duct changes, the angle of the side of the transition 
piece shall not exceed 15 degrees from the straight run of duct connected 
thereto.

Where equipment is installed in ductwork, the angle of the side of the 
transition piece from the straight run of duct connected thereto shall not 
exceed 15 degrees on the upstream side of the equipment and 22-1/2 degrees 
on the downstream side of the equipment.

3.3.4   Round, High Pressure, Sheet Metal Duct Installation

3.3.4.1   Joints

An inner coupling shall be provided to align the inner lining to maintain 
good airflow conditions equivalent to standard round high-pressure duct 
joints.  Butt joints are not suitable for the inner liner.  This alignment 
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shall be accomplished by extending the liner of the fitting for slip joint 
into the pipe.  For ducts over 34 inches inside diameter, provide a 
separate coupling for inner alignment, with the pressure shells joined by 
angle-ring flanged connections.

3.3.4.2   Insulation Ends

At the end of an uninsulated section or run where internally insulated duct 
connects to uninsulated spiral duct, fitting, fire damper or flexible duct, 
install an insulated end-fitting to bring the outer pressure shell down to 
nominal size.

3.3.5   Transverse Reinforcement Joints

Transverse reinforcements shall be riveted with solid rivets to duct sides 
4 inches on center.

3.3.6   Joint Gaskets

Flanged joints shall be gasketed with chloroprene full-face gaskets 1/8 inch
 thick, Shore A 40 durometer hardness.  Gaskets shall be one piece, 
vulcanized at joints.

3.3.7   Radius Elbows

Fabricate elbow proportions and radius elbows in accordance with 
ASHRAE EQUIP IP HDBK, Chapter 16, ASHRAE FUN IP, Chapter 32 and SMACNA 1966.

3.3.8   Plenum Connections

Round duct connections shall be welded joint bellmouth type.

Rectangular duct connections shall be bellmouth type, constructed in 
accordance with  ASHRAE EQUIP IP HDBK, Chapter 16, ASHRAE FUN IP, Chapter 
32 and SMACNA 1966.

3.3.9   Access Openings

Access openings shall be framed by welded and ground miter joint, 1/8 inch 
thick angle iron, with 1/4 inch studs welded to frame.  Cover plate shall 
be not less than constructed of 12-gage metal.

In lieu of access doors, readily accessible flanged duct sections may be 
provided upon approval.  Provide stable hanger supports for disconnected 
duct termini.

3.3.10   Duct Supports

Install duct support in accordance with ASHRAE EQUIP IP HDBK, Chapter 16, 
ASHRAE FUN IP, Chapter 32 and SMACNA 1966.  Duct hangers shall meet the 
minimum size specified in ASHRAE EQUIP IP HDBK, Chapter 16, ASHRAE FUN IP, 
Chapter 32 and SMACNA 1966.  Provide two hangers where necessary to 
eliminate sway.  Support attachment to duct surfaces, shall be by solid 
rivet  4 inches on center.

Round, double-wall duct supports shall be as recommended by the 
manufacturer except that minimum hanger ring and strap size shall be 1-1/2 
inches by 1/8 inch.
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Selection of hanging system shall be at the Contractor's option, and shall 
take into account the location and precedence of work under other sections, 
interferences of various piping and electrical conduit, equipment, building 
configuration, structural and safety factor requirements, vibration, and 
imposed loads under normal and abnormal service conditions.  Support sizes, 
configurations, and spacings are given to show the minimal type of 
supporting components required.  If installed loads are excessive for the 
specified hanger spacing, hangers, and accessories hanger spacing shall be 
reduced.  After system startup, any duct support device which, due to 
length, configuration, or size, vibrates or causes possible failure of a 
member, shall be replaced or the condition shall otherwise be alleviated.  
Special care shall be exercised to preclude cascade-type failures.

Hanger rods, angles, and straps shall be attached to beam clamps.  Concrete 
inserts, masonry anchors, and fasteners shall be approved for the 
application.

Hardened high-carbon spring-steel fasteners fitted onto beams and 
miscellaneous structural steel are acceptable upon prior approval of each 
proposed application and upon field demonstration of conformance to 
specification requirements.  Fasteners shall be made from steel conforming 
to AISI Type 1055, treated and finished in conformance with SAE AMS 2480, 
Type Z (zinc phosphate base), Class 2 (supplementary treatment).  A 72-hour 
load-carrying capacity shall be verified by a certified independent 
laboratory.

Hanger spacing shall provide a 20-to-1 safety factor for supported load.

Maximum load supported by any two fasteners shall be 100 pounds.

Friction rod assemblies are not acceptable.

Ductwork and equipment shall not be hung from roof deck, piping, or other 
ducts or equipment.  Maximum span between any two points shall be 10 feet, 
with lesser spans as required by duct assemblies, interferences, and 
permitted loads imposed.

There shall be not less than one set of hangers for each point of support. 
Hangers shall be installed on both sides of all duct turns, branch 
fittings, and transitions.

Hangers shall be sufficiently cross braced to eliminate sway vertically and 
laterally.

Rectangular ducts up to 36 inches shall be supported by strap-type hangers 
attached at not less than three places to not less than two duct surfaces 
in different planes.

Perforated strap hangers are not acceptable.

Rectangular ducting, 36 inches and larger, shall be supported by trapeze 
hangers.  Ducts situated in unconditioned areas and required to have 
insulation with a vapor-sealed facing shall be supported on trapeze 
hangers.  Hangers shall be spaced far enough out from the side of the duct 
to permit the duct insulation to be placed on the duct inside the trapeze.  
Duct hangers shall not penetrate the vapor-sealed facing.

Where trapeze hangers are used, the bottom of the duct shall be supported 
on angles sized as follows:
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           WIDTH OF DUCT, INCHES     MINIMUM BOTTOM ANGLE SIZE, INCHES

              30 and smaller              1-1/4 by 1-1/4 by 1/8

              31 to 48                    1-1/2 by 1-1/2 by 1/8

              49 to 72                    1-1/2 by 1-1/2 by 3/16

              73 to 96                    2 by 2 by 1/4

              97 and wider                3 by 3 by 1/4

Where ductwork system contains heavy equipment, excluding air-diffusion 
devices and single-leaf dampers, such equipment shall be hung independently 
of the ductwork by means of rods or angles of sizes adequate to support the 
load.

Ducting, when supported from roof purlins, shall not be supported at points 
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 halfway between purlins by means of 
auxiliary support steel provided under this section.  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, provide reinforcing of 
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.  Beam shall be stabilized by connection 
to roof purlin along bottom flange.

Purlins used for supporting fire-protection sprinkler mains, electrical 
lighting fixtures, electrical power ducts, or cable trays shall be 
considered fully loaded, and supplemental reinforcing or auxiliary support 
steel shall be provided for these purlins.

Duct supports shall be vibration isolated from structure at points 
indicated.  Refer to Section 23 05 48 VIBRATION AND SEISMIC CONTROLS FOR 
HVAC PIPING AND EQUIPMENT.

Provide vibration isolators in discharge ducting system for a distance not 
less than 50 feet beyond the air handling unit.  Deflection of duct and 
equipment mountings shall be coordinated.

3.3.11   Flexible Connectors For Steel Metal

Air-handling equipment, ducts crossing building expansion joints, and fan 
inlets and outlets shall be connected to upstream and downstream components 
by treated woven-cloth connectors.

Install connectors only after system fans are operative and all vibration 
isolation mountings have been adjusted.  When system fans are operating, 
connectors shall be free of wrinkles caused by misalignment or fan 
reaction.  Width of surface shall be curvilinear.
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3.3.12   Insulation Protection Angles

Galvanized 20-gage sheet, formed into an angle with a 2 inch exposed long 
leg with a 3/8 inch stiffening break at outer edge, and with a variable 
concealed leg, depending upon insulation thickness, shall be provided.

Install angles over all insulation edges terminating by butting against a 
wall, floor foundation, frame, and similar construction.  Fasten angles in 
place with blind rivets through the protection angle, insulation, and sheet 
metal duct or plenum.  Install angles after final insulation covering has 
been applied.

3.3.13   Duct Probe Access

Provide holes with neat patches, threaded plugs, or threaded or twist-on 
caps for air-balancing pitot tube access.  Provide extended-neck fittings 
where probe access area is insulated.

3.3.14   Openings In Roofs And Walls

Building openings are fixed and provide equipment to suit.

3.4   FIELD QUALITY CONTROL

3.4.1   Inspection

Ductwork shall be inspected in accordance with SMACNA 1741.

3.5   DUCTWORK CLEANING PROVISIONS

Open ducting shall be protected from construction dust and debris in a 
manner approved by the Contracting Officer and according to Appendix G - 
Duct Cleanliness for New Construction Guidelines - Advanced Level in the 
SMACNA IAQ Guidelines for Occupied Building Under Construction.  Dirty 
assembled ducting shall be cleaned by subjecting all main and branch 
interior surfaces to airstreams moving at velocities two times specified 
working velocities, at static pressures within maximum ratings.  This may 
be accomplished by: filter-equipped portable blowers which remain the 
Contractor's property; wheel-mounted, compressed-air operated perimeter 
lances which direct the compressed air and which are pulled in the 
direction of normal airflow; and other means approved by the Contracting 
Officer.  Compressed air used for cleaning ducting shall be water- and oil- 
free.  After construction is complete, and prior to acceptance of the work, 
construction dust and debris shall be removed from exterior surfaces.

3.6   OPERATION AND MAINTENANCE

Contractor shall submit 6 copies of the Operation and Maintenance Manuals 
30 calendar days prior to testing the medium/high pressure ductwork 
systems.  Data shall be updated and resubmitted for final approval no later 
than 30 calendar days prior to contract completion.

Operation and Maintenance Manuals shall be consistent with manufacturer's 
standard brochures, schematics, printed instructions, general operating 
procedures and safety precautions.

        -- End of Section --
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SECTION 23 37 13.98

DIFFUSERS, REGISTERS, AND GRILLES
11/09

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 113 (2005) Method of Testing for Room Air 
Diffusion (Repeatable Method of Testing 
Steady - State Air Diffusion Performance 
in Occupied Zones of Building Spaces)

ASHRAE EQUIP IP HDBK (2004) Handbook, HVAC Systems and 
Equipment (IP Edition)

ASHRAE FUN IP (2009) Fundamentals Handbook, I-P Edition

1.2   GENERAL REQUIREMENTS

Section 23 00 00.00 98 GENERAL MECHANICAL PROVISIONS applies to work 
specified in this section.

1.3   PERFORMANCE REQUIREMENTS

Certify air diffusion devices s having been tested and rated in accordance 
with ASHRAE EQUIP IP HDBK, Chapter 17; ASHRAE FUN IP, Chapter 31, and 
ASHRAE 113, where such certification is required.

Submit Equipment and Performance Data for air-diffusion devices consisting 
of sound data in terms of Noise Criteria (NC) index for the capacity range 
of the device.  Where room attenuation is not specified or indicated, 
assume 18 decibels.  Where space or sound data are not specified or 
indicated, assume NC40.

1.4   SUBMITTALS

Government approval is required for submittals.  Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Submit the following in accordance with this section.

Material, Equipment, and Fixture Lists; G
Records of Existing Conditions; G

SD-02 Shop Drawings

Submit the following for air-diffusion devices in accordance with 
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this section.

Fabrication Drawings; G

Submit the following for air-diffusion devices in accordance with 
the paragraph entitled, "Installation," of this section.

Installation Drawings; G 

SD-03 Product Data

Submit the following for air-diffusion devices in accordance with 
paragraph entitled, "Performance Requirements," of this section.

Equipment and Performance Data; G

PART 2   PRODUCTS

2.1   AIR-DIFFUSION DEVICE CONSTRUCTION

Provide color as indicated on drawings.

Provide supply diffusers with damper.  Ensure dampers are 
extracting-splitter type, except as otherwise indicated.

Ensure air-diffusion device volume and pattern adjustments can be made from 
the face of the device.  Make volume adjustments by tamper-deterring device.

Provide gaskets for supply-terminal air devices mounted in finished 
surfaces.

Include within the Material, Equipment, and Fixture Lists the 
manufacturer's style or catalog numbers, specification and drawing 
reference numbers, warranty information, and fabrication site information.

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 acceptance of existing conditions.

Submit Fabrication Drawings for air-diffusion devices consisting of 
fabrication and assembly details to be performed in the factory.

2.2   TYPES OF AIR-DIFFUSION DEVICES

2.2.1   Type G-1 and G-2

Type GS supply grill shall be double deflection type with adjustable face 
bars parallel to short dimension and adjustable rear bars parallel to long 
dimension.

Finish shall be baked enamel.

Construction shall be aluminum.
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PART 3   EXECUTION

3.1   INSTALLATION

Install equipment as indicated and specified and in accordance with 
manufacturer's recommendations.

Submit installation Drawings for air-diffusion devices.  Indicate on 
drawings overall physical features, dimensions, ratings, service 
requirements, and equipment weights.

        -- End of Section --
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SECTION 23 50 11

BOILER PLANT MECHANICAL EQUIPMENT
07/10

PART 1   GENERAL

1.1   REFERENCES

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

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 701 (2010) Standard Methods of Fire Tests for 
Flame Propagation of Textiles and Films

1.2   DESCRIPTION

This section includes condensate pumps, fuel oil pumping, compressed air 
systems, and other equipment that supports the operation of the boilers. 

1.3   SUBMITTALS

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

SD-02 Shop Drawings

Detail equipment assemblies and indicate dimensions, required 
clearances, method of field assembly, components, and location and 
size of each field connection.

Condensate Return Pump Units; G
Fuel Oil Pumping Equipment (Burner Fuel); G
Compressed Air System; G
Automatic Continuous Boiler Blowdown Control System; G

Include a schedule showing model number, size, and accessories 
furnished. Include wiring diagrams to show power, signal, and 
control wiring.

Record Drawings and Spare Parts must be submitted in accordance 
with paragraph entitled, "General Requirements," of this section.

SD-03 Product Data

For each type of equipment indicated, include rated capacities, 
furnished specialties, sound-power ratings, and accessories

Condensate Return Pump Units; G
Fuel Oil Pumping Equipment (Burner Fuel); G
Compressed Air System; G
Automatic Continuous Boiler Blowdown Control System; G
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SD-10 Operation and Maintenance Data; G

Contractor shall submit six copies of the Operation and 
Maintenance Manuals 30 calendar days prior to testing the 
condensate pumps, fuel oil pumps, compressed air systems, and 
automatic continuous boiler blowdown system.  Update and resubmit 
data for final approval no later than 30 calendar days prior to 
contract completion.

1.4   GENERAL REQUIREMENTS

Section 23 00 00.00  98 GENERAL MECHANICAL PROVISIONS applies to work 
specified in this section.

Materials, Equipment, and Fixture Lists must be submitted for all 
materials, equipment, and fixtures to be incorporated in the work.  Lists 
must include manufacturer's style or catalog numbers, specification and 
drawing reference numbers, warranty information, and fabrication site 
information.

Units must be provided with the configuration and capacity indicated.

Units identical to the purposed units must have at least two years of 
proven satisfactory field service.

Record Drawings and Spare Parts must be submitted providing current factual 
information, including deviations and amendments to the drawings, and 
concealed and visible changes in the work.

PART 2   PRODUCTS

2.1   CONDENSATE RETURN PUMP UNITS

Condensate-return pump units shall be factory assembled and shall include 
condensate receivers, compressed air-driven pump(s), manual and automatic 
liquid-level controls, and other accessories as specified herein or which 
may be necessary for complete and satisfactorily operating unit(s).

Pump(s) and all accessories mounted on the receiver and unit(s) shall be 
complete with all intercomponent piping.  Receiver shall have integral cast 
lugs for securing to mounting surface.  Pump suction piping shall contain a 
shutoff valve for pump servicing.

Condensate-return pump units shall be simplex type or otherwise specified 
on drawings.

Condensate-return pump unit shall be factory tested for capacity and 
pressure.

2.1.1   Pressure Powered Pumps

Pressure powered pumping units for steam condensate collection and 
dispersal shall be non-electric and pre-piped between a single pump and the 
vented receiver/reservoir.  Piping components will include the necessary 
shut-off valves, strainers, inlet/outlet check valves at the pump and 
interconnecting piping.  Strict vertical dimensions must be maintained 
between the bottom of the pump and the receiver/reservoir (See Drawings).

The pump shall be low profile pressure powered pump operated by compressed 
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air to 125 psig, which does not require any electrical energy, and is safe 
for use in explosive atmospheres.  Body construction of cast iron for 
pumping liquids or specific gravity of 0.165 and above.  The pump shall 
contain a float operated snap-acting mechanism with no external seals or 
packing, and stainless steel trim, and hardened stainless steel mechanism 
bearing components.  The pump, shall be equipped with a cycle counter to 
monitor the volume of liquid being pumped, and sight glass to monitor 
operation.  The pump shall be supplied with a fitted insulation cover, and 
gauge glass with brass cocks.

The reusable cover shall be an Insulation Cover, custom-fitted for the 
specific Pressure Powered Pump required.  The cover shall contain no 
asbestos or silicone materials.  The cover cloth shall be 
Teflon-impregnated, with double sewn and binded seams, suitable for 
continuous temperatures of 500 degrees F, and the insulation shall be 
minimum 1 inch Burlglass 1200 needed mat with 100 percent Type E glass 
fibers.  The insulation cover shall not spread flame or smoke and render a 
V-O rating when tested under the NFPA 701 vertical flame test.

The receiver/reservoir shall be ASME designed and code stamped for 125 psig 
steam service, and sized in accordance with the design drawings.  The 
receiver/reservoir shall have the following minimum pipe connections:  Two 
top-located condensate inlet, one top-locate vent, one end-located 
overflow, one bottom-located outlet to pump, and one bottom-located plugged 
drain.  Supply a custom-fitted jacket insulation cover for the pump and 
receiver.  Pipe sizes to be as indicated on the drawings.

2.1.2   Accessories

Receiver shall be provided with a shutoff-valve-equipped gage-glass 
assembly to indicate liquid level over not less than 80 percent of receiver 
diameter from the bottom.  Gage glass shall be red-lined borosilicate glass 
and shall be fitted with wire or sheet-metal guards. 

2.2   FUEL OIL PUMPING EQUIPMENT (BURNER FUEL)

A.  Pump and Motors:

1.  Type: Constant displacement, rotary, three-screw type, horizontal 
shaft, flexible coupled, motor driven, base mounted, arranged as 
shown.

2.  Service: Pumps, motors and accessories shall be designed for 
continuous fuel oil service as shown on the drawings. 

3.  Performance: Refer to schedules on the drawings. Vendor shall 
submit complete data to certify that pumps offered will perform in 
accordance with requirements for suction lift, discharge pressure, 
sound level limitations and flow rate at viscosity range shown.

4.  Pump Construction:
a.  Pump Casing: Cast iron or steel designed for 150 psi minimum. 
Casing shall have removable bolted sections to allow access to 
internal parts.
b.  Power Rotor: Alloy steel.
c.  Idler Rotors: Pearlitic gray iron.
d.  Shaft Seals and Bearing: Provide mechanical seals and ball 
bearings as recommended by pump manufacturer for the service.
e.  Internal Relief Valves: Shall not be provided.

SECTION 23 50 11  Page 3



NASA GRC Steam Plant B12 Project N0. 11421

5.  Electric Motor Drives: High efficiency, open drip proof. Select 
motor sizes so that motors are not overloaded under all operating 
conditions. Motors shall be designed for  ambient temperature. For 
efficiency and power factor requirements, refer to Section 
23 03 00.00 98, BASIC MECHANICAL MATERIAL AND METHODS.

6.  Mounting   Pumps and Motors: Mount on steel or cast iron base 
plates. Align pumps and motors at the factory.

7.  Shaft Couplings: Shall be all metal, grid-type, flexible design 
that permits parallel, angular, and axial misalignment. Coupling 
shall be sufficiently flexible to reduce transmission of shock 
loads significantly. Coupling size selection shall be based on 
manufacturer's recommendation for service. Provide coupling guard 
bolted to base plate.

8.  Manufacturers: Viking Pump, Simplex or equal.

B.  Duplex Strainers: Provide duplex, basket type cast iron strainers 
designed to allow one basket to be removed for cleaning while the other 
is in service. Strainer shall include diverter valve with handle that 
will select the strainer to be in use. Operation of the diverter valve 
shall not stop the flow of fluid. Basket covers shall be clamp type. 
Ratio of free straining area to area of strainer pipe size shall be at 
least 4 to 1. Strainer baskets shall be brass or stainless steel. 
Provide 60 mesh basket liners for No. 2 fuel oil. Strainers on suction 
side of pumps shall be 50 psi, 200  degree F minimum design; discharge 
side 200 psi, 200 degree F minimum.

C.  Pressure Relief Valves (Overpressure Protection): Provide at discharge 
of each oil pump. Size valves to relieve the maximum pumping capability 
of each oil pump furnished, 160 psi set pressure of the relief valves 
plus 25 percent accumulation. Pressure settings shall be adjustable. 
Valves shall have solid ungrooved plug and shall close bubble-tight.

D.  Back Pressure Control Valve (Pump Pressure Control): Valve shall 
operate to maintain an essentially constant pump discharge pressure as 
required by the burners furnished, with a set pressure as scheduled on 
the drawings. Pressure rise shall not exceed five percent of set 
pressure. Flow range shall exceed the flow of the largest oil pump in 
the set. Set pressure shall be adjustable plus or minus 20 percent of 
set pressure. Valve shall have stainless steel disc and seat, bronze 
body. Valve disc and seat shall be renewable. Valve shall be designed 
for fuel oil service as shown on the drawings.

E.  Gate Valves, Globe Valves, Pipe, Pipe Fittings, Pressure Gages, 
Thermometers, Miscellaneous Piping Specialties: Refer to Section 
23 21 11, BOILER PLANT PIPING SYSTEMS, and Section 23 09 11, 
INSTRUMENTATION AND CONTROL FOR BOILER PLANT.

F.  Arrangement (Pump Set): Pumps, motors, valves, piping and accessories 
shall be furnished as a factory built unit. All items of equipment 
shall be mounted on a steel drip pan base with an area sufficient to 
extend beyond the limits of all equipment, constructed of 1/8 inch 
steel with 2 inch high vertical sides. Provide threaded 1/2 inch 
plugged opening for draining. Arrange valves and piping on rigid steel 
supports welded to the base. All items of equipment shall be readily 
accessible for operation and maintenance. Pump set shall be suitable 
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for the space available for rigging and placement.

G.  Spare Parts: Complete mechanical seal for one oil pump. Complete set of 
casing gaskets for one oil pump. Back pressure control valve, complete. 

H.  Motor Controls: Automatic start stop control actuated by signal from 
boiler control panel.  Provide devices to signal boiler control panel 
that motors are on or off.

2.3   COMPRESSED AIR SYSTEM

A.  Provide complete compressed air system to serve oil burner 100 percent 
atomization.  Compressed air systems shall include compressors, motor 
drives, receivers, aftercoolers, filters, and accessories as scheduled, 
as shown on the drawings and as specified.

B.  Compressors:

OPTION 1:
1.  Nonpulsating, rotary, sliding-vane type with oil sealed slide vane.

a.  Cleanable inlet screens.
b.  Outlet silencers and oil mist seperator on discharge 
connections.

OPTION 2: Reciprocating Air-Compressor
1.  Type: Reciprocating, one two-stage, air-cooled, intercooled, 

V-belt drive.

2.  Performance: Shall be as shown on the drawings. Shall be suitable 
for continuous service.

3.  Receiver Piping Connections: Shall include air in, air out, safety 
valve, automatic drain, valved manual drain and valved pressure 
gauge.

4.  Construction:
a.  Lubrication: Splash type with low oil level automatic shutdown 
switch, or pressure type with low oil pressure automatic shutdown 
switch..
b.  Unloading: Provide automatic cylinder air pressure unloader to 
prevent compressor starting under load.
c.  Inlet Filter: Dry-type with replaceable cartridge.
d.  Cylinders: Shall be removable from crankcase.

OPTION 3: Screwed Air
1.  Compressor(s): Oil-flooded, rotary-screw type with lubricated 

helical screws and lubricated gear box.
a.  Coupling: Nonlubricated, flexible type.
b.  Cooling/Lubrication System: Unit-mounted, air-cooled exchanger 
package prepiped to unit; with air pressure circulation system 
with coolant stop valve, full-flow coolant filter, and thermal 
bypass valve.
c.  Air Filter: Dry type, with maintenance indicator and cleanable 
replaceable filter element.
d.  Air/Coolant Receiver and Separation System: 150-psig- rated 
steel tank with ASME safety valve, coolant-level gage, multistage 
air-coolant separator element, minimum pressure valve, blowdown 
valve, discharge check valve, coolant stop valve, full-flow 
coolant filter, and thermal bypass valve.
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e.  Capacity Control: Capacity modulation between zero and 100 
percent air delivery, with operating pressures between 120 and 160 
psig.  Include necessary control to hold constant pressure.  When 
air demand is zero, unload compressor by using pressure switch and 
blowdown valve.

C.  Receivers: Vertical or horizontal cylindrical tanks.  Construct in 
accordance with the ASME Boiler and Pressure Vessel Code. Section VIII, 
with inspection under the rules of the National Board of Boiler and 
Pressure Vessel Inspectors.  Design pressure 150 psi minimum.

D.  Compressor and Receiver Accessories:

1.  Pressure Gauges: Provide on receiver and as shown. Refer to 
specification Section 23 09 11, INSTRUMENTATION AND CONTROL FOR 
BOILER PLANT.

E.  Compressor Controls: 

1.  Compressor Serving Oil Burner Atomization Only: Automatic start 
stop control actuated by signal from boiler control panel.  
Provide devices to signal boiler control panel that motors are on 
or off.

2.  Controls shall operate on 120 volts maximum. Provide "on off 
automatic" control for each compressor.

F.  Electrical Motors shall be TEFC designed for 120 degree F ambient 
temperature.

G.  Vibration Isolation: Refer to specification Section 23 21 11, BOILER 
PLANT PIPING SYSTEMS for isolators required in piping.

I.  Air Filter: Located in compressed air line before air dryer, coalescing 
type, designed to remove oil, entrained water mist, and dirt from the 
compressed air. Provide automatic drain valve piped to nearest drain. 
Size unit for maximum pressure drop of 0.5 psi at normal air flow rate. 
Design unit for 150 psi air pressure.

J.  Spare Parts:
Complete set of drive belts.
Two filter cartridges for each compressor intake filter.

2.4   AUTOMATIC CONTINUOUS BOILER BLOWDOWN CONTROL SYSTEM

A.   Type: One factory-assembled system per boiler to automatically sense 
boiler water conductivity and operate automatic electric-powered 
blowdown valve to maintain desired total dissolved solids content in 
boiler water. Micrometer-type adjustable manual blowdown valve piped to 
bypass the automatic blowdown valve and conductivity sensor.

B.   Service: Design valves, sensors and piping for steam and water at 150 
psi, 366 degrees F minimum. Controller shall be suitable for  120 
degrees F ambient and resist splashing water. Design automatic and 
manual blowdown valves for maximum blowdown flow rate equivalent to 
three percent of boiler steam output. System shall automatically 
maintain boiler water total dissolved solids at any set point between 
1000 ppm and 4000 ppm.

SECTION 23 50 11  Page 6



NASA GRC Steam Plant B12 Project N0. 11421

C.   Operation: Programmable timer cycles to intermittently operate the 
blowdown valve to obtain conductivity samples, and to maintain the 
valve open for a time period until the conductivity of the boiler water 
reaches the set point. Provide an automatic temperature compensating 
circuit.

D.   Controller: Shall be microprocessor-based sealed unit mounted at the 
boiler.
1.   Indicators on Panel Front: One-half inch high digital display 

showing conductivity and indicating normal or out-of-range 
conditions. Valve status indicators.

2.   Membrane Keypad on Panel Front: Allows manual operation of the 
blowdown valve, setting of conductivity set points and alarm set 
points, setting of timers, calibration data input.

E.   Automatic Valve Construction: Carbon steel body, Type 316 stainless 
steel ball and stem, TFE coated stainless steel body seal. Electric 
actuator with NEMA-1 enclosure. Rated for 150 psi minimum saturated 
steam.

F.   Manual Valve Construction: Bronze or forged steel angle-type body, 
hardened stainless steel disc and seat, threaded ends, rising stem, 
union bonnet, graduated micrometer-type dial and pointer showing amount 
of valve opening. Rated for 150 psi minimum saturated steam. Furnish 
valve blowdown chart showing flow rate versus valve opening based on 
100 psi boiler pressure.

G.   Provide gate valves and unions at inlet of conductivity sensor and 
outlet of automatic control valve so that these items can be removed 
from the system while maintaining the manual control valve in service. 
Comply with Section 23 21 11, BOILER PLANT PIPING SYSTEMS.

H.   Manufacturer: AquaMetrix or equal.

PART 3   EXECUTION

3.1   INSTALLATION

A.  Mechanical Condensate Pump (Pumping Trap): Provide sufficient elevation 
difference between the receiver condensate inlet and outlet and the 
trap inlet to assure the required head for proper functioning and 
capacity.  Steam supply line shall include gate valve and Y-type 
strainer.

B.  Fuel Oil Pumping Equipment and Accessories: Locate equipment to permit 
access to all valves and controls, and to permit removal and cleaning 
of heat exchanger tubes. 

C.  Compressed Air System: Pipe all drain connections individually to 
nearest floor drain. Use 1/2 inch piping. Provide union at each drain 
connection on the equipment. 

D.  Automatic Continuous Boiler Blowdown Control System: Locate controller 
as shown on drawing. Keypad and indicator must face aisle.

        -- End of Section --
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SECTION 23 70 02.00 10

CENTRAL STEAM GENERATING SYSTEM - COMBINATION GAS AND OIL FIRED
01/08

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 (2008; Errata 2008) Structural Welding 
Code - Steel

AWS D1.3/D1.3M (2008; Errata 2008) Structural Welding 
Code - Sheet Steel

ASME INTERNATIONAL (ASME)

ASME B31.1 (2007; Addenda a-2008) Power Piping

ASME BPVC SEC I (2007; Addenda 2008) Boiler and Pressure 
Vessel Code; Section I, Power Boilers

ASME BPVC SEC IX (2007; Addenda 2008; Addenda 2009) Boiler 
and Pressure Vessel Code; Section IX, 
Welding and Brazing Qualifications

ASME PTC 19.11 (2008) Steam and Water Sampling, 
Conditioning, and Analysis in the Power 
Cycle

ASME PTC 19.3 (1974; R 2004) Temperature Measurement 
Instruments and Apparatus

ASME PTC 4 (2008) Fired Steam Generators

ASTM INTERNATIONAL (ASTM)

ASTM A 240/A 240M (2009c) Standard Specification for 
Chromium and Chromium-Nickel Stainless 
Steel Plate, Sheet, and Strip for Pressure 
Vessels and for General Applications

ASTM A 325 (2009) Standard Specification for 
Structural Bolts, Steel, Heat Treated, 
120/105 ksi Minimum Tensile Strength

ASTM A 325 (2009) Standard Specification for 
Structural Bolts, Steel, Heat Treated, 
120/105 ksi Minimum Tensile Strength
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FM GLOBAL (FM)

FM P7825a (2005) Approval Guide Fire Protection

FM P7825b (2005) Approval Guide Electrical Equipment

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 31 (2006; Errata 06-1 & -2) Standard for the 
Installation of Oil Burning Equipment

NFPA 54 (2008) National Fuel Gas Code

NFPA 85 (2007) Boiler and Combustion Systems 
Hazards Code

UNDERWRITERS LABORATORIES (UL)

UL 296 (2003; Rev thru Aug 2009) Oil Burners

UL 726 (1995; Rev thru Dec 2009) Oil-Fired Boiler 
Assemblies

UL 795 (2006; Rev thru Dec 2009) 
Commercial-Industrial Gas Heating Equipment

1.2   SYSTEM DESCRIPTION

1.2.1   Design Requirements

1.2.1.1   Boiler Design and Service Conditions

a.  Design pressure:  Not less than 200 psig

b.  Operating pressure:  100 psig

c.  Steam temperature:  338 degrees F

d.  Feedwater temperature:  225 degrees F

e.  Site elevation:  800 feet

f.  Ambient air temperature:

Minimum:  1 degrees F

Maximum:  99 degrees  F

g.  Maximum continuous output (steam):  35,000  lb/hr

h.  Excess air leaving the boiler:  15 percent

i.  Gas temperature leaving boiler for natural and gas fuel:  300 
degrees F and 315 degrees F for No. 2 oil

j.  Oxygen (O2) concentration in flue gas:  3 percent

k.  Carbon monoxide (CO) flue gas concentration:  100 ppm for natural 
gas and NO. 2 oil
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l.  Nitrogen oxide (NOx) conc. in flue gas:  30 ppm for natural gas, 
90 ppm for NO. 2 oil

m.  Boiler efficiency:  83 percent for gas; 86 percent for NO. 2 oil

n.  The maximum supply air fan power:  50 hp

o.  100 percent oil atomizer compressed air horse power:  25 hp

p.  Base of Design:  Babcock and Wilcox

q.  Wind load:  90 miles/h

r.  Warranty:  Boiler, burner, combustion equipment, boiler trim: 3 
Years.

s.  Seismic load:  See structure design document

1.2.1.2   Sub Title

The boiler manufacturer shall guarantee that CO emissions shall not exceed 
3.2 lbs/hr when firing natural gas; SO2 shall not exceed 0.02 lb/hr when 
firing natural gas and 1.9 lbs/hr when firing no. 2 oil; NOx emissions 
shall not exceed 5.3 lbs/hr when firing no. 2 fuel oil; Particulate 
emissions shall not exceed 0.020 lb/mmBtu when firing natural gas or no. 2 
fuel oil; visible particulate emissions shall not exceed 20 percent 
opacity, as a 6-minute average; SO2 emissions shall not exceed 0.5 lb/mmBtu 
per hour when burning fuel oil or a combination of oil with less than or 
equal to 0.5 weight percent sulfur.

1.2.2   Electrical Environment

Provide electrical and electronic equipment that operate satisfactorily, 
both independently and in conjunction with other equipment.  The operation 
of electrical and electronic equipment shall not be adversely affected by 
interference voltages and fields from external sources, and that equipment 
provided shall not be a source of interference that might adversely affect 
the operation of other equipment.  The basic design of equipment, 
components, and assemblies shall limit the effects of radio frequency 
interference and electromagnetic interference.

1.3   SUBMITTALS

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

SD-02 Shop Drawings

Detail Drawings; G
  Detail drawings as specified in Section 1.4.4 and 1.5 and as 
follows.
  Burners.
  Dampers, Stacks, and Breechings.

Setting Plans; G
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  Complete setting plans certified by the boiler manufacturer and 
burner manufacturer.

SD-03 Product Data

  Outline drawings, data sheets, parts lists, schedules, 
performance charts, installation instructions, brochures, 
diagrams, and other information to illustrate equipment, wiring 
related components, and material.  Performance charts shall 
provide information necessary to determine compliance to the 
specified and indicated requirements and shall include minimum 
capacity for stable operation of the equipment.  Provide product 
data including catalogs, data sheets, and characteristic curves; 
and manufacturer recommended cleaning procedure, interior and 
exterior, for applicable items.

Welding; G

  A copy of qualified procedures and a list of names and 
identification symbols of qualified welders and welding 
operators.  This information regarding welds internal to packaged 
boilers shall be furnished if requested by the Government.

Cleaning of Boiler and Piping; G

  Procedure for cleaning, prior to connecting tubing and piping to 
instruments and prior to pressure testing, test equipment use, and 
cleaning after completion of testing and installation.

Spare Parts; G

  Spare parts data for each item of equipment specified.

Framed Instructions; G

  Framed instructions containing wiring and control diagrams under 
glass or in laminated plastic, to be posted where directed.  
Condensed operating instructions, prepared in typed form, shall be 
framed as specified above and posted beside the diagrams.  The 
framed instructions shall be posted before acceptance testing of 
the systems.

SD-06 Test Reports

Test Schedule; G

  A written schedule, 7 days before tests are performed.  Schedule 
will be approved by the Contracting Officer.

Proposed Test Procedure; G

  A proposed performance test procedure, 30 days prior to the 
proposed test date.  The submittal shall contain a complete 
description of the proposed test with calibration curves or test 
results furnished by an independent testing laboratory of each 
instrument, meter, gauge, and thermometer to be used in the 
tests.  The test shall not commence until the procedure has been 
approved.
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Boiler Emissions Report; G

  Boiler emissions report of air pollutants showing compliance 
with the limits established in the environmental permit.

Adjusting, Inspecting, and Cleaning; G

  Test reports in booklet form showing field tests performed to 
adjust each component and field tests performed to prove 
compliance with the specified performance criteria, upon 
completing and testing the installed system.  Each test report 
shall indicate the final position of controls.  A written 
statement from the manufacturer's representative certifying that 
combustion control equipment has been properly installed and is in 
proper operating condition, upon completion of the installation.  
The action settings for automatic controls in the form of a typed, 
tabulated list indicating the type of control, location, setting, 
and function shall be included.

Fuel oil analysis; G

  Report of Independent Agency analysis of fuel oil used during 
efficiency testing.

Startup Test Hardcopy Printout; G

  Printed report of control system startup test.

SD-07 Certificates

Environmental Permit Compliance; G
Experience; G

  Certification of Contractor's experience, as specified.

Factory Testing; G
Certificate of Compliance; G
Performance Test Report; G

  Boiler performance test report including loss, heat balance 
calculations, tabulated results and conclusions.

SD-10 Operation and Maintenance Data

Operation and Maintenance Instructions; G

  Six complete copies of operation manual outlining the 
step-by-step procedures required for system startup, operation and 
shutdown.  The manuals shall include the manufacturer's name, 
model number, service manual and a brief description of equipment 
and their basic operating features.  Six complete copies of 
maintenance manual listing routine maintenance procedures, 
possible breakdowns and repairs, preventative maintenance 
schedule, and troubleshooting guides.  The manuals shall include 
piping layout, equipment layout, and simplified wiring and control 
diagrams of the system as installed.  The manuals shall also 
include equipment lubrication requirements and schedules, 
recommended spare parts list, index, instruction book binders with 
hard back covers and printing to identify the name of the 
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facility, Government entity operating the facility, Contractor, 
shop order, equipment, and volume number if required.  Operation 
and maintenance manuals shall be approved prior to the training 
course.

1.4   QUALITY ASSURANCE

1.4.1   Experience

Submit evidence of the Contractor's prior experience in installing similar 
equipment, including a list of 5 combustion control installations on 
boilers of equal or larger size that have been in satisfactory operation 
for 2 years prior to bid opening; also, the location of the combustion 
control installations.

1.4.2   Welding

Steam piping between the boiler steam nozzle and the second stop valve 
shall be welded and stamped in accordance with ASME BPVC SEC I.  Other 
piping shall be welded 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.  The 
Contracting Officer shall be notified 24 hours in advance of tests.  The 
welder or welding operator shall apply the personally assigned symbol near 
each weld made as a permanent record.  Structural members shall be welded 
in accordance with Section 05 12 00 STRUCTURAL STEEL Welding and 
nondestructive testing procedures are specified in Section 23 31 13.20 98 
WELDING METAL.

1.4.3   Use of Asbestos Products

Products that contain asbestos are prohibited.  This prohibition includes 
items such as packings or gaskets, even though the item is encapsulated or 
the asbestos fibers are impregnated with binder material.

1.4.4   Detail Drawings

Submit detail drawings consisting of schedules, performance charts, 
brochures, diagrams, drawings, and instructions necessary for installation 
of the steam-generating units and associated equipment, and for piping, 
wiring devices, trenches and related foundations.  Detail drawings for 
steam generators and appurtenances, including the fuel system.  Drawings 
shall indicate clearances required for maintenance and operation and shall 
also contain complete wiring and schematic diagrams, equipment layout and 
anchorage, and other details required to demonstrate that the system has 
been coordinated and will function properly as a unit.  Manufacturers' 
confidential information concerning manufacturing techniques and 
proprietary data such as detailed fabrication shop drawings are not 
required.

1.5   STACK SHOP DRAWINGS

a.  Complete 1/4 inch equal 1 foot scaled shop drawing showing detailed 
layout of breeching, boiler, damper, flex connection, and stack with 
all components and elevation.

b.  Methods of installation.
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c.  Supports

d.  Component details

e.  Details of connentions to units

f.  Details of stack head

g.  Rain catch ring and drain

1.6   DELIVERY, STORAGE, AND HANDLING

Protect equipment delivered and placed in storage from the weather, 
excessive humidity and excessive temperature variation; and dirt, dust, or 
other contaminants.

1.7   EXTRA MATERIALS

Submit spare parts data for each item of equipment provided, after 
acceptance of the detail drawings and not later than 1 months before the 
date of beneficial occupancy.  Include in the data a complete list of spare 
parts and supplies, with current unit prices and sources of supply.  
Include special tools necessary for the operation and maintenance of 
boilers, burners, pumps, fans, and other equipment.  Furnish small hand 
tools with a suitable hardwood cabinet mounted where directed.  Provide 
special wrenches for opening boiler manholes, handholes, and cleanouts.

1.8   Field Measurement

The Contractor shall become familiar with all details of the work, verify 
all dimensions in the field, and shall advise the Contracting Officer of 
any discrepancy before performing the work.

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 such products and that 
essentially duplicate items that have been in satisfactory use for 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 site.

2.1.2   Nameplates

Each major item of equipment 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.

2.1.3   Equipment Guards and Access

Fully enclose or guard belts, pulleys, chains, gears, couplings, projecting 
setscrews, keys, and other rotating parts exposed to personal contact.  
High temperature equipment and piping exposed to contact by personnel or 
where they create a fire hazard shall be properly guarded or covered with 
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insulation of the type specified.  Items such as catwalks, operating 
platforms, ladders, and guardrails shall be provided where shown and shall 
be constructed in accordance with Section 05 50 13 MISCELLANEOUS METAL 
FABRICATIONS.

2.2   BOILER AND APPURTENANCES

2.2.1   Boiler

Boiler shall be provided as complete boiler-burner package, including 
integral forced draft burner, boiler trim, refractory, controls, fuel train 
and accessory components.  Boiler-burner shall be shipped separately and 
assembled in field with minimum labor.  The boiler/burner shall be floor 
mounted and connect to steam, feedwater, electrical, fuel oil, natural gas, 
compressed air, vent, chemical feed, blowdown and control lines in 
accordance with the Setting Plans.  Boiler shall have the capacity 
indicated.  Equipment design and accessory installations shall permit 
accessibility for maintenance and service.  Boiler shall comply with NFPA 85, 
including recommended procedures and advisory provisions.  Boiler operation 
shall be stable at a turndown ratio of 10:1 for gas and 8:1 for oil.  
Combination natural gas and fuel oil burners shall be of type, size and so 
located and arranged that in no case shall the flame impinge on any surface 
in the boiler nor shall the flame extend beyond the limits of the furnace.  
Boiler shall have lower drum heater, and propane secondary igniter.

2.2.2   Performance

The boiler manufacturer shall be responsible for burner system operation 
and emission compliance.  Boiler shall have the specified capacity at the 
operating pressure, feedwater temperature and boiler site elevation 
specified.  Capacity shall be based on the evaporation rate in pounds per 
hour at boiler specified outlet steam temperature and pressure while firing 
No. 2 fuel oil or natural gas.  Fuel oil supply minimum temperature and 
pressure shall be 0degrees F and 150 psig.  Natural gas supply pressure 
shall be 22 psig at boiler gas feed pipe plug valve in front of boiler.  
Boiler shall be capable of continuous operation at full rated capacity.  
Stable firing and efficiency shall both be maintained over the entire 
firing range required by the turndown ratio.  Output capacity of the boiler 
shall be based on tests of the boiler and burner as a unit.  Moisture in 
the steam shall not exceed 0.5 percent at maximum continuous rated boiler 
capacity and during a load swing of 10 percent of boiler capacity per 
minute with boiler water dissolved solids concentration at approximately 
3,500 ppm and total alkalinity not in excess of 700 ppm.

2.2.3   Construction

Boiler shall be built and stamped in accordance with ASME BPVC SEC I and as 
specified.

2.2.4   Identification

Boiler shall be minimum as follows:

a.  Radiant heating area: 438 square feet

b.  Boiler heating surface area: 2,536 square feet

c.  Furnace volume: 540 cubic feet
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2.2.5   Watertube, Packaged Type Steam Boiler

Boiler shall be shop assembled type with either 2 or 3 drums and water 
cooled furnace roof, floor, front, rear and side walls.  The furnace side 
and rear walls shall be completely suitable for pressurized firing.  Boiler 
faces shall be arranged to give maximum cooling effect to furnace 
refractories.  Furnace waterwall tubes shall enter steam drum below the 
normal operating drum level.  Tube inspection ports shall be provided in 
furnace to boiler division wall, along both the steam and lower drums.  
Furnace shall be sized for complete combustion of fuel in the furnace with 
no flame impingement on the water-cooled surfaces and no combustion in the 
convection area.  The furnace heat release rate, based on fuel analysis and 
required fuel input, shall not exceed 77.72 Btu/hr per cubic foot of 
furnace volume.  Furnace heating surface shall not be less than 438 square 
feet on a flat protected area.

2.2.5.1   Drum

a.  Drums shall extend beyond the entire length of furnace setting.  
Drum shall be fabricated of steel plate, welded in accordance with 
ASME BPVC SEC I, including stress relieving and X-raying of welded 
seams.  Steam drum shall be provided with steam separators and drum 
internals required to maintain the specified steam moisture content, 
and provisions for maintenance.  Necessary baffling shall be provided 
to separate steam from water in the drum and to maintain stable water 
level under a fluctuating load.  Variations in normal water level shall 
not exceed boiler manufacturer's recommendations as approved during the 
shop drawing submittal stage with an increasing load change of 10 
percent of boiler capacity per minute.  The steam drum diameter shall 
not be less than the following:

1.   36 inch (steam flow of 12,000 to 70,000 pounds/hr).

b.  Lower drum shall not be less than 24 inches in diameter.

c.  Drum shall be provided with two 12 by 16 inch elliptical manholes 
with double clamps, studs and gaskets.

d.  Boiler shall be provided with connections as shown.

e.  Lower Drum Heating Coil - provide a lower drum heating coil in the 
unit to keep the unit in a hot mode when not operating.  The heating 
coil should be sized to keep the boiler at a temperature 50 degrees F 
below the saturation temperature of the supply steam.  The heating coil 
should be supplied with a supply steam isolation valve, control valve, 
condensate outlet steam trap and a pressure relief valve.

2.2.5.2   Tubes

a.  Furnace and Boiler: Furnace and boiler tubes shall not be less than 
2 inches in diameter and the thickness shall conform to that given in 
ASME BPVC SEC I for the pressure specified.  Tubes shall be bent to a 
true radius.  Tubes that are distorted in bending, flattened or ridged 
are not acceptable.  Tube holes in the drum shall be drilled, reamed 
and serrated.  Design of the tubes shall permit drums and tubes to 
drain by gravity.

b.  Furnace Waterwall: Furnace waterwall shall extend the entire length 
of furnace setting and shall consist of 2 inch tangential electric 
resistance welded steel tubes or welded furnace membrane wall.  Tubes 
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connected to the drums and/or lower headers shall be expanded into 
bored tube seats.  If headers are provided,lower headers of sidewalls 
shall be round or square design.  Lower header shall be provided with 
gasketed handhole covers for easy access to each wall tube.  Tube bend 
radii shall be sized for standard turbine type cleaners for easy pass 
through for cleaning of the full length of the tubes.

c.  Convection Tubes: Convection tubes shall be electric resistance 
welded construction in accordance with ASME BPVC SEC I.  Convection 
tubes shall be arranged to ensure proper and effective soot blowing.  
Convection tubes in the boiler section shall be expanded into the upper 
and lower drums.

2.2.5.3   Baffles

Baffles shall be arranged to direct products of combustion into contact 
with heating surfaces without short circuit of flue gas at the outlet or 
excessive loss of draft.  Baffles shall be either a refractory material, 
tangent tubes or a metal suitable for the temperature encountered.

2.2.5.4   Supports

Boiler and firing equipment shall be supported from the foundation with 
structural steel independent of 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.  For lifting and 
handling of the boiler, lifting lugs shall be welded to the steam drum.  
Boiler skid shall be reinforced and provided with space beneath the end of 
the beam for jacking the unit during installation.  Holes shall be provided 
in the main beam for use by a rigger to drag or lift the unit by its base 
frame for final positioning, if this method recommended by boiler 
manufacturer.

2.2.5.5   Boiler Casing and Insulation

Boiler shall be completely encased in a double casing and filled with 
blanket insulation.  Casing shall be constructed of not lighter than 10 
gauge welded black steel sheets.  Casing shall be gastight and shall be 
reinforced with structural steel to provide rigidity and prevent buckling.  
Refractory or insulation behind the waterwall tubes shall be not less than 
2 1/2 inches thick.  Insulation shall be of sufficient thickness to ensure 
an average casing temperature in the furnace area not in excess of 140 
degrees F with a surface air velocity of 120 fpm and an ambient air 
temperature of 90 degrees F when operating at full capacity.  Insulation 
material and installation shall be as recommended by the boiler 
manufacturer.  Exposed portion of the boiler drum shall be insulated with 
mineral wool block and enclosed in a welded 10 gauge steel casing, field 
installed.  Refractory and insulation shall be factory installed.

2.2.5.6   Access Door and Observation Port

The boiler shall be provided with access doors in sufficient number, size 
and location for cleaning, inspection and repair.  Access door shall be 
gastight and interior surfaces exposed to direct radiation and high 
temperature shall be lined with approved refractory material to prevent 
excessive heat loss.  Access doors that are large or weigh more than 50 
pounds shall be hinged.  In addition, at least two observation ports with 
cast iron covers shall be provided, one on the front and one on the rear 
wall of the furnace, so that the entire inner surface of the furnace is 
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visible from one or more ports.

2.2.5.7   Soot Blower

Boiler shall be provided with necessary openings and provisions for future 
soot blower for convection bank cleaning.  Soot blower shall be steam 
operated, valve-in-head type and shall be furnished complete with wall 
sleeve, clamps, hangers, supports, manual operating chains and other 
appurtenances required for a complete installation.  The blower elements 
shall be so arranged that all parts of the heating surfaces shall be 
cleaned of soot deposits when rotated by electric motor actuated by 
automatic sequence from boiler control panel.  Soot blower elements shall 
be of such length, diameter and total nozzle area that for the operating 
pressure involved there will be no significant difference in the cleaning 
effect between the nozzle nearest the inlet and those farthest from the 
inlet of the element.  Soot blower shall be made of a material that will 
satisfactorily withstand the temperature in the zone where it is 
installed.  The soot blower opening shall be capped for future installation.

2.2.5.8   Economizer

a.  Boiler shall be furnished with a rectangular, package extended 
surface economizer.  Economizer shall be shop assembled and shipped 
complete with structural steel frame, inner casing, shop applied 
insulation and 12 gauge box ribbed metal lagging.  Economizer shall be 
designed and fabricated in accordance with ASME BPVC SEC I.  Flue gas 
flow through economizer shall be vertical with orientation of 
economizer as shown.

b.  Economizer shall be of continuous tube, loop tube design and shall 
be completely drainable by gravity after installation.  Design and 
arrangement of economizer shall be such that there will be no steaming 
in the economizer under any load or operating condition.  Minimum 
design temperature of the economizer shall be 700 degrees F.  
Economizer shall be hydrostatically factory tested at 1.5 times the 
tube side design pressure or at least 300 psi in the presence of a Code 
Inspector.  The unit shall be ASME code stamped and shall include 
nameplate and code documentation.

c.  Extended surface shall be of solid continuous, resistance welded 
carbon steel fins.  Maximum fin spacing shall be 60 fins per foot.  
Fins shall be not less than 0.075 inches thick.

d.  Headers shall be SA-106-B with minimum Schedule 40 wall thickness 
and equipped with minimum ANSI Class 300 raised face weld neck flanged 
connections.  Header wall thickness and flange rating shall be 
dependent on tube side design pressure in accordance with 
ASME BPVC SEC I requirements.  Tube arrangement shall be of the open 
lattice design.  Drilled tube sheets are not acceptable.

e.  Hot structure design shall be gastight and designed for a minimum of
 10 inches wc gas side pressure.

f.  Pressure parts shall not be in contact with tube sheets.

g.  Inner casing shall be a minimum of 10 gauge carbon steel.

h.  The economizer shall be designed for the maximum operating 
conditions of the boiler and shall be capable of reducing boiler stack 
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exit flue gas temperature to 300 degrees F when the boiler is being 
fired with natural gas or 315 degrees F when the boiler is being fired 
with No. 2 oil and being supplied with feedwater at 225 degrees F at 
all boiler loads.

i.  The boiler feedwater head loss through the economizer shall not 
exceed 3 psi at maximum boiler load.

j.  The economizer shall be insulated with a minimum 2 inch thick 
blanket type mineral wool or approved equal.

k.  Outer casing shall be weatherproof with a minimum 22 gauge 
corrugated galvanized carbon steel lagging.  Exposed surfaces not 
enclosed by outer casing shall be painted with high temperature 
aluminum paint.

l.  Minimum 3/4 inch vent and drain connections shall be provided on 
feedwater headers.

m.  Economizer shall have provision for soot blower installation 
provided with electrically operated soot blowers.  The quantity of the 
soot blowers shall be as recommended by the manufacturer.  Soot blowers 
shall be installed transversely to provide maximum cleaning 
capabilities.

n.  Access door of carbon steel construction shall be provided in the 
economizer design.  Access door shall be insulated.

o.  The economizer shall be designed to accept piping reactions without 
distortion or creating overstressed conditions in the piping.

2.2.5.9   Variable Speed Motor Controller

Remotely installed cabinet housed units with solid state rectification and 
inverter equipment to vary frequency of electrical power to the drive 
motors.  Refer to Section 26 29 23.98 VARIABLE-FREQUENCY MOTOR CONTROLLERS 
FOR HVAC for requirements to variable frequency drives.

2.2.5.10   Boiler Trim (Accessories)

Conform to ASME Boiler and Pressure Vessel Code, Section I. Refer to 
Section 23 09 11, INSTRUMENTATION AND CONTROL FOR BOILER PLANT, for 
operation of water level and steam pressure controls.

2.2.5.10.1   Steam Safety Valves:

a.  Provide two or three on each boiler.  Capacities certified by 
National Board of Boiler and Pressure Vessel Inspectors (NB).

b.  Type: Angle pattern, flanged or threaded inlet, flanged or 
threaded side outlet, lifting lever, steel bodies, stainless steel 
trim, dual control rings.

c.  Setting and Adjustments: Factory set, sealed, and stamped on 
nameplate.  Set pressures as shown.  Lowest set pressure shall not 
exceed normal operating pressure by more than 30 psi.  Provide 5 
psi difference in setting between each of the valves.
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2.2.5.10.2   Steam Pressure Gage:

1.  Construction
a.  Case: Surface-mounting, bottom or back connection, threaded ring, 

blowout disc in rear.
b.  Dial: 8 inch minimum diameter, non-corrosive, black markings on 

white background.
c.  Measuring Element: Bourdon tube designed for steam service.
d.  Movement: Stainless steel, rotary
e.  Pointer: Micrometer adjustable, black color.
f.  Window: Laminated safety glass, or plastic

2.  Accuracy: Full span, 1/2 percent.

3.  Range: 0-160 psi

4.  Installation: Stop valve, steel piping, valved blowdown, siphon, union 
at gage, valved connection for inspector's gage.  Mount gage on sheet 
metal panel affixed to front of boiler.  Use spacers between panel and 
gage to permit operation of blow-out disc.

2.2.5.10.3   Water Column with Water Level Indicator:

1.  Type: Conductivity probe type water level sensing, tilted prismatic 
gage glass with illumination, 250 psi steam minimum design.

2.  Conductivity Probes: Stainless steel with virgin Teflon insulation, AC 
power.  High water alarm, low water alarm, primary low water cutoff, 
grounding probe.  Low water alarm point higher than low water cutoffs.  
High and low alarms operate bell/horn warning lamp on boiler control 
panel but do not cause a burner shutdown.

3.  Gage Glass - Prismatic; Single or double (offset) tilted prismatic 
tempered borosilicate reflex units of sufficient length to include all 
low water cutoff points and high water alarm point without 
discontinuity.  Provide gage illuminator, mounted vertically, designed 
to direct light at gage only.  Locate in front of gage.  Do not block 
view of gage from personnel standing 6 feet in front of burner.  
Provide chain-operated 1/4 turn gage valves.  Extend chains to within 6 
feet of the floor.

2.2.5.10.4   Auxiliary Low Water Cutoff:

1.  Type: Float Chamber with float-actuated sealed snap switch.  Water 
piping connections to the steam drum shall be independent from other 
devices such as the water column.

2.  Construction
a.  Ul listed
b.  Float chamber shall have drain connection.
c.  Packless construction with pivot and bearing point remote from 

high temperature areas.
d.  Design for 250 psi steam.

2.2.5.10.5   Low Water Cutoff Shunt Switches:

Provide two separate non-latching pushbutton controls, one to short-circuit 
probe-type primary low water cutoff and the second to short-circuit the 
auxiliary low water cutoff when each is blown down.  Locate pushbuttons 
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within reach of drain valves for cutoffs.

2.2.5.10.6   High Steam Pressure Cutoffs:

1.  Provide two units with different set points.  Unit with lowest set 
point shall be automatic reset; unit with highest set point shall be 
manual reset.

2.  Type: Bellows actuates sealed snap-acting or mercury switch with 
adjustable set point and adjustable differential pressure (automatic 
reset unit).

3.  Construction
a.  Ul listed
b.  Design for 200 psi minimum emergency pressure.
c.  Switch position indicator visible without removing cover.
d.  Set pressure range: To 110 percent of required set pressure.
e.  Provide set point indicators with graduated scales for set point 

and differential pressure that are visible without removing cover.

4.  Mounting: Pipe directly to boiler steam drum or to water column.  There 
shall be no valves between cutouts and steam drum.  Provide siphons at 
each switch to protect bellows from high temperature.

5.  Set Points:
a.  Automatic Reset Unit: Refer to boiler schedule shown on the 

drawings.
b.  Manual Reset Unit: 5 psi higher than automatic reset cutout but 

below safety valve set pressure.  Subtractive differential not to 
exceed 10 psi.

2.2.5.10.7   Feedwater Control Valve

1.  Type: Single-seated, cage guided, balanced valve plug, or characterized 
rotary valve, designed for throttling service.  Equal-percent valve 
flow characteristic.  Electric actuator or pneumatic actuator with 
positioner.

2.  Performance: Refer to schedules on drawings for pressure, temperature 
and flow requirements.  If not scheduled, flow capacity shall be 125 
percent of maximum boiler steam flow with a maximum pressure drop of 5 
psi.  Maximum seat leakage at shut-off shall not exceed 0.01 percent of 
maximum valve capacity (FCI 70-2, Class IV)

3.  Construction - Plug Type:
a.  Body Type: Cast iron or bronze, flange for 2-1/2 inch pipe size 

and larger, threaded for 2 inch pipe size and under, rated for 250 
psi, 280 degrees F minimum.

b.  Plug, Cage, Seat Ring: Replaceable, hardened stainless steel.

4.  Construction - Rotary Type:
a.  Three-piece body, cast steel or bronze, flanged for 2-1/2 inch 

pipe size and larger, threaded for 2 inch pipe size and under, 
rated for 250 psi, 280 degrees F minimum.

b.  316 SS ball and stem, Polyfil seat, TFE coated SS seal.

4.  Actuators and Controllers: Refer to Section 23 09 11, INSTRUMENTATION 
AND CONTROL FOR BOILER PLANT.
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2.3   FUEL BURNING EQUIPMENT

The boiler manufacturer shall supply the complete fuel burning equipment 
and control system.  Fuel burning equipment shall be provided complete with 
flame safeguard system, forced draft low NOx burner, combustion air 
windbox, piping, fuel trains and instrumentation supplied as a factory 
assembled and mounted package on the boiler front.  Packaged burner shall 
be capable of firing the boiler at a continuous rating as scheduled, using 
natural gas and No. 2 fuel oil as an combination unit suitable for firing 
either fuel separately, designed to permit a quick changeover without 
modification of equipment.  Provisions shall be incorporated for 
withdrawing, shielding or otherwise preventing the oil burner from cooking 
while firing gas.  Emissions guarantees shall apply through  specified 
turndown range.  Flue gas recirculation may be utilized to lower emissions, 
but be limited to 15 percent and be induced by the combustion air fan.  
Burner shall have a stable flame over the turndown range.  Primary air 
spinner zone, zone divider and main burner shall be removable without 
removing the entire register or windbox.  Register front plate shall have a 
swivel scanner and observation port.  Submit an Environmental Permit 
Compliance certificate regarding the boiler emissions.  The boiler 
manufacturer shall guarantee burner performance and system operation.

2.3.1   Pilot

a.  Primary Pilot burner shall be natural gas-electric type with the 
capacity required to reliably light off the boiler.  A 6,000 volt 
secondary side ignition transformer shall be supplied and mounted 
backside of the windbox.

b.  Secondary Pilot shall be liquefied petroleum gas (LPG) type.  
Regulators and gauges shall have adequate capacity to serve pilot.  
Regulator shall be UL listed for corresponding service.

c.  Provision shall be made in the burner housing for inspection of the 
pilot flame.

d.  Pilot shall be provided with individual manual shut-off valve, 
pressure gauge, pressure regulation separate from the main burner, self 
closing solenoid valve and vent valve in accordance with FM P7825a, 
FM P7825b and UL 795.  Pilot and valving shall be in accordance with 
NFPA 85.

2.3.2   Burner Refractory Throat

Burner refractory throat shall be made of high quality castable refractory 
suitable for 3000 degrees F.  The precast refractory in a steel retaining 
ring with stainless steel anchors shall be shipped separately for field 
mounting on the boiler.  Burner refractory throat shall be concentric with 
the burner, contoured to ensure complete mixing of air and natural gas and 
air and oil, and designed to assist in complete combustion by radiating 
heat to the fuel.  Burner shall be so positioned that the flame parallels 
the contour of the burner refractory throat but avoids striking the 
refractory.

2.3.3   Windbox

Windbox shall provide even airflow.  Windbox shall not interfere with 
boiler smoke box door operation and shall have a flange bottom for easy 
firm mounting on a support structure.  Windbox shall be provided with an 
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induced flue gas recirculation (FGR) inlet adaptor assembly.

2.3.4   Combustion Air Fan

Combustion air fan shall be centrifugal type with backwardly inclined or 
air foil bladed wheel.  Combustion air-fan wheel shall be directly driven 
by a TEFC NEMA frame variable speed motor and shall be complete with inlet 
cone and screen and flange outlet.  Combustion air fan shall be bottom 
flanged to be mounted on same structural member as windbox.  Combustion 
air-fan shall be sized to provide sufficient static pressure to overcome 
system losses when providing 15 percent excess air at maximum firing rate, 
plus the amount of flue gas induced to comply with the NOx emission 
requirements.  Fan and motor shall have the following minimum margin(test 
block), plus 10 percent on volume, plus 21 percent on static, plus 25 
degrees F on Temperature.

2.3.5   Combustion Air Damper

Combustion air damper shall be flanged and located between combustion air 
fan and windbox, and on fan inlet.  Combustion air damper shall be suitable 
for specified turndown and shall provide same turndown performance when up 
to 15 percent flue gas is induced and mixed in the airstream.

Motor for driving fan shall be variable speed.  Noise level shall not 
exceed 85 dBA sound pressure level at 5 feet above the floor and 5 feet 
from the fan in any direction.  Provide heavy duty sound attenuator with 
screen on fan inlet, if required to meet sound pressure level requirements.

2.3.6   Fuel Oil Burner

Fuel oil burner shall be air atomizing type conforming to UL 296, UL 726 
and NFPA 85, capable of burning unheated No. 2 fuel oil.  Fuel oil burner 
shall be capable of firing boiler to maximum capacity with turndown range 
of eight (8) to one (1).  Fuel oil burner shall be quiet in operation 
without blowtorch effect or tendency to localize heat at any one part of 
combustion chamber and without depositing unburned oil on any part of 
combustion chamber or boiler.  Fuel oil burner shall be easily moved out of 
firing position for cleaning, inspection, adjustment and maintenance.

2.3.7   Natural Gas Burner

Natural gas burner shall be a multi-spud burner with gas feed pipe in 
center of air register for easy removal.  Natural gas burner shall be 
forced draft type and shall be suitable for efficiently burning natural gas 
having a calorific value of 1000 Btu per cubic foot when supplied at a 
pressure of approximately 20 psig.  Natural gas shall be discharged in 
burner throat area.  Natural gas-air premix or natural gas discharged 
outside of burner throat are not acceptable.  Main natural gas burner shall 
be capable of firing the boiler to maximum capacity with a turndown of ten 
(10) to one (1).

2.3.8   Boiler Piping Trains

Piping train shall be completely prepiped, wired and mounted on boiler.  
Fuel oil and Air atomizing systems and natural gas train shall be in 
accordance with NFPA and FM standards and requirements and shall include 
but not be limited to following items:
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2.3.8.1   Fuel Oil Train

a.  NFPA 31.

b.  Adjustable fuel oil pressure regulating and relief device.

c.  Fuel oil flow control valve with characterizing adjustments to 
match airflow.

d.  Dual (NC) motorized oil shut-off valve with proof of closure.

e.  Low fuel oil pressure switch.

f.  Fuel oil flow transmitter.

g.  Fuel oil pressure gauge for fuel oil supply and burner pressure.

h.  Manual shut-off valves at connections to supply and return headers.

i.  "Y" type strainer.

j.  Fuel oil check valve.

2.3.8.2   Air Atomizing Train

a.  Manual shutoff valve at connection to atomizing supply.

b.  Y-Type strainer in atomizing air line.

c.  Automatic shutoff solenoid and check valve in atomizing air line to 
allow automatic purging of burner.

d.  Check valve to prevent backflow in air line.

e.  Pressure gauge with isolation valve for servicing in atomizing air 
supply and at burner.

f.  Solenoid shutoff valve to close when the burner shuts off.

g.  One self-contained pressure regulating valve to maintain atomizing 
air pressure.

h.  Low atomization air pressure switch.

2.3.8.3   Natural Gas Trains

a.  NFPA 54.

b.  Natural gas flow control valve with characterizing adjustments to 
match airflow.

c.  Manual shut-off valve (NO) at supply and discharge of vent and 
drain valves.

d.  Manual shut-off valve (NO) at ignitor natural gas supply and 
discharge of vent and drain valve.

e.  Y-type strainer supplied in ignitor natural gas and main natural 
gas lines.
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f.  Two (NC) solenoid safety shut-off valves, in series, in ignitor 
line with one (NO) solenoid vent valve located between safety shut-off 
valves, piped to atmosphere through the roof.

g.  Two shut-off valves with proof of closure, piped in series in main 
gas line with one (NO) solenoid vent valve located between safety 
shut-off valves, piped to atmosphere through the roof.

h.  One pressure regulating valve in ignitor natural gas line to 
regulate natural gas pressure to ignitor.

i.  One pressure regulating valve to regulate main natural gas pressure 
at natural gas train inlet.

j.  Natural gas meter.

k.  Natural gas flow transmitter for main natural gas to burner.

l.  Pressure gauge, with shut-off valve for main natural gas supply.

m.  Pressure gauge, with shut-off valve for main natural gas at burner.

n.  Pressure gauge, with shut-off valve for natural gas supply to 
ignitor.

o.  Pressure gauge, with shut-off valve for natural gas ignitor.

p.  Low natural gas pressure switch.

q.  High natural gas pressure switch.

r.  Three way valve for propane/natural gas transition.

s.  Propane igniter pipe train: Comply with typical  arrangement in 
NFPA 85, Annex A, as modified by the following description: Arrange the 
system to allow selection of either natural gas or propane for the 
ignition fuel.  Provide separate piping with plug valve, pressure gage, 
filter and pressure regulator for propane.  Join the natural gas and 
propane services by means of a three-way plug valve.

1.  Filters: Replacement elements, five micron or smaller particle 
retention.  Static pressure capability two times the maximum 
lockup pressure of nearest upstream pressure regulator.  Maximum 
pressure loss, at full flow, 1.3 kPa (5 inches water column).  
Provide unions for filter removal.  Manufacturer: American Meter, 
Dollinger or equal.

2.  Pressure Regulators:

a. Type: Single-seated, diaphragm-operated.  Provide separate 
regulators for natural gas service and for LP gas service.  (Refer 
to the schematic diagrams shown on the drawings).

b. Service: Provide controlled pressures in igniter train as 
required by igniter, with upstream pressures as shown or 
specified.  Inlet and outlet emergency pressure rating shall be at 
least twice the lookup pressure of the nearest upstream pressure 
regulator.  As an alternate to the outlet emergency pressure 
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rating, provide internal relief valve vented to outside set at 
pressure that will avoid overpressure on regulator outlet that 
could damage the regulator.

c. Performance: Lookup pressure shall not exceed 1.5 times the 
regulated pressure.

d. Construction: LP gas regulator must be designed for 250 psi 
maximum pressure.

2.4   BREECHING, EXPANSION JOINTS, STACKS, AND DAMPERS:

2.4.1   Breeching

Provide with rectangular cross section and fabricate of not less than 3/16 
inch thick black steel plate unless otherwise noted.  Stiffeners shall be 
not less than 2 1/2 by 2 by 1/4 inch steel angles welded to exterior with 2 
inch leg outstanding.  Stiffeners shall not exceed 3 feet on centers.  
Breeching shall connect to each boiler flue gas outlet, and to stack as 
required.

2.4.1.1   Breeching Connections and Joints

Weld or bolt breeching joints unless indicated otherwise.  Welding shall 
conform to AWS D1.1/D1.1M and AWS D1.3/D1.3M.  Bolts for bolted connections 
shall be not less than 1/2 inch diameter and spaced not more than 3 inches 
apart, with bolts, lockwashers and nuts being hot-dipped galvanized.  
Provide bolted joints with a minimum of 1/8 inch thick gaskets.  Bolt 
breeching connections to boilers, equipment items, dampers, expansion 
joints, and breeching accessories.  Flanged breeching connections to 
equipment shall be drilled to match flanges on equipment.  Flanged joints 
shall be seal welded to make connection gas-tight.

2.4.1.2   Uninsulated Breeching

Thoroughly wire brush breeching which is not to be insulated and clean by 
degreasing with nonflammable solvent such as trichloroethylene prior to 
painting.

2.4.1.3   Breeching Access Doors

Provide breeching access doors where indicated.  Construct access doors 
with frame and hinged door of cast iron or reinforced steel plate.  Frame 
shall be not less than 25 by 37 inches with access opening of 18 by 30 
inches.  Connection to breeching shall be gasketed and made with minimum 
1/2 inch diameter hot-dipped galvanized bolts, lockwashers, and nuts spaced 
not less than 5 inches on center.  Each side of the access door shall have 
not less than two quick-clamp positive closing latches, with the long side 
opposite the hinges containing three clamps to give a gastight seal.  Side 
of access door opposite hinges shall contain a minimum 3 by 5 inch size 
handle.  Provide a gasket consisting of 3/8 inch diameter fire resistant 
resilient rope seal and mastic compound between the access door and the 
access door frame.

2.4.1.4   Breeching Cleanout Doors

Provide breeching cleanout doors where indicated.  Construct cleanout doors 
of not less than 3/16 inch thick steel plate.  Secure cleanout doors to a 1 
1/4 by 1 1/4 by 3/16 inch thick angle frame with  3/8 inch hot-dipped 
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galvanized mounting bolts welded to the angle frame and spaced not more than
 6 inches o.c.  Weld frame to breeching and provide a 1/16 inchgasket 
between frame and cleanout door.  Cleanout doors shall be not less than 24 
inches square except where breeching dimensions are smaller, in which case 
the cleanout door shall be full height of the breeching and not less than 
12 inches in length.

2.4.1.5   Breeching Structural Materials

Structural and support materials shall be steel and shall comply with the 
applicable sections of ANSI/AISC 360.  

2.4.2   Expansion Joints

2.4.2.1   Metallic Breeching Expansion Joints

Provide factory fabricated metallic breeching expansion joints where 
indicated.  Expansion joints shall be guided metal bellows type capable of 
a minimum of 4 inches of axial travel.  Form metal bellows from not less 
than 1/16 inch thick type 321 stainless steel plate.  Cover plates shall be 
not less than 1/8 inch thick steel plate.

2.4.2.2   Non-Metallic Expansion Joints

Provide factory fabricated non-metallic breeching expansion joints 1/8 inch 
minimum thickness .  Expansion joints shall be constructed of 
fluoroelastomer vulcanized to two plies of knitted wire mesh capable of a 
minimum of 1 inches of axial compression, 4  inches of axial extension and 
4 inches of lateral offset unless indicated otherwise.  Joints shall have a 
continuous operating temperature rating of 400 degrees F, with excursion 
design standards up to  750 degrees F.  Operating pressure range shall be 
minus 5 psig to plus 5 psig.  Expansion joints shall be preformed with 
integrally molded corners, suitable for mounting against a 6 inch flange.  
Provide carbon steel backup bars with slotted holes, bolts, and nuts.

2.4.3   Stacks

Stacks shall be installed above economizer single wall insulation, self 
supporting, steel construction.  Contractor shall assure that the design of 
the stack and supporting steel meets or exceeds the design conditions 
listed below.  Provide each stack complete with accessories and 
appurtances, including test ports, anchors, sleeves, insulation, base and 
chair rings, and cleanout door.

2.4.3.1   Stack

a.  Stack shall designed for local, seismic, and governing structural codes.

b.  Design:  The stack shall fully conform to overall dimensions and 
appearance characteristics shown on the drawings and specified herein.

1.  The stack wall shall be independent and load-bearing.

2.  Exit cone shall be designed to develop an optimum exit velocity 
for maximum load conditions.

3.  Stack shall be sized and matched for the boiler and shall be 
capable of safe and continuous service.
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4.  Stack clean-out door shall be of single-wall, gasketed 
construction.  The door and frame shall be properly hinged and 
special care must be taken to obtain a permanently tight fit.  
Clear dimensions shall be approximately 12 inch x 12 inch.

5.  Submit plans showing anchor bolt size and locations together with 
loading calculations.

c.  Materials

1.  Material for the stack's outer shell shall conform to 
ASTM A 240/A 240M stainless steel or as specified.

2.  The thickness of the stack wall shall be designed and provided to 
be completely load-bearing and independent.

3.  Anchor bolt material to conform to ASTM A 325 steel.

d.  Welding

1.  Stack shall be of all-welded construction and all girth and 
vertical seams shall be of the complete penetration butt groove 
weld design.

2.  Butt weld splices of all girth seams shall be full-strength, 
prequalified, 100 percent complete penetration groove weld in 
accordance with AISC specification and/or AWS Structural Welding 
Code D1.1-90.

e.  Design and Consideration

1.  Bending moment and shear calculations

2.  Stack design detail computations

3.  Windloading analysis

4.  Seismic zone compliance

f.  Tolerances:  The cross-section of the stack shall be circular and its 
centerline shall be plumb.  Allowance construction tolerances shall be 
as follows:

1.  Diametrical out-of-roundness paired 3/16 inch

2.  Vertical waviness in 10 feet 1/8 inch

3.  Adjoining sections to be paired as close as possible not to exceed 
3/16"

4.  Plumbness of center 1 inch per 50 feet

5.  Local dents in plates shall be no deeper than one-half of plate 
thickness.

6.  Welded plates shall be aligned so that the center lines of 
adjoining plate edges shall not have an effect from each other 
larger than 25 percent of plate thickness.
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7.  Rectangular breeching shall be aligned so that all corners shall 
not have an effect from each other larger than 25 percent of the 
plate thickness.

8.  Any diameter or cumulative diameter less than 24 inch tolerance  
plus 1/8 inch.  Any diameter or cumulative diameter greater than 
24 inch tolerance  plus 1/4 inch.

g.  Inspection:  Field welds are the responsibility of the erector 
appointed by the purchaser.  Quality control of all welded work shall 
consist of the following procedures:

1.  Inspection during welding:  Visual inspection to check details of 
the work during welding, i.e.:

a.  Welding process
b.  Cleaning
c.  Joint preparation
d.  Filler metal
e.  Qualified welding procedure
f.  Compliance with applicable codes and specifications
g.  All welding by certified operators.

2.  Inspection after welding:
a.  Dimensional accuracy
b.  Conformity to specification requirements regarding extent, 

distribution, size, contour, and continuity of welds
c.  Weld appearance
d.  Surface flaws, such as cracks, porosity at the ends or 

welds, under cuttings, etc.
e.  Surface preparation and shop painting.

h.  Warranty:  Contractor shall guarantee as to workmanship and material, 
all stacks for a period of one (1) year from date of installation.

2.4.3.2   Construction Accessories

A.  Drains: Provide stainless rain catch ring inside and threaded pipe 
connection to allow drainage at all low points and drain connections in 
stack and breeching systems. Slope piping system to the drain. Pipe 
size shall be 1 inch minimum.

B.  Instrument Ports: Locate on individual stack or breeching serving each 
boiler. Locate in non turbulent zone within 12 feet of boiler room 
floor between boiler and economizer (when economizer is provided) or 
locate accessible from platform. Provide separate ports for the 
following:
1.   Flue gas oxygen analyzer: Coordinate with analyzer furnished.
2.   Stack temperature sensor: Coordinate with sensor furnished.
3.   Draft gauge: 1 inch diameter coupling, plugged.
4.   Test instruments: 1 inch diameter coupling, plugged. 

2.4.3.3   Finish

Stacks shall be shop coated prior to shipping from the factory.

2.4.4   Sampling Ports

Weld four sampling ports to stack at 90 degrees apart.  Each port shall 
consist of a section of 4 inch diameter steel pipe with threaded cap.
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2.4.5   Boiler Outlet Dampers

A.  Type: Multi blade, opposed horizontal blades, automatically controlled. 
Open shut operation. Also, modulating operation on systems requiring 
automatic draft control. Locate at the outlets of the economizers.  
Boiler outlet draft control is specified in Section 23 09 11, 
INSTRUMENTATION AND CONTROL FOR BOILER PLANT.

B.  Service: Design for 600  F, 1.2 kPa 5 inches W.C. positive and negative 
pressure. Maximum leakage, when closed, shall be ten percent of maximum 
required flow. Maximum pressure loss at maximum boiler steam output, 
0.05 inches WC.

C.  Construction:
1.   Blades: ASTM A242 carbon steel, air foil, dowelled to shafts.
2.   Shafts: Stainless steel. Provide seals at casing penetrations.
3.   Bearings: External to flow stream, carbon, self-contained, 

bushing, packing-gland assemblies, self lubricating.
4.   Linkages: Control arms dowelled to shafts. All control arms 

linked to drive motor. External to flow stream. All steel 
construction.

D.  Accessories:
1.   Interlock Switch Mounting: Rigid mounting located to allow switch 

to sense damper linkage position. Switch is connected to burner 
control system specified in Section 23 09 11, INSTRUMENTATION AND 
CONTROL FOR BOILER PLANT.

2.   Damper Drive Unit: Electric type that shall operate damper 
without overload.  Provide 100 percent duty cycle maintenance-free 
motors that never overheat or burnout under stalled conditions. 
Constant speed coordinated with the controlled process so that 
performance parameters remain within requirements. For systems 
without draft control, the drive unit shall automatically open 
damper 90 degrees on boiler purge and firing cycle; close damper 
on boiler shut down.  For systems with draft control, the drive 
unit shall automatically open damper 90 degrees on boiler purge 
cycle, position damper as required for proper burner ignition, 
modulate damper during boiler firing to maintain constant outlet 
draft, close damper on boiler shut down.

2.5   FACTORY COATING

Equipment and component items, when fabricated from ferrous metal, shall be 
factory finished with the manufacturer's standard finish unless otherwise 
specified.

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, EXCEPT FUEL SYSTEM

Work shall be installed as indicated and in accordance with manufacturer's 
diagrams and recommendations and applicable requirements of FM and NFPA.
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3.3   BOILERS AND AUXILIARY EQUIPMENT

3.3.1   Inspection

Inspect areas and conditions under which boiler and auxiliary equipment are 
to be installed.  Field verify location of connections to piping, equipment 
and supports and make connection to said items utilizing field-verified 
dimensions.  Notify Contracting Officer of discrepancies and ensure that 
unsatisfactory conditions have been corrected in an acceptable manner.

3.3.2   Preparation

a.  Coordinate the installation of equipment and appurtenances prior to 
installation with other work.

b.  Provide work required to correct situations resulting from the 
Contractor's failure to coordinate with the work of other trades, at no 
additional cost.

c.  Take into consideration priority needs for location and space of 
work of all trades.  Failure to do so will require the Contractor to 
remove and relocate the work at no additional cost.

3.3.3   Installation

3.3.3.1   Boiler

Boiler shall be installed in accordance with the manufacturer's written 
instructions, in accordance with boiler installation requirements of local, 
city, state codes and in accordance with applicable provisions of NFPA and 
ASME code standards.  Boiler and associated components shall be located 
where indicated.  Boiler shall be installed level to a tolerance of 1/8 
inch in 10 feet in all directions.  Electrical connections shall be made in 
accordance with Section 26 00 00.00 98, GENERAL ELECTRICAL PROVISIONS.

3.3.3.2   Protection

It is the Contractor's responsibility to protect boiler and components from 
damage after installation, until Government takes custody.  After 
installation, touchup paint shall be provided to damaged areas on shop and 
finish-coated surfaces of the equipment.  Surfaces shall be free of rust, 
scale and foreign substances before application of touchup paint.  The 
touchup paint shall be equivalent to the shop and/or finish paint.

3.3.3.3   Adjusting, Inspecting, and Cleaning

a.  Thoroughly clean inside of boiler by performing boil-out, flushing 
and cleaning in accordance with manufacturer's instruction prior to 
startup.

b.  Final adjustment to boiler shall be in accordance with 
manufacturer's recommendations, but not less than following:

1.  Verify lubrication of moving parts.

2.  Verify fan rotation direction.

3.  Adjust water level control for proper operating level.
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4.  Adjust firing rate control.

5.  Confirm operation of safety devices.

6.  Adjust controls and verify operation.

3.3.3.4   Field Quality Control.

a.  Provide trained field representative to supervise installation of 
boiler and its components.  Field representative shall inspect 
alignment and balancing of rotating and moving parts.  After completion 
of installation, provide services of factory-trained field 
representative to start and adjust boiler.

b.  Manufacturer shall provide trained field representative for final 
inspection of boiler for proper installation, alignment and leveling 
prior to boiler startup.

c.  Coordinate with other representatives on startup of other items and 
building services as required.

d.  Contractor's representative shall be available to instruct and 
train Government personnel for not less than two (2)days after boilers 
are operational.

3.3.4   Gaseous Emissions Monitor

In-situ gaseous emissions monitor shall be provided.  Combination of 
extractive and in-situ monitors is not acceptable.  Gas monitors shall 
include automatic calibration checks.  Alarm horn and annunciator shall be 
provided to alarm when any monitored parameter is out of range or gaseous 
emission monitor malfunctions.  Surfaces exposed to corrosive gas of boiler 
shall be constructed of noncorrosive materials such as 316 SS, Teflon or 
Hastalloy.

a.  Submit a Boiler Emissions Report as specified in the Submittals 
paragraph.

3.3.5   Testing

ASME PTC 19.3.

3.3.5.1   Factory Testing

Boilers shall be guaranteed to perform in accordance with stated operating 
conditions.  Complete packaged boiler shall be hydrostatically and fire 
tested at boiler manufacturer's factory to check construction, operation 
and function of all controls.  Submit certification of factory tests.  
Tests may be witnessed by Contracting Officer or Representative of 
Contracting Officer.  Contracting Officer shall be notified two (2) weeks 
prior to factory testing.

3.3.5.2   Field Testing

a.  Furnish personnel, equipment, instrumentation, and supplies 
necessary to perform field testing.  Upon completion, and prior to 
acceptance of the work, boiler plant shall be subjected to such 
operating tests as may be required to demonstrate satisfactory 
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functional operation of the plant, including safety devices.  Operating 
tests shall be conducted at such times as the Contracting Officer may 
direct.

b.  Submit proposed test procedure to Contracting Officer for 
approval.  The Government will witness the field tests.  Written 
permission shall be obtained from the Contracting Officer before 
proceeding with testing.  Tests shall be supervised by respective 
manufacturers.

c.  Original copies of data produced, including results of each test 
procedure during field testing, shall be turned over to the Government 
at the conclusion of testing prior to Government approval of the test.

d.  Testing shall be performed in accordance with approved test 
procedures.  The Test Procedures shall cover actual equipment and 
functions specified for the project.

3.3.5.3   Hydrostatic Test

a.  General:  Submit a written field hydrostatic test schedule seven 
(7) days in advance to Contracting Officer for approval.

b.  After installation is completed and prior to startup, furnish the 
services of local boiler and pressure vessel inspector to observe field 
hydrostatic test, inspect installation and piping and certify that 
installation is in accordance with ASME code.

c.  Following installation of piping and boiler plant equipment, but 
before application of piping and boiler insulation, a hydrostatic test 
shall be completed, including boiler and associated piping within 
boiler plant.  System shall be proved tight for at least two hours 
under gauge pressure of 1.5 times the working pressure specified and 
not less than the following:

1.  High pressure 125 psig working - Test pressure 190 psig.

d.  Boiler isolation valves shall be individually tested to isolate 
against the specified hydrostatic test pressure.  At the conclusion of 
the system hydrostatic test, each boiler's isolation valves (steam 
discharge, boiler feedwater, etc.) shall be closed; the boiler drained 
down; and pressure monitored on both sides of each isolation valve for 
a minimum of two hours to verify that the valves isolate each boiler.

e  Boilers shall be tested and piping connections inspected by a 
certified boiler inspector for compliance with ASME BPVC SEC I.

f.  Submit certificate of compliance with ASME BPVC SEC I for each 
boiler to Contracting Officer.

3.3.5.4   Inner Casing Air Tests for Packaged Force Draft Boilers

Following installation, each packaged forced draft boiler shall be air 
tested up to 10 inches water gauge.  Soap foam shall be applied to seams to 
detect leaks.  The boiler shall not lose more than 5 inches water gauge in 
10 minutes.  This test shall be performed prior to installing insulation.
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3.3.5.5   Efficiency and Capacity Test

a.  Efficiency and capacity test shall be run on one boiler of each 
size installed, conducted in strict accordance with ASME PTC 4, 
abbreviated efficiency test.

b.  Measuring devices used for measuring feedwater evaporated and 
amount of fuel burned shall be properly calibrated prior to test.  
Water flow meter used in the test shall be suitable for hot water. 
Furnish instruments, test equipment, test personnel, and fuel oil 
required to properly conduct tests.  Submit a fuel oil analysis as 
specified in the Submittals paragraph.

c.  Calibration curves or test results furnished by an independent 
testing laboratory of each instrument, meter, gauge, and thermometer to 
be used in the efficiency and capacity test shall be furnished prior to 
test.

d.  Obtain necessary natural gas, water and electricity as specified in 
the Section 01 50 00.98 TEMPORARY FACILITIES AND CONTROLS  Provide 
necessary quantities of propane gas or No. 2 fuel oil when propane gas 
or fuel oil is require for testing.

e.  Efficiency and general performance tests on boiler shall be 
conducted by a qualified test engineer furnished by Contractor.

TESTING AND PERFORMANCE
Percent of Capacity

                          Waterwall      
        Time          Watertube Boilers   

    First 1 hour              50                  
    Next 2 hours              75                  
    Next 4 hours             100                 

f.  Efficiency tests may be conducted concurrently with operating 
tests, or separately.  Thermal efficiency shall be not less than 
specified.  Maximum moisture content of saturated steam leaving boiler 
shall be as specified.

g.  Performance Test report including logs, heat balance calculations, 
and tabulated results together with conclusions shall be submitted to 
Contracting Officer in quadruplicate.

h.  An analysis by an independent testing laboratory of fuel being 
burned during test shall be submitted to the Contracting Officer.  
Analysis shall include pertinent data tabulated in ASME PTC 4, 
abbreviated efficiency test.

i.  Contracting Officer will observe and approve tests.

3.3.5.6   Control System Operational Testing

a.  Full operational test of boiler plant control system shall be 
conducted to demonstrate compliance with sequences of operation, safety 
interlocks and control functions of the specification.

b.  Field Installation Test:  Following the installation of the control 
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system, all hardware shall be aligned and adjusted, and all test 
readings recorded in accordance with the manufacturer and installer 
recommended tests and maintenance procedures.  Manufacturer and 
installer shall include in the associated test report a list of all 
hardware or components replaced or changed between the completion of 
factory tests and the start of field installation test.  All hardware 
shall be demonstrated to be operational by running off-line 
diagnostics.  Field installation test shall include electrical 
continuity, complete exercising of each Input and Output point, and 
simulation of each control loop.  The field installation test shall be 
considered complete only after all variances generated during 
installation are resolved and tested.

c.  Startup Test and Punchout:  Prior to on-line operation, conduct a 
complete demonstration and readout of the control system scope of 
surveillance and control.  Demonstration of controls shall include 
simulation of analog inputs and observation of the action of system 
final control elements.  Generate a hardcopy printout and perform 
punchout of all Input and Output points.  Submit startup test hardcopy 
printout to Contracting Officer two (2) weeks prior to demonstrating 
the control system.  Full functional test shall be conducted in 
accordance with the control system sequences of operation.  Conduct 
startup test and punchout in the presence of the Contracting Officer.  
The Contracting Officer shall be notified no later than ten (10) days 
prior to scheduled startup testing.

d.  Operational Acceptance Test:  After all previous testing has been 
successfully completed, operate control system for ten (10) days to the 
complete satisfaction of the Contracting Officer.  Submit to 
Contracting Officer a bound log reporting all control system failures 
that occur red during operational acceptance test.  Log shall show the 
point name and number, time and date of failure, and time and date of 
return to service.  During the 30-day acceptance test, any operational 
failures due to malfunction of the control panels, wiring, or Control 
Room Equipment shall require that the 30 day test begin again when 
repairs are completed.  Any failures between field-sensing equipment 
and the control panels shall be corrected, and the testing shall 
continue from the day of failure.  During the last three (3) calendar 
days of testing, no failures of any kind will be accepted or the last 
three (3) days shall be repeated.  If the season of the year prevents 
complete testing of any individual component of the control system, 
acceptance will be conditional upon the successful demonstration of the 
specific component at the appropriate season.

e.  Final Acceptance:  The control system will not be considered 
accepted by the Government until all tests are successfully completed.  
Beneficial use of the system by the Government will not be considered 
as acceptance.  The Government will deem the control system to be fully 
accepted when:

1.  Structured, unstructured and availability tests have been 
successfully completed, and all incidents and variances have been 
resolved to the Government's satisfaction.

2.  Documentation and training requirements have been completed 
and are satisfactory to the Government.

3.  Maintenance and related contracts and releases of 
subContractors have been duly executed and submitted to the 
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Government.

4.  Identified defects have been corrected to the Government's 
satisfaction.

3.3.5.7   Boiler Room Panels and Instruments

After inspections of installation and calibration of instruments, and after 
boiler test, provide a certificate of compliance to Contracting Officer 
stating that controls and instrumentation operate satisfactorily and within 
the operating parameters as specified for each fuel.  If units fail to 
operate satisfactorily or fail to achieve specified performance, make 
adjustments, modifications, repairs, or replacements as necessary at no 
additional cost until specified performance has been achieved and certified 
by Contracting Officer.

3.3.5.8   Temporary Piping for Testing

Necessary temporary piping, of not less than 4 inches in diameter, shall be 
furnished and a muffler shall be provided to exhaust excess steam to 
atmosphere in event boiler load is insufficient to meet capacity 
specified.  Control valve for exhausting excess steam to atmosphere shall 
be provided in a convenient location inside the boiler room.  Instruments 
required for conducting boiler tests shall be as described in ASME PTC 4 
and ASME PTC 19.11.  Provide temporary piping, valves, pipe hangers, 
mufflers and test equipment at no additional cost.  Muffler shall have 
level of noise of exhaust steam within requirements as set forth by 
Occupational Safety and Health Act.

3.3.5.9   Fuel Burning Equipment Testing

a.  Test of fuel burning equipment shall demonstrate that equipment 
installed will meet requirements of  specifications, and that overall 
efficiency is as specified, with not over 15 percent excess air, can be 
obtained with boiler operating at 100 percent capacity without flame 
impingement on any combustion chamber wall, floor, baffle or watertube.

b.  Test shall include all boiler and burner interlocks, safety 
interlocks, combustion controls, actuators, valves, controllers, 
gauges, thermometers, pilot lights, switches, etc. prior to combustion 
testing.  All malfunctioning components shall be replaced.  Submit an 
itemized data record sheet of this component testing.

c.  Each boiler control system and all boiler appurtenances shall be 
calibrated and set to ensure the specified performance.  The fuel 
burner, forced-draft fan, controls, etc. shall be fully coordinated, 
manually capable, and automatically controllable to hold the required 
settings.  The boiler fuel burning system shall be continuously 
variable throughout the specified operating range without manual 
adjustment of burner, register or nozzle, and turndown shall be 
achieved without manual adjustment.  Testing apparatus shall be set up, 
calibrated, tested and ready for use prior to final combustion 
testing.  Calibration certificates for all test instruments shall be 
furnished with test data.

3.3.5.10   Steam Quality Testing

Test for steam quality and water level stability shall be simultaneous 
under operating conditions specified.
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3.3.5.11   Water Level Stability Testing

Boiler water level stability shall be specified by boiler manufacturer in 
writing to Contracting Officer prior to test.  Test shall first be 
conducted by use of manual bypass around feedwater regulator.  Test shall 
be repeated using automatic feedwater regulator.  To be acceptable, boiler 
shall maintain specified water level stability as specified by boiler 
manufacturer under both conditions.

3.3.6   Cleaning of Boiler and Piping

After hydrostatic tests have been made, and prior to performance of 
operating tests, boiler shall be thoroughly and effectively cleaned of 
foreign materials by mechanical cleaning, initial chemical cleaning, a 
chemical boiling period and finally by operating steam system at 100 percent
 makeup water and wasting the condensate.  Wherever possible, water 
contacted surfaces shall be wire brushed to remove loose material, 
following which, boiler shall be filled with solution consisting of 
following proportional ingredients and circulated at approximately 30 to 50 
psig for period of 24 to 48 hours:

1. 24 lbs caustic soda.

2. 24 lbs disodium phosphate, anhydrous.

3. 8 lbs sodium nitrate.

4. 1/2 lb approved wetting agent.

5. 1,000 gallons water.

Chemicals in proportions above, or as approved by Contracting Officer, 
shall be thoroughly dissolved in water before being placed in boiler.  
After this initial chemical cleaning, boiler shall be drained and refilled 
with the above chemical solution and boiled in accordance with the 
manufacturer's instructions.  After specified boiling period, boiler shall 
be allowed to cool, after which boiler shall be drained and thoroughly 
flushed.  Finally, piping shall be cleaned by operating boiler for period 
of approximately 48 hours with 100 percent makeup water, wasting the steam 
and condensate.

3.3.7   Boiler Water Conditioning

Boiler water conditioning by chemical treatment and blowdown shall be 
provided during periods of boiler operation from the initial starting of 
system, through testing period, and to final acceptance of completed work 
by the Government.  Chemicals used and method of treatment shall be 
approved by Contracting Officer.

3.4   MANUFACTURER'S SERVICES

Services of a manufacturer's representative who is experienced in 
installation, adjustment, and operation of equipment specified shall be 
provided.  Representative shall supervise installing, adjusting, and 
testing of equipment.  Contractor personnel will not be allowed to render 
specified services.  Manufacturer's test representatives shall be on 
manufacturer's payroll on a continuing eight hour pay basis, especially 
trained, and regularly rendering such services.
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After testing and inspection is complete, provide the services of an 
authorized factory service representative to perform boiler boil out, 
boiler/burner start-up and operation, adjustments, testing and 
demonstration services.  Technician shall also assist emissions testing 
company perform their duties.

Factory technician shall be available for a three-week period (120 hours) 
minimum.

Boiler manufacturer shall be responsible for making all adjustments 
necessary to meet the performance parameters as specified in this 
document.  These parameters include:

1. Turndown on both gas and oil.

2. Full load efficiency.

3. NOx Emissions levels; SO2 emissions levels; CO emissions 
levels; SO2 emission levels; Particulate emissions levels; Visible 
particulate emissions level.

3.5   EMISSIONS TESTING

Emissions testing shall be conducted within 90 days of boiler start-up.  
The cost of testing shall be included in the Mechanical Trades bid.  The 
testing company shall be chosen from the following qualified firms:

1. Air Compliance
   P.O. Box 41156
   Cleveland, OH 44141

2. KBD Technic
   3131 Disney Street
   Cincinnati, OH 45209

3. Environmental Quality Management, Inc.
   1800 Carillon Blvd
   Cincinnati, OH 45240

Alternative testing companies will be considered providing qualifications 
are submitted at least 10 days prior to bidding.

Coordinate the emissions testing with boiler start-up.  Boiler start-up 
technician shall assist the testing company and shall make all adjustments 
necessary to meet the emissions parameters specified below.

Emissions Limitations
1. NOx shall not exceed 1.9 lbs/hr and CO emissions shall not 
exceed 3.2 lbs/hr when firing natural gas.  The following test 
methods shall be employed to demonstrate compliance with the 
allowable mass emissions rates for NOx and CO: 40 CFR Part 60, 
Appendix A, Methods 1-4, 7E (NOx)and 10 (CO).
2. The tests shall be conducted while the emissions unit is 
operating at the maximum process weight rate.

Submit an "Intent to Test" notification the OEPA District Office 30 days 
prior to the proposed test date(s).  The "Intent to Test" notification 
shall describe in detail the proposed test methods and procedures, the 
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emissions unit operating parameters, the time(s) and date(s) of the 
test(s), and the person(s) who will be conducting the test(s). 

Furnish 6 copies of the comprehensive written report on the results of the 
emissions test.  The report shall be signed by the person or persons 
responsible for the tests.  Submit two copies directly to the Ohio EPA, 
District Office within 30 days following the completion of the test(s).

3.6   FIELD TRAINING

a.  Field training course shall be provided for designated operating 
staff members.  Training shall be provided for a total period of 40 
hours of normal working time and shall start after system is 
functionally complete, but prior to final acceptance tests.  Field 
training shall cover items contained in approved operation and 
maintenance instructions as well as demonstrations of routine 
maintenance operations.  Contracting Officer shall be notified in 
writing at least 14 days prior to training.

b.  Distributed control system manufacturer shall provide a minimum of 
40 days of training for 10 of Government's representatives at plant 
site.  Training shall include, but not be limited by following:

1.  Use of operating console display; their interface with 
process; their aid in system diagnostics; all with hands on 
experience with equipment for trainees.

2.  Training to emphasize process control techniques, with 
demonstrations to show variations that can be implemented with 
algorithms and system configuration instructions.

3.  Training to acquaint the operators with specifics of this 
process, and how system operates.

4  Training to include theory of operation, maintenance, and 
troubleshooting techniques, using framed instructions as specified 
in the Submittals paragraph, flow charts and diagnostics with 
equipment in operation.

c.  Field training shall be video taped.  Provide reproducible copies 
of each training session video tape, printed training materials for 
each designated operating staff member, and two spare copies for file.

        -- End of Section --

SECTION 23 70 02.00 10  Page 32



NASA GRC Steam Plant B12 Project N0. 11421

SECTION 23 73 13.98

COMBUSTION AIR AND VENTILATION / HEATING UNITS
11/09

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 211 (2005) Certified Ratings Programme - 
Product Rating Manual for Air Fan 
Performance

AMCA 99 (2003) Standards Handbook

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 430 (1999) Standard for Central-Station 
Air-Handling Units

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

ASHRAE 51 (2008) Laboratory Methods of Testing Fans 
for Aerodynamic Performance Rating

ASHRAE 52.1 (1992; Interpretation 1 2007) Gravimetric 
and Dust-Spot Procedures for Testing 
Air-Cleaning Devices Used in General 
Ventilation for Removing Particulate Matter

ASTM INTERNATIONAL (ASTM)

ASTM A 653/A 653M (2009a) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B 117 (2009) Standing Practice for Operating 
Salt Spray (Fog) Apparatus

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO 1940-1 (2003; Corrigendum 2005) Mechanical 
Vibration - Balance Quality Requirements 
for Rotors in a Constant (Rigid) State - 
Part 1:  Specification and Verification of 
Balance Tolerance - International 
Restrictions
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2007; Errata 2008) Standard for Motors 
and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2009; Errata 09-1) Standard for the 
Installation of Air Conditioning and 
Ventilating Systems

UNDERWRITERS LABORATORIES (UL)

UL 900 (2004; Rev thru Nov 2007) Standard for Air 
Filter Units

1.2   GENERAL REQUIREMENTS

Submit Equipment and Performance Data for ventilation units in accordance 
with the specification.  Provide data that consists of use life, total 
static pressure and coil face area classifications, and performance ratings.

Submit drawings and manuals that include a spare parts data sheet, with 
manufactures recommended stock levels.

1.3   SUBMITTALS

Government approval is required for all submittals.  Submit the following 
in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Submit Installation Drawings for ventilation units in accordance 
with paragraph entitled, "CAH Equipment Installation," of this 
section.

SD-03 Product Data

Submit Equipment and Performance Data for ventilation units and 
spare parts data sheet in accordance with paragraph entitled, 
"General Requirements," of this section.

Submit Manufacturer's catalog data for the following items:

Air Handling Unit (CAH)
Unit Cabinet
Fan
Insulation
Coils
Filters

SD-07 Certificates

Submit Listing of Product Installations for ventilation units in 
accordance with paragraph entitled, "CAH Equipment Installation," 
of this section.

SD-10 Operation and Maintenance Data
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Submit Operation and Maintenance Manuals for ventilation units in 
accordance with paragraph entitled, "Operation and Maintenance," 
of this section.

PART 2   PRODUCTS

2.1   AIR HANDLING UNIT (CAH)

Label all ventilation units with self-sticking, plastic film designed for 
permanent installation, example below:  Ventilation Unit Number CAH.  
Provide CAH that includes components and auxiliaries in accordance with 
AHRI 430.  Balance CAH fan and motor to ISO 1940-1-2005.

Provide total static pressure and coil face area classification that 
conform to AMCA 99.

Fans with enlarged outlets are not permitted.

Provide double-width, double-inlet, centrifugal scroll type CAH fan.

2.2   UNIT CABINET

Provide CAH cabinet that is suitable for pressure class shown and that has 
leaktight joints, closures, penetrations, and access provisions.  Provide 
cabinet that does not expand or contract perceptibly during starting and 
stopping of fans and that does not pulsate during operation.  Reinforce 
cabinet surfaces with deflections in excess of 0.004167 of unsupported span 
prior to acceptance.  Stiffen pulsating panels, which produce low frequency 
noise due to diaphragming of unstable panel walls, to raise natural 
frequency to an easily attenuated level.  Fabricate enclosure from 
continuous hot-dipped galvanized steel no lighter than 20 gage thickness, 
to match industry standard.  Provide mill-galvanized sheet metal that 
conforms to ASTM A 653/A 653M and that is coated with not less than 1.25 
ounces of zinc per square foot of two-sided surface.  Provide mill-rolled 
structural steel that is hot-dip galvanized or primed and painted.  
Corrosion protect cut edges, burns, and scratches in galvanized surfaces.  
Provide primed and painted black carbon steel cabinet construction that 
complies with this specification.

Provide removable panels to access the interior of the unit cabinet.  
Provide seams that are welded, bolted or gasketed and sealed with a 
rubber-based mastic.  Make entire floor as well as ceiling unit hot-dipped 
galvanized steel.  Provide removable access doors on both sides of all 
access, filter, and fan sections for inspection and maintenance.

Where cabinet size is such that personnel access is possible, strengthen 
cabinet floor to permit entry without damage to any component. Hinge and 
latch access doors and panels at a spacing sufficiently close to preclude 
leaks caused by distortion, and effectively gasket.

Make all door handles operable from inside the casing.

Black carbon steel cabinet construction is acceptable when the following 
conditions are met:

Coat all interior and exterior surfaces, including lapped contacting 
surfaces, with a corrosion-protective coating.

Certify coating as passing a 500-hour exposure salt-spray fog test in 
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accordance with ASTM B 117.

Immediately after completion of the test, provide a  specimen that 
shows no signs of wrinkling, cracking or loss of adherence, and no 
signs of rust creepage beyond 1/8 inch on either side of the scratch 
mark.

Ensure inspection of interior and exterior cabinet surfaces will pass 
examination for the same defects as the salt-spray fog test specimen, 
after 11 months of service and prior to expiration of guarantee.

Interior surfaces of cabinets constructed of intact mill-galvanized steel 
require no further protection.

Provide cabinets with exterior surfaces constructed of mill-galvanized 
steel and painted with two coats of manufacturer's standard enamel finish 
in color selected by the Contracting Officer.

Provide cabinets and casings that are double walled with 2 inch 
insulation.  Provide interior wall that is stainless steel or galvanized.

Dynamically and statically balance fan wheels at the factory.  Provide fan 
with RPM that is 25 percent less than the first critical speed.  Provide 
fan shaft that is solid, ground and polished steel and coated with a rust 
inhibitor.  Provide V-belt driven fans that are designed for 50 percent 
overload capacity.  For variable air volume air handling units that are 
provided with variable frequency drives, have their fans balanced over the 
entire range of operation (20 percent - 100 percent RPM).  Balancing fans 
of only 100 percent design of RPM is not acceptable for air handling units 
to be used with variable frequency drives.

Mount fans on isolation bases.  Internally mount motors on same isolation 
bases and internally isolate fans and motors with 2-inch.  Install flexible 
canvas ducts or vibration absorbent fan discharge seal between fan and 
casings to ensure complete isolation.  Provide flexible canvas ducts that 
comply with NFPA 90A.

Weigh fan and motor assembly at air handling unit manufacturer's factory 
for isolator selection.  Statically and dynamically balance fan section 
assemblies.  Fan section assemblies include fan wheels, shafts, bearings, 
drives, belts, isolation bases and isolators.  Allow isolators to free 
float when performing fan balance.  Measure vibration at each fan shaft 
bearing in horizontal, vertical and axial directions.

Factory install all motors on slide bases to permit adjustment of belt 
tension.

Provide heavy duty, open drip-proof, 3-phase, high efficiency motors.  
Refer to Section 26 05 00.00 98 BASIC ELECTRICAL MATERIALS AND METHODS.

Provide a marine-type, vapor proof service light in the fan segment.  
Provide 100 watt service light that is wired to an individual switch.  
Light requires 115 Volt, single phase, 60 Hertz service that is separate 
from the main power to the CAH.  Provide a single 115 volt outlet at the 
light switch.

2.3   FAN

Provide an overall fan-section depth that is equal to or greater than the 
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manufacturer's free-standing fan.

Locate fan inlet where it provides not less than one-half fan-wheel 
diameter clearance from cabinet wall or adjacent fan inlet where double 
wheels are permitted.

Install CAH fan motor and drive inside fan cabinet.  Provide motor that 
conforms to NEMA MG 1 and is installed on an adjustable base.  Provide an 
access door of adequate size for servicing motor and drive.  Provide a belt 
guard inside the cabinet, or interlock the access door with the supply fan 
so that power to the fan is interrupted when the access door is opened.

2.4   INSULATION
 
Provide unit that is internally fitted at the factory with a 
sound-attenuating, thermal-attenuating, fibrous-glass material not less 
than  2 inch thick with 1-1/2 inch density neoprene coated fiberglass.  
Ensure insulation effectiveness precludes any condensation on any exterior 
cabinet surface under conditions normal to the unit's installed location.  
Provide acoustic treatment that attenuates fan noise in compliance with 
specified noise criteria.  Apply material to the cabinet with waterproof 
adhesives and permanent fasteners on 100 percent coverage basis.  Provide 
adhesive and insulating material in accordance with NFPA 90A.

2.5   COILS

2.5.1   Coils

Coils shall be fin-and-tube tube constructed of seamless copper tubes and 
aluminum or copper fins mechanically bonded or soldered to the tubes.  
Copper tube wall thickness shall be a minimum of 0.035 inches.  Aluminum 
fins shall be 0.0075 inch minimum thickness.  Copper fins shall be 0.0045 
inch minimum thickness.  Casing and tube support sheets shall be not 
lighter than 16 gauge galvanized steel, formed to provide structural 
strength.  When required, multiple tube supports shall be provided to 
prevent tube sag.  Each coil shall be tested at the factory under water at 
not less than 400 psi air pressure and shall be suitable  for 200 psi 
working pressure and 300 degrees F operating temperature unless otherwise 
stated.  Mount coils for counterflow service.  Coils shall be rated and 
certified and meet the requirements of ARI 410.

2.5.1.1   Steam Preheat (Nonfreeze) Coils

Steam (nonfreeze) coils shall be steam-distribution-tube type with 
condensing tubes not less that 1 inch outside diameter for tube lengths 60 
inches and over and 1/2 inch outside diameter for tube lengths under 60 
inches.  Construct headers from cast iron, welded steel, or copper.

2.5.2   Drainable Coils

Provide drainable coils that are capable of being purged free of water with 
compressed air.

Provide self-draining coils that have a drain point at the end of every 
tube and are pitched to that point.  Provide drain provisions that 
include:  drained headers; U-bends with integral plugs; or nonferrous plugs 
in cast-iron headers.  Provide tubes that drain substantially dry by 
gravity alone when drains and vents are open.
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2.6   FILTERS

2.6.1   Filter Housing

Provide factory fabricated filter section of the same construction and 
finish as unit casings.  Provide filter sections that have filter guides 
and full height, double wall, hinged and removable access doors for filter 
removal.  Provide air sealing gaskets to prevent air bypass around 
filters.  Provide visible  identification on media frames showing model 
number and airflow direction.  Where filter bank is indicated or required, 
provide means of sealing to prevent bypass of unfiltered air.  Performance 
in accordance with ASHRAE 52.1.

2.6.2   Air Filters

Air filters shall be listed according to requirements of UL 900, except 
high efficiency particulate air filters of 99.97 percent efficiency by the 
DOP Test method shall be as listed under the Label Service and shall meet 
the requirements of UL 586.  Contractor to provide one extra set of air 
filters.

2.6.3   Outside Air Filters

The factory assembled air filters of the extended surface type with 
supported cartridges for removal of particulate matter in air conditioning, 
heating, and ventilating systems.  Provide the extended surface type filter 
units fabricated for disposal when the dust-load limit is reached as 
indicated by maximum (final) pressure drop.

Filter Classification:  UL approved for Class 1 or 2 conforming to UL 900.

Filter Grades, Nominal Efficiency and Application:

Grade D:  25-30 percent nominal efficiency prefilter

Grade D Type:  Provide media that is composed of synthetic/natural fibers.  
Bond a metal grid backing to the air leaving side of the media to maintain 
uniform pleat shape and stability for proper airflow and maximum dist 
loading.  Provide a media frame that is constructed of high strength 
moisture resistant fiber or beverage board.  Bond the pleated media pack on 
all four edges to ensure no air leakage of the life of the filter.  Staples 
and stays are prohibited.

Filter Efficiency and Arrestance:  Determine efficiency and arrestance of 
filters in accordance with ASHRAE 52.1 Standard Atmospheric dust spot 
efficiency and synthetic dust weight arrestance that is not less than the 
following:

              Initial            Average            Average
              Efficiency        Efficiency         Efficiency
              (Percent)         (Percent)          (Percent)

 Grade D     Less than 20         22                  89

Maximum initial and final resistance, inches of water gauge, for each 
filter cartridge when operated at 500 feet per minute face velocity:
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                              Initial Resistance     Final Resistance

  Grade D (2 inches Deep)           0.32                  0.70
 
Dust Holding Capacity:  When tested to 1.00 inch w.g. at 500 feet per 
minute face velocity, provide a dust holding capacity from each 24-inch by 
24-inch (face area) filter at least equal to the values listed below.  For 
other filter sizes, provide a dust holding capacity that is proportionally 
higher or lower.

Grade D (2 inches Deep)            2.29 ounces

Minimum Media Area:  Provide minimum net effective area in square feet for 
each 24-inch by 24-inch (face area) filter at 500 feet per minute face 
velocity of at least the values listed below.  For other filter sizes, 
provide a net effective media that is proportionally higher or lower.

Grade D (2 inches Deep)     14.8

2.6.4   Air Filter Gauges

Provide manometer air filter gauges of the inclined tube differential type, 
of solid acrylic plastic construction with built-in level vial and with an 
adjustable mirror-polished scale.  Equip gauges with vent valves for 
zeroing and over-pressure safety traps.  Provide adequate gauge range for 
the particular installation.  Provide gauges manufactured by Dwyer or 
approved equal.

Provide one (1) air filter gauge at each filter bank.

PART 3   EXECUTION

3.1   CAH EQUIPMENT INSTALLATION

Install equipment in accordance with manufacturer's recommendations.

Provide Installation drawings in accordance with referenced standards in 
this section.

Submit Listing of Product Installations for air handling units showing a 
minimum of 5 installed units, similar to those proposed for use, that have 
been in successful service for a minimum period of 5 years.  Provide list 
that includes purchaser, address of installation, service organization, and 
date of installation.

3.2   VIBRATION ANALYZER

Use an FFT analyzer to measure vibration levels.  The following 
characteristics are required:  A dynamic range greater than 70 dB; a 
minimum of 400 line resolution; a frequency response range of 5 Hz-10 
KHz(300-600000 cpm); the capacity to perform ensemble averaging, the 
capability to use a Hanning window; auto-ranging frequency amplitude; a 
minimum amplitude accuracy over the selected frequency range of plus or 
minus 20 percent or plus or minus 1.5 dB.

Use an accelerometer, either stud-mounted or mounted using a rare earth, 
low mass magnet and sound disk (or finished surface) with the FFT analyzer 
to collect data.  Ensure the mass of the accelerometer and its mounting 
have minimal influence on the frequency response of the system over the 
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selected measurement range.

3.3   ACCEPTANCE

Prior to final acceptance, use dial indicator gages to demonstrate that fan 
and motor are aligned as specified.

Prior to final acceptance, verify conformance to specifications using 
vibration analysis.  Ensure maximum vibration levels are 0.075 in/sec at 1 
times run speed and at fan/blade frequency, and 0.04 in/sec at other 
multiples of run speed.

3.4   CAH TESTING

Performance test and rate CAH and components in accordance with AMCA 211 
and ASHRAE 51.  Provide CAH ratings in accordance with AHRI 430.

Provide final test reports to the Contracting Officer.  Provide reports 
with a cover letter/sheet 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."

Perform air handling unit start-up in the presence of the Contracting 
Officer.

3.5   OPERATION AND MAINTENANCE

Submit Operation and Maintenance Manuals prior to testing the ventilation 
units.  Update and resubmit data for final approval no later than 30 
calendar days prior to contract completion.

3.6   COORDINATION

Coordinate the size and location of mounting frame, control and electrical 
requirements.

3.7   TEMPORARY CONSTRUCTION FILTERS

Have temporary construction filters in place during normal building 
construction whenever the air handling units are run for general 
ventilation, building dehumidification, and for other purposes during 
construction.  Install two (2) layers of blanket filter at a time.  Replace 
temporary construction filters as required during construction and after 
completion of duct system cleaning.

After systems have been cleaned and temporary construction filers are 
removed, and before test and balance operations are started, install set of 
final filters.  Do not have final filters in place while general building 
construction is taking place, to avoid unnecessary loading with 
construction dust.  Clean permanent filter bank before testing and 
balancing.

Submit all required installation, Fabrication and Connection drawings and 
obtain approval prior to the start of work detailed on these drawings.

Maximum number of coil rows is four (4).  Maximum number of fins per inch 
is ten (10).
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        -- End of Section --
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SECTION 26 00 00.00 98

GENERAL ELECTRICAL PROVISIONS
04/06

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 NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z535.1 (2002) Standard for Safety Color Code

ASTM INTERNATIONAL (ASTM)

ASTM A 123/A 123M (2009) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2007; TIA 2007-1; TIA 2007-2; TIA 2007-3; 
TIA 2007-4; TIA 2007-5) National 
Electrical Safety Code

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MS MIL-T-704 (Rev K) Treatment and Painting of Material

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS A-A-59214 (2004) Junction Box:  Extension, Junction 
Box; Cover, Junction Box (Steel, Coated 
With Corrosion-Resistant Finish)

UNDERWRITERS LABORATORIES (UL)

UL Elec Const Dir (2005) Electrical Construction Equipment 
Directory

1.2   SUBMITTALS

Not Used

1.3   INTERPRETATION OF DRAWINGS AND SPECIFICATIONS

It is the intent of these specifications and the contract drawings to 
provide a complete and workable facility.

Design drawings are diagrammatic and do not show all offsets, bends, 
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elbows, or other specific elements that may be required for proper 
installation of the work.  Such work shall be verified at the site. 
Additional bends and offsets, and conduit as required by vertical and 
horizontal equipment locations or other job conditions, shall be provided 
to complete the work at no additional cost to the Government.

Except where shown in dimensional detail, the locations of switches, 
receptacles, lights, motors, outlets, and other equipment shown on plans 
are approximate.  Such items shall be placed to eliminate interference with 
ducts, piping, and equipment.  Exact locations shall be determined in the 
field.  Door swings shall be verified to ensure that light switches are 
properly located.

Equipment sizes indicated are minimum.  Before installing any wire or 
conduit, the Contractor shall obtain the exact equipment requirements and 
shall install wire, conduit, disconnect switches, motor starters, heaters, 
circuit breakers, and other items of the correct size for the equipment 
actually installed.  Wire and conduit sizes shown on the drawings shall be 
taken as a minimum and shall not be reduced without written approval.

1.4   CODES AND STANDARDS

Equipment design, fabrication, testing, performance, and installation 
shall, unless shown or specified otherwise, comply with the applicable 
requirements of NFPA 70 and IEEE C2 to the extent indicated by the 
references.

1.5   COORDINATION

Installation of the electrical work shall be coordinated with the work of 
other trades.

1.6   APPROVAL REQUIREMENTS

Where materials and equipment are specified to conform to the standards of 
the Underwriters Laboratories (UL), the label of, or listing with 
re-examination, in UL Elec Const Dir will be acceptable as sufficient 
evidence that the items conform to the requirements.

Where materials or equipment are specified to be constructed or tested in 
accordance with the standards of NEMA, ANSI, ASTM, or other recognized 
standards, a manufacturer's certificate of compliance indicating complete 
compliance of each item with the applicable NEMA, ANSI, ASTM, or other 
commercial standards specified will be acceptable as proof of compliance.

1.7   PREVENTION OF CORROSION

Metallic materials shall be protected against corrosion.  Equipment 
enclosures shall be given a rust-inhibiting treatment and the standard 
finish by the manufacturer when used for most indoor installations.  For 
harsh indoor environments (any area subjected to chemical and/or abrasive 
action), and all outdoor installations, refer to Section 09 90 00.00 98 
PAINTING AND COATING.  Aluminum shall not be used in contact with earth or 
concrete.  Dissimilar metals in intimate contact shall be protected by 
approved fittings, barrier material, and treatment.  Ferrous metals 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 A 123/A 123M for exterior locations and 
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cadmium-plated in conformance with FS A-A-59214 for interior locations.

1.8   HAZARDOUS AREA

Electrical work within any hazardous location shall meet the applicable 
requirements of NFPA 70, Chapter 5, Articles 500 through 517.  The 
following definitions apply:

Explosionproof: A receptacle, fixture, device, or equipment enclosure 
that is designed to withstand explosion of a specified liquid, gas, 
vapor, or dust within the enclosure and to prevent the ignition of a 
specified gas, vapor, or dust surrounding the enclosure by sparks, 
flashes, or explosions of the specified liquid, gas, vapor, or dust 
that may occur within the enclosure.  Enclosure shall be capable of 
operating at an external temperature that will not ignite a surrounding 
flammable atmosphere.

Hazardous location:  An area where ignitable vapors or dust may cause a 
fire or explosion created by energy emitted from lighting or other 
electrical equipment or by electrostatic generation.

NFPA 70, Article 500-2 lists chemical atmospheres by groups A, B, C, 
and D.  In addition, although not defined as a hazardous material by 
the NEC, oxygen concentrations (liquid and gaseous) are considered to 
provide a hazard because of the increased flammability of materials 
exposed to oxygen.  Therefore, oxygen concentrations shall be 
classified under Group D.

PART 2   PRODUCTS

2.1   IDENTIFICATION PLATES

Identification plates shall be 2-layer black-white, engraved to show black 
letters on a white background.  Letters shall be uppercase. 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 not less than 3/16-inch
 high.  Identification plates having edges of 1-1/2 inches high and larger 
shall be beveled.

2.2   WARNING SIGNS

Each item of electrical equipment operating at 480 volts and above shall be 
provided with conspicuously located warning signs conforming to the 
requirements of Occupational Safety and Health Agency (OSHA) standards.

Any equipment with externally powered wiring shall be marked with a 
laminated plastic nameplate having 3/16-inch high white letters on a red 
background as follows:

DANGER - EXTERNAL VOLTAGE SOURCE

Safety color coding for identification of warning signs shall conform to 
ANSI Z535.1.

2.3   ANCHOR BOLTS

Anchor bolts shall be provided for equipment placed on concrete equipment 
pads or slabs.
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2.4   SEISMIC ANCHORAGE

Electrical equipment, except communications, emergency, and standby 
equipment, shall be anchored to withstand a lateral force of 0.3 times the 
weight of the equipment.

Communications, emergency, and standby equipment shall be anchored to 
withstand a lateral force of 0.6 times the weight of the equipment.

The following standard anchoring should be adequate for equipment not 
classified as communications, emergency, or standby:

Dry transformers - floor-mounted with four anchor bolts

                            BOLT DIAMETER

                 Under 150 kVA      -      3/8
                 150 to 500 kVA     -      1/2
                 Over 500 kVA       -      5/8

      Panels - floor-mounted with four 1/2-inch diameter anchor bolts

2.5   PAINTING

Enclosures of the following listed items shall be cleaned, primed, and 
factory-painted inside and outside in accordance with MS MIL-T-704 and the 
equipment sections of this specification.  

                 ITEM                        FINISH COLOR

            Safety Switches           Manufacturer's standard
            Panelboards               Manufacturer's standard
            Electric Heaters          Manufacturer's standard
            Motors                    Manufacturer's standard
            Limit Switches            Manufacturer's standard
            Control Components        Manufacturer's standard

PART 3   EXECUTION

3.1   INSTALLATION

Installation shall be accomplished by workers skilled in this type of work. 
Installation shall be made so that there is no degradation of the designed 
fire ratings of walls, partitions, ceilings, and floors.  Except as 
otherwise indicated, emergency switches and alarms shall be installed in 
conspicuous locations.

3.2   PAINTING APPLICATION

Exposed conduit, supports, fittings, cabinets, pull boxes, and racks, if 
not factory painted, shall be thoroughly cleaned and painted as specified 
in Section 09 90 00.00 98 PAINTING AND COATING unless otherwise noted.  
Work shall be left in a neat and clean condition at final completion of the 
contract.

Emergency equipment, such as fire-alarm boxes, shall be cleaned, primed, 
and painted red.
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3.3   IDENTIFICATION PLATE INSTALLATION

Identification plates shall be fastened by means of corrosion-resistant 
steel or nonferrous metal screws.  Hand lettering, marking, or embossed 
self-adhesive tapes are not acceptable.

3.4   EQUIPMENT PADS

Equipment pads shall be constructed with a minimum 4-inch margin around the 
equipment and supports.

3.5   CUTTING AND PATCHING

Contractor shall install his work in such a manner and at such time as will 
require a minimum of cutting and patching on the building structure.

Holes in or through existing masonry walls and floors in exposed locations 
shall be drilled and smoothed by sanding.  Use of a jackhammer will be 
permitted only where specifically approved.

3.6   DAMAGE TO WORK

Required repairs and replacement of damaged work shall be done as directed 
by and subject to the approval of the Contracting Officer, and at no 
additional cost to the Government.

3.7   CLEANING

Exposed surfaces of wireways, conduit systems, and equipment that have 
become covered with dirt, plaster, or other material during handling and 
construction shall be thoroughly cleaned before such surfaces are prepared 
for final finish or painting or are enclosed within the building structure.

Before final acceptance, electrical equipment, including lighting fixtures 
and glass, shall be clean and free from dirt, grease, and fingermarks.

3.8   FIELD TESTING AND TEST EQUIPMENT

All Field testing specified in Divisions 16 electrical specification shall 
be made with test equipment specially designed and calibrated for the 
purpose.  Test equipment used shall be calibrated and certified by an 
approved testing laboratory.  Date of last calibration and certification 
shall not be more than 90 calendar days old at the time of field testing.

        -- End of Section --

SECTION 26 00 00.00 98  Page 5



 



NASA GRC Steam Plant B12 Project N0. 11421

SECTION 26 05 00.00 98

BASIC ELECTRICAL MATERIALS AND METHODS
04/06

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 NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z535.1 (2002) Standard for Safety Color Code

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA 480 (1981) Toggle Switches

INTERNATIONAL CODE COUNCIL (ICC)

ANSI/ICC A117.1 (2003 R 2004) Standard for Accessible and 
Usable Buildings and Facilities

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI/NEMA FB 1 (2003) Standard for Fittings, Cast Metal 
Boxes, and Conduit Bodies for Conduit, 
Electrical Metallic Tubing, and Cable

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA KS 1 (2001; R 2006) Enclosed and Miscellaneous 
Distribution Equipment Switches (600 Volts 
Maximum)

NEMA PB 1 (2006; Errata 2008) Standard for 
Panelboards

NEMA RN 1 (2005) Standard for Polyvinyl Chloride 
(PVC) Externally Coated Galvanized Rigid 
Steel Conduit and Intermediate Metal 
Conduit

NEMA TC 13 (2005) Standard for Electrical Nonmetallic 
Tubing (ENT)

NEMA VE 1 (2009) Standard for Metal Cable Tray 
Systems

NEMA WD 1 (1999; R 2005) Standard for General Color 
Requirements for Wiring Devices

NEMA WD 6 (2002; R 2008) Dimensions for Wiring 
Devices
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1 (2005; R 2003 thru 2007) Standard for 
Flexible Metal Conduit

UL 1242 (2006; R 2001 thru 2007) Standard for 
Electrical Intermediate Metal Conduit -- 
Steel

UL 489 (2009) Molded-Case Circuit Breakers, 
Molded-Case Switches and Circuit-Breaker 
Enclosures

UL 506 (2005) Standard for Specialty Transformers

UL 6 (2007) Electrical Rigid Metal Conduit-Steel

UL 797 (2007) Electrical Metallic Tubing -- Steel

UL 870 (2008) Standard for Wireways, Auxiliary 
Gutters, and Associated Fittings

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

Material, Equipment, and Fixture Lists; G shall be submitted for 
the following:

Conduits, Raceway sand Fittings; G
Wire and Cable; G
Splices and Connectors; G
Switches; G
Receptacles; G
Outlets, Outlet Boxes, and Pull Boxes; G
Circuit Breakers; G
Panelboards; G
Lamps and Lighting Fixtures; G
Dry-Type Distribution Transformers; G

SD-03 Product Data

Manufacturer's catalog data shall be submitted for the following 
items:

Conduits, Raceway sand Fittings; G
Wire and Cable; G
Splices and Connectors; G
Switches; G
Receptacles; G
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Outlets, Outlet Boxes, and Pull Boxes; G
Circuit Breakers; G
Panelboards; G
Lamps and Lighting Fixtures; G
Spare Parts; G

SD-06 Test Reports

Continuity and Insulation Resistance Test; G
Phase-Rotation Tests; G
Insulation Resistance Test; G

SD-08 Manufacturer's Instructions

Manufacturer's Instructions shall be submitted.

1.3   PREVENTION OF CORROSION

Metallic materials shall be protected against corrosion.  Equipment 
enclosures shall have the standard finish by the manufacturer when used for 
most indoor installations.  For harsh indoor environments (any area 
subjected to chemical and/or abrasive action), and all outdoor 
installations, refer to Section 09 90 00.00 98 PAINTING AND COATING.  
Aluminum shall not be used in contact with earth or concrete and, where 
connected to dissimilar metal, shall be protected 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.

1.4   GENERAL REQUIREMENTS

Material, Equipment, and Fixture Lists shall be submitted for the following 
items showing manufacturer's style or catalog numbers, specification and 
drawing reference numbers, warranty information, and fabrication site.

Manufacturer's Instructions shall be submitted including special provisions 
required to install equipment components and system packages.  Special 
notices shall detail impedances, hazards and safety precautions.

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 be in accordance with UL 6 and shall be 
galvanized by the hot-dip process.  Where underground and in corrosive 
areas, rigid steel conduit shall be polyvinylchloride (PVC) coated in 
accordance with NEMA RN 1 or shall be painted with bitumastic.

Fittings for rigid steel conduit shall be threaded.

Gaskets shall be solid.  Conduit fittings with blank covers shall have 
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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 shall be accessible after the work has 
been completed.

2.1.2   Electrical Metallic Tubing (EMT)

EMT shall be in accordance with UL 797 and shall be zinc coated steel.  
Couplings and connectors shall be zinc-coated, raintight, gland compression 
with insulation throat.  Crimp, spring, or setscrew type fittings shall not 
be acceptable.

2.1.3   Flexible Metallic Conduit

Flexible metallic conduit shall be in accordance with UL 1 and shall be 
galvanized steel.

Fittings for flexible metallic conduit shall be specifically designed for 
such conduit.

Liquidtight flexible metallic conduit shall be provided with a protective 
jacket of PVC extruded over a flexible interlocked galvanized steel core to 
protect wiring against moisture, oil, chemicals, and corrosive fumes.

Fittings for liquidtight flexible metallic conduit shall be specifically 
designed for such conduit.

2.1.4   Intermediate Metal Conduit

Intermediate metal conduit shall be in accordance with UL 1242 and shall be 
galvanized.

2.1.5   Rigid Nonmetallic Conduit

Rigid nonmetallic conduit shall be in accordance with NEMA TC 13 and shall 
be PVC with wall thickness not less than Schedule 40.

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 5-20R.

2.1.8   Cable Trays

Cable trays shall be ladder type conforming to NEMA VE 1.

2.2   WIRE AND CABLE

Conductors installed in conduit shall be copper 600-volt type THWN.  All 
conductors AWG No. 8 and larger, shall be stranded.  All branch circuit 
conductors smaller than AWG No. 8 shall be solid.

Flexible cable shall be Type SO and shall contain a grounding conductor 
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with green insulation.

Conductors installed in plenums shall be marked plenum rated.

2.3   SPLICES AND CONNECTORS

Splices in AWG No. 8 and smaller shall be made with approved insulated 
electrical type.

Splices in AWG No. 6 and larger shall be made with bolted clamp-type 
connectors.  Joints shall be wrapped with an insulating tape that has an 
insulation and temperature rating equivalent to that of the conductor.

2.4   SWITCHES

2.4.1   Safety Switches

Safety switches shall be in accordance with NEMA KS 1, and shall be the 
heavy-duty type with enclosure, voltage, current rating, number of poles, 
and fusing as indicated.  Switch construction shall be such that, with the 
switch handle in the "ON" position, the cover or door cannot be opened.  
Cover release device shall be coinproof and shall be so constructed that an 
external tool must be used to open the cover.  Provisions shall be made to 
lock the handle in the "OFF" position, but the switch shall not be capable 
of being locked in the "ON" position.

Switches shall be of the quick-make, quick-break type.  Terminal lugs shall 
be approved for use with copper conductors.

Safety color coding for identification of safety switches shall conform to 
ANSI Z535.1.

2.4.2   Toggle Switches

Toggle switches shall be in accordance with EIA 480, and shall control 
incandescent, mercury, and fluorescent lighting fixtures and shall be of 
the heavy duty, general purpose, noninterchangeable flush-type.

Toggle switches shall be commercial grade toggle type devices rated 20 
amperes at 277 volts, 60 hertz alternating current (ac) only.

All toggle switches shall be products of the same manufacturer.

2.5   RECEPTACLES

Receptacles shall be commercial grade, 20A, 125 VAC, 2-pole, 3-wire duplex 
conforming to NEMA WD 6, NEMA 5-20R.

2.6   OUTLETS, OUTLET BOXES, AND PULL BOXES

Outlet boxes for use with conduit systems shall be in accordance with 
ANSI/NEMA FB 1 and shall be not less than 1-1/2 inches deep.  Pull and 
junction boxes shall be furnished with screw-fastened covers.

2.7   PANELBOARDS

Lighting and appliance branch circuit panelboards shall be the 
circuit-breaker type in accordance with NEMA PB 1.  Circuit breakers shall 
be bolt-ion type.  Plug-in circuit breakers shall not be acceptable.  Buses 
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shall be copper of the rating indicated, with main lugs or main circuit 
breaker as indicated.  Panelboards for use on grounded ac systems shall be 
provided with a full-capacity isolated neutral bus and a separate grounding 
bus bonded to the panelboard enclosure.  Panelboard enclosures shall be 
NEMA 250, Type 1, in accordance with NEMA PB 1. Enclosure fronts shall have 
latchable hinged doors.

2.8   CIRCUIT BREAKERS

Circuit-breaker interrupting rating shall be not less than those indicated 
and in no event less than 20,000 amperes root-mean-square (rms) symmetrical 
amps.  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.

2.9   LAMPS AND LIGHTING FIXTURES

Manufacturers and catalog numbers shown are indicative of the general type 
desired and are not intended to restrict the selection to fixtures of any 
particular manufacturer.  Fixtures with the same salient features and 
equivalent light distribution and brightness characteristics, of equal 
finish and quality, will be acceptable.  Lamps of the proper type and 
wattage shall be provided for each fixture.

Ballasts shall be high power factor and be energy efficient.   Ballasts 
shall be "A" sound rated.  Fluorescent lamps shall be standard reduced 
wattage type.

High intensity discharge (HID) lighting fixtures shall have prewired 
integral ballasts and cast aluminum housings complete with tempered glass 
lenses suitable for installation in damp or wet locations.  Fixtures and 
lamps shall be provided.

2.10   DRY-TYPE DISTRIBUTION TRANSFORMERS

General purpose dry-type transformers with windings 600 volts or less shall 
be two-winding, 60 hertz, self-cooled in accordance with UL 506. Windings 
shall have a minimum of two 2-1/2-percent taps above and below nominal 
voltage.

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 contain not more than the equivalent of 
three 90-degree bends, including those bends located immediately at the 
outlet or fitting.

Crushed or deformed conduit shall not be installed.  Trapped conduit runs 
shall be avoided where possible.  Care shall be taken to prevent the 
lodgment of foreign material in the conduit, boxes, fittings, and equipment 
during the course of construction.  Clogged conduit shall be cleared of 
obstructions or shall be replaced.

Conduit and raceway runs concealed in or behind walls, above ceilings, or 
exposed on walls and ceilings 5 feet or more above finished floors and not 
subject to mechanical damage may be electrical metallic tubing (EMT).
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3.1.1   Rigid Steel Conduit

Field-made bends and offsets shall be made with approved hickey or conduit 
bending machine.  Conduit elbows larger than 2-1/2 inches shall be long 
radius.

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, shall be provided with a flush coupling when the 
floor slab is of sufficient thickness.  Otherwise, a floor box shall be 
provided and 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 be grounded in accordance with NFPA 70, using pressure grounding 
connectors especially designed for EMT.

3.1.3   Flexible Metallic Conduit

Flexible metallic conduit shall be used 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 Conduit

Field-made bends and offsets shall be made with approved hickey or conduit 
bending machine.  Intermediate metal conduit shall be used only for indoor 
installations.

3.1.5   Rigid Nonmetallic Conduit

Rigid PVC conduit shall be direct buried.

A green insulated copper grounding conductor shall be in conduit with 
conductors and shall be solidly connected to ground at each end.  Grounding 
wires shall be sized in accordance with NFPA 70.

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.  Unused conduit openings shall be 
plugged.

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 
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contained in a single enclosure shall contain no switches, overcurrent 
devices, appliances, or apparatus and shall 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.

3.2   WIRING

Feeder and branch circuit conductors shall be color coded as follows:

  CONDUCTOR            480/277VAC            208/120VAC          

  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. 2shall be manufactured with colored 
insulating materials.  Conductors larger than AWG No. 2 shall have ends 
identified with color plastic tape in outlet, pull, or junction boxes.

Splices shall be in accordance with the NFPA 70.  Conductor identification 
shall be provided 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.

3.3   SAFETY SWITCHES

Switches shall be securely fastened to the supporting structure or wall, in 
accordance with manufacturers reccomendations.  Sheet metal screws and 
small machine screws shall not be used for mounting.  Switches shall not be 
mounted in an inaccessible location or where the passageway to the switch 
may become obstructed.  Mounting height shall be in compliance with NFPA 70.

3.4   WIRING DEVICES

3.4.1   Wall Switches and Receptacles

Wall switches and receptacles shall be so installed that when device plates 
are applied, the plates will be aligned vertically to within 1/16 inch.

Ground terminal of each flush-mounted receptacle shall be bonded to the 
outlet box with an approved green bonding jumper when used with dry wall 
type construction.
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3.4.2   Device Plates

Device plates for switches that are not within sight of the loads 
controlled shall be suitably engraved with a description of the loads.

Device plates and receptacle cover plates for receptacles other than 
125-volt, single-phase, duplex, convenience outlets shall be suitably 
marked, showing the circuit number, voltage, frequency, phasing, and 
amperage available at the receptacle.  Required marking shall consist of a 
self-adhesive label having 1/4 inch embossed letters.

Device plates for convenience outlets shall be similarly marked indicating 
the supply panel and circuit number.

3.5   BOXES AND FITTINGS

Pullboxes shall be furnished and installed 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.

Boxes and enclosures shall be securely mounted to the building structure 
with supporting facilities independent of the conduit entering or leaving 
the boxes.

Mounting height of wall-mounted outlet and switch boxes, measured between 
the bottom of the box and the finished floor, shall be in accordance with 
ANSI/ICC A117.1 and as follows:

           LOCATION                              MOUNTING HEIGHT

      Receptacles in offices                     18 inches 

      Receptacles in corridors                   18 inches 

      Receptacles in shops & laboratories        48 inches 

      Receptacles in rest rooms                  48 inches 

      Switches for light control                 48 inches 

3.6   LAMPS AND LIGHTING FIXTURES

New lamps of the proper type and wattage shall be installed in each 
fixture.  Fixtures and supports shall be securely fastened to structural 
members and shall be installed parallel and perpendicular to major axes of 
structures.

3.7   PANELBOARDS

Panelboards shall be securely mounted so that the top operating handle does 
not exceed 72-inches above the finished floor.  No equipment shall be 
mounted within 36 inches of the front of the panel.Directory card 
information shall be complete and legible.

3.8   IDENTIFICATION PLATES AND WARNINGS

Identification plates shall be furnished for lighting and power 
panelboards, motor control centers, all line voltage heating and 
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ventilating control panels, fire detector and sprinkler alarms, door bells, 
pilot lights, disconnect switches, manual starting switches, and magnetic 
starters.  Process control devices and pilot lights shall have 
identification plates.

Identification plates shall be furnished 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.

3.9   PAINTING

Exposed conduit, supports, fittings, cabinets, pull boxes, and racks shall 
be thoroughly cleaned and painted as specified in Section 09 90 00.00 40 
ARCHITECTURAL PAINTING or Section 09 90 00.00 98 PAINTING AND COATING.

3.10   FIELD TESTING

After the installation is complete wire and cable shall be given a 
continuity and insulation resistance test. Insulation resistance test shall 
be with a 1000 - volt insulation test set. Readings shall be recorded after 
a minimum of 3 minutes and until the reading is constant for 1 minute. 
Resistance between phase conductors and ground shall be no less than 25 
megohms.

Phase-rotation tests shall be conducted on three-phase circuits using a 
phase-rotation indicating instrument.  Phase rotation of electrical 
connections to connected equipment shall be A, B, C left to right, or top 
to bottom facing the equipment.

Final acceptance will depend upon the satisfactory performance of the 
equipment under test.  No conductor or circuit shall be energized until the 
installation has been approved by the Contracting Officer.  Final test data 
shall be provided to the Contracting Officer.  Data shall have a cover 
letter/sheet clearly marked with the System name, Date, and the words 
"Final Test Data - 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 05 71.00 40

LOW VOLTAGE OVERCURRENT PROTECTIVE DEVICES
11/08

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 D 877 (2002; R 2007) Standard Test Method for 
Dielectric Breakdown Voltage of Insulating 
Liquids Using Disk Electrodes

IPC - ASSOCIATION CONNECTING ELECTRONICS INDUSTRIES (IPC)

IPC D330 (1992) Switches

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA AB 1 (2002) Molded-Case Circuit Breakers, 
Molded Case Switches, and Circuit-Breaker 
Enclosures

NEMA AB 3 (2001) Molded Case Circuit Breakers and 
Their Application

NEMA C78.23 (1995; R 2003) Standard for Incandescent 
Lamps - Miscellaneous Types

NEMA FU 1 (2002; R 2007) Low Voltage Cartridge Fuses

NEMA ICS 1 (2000; R 2005; R 2008) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Industrial Control and Systems:  
Controllers, Contactors, and Overload 
Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC: Part 8 - Disconnect 
Devices for Use in Industrial Control 
Equipment

NEMA ICS 6 (1993; R 2001; R 2006) Standard for 
Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code
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UNDERWRITERS LABORATORIES (UL)

UL 489 (2009) Molded-Case Circuit Breakers, 
Molded-Case Switches and Circuit-Breaker 
Enclosures

UL 508 (1999; R 1999 thru 2008) Standard for 
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.  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-01 Preconstruction Submittals

Prior to the beginning of construction, submit manufactures 
equipment and performance data for the following items including 
use life, system functional flows, safety features, and mechanical 
automated details..

Fuses; G

SD-02 Shop Drawings

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.

Protective Devices

SD-03 Product Data

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; G
Enclosures; G
Circuit Breakers; G
Control Devices; G

SD-07 Certificates

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.  Also 
include dielectric tests.
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SD-08 Manufacturer's Instructions

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

Submit Operation and Maintenance Manuals for the following 
equipment:

Manual Motor Controllers; G
Magnetic Motor Controllers; G
Combination Motor Controllers; G
Circuit Breakers; G

1.3   GENERAL REQUIREMENTS

Section 26 05 00.00 98 BASIC ELECTRICAL MATERIALS AND METHODS 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.

2.1.1   Manual Motor Controllers

Provide  full-voltage, manually operated manual motor controllers for the 
control and protection of single-phase 60-hertz ac fractional-horsepower 
squirrel-cage induction motors.

Provide single-throw, single- or double-pole, three-position controllers 
rated at not more than 1 horsepower at 115- and 230-volts single phase.  
Include a supporting base or body of electrical insulating material with 
enclosed switching mechanism, yoke, thermal overload relay, and terminal 
connectors.  Provide controllers that clearly indicate operating 
condition:  on, off, or tripped.

Provide toggle- or key-operated type manual motor controllers as indicated 
and arrange so that they are lockable with a padlock in the "OFF" position.

Provide recessed manual motor controllers for single-speed, 
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fractional-horsepower squirrel-cage induction motors, that include a single 
controller and indicating light in a 4-inch square wall outlet box, for 
flush-wiring devices with matching corrosion-resistant steel flush cover 
plate. Provide surface-mounted manual motor controllers for single-speed, 
fractional-horsepower squirrel cage induction motors that include a single 
controller and indicating light in a NEMA 250, Type 1 general-purpose 
enclosure.

Provide recessed and surface-mounted manual motor controllers for two-speed,
 fractional-horsepower squirrel-cage induction motors, that include two 
controllers, two indicating lights, and a selector switch in a 
multiple-gang wall outlet box for flush-wiring devices, with matching 
corrosion-resistant steel flush-cover plate.  Provide surface-mounted 
manual motor controllers for two-speed fractional-horsepower squirrel-cage 
induction motors, that include two controllers, two indicating lights, and 
a selector switch in a NEMA 250, Type 1 general-purpose enclosure.

2.1.2   Magnetic Motor Controllers

2.1.2.1   Full-Voltage Controllers

Provide full-voltage, full magnetic devices in accordance with NEMA ICS 1, 
NEMA ICS 2, and UL 508for 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.

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 as indicated..

2.1.3   Combination Motor Controllers

Following requirements are in addition to the requirements specified for 
magnetic motor controller:

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.
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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, "Remote-Control Station 
Enclosures." for magnetic motor controllers and enclosures.

Provide thermal-magnetic breakers as specified in paragraph 
entitled, "Manual Motor Controllers."for molded-case 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.

2.1.3.1   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.

Contain equipment installed inside, clean, dry locations in a NEMA Type 1, 
general-purpose sheet-steel enclosure.

2.2.2   Remote-Control Station Enclosures

Provide remote-control station enclosures for pushbuttons, selector 
switches, and indicating lights in accordance with the appropriate articles 
of NEMA ICS 6 and NEMA 250.

Contain remote-control stations installed in indoor, clean, dry locations 
in NEMA Type 1 general-purpose, sheet-steel enclosures.  Contain recessed 
remote-control stations in standard wall outlet boxes with matching 
corrosion-resistant steel flush cover plate.
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Install remote-control stations with the centerline 66 inches above the 
finished floor.

2.3   CIRCUIT BREAKERS

Provide circuit breakers that conform to UL 489, NEMA AB 1, 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 10,000 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).

Provide phenolic composition breaker body capable of having such 
accessories as handle-extension, handle-locking, and padlocking devices 
attached where required.

Provide circuit breakers used for meter circuit disconnects that meet the 
applicable requirements of NFPA 70 and that are of the motor-circuit 
protector type.

For circuit breakers used for service disconnection, provide an enclosed 
circuit-breaker type with external handle for manual operation.  Provide 
sheet metal enclosures with a hinged cover suitable for surface mounting.

2.3.2   Enclosed Molded-Case Circuit Breakers

For enclosed circuit breakers, provide thermal-magnetic molded-case circuit 
breakers in surface-mounted, nonventilated enclosures conforming to the 
appropriate articles of NEMA 250 and NEMA AB 1.

Provide enclosed circuit breakers in nonhazardous locations as follows:
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Contain circuit breakers installed inside clean, dry locations in NEMA 
Type 1, general purpose sheet steel enclosures.

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   Magnetic Contactors

Provide magnetic contactors in accordance with NEMA ICS 1 and NEMA ICS 2 as 
required for the control of low-voltage, 60-hertz, tungsten-lamp loads, 
fluorescent-lamp loads, resistance-heating loads, and the primary windings 
of low-voltage transformers.

Provide core-and-coil assembly that operates satisfactorily with coil 
voltage between 85 and 110 percent of its voltage rating.

Provide contactor that is designed with a normally open holding circuit 
auxiliary contact for control circuits, with a rating in accordance with 
NEMA ICS 1 and NEMA ICS 2.

Furnish solderless pressure wire terminal connectors, or make available for 
line-and-load connections to contactors in accordance with NEMA ICS 1 and 
NEMA ICS 2.

Provide magnetic contactors with a rating in accordance with NEMA ICS 1and 
NEMA ICS 2.

2.5.2   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.
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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.

2.5.3   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.

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.

2.5.4   Pushbuttons and Switches

2.5.4.1   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.

Identify pushbuttons in remote control stations with identification plates 
affixed to front cover in a prominent location.  Carry the identification 
of the system being controlled on the identification plate.

2.5.4.2   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.
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Identify selector switches in remote control stations with engraved 
identification plates affixed to front cover in a prominent location.  
Carry the identification of the system being controlled on the 
identification plate.

2.5.4.3   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   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.

2.7   INDICATING LIGHTS

2.7.1   General-Purpose Type

For indicating lights, provide oiltight instrument devices with threaded 
base and collar for flush-mounting, translucent convex lens, candelabra 
screw-base lampholder, and 120-volt, 6-watt, Type S-6 incandescent lamp in 
accordance with NEMA C78.23.  Provide indicating lights color coded in 
accordance with NEMA ICS 6.

Provide indicating lights in remote-control stations when pushbuttons and 
selector switches are out of sight of the controller.

2.8   FINISH

Protect metallic materials against corrosion.  Provide equipment with the 
standard finish by the manufacturer when used for most indoor 
installations.  For harsh indoor environments (any area subjected to 
chemical and/or abrasive action), and all outdoor installations, refer to 
Section 09 90 00.00 98 PAINTING AND COATING.

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.

Ratio and verify tap settings of instrumentation, potential, and current 
transformers.

Perform dielectric tests on insulating oil in oil circuit breakers before 
the breakers are energized.  Test oil in accordance with ASTM D 877, and 
provide breakdown voltage that is not less than 25,000 volts.  Provide 
manufacturer certification that the oil contains no PCB's, and affix a 
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label to that effect on each breaker tank and on each oil drum containing 
the insulating oil.

Do not energize control and protective devices until recorded test data has 
been approved.  Provide final test reports  with a cover letter/sheet 
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 24 16.00 40

PANELBOARDS
11/08

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.

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA AB 1 (2002) Molded-Case Circuit Breakers, 
Molded Case Switches, and Circuit-Breaker 
Enclosures

NEMA PB 1 (2006; Errata 2008) Standard for 
Panelboards

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FED-STD-595 (Rev C) Colors Used in Government 
Procurement

UNDERWRITERS LABORATORIES (UL)

UL 67 (2009) Standard for Panelboards

1.2   GENERAL REQUIREMENTS

Section 26 05 00.00 98 BASIC ELECTRICAL MATERIALS AND METHODS applies to 
work specified in this section.

Submit Detail Drawings for the panelboards 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.  Include within drawings details of bus layout.

Ensure Outline Drawings for panelboards indicate overall physical features, 
dimensions, ratings, service requirements, and weights of equipment.

Statements signed by responsible officials of a manufacturer of a product, 
system, or material attesting that the product, system or material meet 
specified requirements.  Statements must be dated after the award of this 
contract, name the project, and list the specific requirements which it is 
intended to address.

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 
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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

Submit Detail Drawings; G and Outline Drawings; G for panelboards 
in accordance with paragraph entitled, "General Requirements," of 
this section.

SD-03 Product Data

Submit Manufacturer's catalog data for the following items:

Panelboards; G
Directory Card and Holder; G

SD-04 Samples

Ensure that keys; G are properly tagged and delivered to the 
Contracting Officer.

SD-06 Test Reports

Submit test reports for the following tests in accordance with the 
paragraph entitled, "Site Testing," of this section.  Do not 
energize panelboards until the recorded test data has been 
submitted to and approved by the Contracting Officer.

Continuity Tests; G
Insulation Tests; G

SD-07 Certificates

Submit Statements in accordance with paragraph entitled, "General 
Requirements," of this section.

SD-08 Manufacturer's Instructions

Submit Manufacturer's instructions for Panelboards including 
special provisions required to install equipment components and 
system packages.  Special notices shall detail impedances, hazards 
and safety precautions.

PART 2   PRODUCTS

2.1   PANELBOARDS

Totally enclose power-distribution panelboards and lighting and appliance 
branch-circuit panelboards in a steel cabinet, dead-front circuit breaker 
type with copper buses, surface- or flush-mounted as indicated.  Ensure 
panelboards conform to NEMA PB 1 and NEMA AB 1.  Branch circuit panels 
shall have buses fabricated for bolt-on type circuit breakers.

An outer door or cover, hinged on one side, shall be provided on 
surface-mounted panelboards to provide gutter space access.  Provide a 
center door for circuit breaker/switch access only.

Voltage and current rating, number of phases, and number of wires shall be 
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as indicated.  Provide four-wire distribution panelboards and lighting and 
appliance branch-circuit panelboards with an isolated full-capacity neutral 
bus. 

Provide three-phase, 4-wire and single-phase, 3-wire distribution lighting 
and branch circuit panelboards with an isolated full-capacity bus providing 
spaces for single-pole circuit breakers/switches and spaces indicated as 
spare.

Provide panelboards with a separate grounding bus bonded to the enclosure.  
Grounding bus shall be a solid bus bar of rectangular cross section 
equipped with binding screws for the connection of equipment grounding 
conductors.

Each panelboard, as a complete unit, shall have a short-circuit current 
rating equal to or greater than the integrated equipment rating shown on 
the panelboard schedule or as indicated.

Ensure panelboards and main lugs or main breaker have current ratings as 
shown on the panelboard schedule.

Bus bar connections to the branch circuit breakers shall be the 
"distributed phase" or "phase sequence" type.  Single-phase, three-wire 
panelboard busing shall be such that when any two adjacent single-pole 
breakers are connected to opposite phases, two-pole breakers can be 
installed in any location.  Three-phase, four-wire busing shall be such 
that when any three adjacent single-pole breakers are individually 
connected to each of the three different phases, two- or three-pole 
breakers can be installed at any location.  Current-carrying parts of the 
bus assembly shall be plated.  Mains ratings shall be as shown.

Mechanical lugs furnished with panelboards shall be cast copper or copper 
alloys of sizes suitable for the conductors indicated to be connected 
thereto.

Boxes shall have the manufacturer's standard knockouts and shall be 
galvanized code-gage sheet steel.  Fronts shall be of code-gage sheet steel 
furnished with hinged doors with adjustable trim clamps for securing the 
fronts to the boxes.

Panelboard enclosures shall be NEMA 250, Type 1.  Provide enclosures with 
hinged fronts and corrosion-resistant steel pin-tumbler cylinder locks.  
Key locks alike and provide two keys for each enclosure.

Finish panelboards with baked enamel.  Finish color is to be No. 61 gray 
conforming to FED-STD-595.

2.2   CIRCUIT BREAKERS

Circuit breakers shall be the molded-case type.  Frame and trip ratings 
shall be as indicated.

Interrupting rating of circuit breakers shall be as indicated.  If not 
shown, the interrupting rating for circuit breakers in 120/208 -volt 
panelboards shall be not less than 22,000 amperes rms symmetrical, and that 
for breakers in 277/480 -volt panelboards shall be not less than 22,000 
amperes rms symmetrical.

Circuit breakers shall be bolt-on type.  Plug-in type is not acceptable.
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Provide shunt trips where indicated.

In branch circuit panelboards, branch circuit breakers feeding convenience 
outlets shall have sensitive instantaneous trip settings of not more than 
10 times the trip rating of the breaker to prevent repeated arcing shorts 
resulting from frayed appliance cords.  Single-pole 15- and 20-ampere 
circuit breakers shall be UL listed as "Switching Breakers".  Provide UL 
Class A (5-milliampere sensitivity) ground fault circuit protection on 
120-volt ac branch circuit as indicated.  This protection is an integral 
part of the branch circuit breaker that also provides overload and 
short-circuit protection for branch circuit wiring.  Tripping of a branch 
circuit breaker containing ground fault circuit interruption is not to 
disturb the feeder circuit to the panelboard.  A single-pole circuit 
breaker with integral ground fault circuit interruption requires no more 
panelboard branch circuit space than a conventional slide pole circuit 
breaker.

Ensure connections to the bus are bolt-on type.

When multiple wires per phase are specified, furnish the circuit breakers 
with connectors made to accommodate multiple wires.

Ensure circuit breaker spaces called out on the drawings are complete with 
mounting hardware to permit ready installation of the circuit breakers.

2.3   DIRECTORY CARD AND HOLDER

Mount a directory card on the inside of hinged fronts and doors  in a metal 
frame, with spaces for circuit numbers, outlets controlled, and room 
numbers.  Directory card shall identify each branch circuit with its 
respective and numbered circuit breaker.

2.4   FACTORY TESTING

Test complete panelboards in accordance with UL 67.

2.5   PRECAUTIONARY LABEL

To ensure persons are aware of immediate or potential hazard in the 
application, installation, use, or maintenance of panelboards, each 
panelboard shall be conspicuously marked on the trim or dead front shield 
with the text (or equivalent) DANGER symbol.  If the panel is supplied with 
a door, ensure the label is visible when the door is in the open position.

PART 3   EXECUTION

3.1   INSTALLATION

Install panelboards as indicated and in accordance with the manufacturer's 
instructions.  Fully align and mount panels so that the height of the top 
operating handle does not exceed 72-inches  above the finished floor.

Directory-card information shall be typewritten in capital letters to 
indicate outlets controlled and final room numbers served by each circuit 
and shall be mounted in holders behind protective covering.
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3.2   SITE TESTING

Each panelboard enclosure key shall be shown to operate the enclosure locks 
in the presence of the Contracting Officer.

Panelboards shall be given continuity and insulation tests after the 
installation has been completed and before the panelboard is energized.

Provide test equipment, labor, and personnel as required to perform the 
tests as specified.  Conduct Continuity tests and submit reports for review.

Conduct insulation tests on 480-volt panelboards using a 1,000-volt 
insulation-resistance test set.  Record readings every minute until three 
equal and consecutive readings have been obtained.  Resistance between 
phase conductors and between phase conductors and ground shall be not less 
than 50 megohms.

Conduct insulation tests on panelboards rated 300 volts or less using a 
500-volt minimum insulation-resistance test set.  Record readings after 1 
minute and until the reading is constant for 15 seconds.  Resistance 
between phase conductors and between phase conductors and ground shall be 
not less than 25 megohms.

Record test data and include the location and identification of panelboards 
and megohm readings versus time.

        -- End of Section --
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SECTION 26 24 19.00 40

MOTOR CONTROL CENTERS
11/08

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)

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C57.13 (2008) Standard Requirements for 
Instrument Transformers

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (2002) Molded-Case Circuit Breakers, 
Molded Case Switches, and Circuit-Breaker 
Enclosures

NEMA C12.11 (2007) Instrument Transformers for Revenue 
Metering, 10 kV BIL through 350 kV BIL 
(0.6 kV NSV through 69 kV NSV)

NEMA ICS 1 (2000; R 2005; R 2008) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Industrial Control and Systems:  
Controllers, Contactors, and Overload 
Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC: Part 8 - Disconnect 
Devices for Use in Industrial Control 
Equipment

NEMA ICS 4 (2005) Industrial Control and Systems: 
Terminal Blocks

NEMA ICS 6 (1993; R 2001; R 2006) Standard for 
Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code
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UNDERWRITERS LABORATORIES (UL)

UL 1063 (2006) Standard for Safety Machine-Tools 
Wires and Cables

UL 44 (2005; Rev thru Nov 2005) 
Thermoset-Insulated Wires and Cables

UL 489 (2009) Molded-Case Circuit Breakers, 
Molded-Case Switches and Circuit-Breaker 
Enclosures

UL 845 (2005; Rev thru Aug 2006) Standard for 
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.

1.2.1   Rules

The equipment shall conform to the requirements of NFPA 70 unless more 
stringent requirements are indicated herein or shown.  NEMA rated and UL 
listed equipment has been specified when available.  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 
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 
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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.    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.  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.  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-03 Product Data

Equipment; G

1.4   DELIVERY, STORAGE, AND HANDLING

 Carefully package and clearly mark all spare parts and accessories.

1.5   MAINTENANCE

1.5.1   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.

1.5.2   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.
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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.

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 NEMA AB 1 and 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 
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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 
22,000 symmetrical amperes at 600 volts ac.

2.2.3   120/240-Volt AC Circuits

Circuit breakers for 120-volt ac circuits shall be rated not less than 
120/240 or 240 volts ac, and shall have a UL listed minimum interrupting 
capacity of 22,000 symmetrical amperes.

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.

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 
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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 
the Contractor for addition of the designations to the terminal strips and 
tracings, along with any rearrangement of points required.

2.5   MOTOR CONTROL CENTERS

Design each motor control center and components for operation on voltages 
as ondicated, and the 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.  

2.5.1   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 22,000 AIC 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 
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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 MOLDED CASE CIRCUIT BREAKERS, except that trip 
units shall have provision for locking the selected trip setting.

2.5.1.1   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.  Direct-current contactors 
shall be two-pole, suitable for controlling circuits operating at 125 volts 
dc, insulated for 250 volts dc, electrically-operated, magnetically-held 
type and adequate for full-voltage motor starting service.

2.5.1.2   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.  Where indicated on the drawings, provide a fourth auxiliary 
contact and red and green indicating lights.

2.5.1.3   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.

2.5.2   Wiring for Motor Control Centers

All wiring shall meet the requirements of paragraph WIRING above. Provide 
heavy-duty clamp type terminals for terminating all power cables entering 
the control centers.

2.5.2.1   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.
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2.5.2.2   Terminal Blocks

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.

2.5.3   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.

2.5.3.1   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.  Provide sufficient 
contact blocks to make up the electrically separate contacts required for 
lead-lag selector switches.

2.5.3.2   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.

2.5.3.3   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 120-volt ac.  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.

2.5.3.4   Timing Relays

Timers shall be pneumatic type.  They shall be suitable for mounting inside 
the control center and shall be rated 120 volts ac, 60 Hz.  Provide 
instantaneous and time delay contacts as indicated on the drawings, and 
have a contact rating designation of A600 or N600, as required, in 
accordance with NEMA ICS 2.  Provide means for manual adjustment over a 
range as indicated on the drawings.

2.5.3.5   Elapsed-Time Meters

Hour-indicating time meters shall have 6- digit registers with counter 
numbers at least 1/4 inch high.  White numbers on black backgrounds shall 
provide hour indication with the last digit in contrasting colors to 
indicate tenths of an hour.  The enclosure shall be 3-1/2 inches square and 
dust resistant.  Operating voltage shall be 120 volts ac.  They shall be of 
the nonreset type.
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2.5.4   Feeder Tap Units

Provide feeder tap units as indicated on the drawings.  Feeder tap units 
shall include externally operable molded-case circuit breakers in 
combination motor-control unit enclosures for the protection of non-motor 
loads or remotely located magnetic motor-controllers.  Not more than two 
molded-case circuit breakers shall be contained in feeder tap units.

2.5.5   Metering Section

Provide metering section with instruments as indicated on the drawings.

2.5.5.1   Instrument Transformers

All transformers used for metering shall meet the requirements of 
NEMA C12.11 and IEEE C57.13.  Protect voltage transformers with removable 
primary and secondary fuses.  Install fuses in each ungrounded lead and 
located adjacent to the transformers in an easily accessible place.  If 
cable connections to current transformer primary are required, furnish 
terminals of an approved solderless type and proper size.  If current 
transformers are connected to buses, furnish proper connections, complete 
with bolts, nuts, washers and other accessories.

2.6   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 SPARE PARTS.

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 TESTING

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 for feeder conductors modified 
under this project.

Final acceptance shall depend upon the satisfactory performance of the 
motor-control centers under test.  No motor-control center components shall 
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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, 
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 23.98

VARIABLE-FREQUENCY MOTOR CONTROLLERS FOR HVAC
02/10

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 C62.41 (1991; R 1995) Recommended Practice on 
Surge Voltages in Low-Voltage AC Power 
Circuits

IEEE Std 519 (1992, Errata 2004) Recommended Practices 
and Requirements for Harmonic Control in 
Electrical Power Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (2000; R 2005; R 2008) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA ICS 3.1 (1997; R 2003) Industrial Control and 
Systems: Handling, Storage and 
Installation Guide for AC General-Purpose 
Medium Voltage Contactors and Class E 
Controllers, 50 and 60 Hertz

NEMA ICS 6 (1993; R 2001; R 2006) Standard for 
Enclosures

NEMA ICS 7 (2006) Industrial Control and Systems: 
Adjustable-Speed Drives

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-461 (Rev F) Requirements for the Control of 
Electromagnetic Interference 
Characteristics of Subsystems and Equipment

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

47 CFR 15 Radio Frequency Devices
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UNDERWRITERS LABORATORIES (UL)

UL 508C (2002; Rev thru Feb 2008) Power Conversion 
Equipment

1.2   GENERAL REQUIREMENTS

Section 26 00 00.00 98 "GENERAL ELECTRICAL PROVISIONS" applies to work 
specified in this section.

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, IEEE Std 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

Submit the following in accordance with Section 01 33 00 "SUBMITTAL 
PROCEDURES":

SD-02 Shop Drawings

Schematic diagrams; G

Interconnecting diagrams; G
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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

SD-09 Manufacturer's Field Reports

VFD Factory Test Plan; G

Factory test results; G

SD-10 Operation and Maintenance Data

Variable frequency drives; G, Data Package 4

  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.

1.4.1   QUALITY ASSURANCE

1.4.1.1   Schematic Diagrams

Show circuits and device elements for each replaceable module.  Schematic 
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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.

1.4.1.2   Interconnecting Diagrams

Show interconnections between equipment assemblies, and external 
interfaces, including power and signal conductors.  Include for enclosures 
and external devices.

1.4.1.3   Installation Drawings

Show floor plan of each site, with V.F.D.'s and motors indicated.  Indicate 
ventilation requirements, adequate clearances, and cable routes.

1.4.1.4   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.

1.4.1.5   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.

1.4.1.6   Factory Test Results

Document test results and submit to government within 7 working days after 
completion of test.

1.4.2   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.

1.4.3   WARRANTY

The complete system shall be warranted by the manufacturer for a period of 
one year from the date it becomes functional, 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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1.4.4   MAINTENANCE

1.4.4.1   Spare Parts

Manufacturers provide spare parts in accordance with recommended spare 
parts list.

1.4.4.2   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

The VFD package as specified herein shall be enclosed in a UL Listed Type 1 
or Type 12 as specified enclosure, completely assembled and tested by the 
manufacturer in an ISO9001 facility.  The VFD shall be designed to operate 
from a 480 or 280 volt 3 phase 60 Hz supply.  The VFD tolerated voltage 
window shall allow the VFD to operate from a line of +30% nominal, and -35% 
nominal voltage as a minimum.  Harmonic control shall be described in 
IEEE Std 519.

Environmental operating conditions: 32 to 104 degree F continuous.  VFD's 
that can operate at 104 degree F intermittently (during a 24 hour period) 
are not acceptable and must be oversized.  Altitude 0 to 3300 feet above 
sea level, less than 95% humidity, non-condensing.

Enclosure shall be rated UL type 1 or 12 and shall be UL listed as a plenum 
rated VFD. VFD's without these ratings are not acceptable.

All VFDs shall have the following standard features:

1.  All VFDs shall have the same customer interface, including digital
    display, and keypad, regardless of horsepower rating.  The keypad 
    shall be removable, capable of remote mounting and allow for
    uploading and downloading of parameter settings as an aid for
    start-up of multiple VFDs. 
2.  The keypad shall include Hand-Off-Auto selections and manual speed
    control.  The drive shall incorporate "bumpless transfer" of speed
    reference when switching between "Hand" and "Auto" modes.  There
    shall be fault reset and "Help" buttons on the keypad.  The Help
    button shall include "on-line" assistance for programming and
    troubleshooting.  
3.  There shall be a built-in time clock in the VFD keypad.  The clock
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    shall have a battery back up with 10 years minimum life span.  The
    clock shall be used to date and time stamp faults and record
    operating parameters at the time of fault.  If the battery fails,
    the VFD shall automatically revert to hours of operation since
    initial power up.  The clock shall also be programmable to control
    start/stop functions, constant speeds, PID parameter sets and
    output relays.  The VFD shall have a digital input that allows an
    override to the time clock (when in the off mode) for a
    programmable time frame.  There shall be four (4) separate,
    independent timer functions that have both weekday and weekend
    settings.
4.  The VFD's shall utilize pre-programmed application macro's
    specifically designed to facilitate start-up.  The Application
    Macros shall provide one command to reprogram all parameters and
    customer interfaces for a particular application to reduce
    programming time.  The VFD shall have two user macros to allow
    the end-user to create and save custom settings.
5.  The VFD shall have cooling fans that are designed for easy
    replacement.  The fans shall be designed for replacement without
    requiring removing the VFD from the wall or removal of circuit
    boards.  The VFD cooling fans shall operate only when required.
    To extend the fan and bearing operating life, operating temperature
    will be monitored and used to cycle the fans on and off as
    required.
6.  The VFD shall be capable of starting into a coasting load (forward
    or reverse) up to full speed and accelerate or decelerate to
    setpoint without safety tripping or component damage (flying
    start). 
7.  The VFD shall have the ability to automatically restart after an
    over-current, over-voltage, under-voltage, or loss of input signal
    protective trip.  The number of restart attempts, trial time, and
    time between attempts shall be programmable.
8.  The overload rating of the drive shall be 110% of its normal duty
    current rating for 1 minute every 10 minutes, 130% overload for 2
    seconds.  The minimum FLA rating shall meet or exceed the values in
    the NEC/UL table 430-150 for 4-pole motors.
9.  The VFD shall have an integral 5% impedance line reactors to reduce
    the harmonics to the power line and to add protection from AC line
    transients.  The 5% impedance may be from dual (positive and
    negative DC bus) reactors, or 5% AC line reactors.  VFD's with only
    one DC reactor shall add AC line reactors.
10. The input current rating of the VFD shall be no more than 3%
    greater than the output current rating.  VFD's with higher input
    current ratings require the upstream wiring, protection devices and
    source transformers to be oversized per NEC 430-2.  
11. The VFD shall include a coordinated AC transient protection system
    consisting of 4-120 joule rated MOV's (phase to phase and phase to
    ground), a capacitor clamp, and 5% impedance reactors.  VFD 
    shall include matrix harmonic filter that must not exceed 
    12% current distortion.
12. The VFD shall be capable of sensing a loss of load (broken belt /
    broken coupling) and signal the loss of load condition.  The drive
    shall be programmable to signal this condition via a keypad
    warning, relay output and/or over the serial communications bus.
    Relay outputs shall include programmable time delays that will
    allow for drive acceleration from zero speed without signaling a
    false underload condition. 
13. If the input reference (4-20mA or 2-10V) is lost, the VFD shall
    give the user the option of either (1) stopping and displaying a
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    fault, (2) running at a programmable preset speed, (3) hold the VFD
    speed based on the last good reference received, or (4) cause a
    warning to be issued, as selected by the user.  The drive shall be
    programmable to signal this condition via a keypad warning, relay
    output and/or over the serial communication bus.
14. The VFD shall have programmable "Sleep" and "Wake up" functions to
    allow the drive to be started and stopped from the level of a
    process feedback signal.

 All VFDs to have the following adjustments:

1.  Three (3) programmable critical frequency lockout ranges to prevent
    the VFD from operating the load continuously at an unstable speed.
2.  Two (2) PID Setpoint controllers shall be standard in the drive,
    allowing pressure or flow signals to be connected to the VFD, using
    the microprocessor in the VFD for the closed loop control.  The VFD
    shall have 250 ma of 24 VDC auxiliary power and be capable of loop
    powering a transmitter supplied by others.  The PID setpoint shall
    be adjustable from the VFD keypad, analog inputs, or over the
    communications bus. There shall be two parameter sets for the
    first PID that allow the sets to be switched via a digital input,
    serial communications or from the keypad for night setback,
    summer/winter setpoints, etc.  There shall be an independent,
    second PID loop that can utilize the second analog input and
    modulate one of the analog outputs to maintain setpoint of an
    independent process (ie. valves, dampers, etc.).  All setpoints,
    process variables, etc. to be accessible from the serial
    communication network.  The setpoints shall be set in Engineering
    units and not require a percentage of the transducer input.
3.  Two (2) programmable analog inputs shall accept current or voltage
    signals. 
4.  Two (2) programmable analog outputs (0-20 ma or 4-20 ma).  The
    outputs may be programmed to output proportional to Frequency,
    Motor Speed, Output Voltage, Output Current, Motor Torque, Motor
    Power (kW), DC Bus voltage, Active Reference, and other data.
5.  Six (6) programmable digital inputs for maximum flexibility in
    interfacing with external devices, typically programmed as follows:
    There shall be a run permissive circuit for damper or valve 
    control.  Regardless of the source of a run command (keypad, input
    contact closure, time-clock control, or serial communications) the
    VFD shall provide a dry contact closure that will signal the damper
    to open (VFD motor does not operate).  When the damper is fully
    open, a normally open dry contact (end-switch) shall close.  The
    closed end-switch is wired to an VFD digital input and allows VFD
    motor operation.  Two separate safety interlock inputs shall be 
    provided.  When either safety is opened, the motor shall be
    commanded to coast to stop, and the damper shall be commanded to
    close.  The keypad shall display "start enable 1 (or 2) missing".
    The safety status shall also be transmitted over the serial
    communications bus.  All digital inputs shall be programmable to
    initiate upon an application or removal of 24VDC.
6.  Three (3) programmable digital Form-C relay outputs.  The relays
    shall include programmable on and off delay times and adjustable
    hysteresis.  Default settings shall be for run, not faulted (fail
    safe), and run permissive.  The relays shall be rated for maximum
    switching current 8 amps at 24 VDC and 0.4 A at 250 VAC; Maximum 
    voltage 300 VDC and 250 VAC; continuous current rating 2 amps RMS.
    Outputs shall be true form C type contacts; open collector outputs
    are not acceptable.  
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7.  Seven (7) programmable preset speeds.
8.  Two independently adjustable accel and decel ramps with 1 - 1800
    seconds adjustable time ramps.
9.  The VFD shall include a motor flux optimization circuit that will
    automatically reduce applied motor voltage to the motor to optimize
    energy consumption and audible motor noise.
10. The VFD shall include a carrier frequency control circuit that
    reduces the carrier frequency based on actual VFD temperature that
    allows the highest carrier frequency without derating the VFD or
    operating at high carrier frequency only at low speeds.
11. The VFD shall include password protection against parameter
    changes.

The Keypad shall include a backlit LCD display. The display shall be in 
complete English words for programming and fault diagnostics (alpha-numeric 
codes are not acceptable).  The keypad shall utilize the following 
assistants:

1.  Start-up assistants  
2.  Parameter assistants 
3.  Maintenance assistant  
4.  Troubleshooting assistant

All applicable operating values shall be capable of being displayed in 
engineering (user) units.  A minimum of three operating values from the 
list below shall be capable of being displayed at all times.   The display 
shall be in complete English words (alpha-numeric codes are not acceptable):

Output Frequency
Motor Speed (RPM, %, or Engineering units)
Motor Current
Calculated Motor Torque
Calculated Motor Power (kW)
DC Bus Voltage
Output Voltage

The VFD shall include a fireman's override input.  Upon receipt of a 
contact closure from the fireman's control station, the VFD shall operate 
at an adjustable preset speed.  The mode shall override all other inputs 
(analog/digital, serial communication, and all keypad commands) and force 
the motor to run at the adjustable, preset speed. "Override Mode" shall be 
displayed on the keypad.  Upon removal of the override signal, the VFD 
shall resume normal operation.

2.1.1   Serial Communications

The VFD shall have an RS-485 port as standard.  The standard protocols 
shall be Modbus, Johnson Controls N2 bus, and Siemens Building Technologies 
FLN.  Optional protocols for LonWorks, BACnet, Profibus, Ethernet, and 
DeviceNet shall be available.  Each individual drive shall have the 
protocol in the base VFD.  The use of third party gateways and multiplexers 
is not acceptable.  All protocols shall be "certified" by the governing 
authority.  Use of non-certified protocols is not allowed.

The BACnet connection shall be an RS485, MSTP interface operating at 9.6, 
19.2, 38.4, or 76.8 Kbps.  The connection shall be tested by the BACnet 
Testing Labs (BTL) and be BTL Listed.  The BACnet interface shall conform 
to the BACnet standard device type of an Applications Specific Controller 
(B-ASC).  The interface shall support all BIBBs defined by the BACnet 
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standard profile for a B-ASC including, but not limited to:

Data Sharing - Read Property - B.
Data Sharing - Write Property - B.
Device Management - Dynamic Device Binding (Who-Is; I-AM).
Device Management - Dynamic Object Binding (Who-Has; I-Have).
Device Management - Communication Control - B.

If additional hardware is required to obtain the BACnet interface, the VFD 
manufacturer shall supply one BACnet gateway per drive.  Multiple VFDs 
sharing one gateway shall not be acceptable.

Serial communication capabilities shall include, but not be limited to; 
run-stop control, speed set adjustment, proportional/integral/derivative 
PID control adjustments, current limit, accel/decel time adjustments, and 
lock and unlock the keypad.  The drive shall have the capability of 
allowing the DDC to monitor feedback such as process variable feedback, 
output speed / frequency, current (in amps), % torque, power (kW), kilowatt 
hours (resettable), operating hours (resettable), and drive temperature.  
The DDC shall also be capable of monitoring the VFD relay output status, 
digital input status, and all analog input and analog output values. All 
diagnostic warning and fault information shall be transmitted over the 
serial communications bus.  Remote VFD fault reset shall be possible.  The 
following additional status indications and settings shall be transmitted 
over the serial communications bus - keypad "Hand" or "Auto" selected, 
bypass selected, the ability to change the PID setpoint, and the ability to 
force the unit to bypass (if bypass is specified).  The DDC system shall 
also be able to monitor if the motor is running in the VFD mode or bypass 
mode (if bypass is specified) over serial communications.  A minimum of 15 
field parameters shall be capable of being monitored.

The VFD shall allow the DDC to control the drive's digital and analog 
outputs via the serial interface.  This control shall be independent of any 
VFD function.  For example, the analog outputs may be used for modulating 
chilled water valves or cooling tower bypass valves.  The drive's digital 
(relay) outputs may be used to actuate a damper, open a valve or control 
any other device that requires a maintained contact for operation.  In 
addition, all of the drive's digital and analog inputs shall be capable of 
being monitored by the DDC system.

The VFD shall include an independent PID loop for customer use.  The 
independent PID loop may be used for cooling tower bypass value control, 
chilled water value control, etc.  Both the VFD control PID loop and the 
independent PID loop shall continue functioning even if the serial 
communications connection is lost.  The VFD shall keep the last good 
set-point command and last good DO & AO commands in memory in the event the 
serial communications connection is lost.

EMI / RFI filters.  All VFD's shall include EMI/RFI filters.  The onboard 
filters shall allow the VFD assemble to be CE Marked and the VFD shall meet 
product standard EN 61800-3 for the First Environment restricted level.

All VFD's through 50HP shall be protected from input and output power 
mis-wiring.  The VFD shall sense this condition and display an alarm on the 
keypad.  

BYPASS FEATURES - All shall be furnished and mounted by the drive 
manufacturer and shall be UL Listed by the drive manufacturer as a complete 
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assembly and carry a UL 508C label.

1.  A complete factory wired and tested bypass system consisting of an
    output contactor and bypass contactor.  Overload protection and
    shall be provided in both drive and bypass modes.

2.  Door interlocked, padlockable circuit breaker that will disconnect
    all input power from the drive and all internally mounted options.

3.  Fused VFD only disconnect (service switch).  Fast acting fuses
    exclusive to the VFD - fast acting fuses allow the VFD to
    disconnect from the line prior to clearing upstream branch circuit
    protection, maintaining bypass capability.  Bypass designs, which
    have no such fuses, or that incorporate fuses common to both the 
    VFD and the bypass will not be accepted.  Three contactor bypass
    schemes are not acceptable. 

4.  The VFD system shall provide three-phase motor protection in
    both the VFD and bypass modes.

5.  The following operators shall be provided:

Bypass Hand-Off-Auto 
Drive mode selector
Bypass mode selector
Bypass fault reset 

6.  The following indicating lights (LED type) shall be provided.  A
    test mode or push to test feature shall be provided.

Power-on (Ready)
Run enable (safeties) open
Drive mode select damper opening
Bypass mode selected
Drive running
Bypass running
Drive fault
Bypass fault
Bypass H-O-A mode
Automatic transfer to bypass selected
Safety open   
Damper opening
Damper end-switch made

7. The following relay (form C) outputs from the bypass shall be
   provided:

System started
System running
Bypass override enabled
Drive fault
Bypass fault (motor overload or underload (broken belt))
Bypass H-O-A position

8.  The digital inputs for the system shall accept 24V or 115VAC
    (selectable).  The bypass shall incorporate internally sourced
    power supply and not require an external control power source.

9.  Customer Interlock Terminal Strip - provide a separate terminal
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    strip for connection of freeze, fire, smoke contacts, and external
    start command.  All external safety interlocks shall remain fully
    functional whether the system is in Hand, Auto, or Bypass modes
    (not functional in Fireman's Override 2).  The remote start/stop
    contact shall operate in VFD and bypass modes.

10. Dedicated digital input that will transfer motor from VFD mode to
    bypass mode upon dry contact closure for fireman's override.  Two
    modes of operation are required.

One mode forces the motor to bypass operation and overrides both 
the VFD and bypass H-O-A switches and forces the motor to operate 
across the line (test mode).  The system will only respond to the 
digital inputs and motor protections.

The second fireman's override mode remains as above, but will also 
defeat the overload and single-phase protection for bypass and 
ignore all keypad and digital inputs to the system (run until 
destruction).

11. The VFD shall include a "run permissive circuit" that will provide
    a normally open contact whenever a run command is provided (local
    or remote start command in VFD or bypass mode).  The VFD system 
    (VFD or bypass) shall not operate the motor until it receives a 
    dry contact closure from a damper or valve end-switch.  When the 
    VFD system safety interlock (fire detector, freezestat, high 
    static pressure switch, etc) opens, the motor shall coast to a
    stop and the run permissive contact shall open, closing the damper
    or valve.

12. Class 20 or 30 (selectable) electronic motor overload protection
    shall be included.

13. There shall be an internal switch to select manual or automatic 
    bypass.

14. There shall be an adjustable current sensing circuit for the bypass
    to provide loss of load indication (broken belt) when in the bypass
    mode.

2.2   ENCLOSURES

Provide equipment enclosures conforming to NEMA 250, NEMA ICS 7, NEMA ICS 6.

2.3   WIRES AND CABLES

All wires and cables shall conform to NEMA 250, NEMA ICS 7, NFPA 70.

2.4   NAMEPLATES

Nameplates external to NEMA enclosures shall conform with the requirements 
of Section 26 05 00.00 98 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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2.5   SOURCE QUALITY CONTROL

2.5.1   VFD Factory Test Plan

To ensure quality, each VFD shall be subject to a series of in-plant 
quality control inspections before approval for shipment from the 
manufacturer's facilities.  Provide test plans and test reports.

PART 3   EXECUTION

3.1   INSTALLATION

Installation shall be the responsibility of the mechanical contractor.  The 
contractor shall install the drive in accordance with the recommendations 
of the VFD manufacturer as outlined in the installation manual.

Power wiring shall be completed by the electrical contractor.  The 
contractor shall complete all wiring in accordance with the recommendations 
of the VFD manufacturer as outlined in the installation manual.

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.  A field representative of the drive manufacturer shall supervise 
the installation of all equipment, and wiring.

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 7, 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 
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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 0.9998, 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.

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
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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

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 26 52 00.98

EMERGENCY LIGHTING
10/09

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2007) Code for Safety to Life from Fire 
Buildings and Structure

NFPA 70 (2002) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 924 (1995; 8th Ed) UL Standard for Safety 
Emergency Lighting and Power Equipment

1.2   GENERAL REQUIREMENTS

Section 26 00 00.98 GENERAL ELECTRICAL PROVISIONS applies to work specified 
in this section.

Material, Equipment, and Fixture Lists shall be submitted showing 
manufacturer's style or catalog numbers, specification and drawing 
reference numbers, warranty information, and fabrication site.

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 00.98 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Material, Equipment, and Fixture Lists shall be submitted in 
accordance with paragraph entitled, "General Requirements," of 
this section.

SD-02 Shop Drawings

Installation drawings for the Emergency Lighting Egress Units 
indicating location of installed fixture.

SD-03 Product Data

Manufacturer's catalog data shall be submitted for the following 
items:

Emergency Lighting Egress Units; G

SECTION 26 52 00.98  Page 1



NASA GRC Steam Plant B12 Project N0. 11421

Accessories; G

PART 2   PRODUCTS

2.1   PRODUCT STANDARDS

Emergency lighting units shall conform to UL 924 and NFPA 101.

Emergency lighting units shall be furnished completely assembled with 
wiring and mounting devices, ready for installation at the locations 
indicated.  Fixtures shall be equipped with lamps.  Fixtures with no remote 
capability shall be Emergi-Lite, model JSE18-2-AD-NASA, or approved equal.  
Fixtures with remote capability shall be Emergi-Lite, model 
JSE27-2-AD-NASA, or approved equal.

2.2   EMERGENCY LIGHTING EGRESS UNITS

Emergency lighting units shall be complete self-contained units with 
batteries, battery charger, one or more local or remote lamp heads with 
lamps, low voltage battery disconnect, battery lockout, brownout 
protection, advanced diagnostics, indicator lights, and test switch as 
indicated.  The units shall come with a full warranty of 3-years.

Batteries shall be rated not less than 6 volts.

Battery charger a dry-type full-wave rectifier and soiled state circuitry 
to promote long reliable battery life and unit operation.  Batteries shall 
be kept at full capacity by a pulse charge that allows them to cycle 
continuously.  The battery charger shall also automatically recharge the 
battery to a fully charged state within 24 hours after continuous discharge 
of 1-1/2 hours through the connected lampload.

Batteries shall have capacity and rating to supply the lamp load with 
maintained 87.5-percent power, minimum, for 1.5 hours, or the battery-lamp 
combination shall maintain 60-percent, minimum, illumination for a period 
of at least 1.5 hours.  Batteries shall be maintenance-free long lead 
type.  The batteries shall come with a full warranty of 5 years and a life 
expectancy of 12 years.

Unit enclosure shall be fabricated from sheet steel not less than 20 gage 
1.3 millimeter.  Cover shall provide access to the battery and 
battery-charger compartments and shall have a full-length piano hinge and a 
latching device.  Component parts within the enclosure shall be protected 
from dust, moisture, and oxidizing fumes from the battery.  Interior and 
exterior surfaces of enclosure shall be coated with an off-white 
baked-enamel finish.

Lampheads shall be mounted on the top of the unit enclosure, except where 
otherwise indicated, and shall be fully adjustable in the horizontal and 
vertical planes. The lamphead mounting assembly shall be all thermoplastic 
construction and off-white in color.

Lamps shall be the wedge base intensity incandescent type T-5, rated not 
less than 9 watts at the specified dc voltage.

Advanced diagnostics shall continuously monitor every critical function of 
the unit.  Operational status shall be indicated by color LED lamps and a 
high-pitched audible alarm.  Seven LED lamps and one momentary-contact 
pushbutton Test switch shall be mounted on the cover of the unit enclosure.
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Battery Failure Red LED illuminates when battery is 
shorted or battery voltage drops 
below acceptable value.

Battery Disconnect Red LED illuminates when battery 
circuit is open.

Charger Failure Red LED illuminates when charger is 
not functioning properly.

Lamp Failure Red LED illuminates when charger is 
not functioning properly.

Service Alarm Red LED illuminates when there is a 
fault and unit requires service.

AC On Green LED illuminates when AC power 
is present.

Charger On Amber LED illuminates when charger 
is supplying current to the battery

Test Switch Switch transfers unit from normal AC 
supply to battery supply and tests 
operation of equipment under 
simulated AC power failure.  Switch 
also silences audible alarm.  (LED 
lamps flash until the fault is 
corrected.)

An on-board microprocessor shall provide an automatic unit test.  The 
automatic unit test shall place the unit into a simulated power failure 
condition each month, providing a long duration visible test and an 
exercise of the battery.  The automatic unit test shall be field 
programmable.

The brownout protection feature shall automatically connect the lampload to 
the battery supply when the ac supply falls to 80 percent of normal 
voltage, the level at which most fluorescent and HEID fixture extinguish.

The battery/lockout feature shall prevent the battery from discharging when 
the unit is installed to a non-energized circuit.  The battery shall be 
electronically locked out until the unit is energized with AC power.

The low voltage battery disconnect feature shall prevent deep discharge 
damage to the battery by disconnecting the lighting load at 87.5 percent of 
the nominal battery voltage.

Emergency lighting units shall be suitable for operation on the 120 or 277 
volt AC supply circuit to which they are to be electrically connected.

PART 3   EXECUTION

3.1   INSTALLATION

Emergency lighting unit shall be permanently fixed in place and shall have 
wiring to each unit installed in accordance with NFPA 70.  The branch 
circuit feeding the unit equipment shall be the the same branch circuit as 
that serving the normal lighting in the area  and shall be connected ahead 
of the area switches.  The emergency lighting unit power source, both panel 
number and breaker number, shall be permanently marked on the inside of the 
unit.  Emergency lighting fixtures that are remotely connected to the 
emergency lighting unit shall have circuit wiring kept independent of all 
other wiring and equipment and shall not enter the same conduit, cable, 
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box, or cabinet with other wiring.

Mount height of emergency lighting units and remote lamps shall be a 
minimum of 7-feet above the finished floor.

3.2   FIELD TESTING

Emergency lighting units shall be demonstrated to operate satisfactorily in 
the presence of the Contracting Officer.

        -- End of Section --
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SECTION 26 60 13.00 40

LOW-VOLTAGE MOTORS
08/08

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 BEARING MANUFACTURERS ASSOCIATION (ABMA)

ABMA 11 (1990; R 1999) Load Ratings and Fatigue 
Life for Roller Bearings

ABMA 9 (1990; R 2000) Load Ratings and Fatigue 
Life for Ball Bearings

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE Std 112 (2004) Standard Test Procedure for 
Polyphase Induction Motors and Generators

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ACCEPT (2003) The NETA Acceptance Testing 
Specifications

NETA MAINT (2005) Maintenance Testing Specifications 
for Electric Power Distribution Equipment 
and Systems

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO 1940-1 (2003; Corrigendum 2005) Mechanical 
Vibration - Balance Quality Requirements 
for Rotors in a Constant (Rigid) State - 
Part 1:  Specification and Verification of 
Balance Tolerance - International 
Restrictions

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2007; Errata 2008) Standard for Motors 
and Generators

U.S. DEPARTMENT OF ENERGY (DOE)

DOE CI-1 (2001) How to Buy a Premium 
Energy-Efficient Electric Motor

1.2   GENERAL REQUIREMENTS

Section 26 05 00.00 98 BASIC ELECTRICAL MATERIALS AND METHODS applies to 
work specified in this section.
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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.  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

Outline drawings for Motors; G shall indicate overall physical 
features, dimensions, ratings, service requirements, and weights 
of equipment.

SD-03 Product Data

Equipment and performance data shall be submitted for Motors; G  
consisting of use life, system functional flows, safety features, 
and mechanical automated details.  Curves indicating tested and 
certified equipment response and performance characteristics shall 
also be submitted.

Submit Manufacturer's Catalog Data; G in accordance with paragraph 
entitled, "Equipment," of this section

For Electric Motors rated over 25 and those specified to meet a 
special vibration class in accordance with NEMA MG 1 indicate 
number of:

Rotor Bars; G
Stator Slots; G
Rotational Speed; G
Cooling Fan Blades; G
Bearing Manufacturer; G
Bearing Style; G
Bearing Type; G
Balls/Elements; G
Commutator Bars; G
Commutator Brushes; G
SCR Firing Frequencies; G (for variable speed motors)

SD-07 Certificates

Certificates shall be submitted for the following tests showing 
conformance with the referenced standards contained in this 
section.  Certified copies of previous test reports on identical 
motors may be submitted in lieu of factory test reports.

Factory Test Results
Efficiency
Power-Factor
Service Factor
Temperature Rating
Noise
Full-Load
Locked-Rotor
Insulation Resistance
Winding Resistance
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High-Potential Tests

SD-08 Manufacturer's Instructions 

Manufacturer's Instructions shall be submitted for Motors 
including special provisions required to install equipment 
components and system packages.  Special notices shall detail 
impedances, hazards and safety precautions.

1.4   DESIGN REQUIREMENTS

The following motor design data shall be provided prior to final 
turnover-number of motor rotor bars, Stator slots, rotational speed; number 
of cooling fan blades; RPM of motor; bearing manufacturer, bearing type, 
bearing style and number of balls/elements; number of commutator bars and 
commutator brushes; and SCR firing frequencies.

PART 2   PRODUCTS

2.1   EQUIPMENT

Submit manufacturer's catalog data for motors and enclosures.

Design, fabrication, testing, and performance of motors shall be in 
accordance with NEMA MG 1 and ISO 1940-1 and shall meet or exceed the 
requirements as specified herein.

Testing and performance of polyphase induction motors shall be in 
accordance with IEEE Std 112, Method B.

Efficiency labeling shall be in accordance with NEMA MG 1.

Allowable balance limits shall be in accordance with ISO 1940-1, Table 1

2.1.1   Efficiency

Motors shall have efficiencies in accordance with the recommended levels 
specified in DOE CI-1.

2.2   MOTOR TYPES

Motors shall be of the following types:

 1/3 HP and smaller, single phase - capacitor start

 1/2 HP and larger, three-phase - induction squirrel-cage type, NEMA 
Design B, having normal starting torque and low starting current

Motors shall be designed for across-the-line starting and shall be designed 
with torque characteristics to carry the specified rated starting load.

Motors shall have factory-sealed ball bearings with an L-10 rated life of 
not less than 30,000 hours in accordance with ABMA 9 or ABMA 11.
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2.3   SIZES OF MOTORS

2.3.1   Motors

Motors shall be of a sufficient size for the duty to be performed and shall 
not exceed the full-load rating when the driven equipment is operating at 
specified capacity under the most severe loading conditions.

2.3.2   Electrically Driven Equipment

When electrically driven equipment differs from that indicated, adjustments 
shall be made to the motor size, wiring and conduit systems, disconnect 
devices, and circuit protection to accommodate the equipment actually 
installed, at no additional cost to the Government.  Control and protective 
devices shall be in accordance with Section 26 05 71.00 40.00 40 
LOW-VOLTAGE OVERCURRECT PROTECTIVE DEVICES.

2.4   VOLTAGE RATINGS

Motors shall have the following minimum voltage ratings:

              MOTOR SIZE                               MOTOR
       MOTOR TYPE     HORSEPOWER    SERVICE        VOLTAGE RATING

       Fractional     1/3 and       120/208-volt,    115-volt,
       horsepower,    smaller       3-phase,         60-hertz
       single-phase                 4-wire

       Fractional     1/2 and       120/208-volt,    200-volt,
       and integral   larger        3-phase,         3-phase
       horsepower,                  4-wire           60-hertz
       3-phase

       Fractional     1/2 and       480-volt,        230/460-volt,
       and integral   larger        3-phase,         3-phase,
       horsepower,                  3-wire           60-hertz
       3-phase

2.5   TEMPERATURE RATING AND INSULATION

Motors shall be designed for continuous operation at the rated full load in 
an ambient temperature of 104 degrees F.

2.6   MOTOR HOUSINGS

The motor housing shall have a smooth surface in the vertical, horizontal, 
and axial directions at each bearing housing for attaching a  magnet 
mounted accelerometer in order to monitor the motor vibration.  The  
surface shall be on the bearing housing.  The axial surface will be as 
close to the motor centerline as possible.  The surface will have a finish 
of 63 micro-inch minimum.  Diameter of finished surface shall be 2 inch 
minimum and must be corrosion resistant. As an option sound disks can be 
used to meet the smooth surface requirement. Disk shall have a minimum 
thickness of 3/8 inch.

Surface shall be level within 1 degree or .001 inch.
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The smooth surface shall be identified(using a label or plate) "Vibration 
data collection point - Do Not Paint" 

2.7   MOTOR ENCLOSURES

Motors installed in indoor, clean, dry, nonhazardous locations shall have 
open-type drip-proof enclosures.  Enclosures shall have a hinged access 
cover at each vibration collection point.  Cover must be large enough to 
enable the placement of a magnet/accelerometer data collection instrument.

Motors with weatherproof/waterproof enclosures shall have permanent 
accelerometers installed in the horizontal, vertical, and axial 
directions.  The enclosure shall have a penetration installed to enable the 
accelerometer cables to be routed to outside the enclosure.  A data 
collection box shall be mounted to the outside of the motor enclosure in a 
location that is easily accessible. Data collection box shall be rated 
NEMA 4R.

2.8   SERVICE FACTOR

Service factor of general purpose and other open ac motors shall be in 
accordance with NEMA MG 1.

Totally enclosed ac motors shall have a service factor of 1.15 .

2.9   FACTORY TESTS

Factory test all motors in accordance with the requirements of NEMA MG 1.  
Polyphase induction motors shall be factory-tested in accordance with 
IEEE Std 112, Method B.  Tests shall consist of  measurements of voltage, 
frequency, speed, and current under no-load conditions; voltage, frequency, 
and current under locked-rotor conditions; and efficiency, noise, power 
factor, and thermal protection.  Routine tests on wound-rotor induction 
motors shall include the measurement of wound-rotor open-circuit voltage 
across the slip rings under locked-rotor conditions.  Electrical tests 
shall consist of winding resistance, insulation resistance, and 
high-potential tests.  Submit certified copies of factory test results for 
approval prior to shipment from the factory.  Previous test reports on 
identical motors are not acceptable for these tests.

PART 3   EXECUTION

3.1   INSTALLATION

Motors shall be installed, aligned, and connected in accordance with the 
equipment manufacturer's instructions.

Alignment of motors shall be rechecked and adjusted as required after the 
motor has been in operation for not less than 48 hours.

3.2   ALIGNMENT

Before attempting alignment, the contractor will demonstrate that the load 
does not have any load/force imposed by the piping system.  Minimum 
alignment values (below) are for motor and load at normal running 
temperatures.  Values must be compensated for thermal growth.  Limited 
movement of the motor or load (commonly known as bolt-bound) must be 
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corrected to ensure alignment capability.  Hold down bolts shall not be 
undercut in order to perform adjustment.

Shims shall be commercially die-cut, without seams or folds, and be made of 
corrosion resistant stainless steel.  No more than four shims shall be used 
at any single point.

Motor and load shall be aligned to the following minimum specifications:

      Speed(RPM)   Close-Coupled   Close-Coupled   Spool Piece Angle
                   Offset (mils)   Angle(mils/in.) (mils/in. @ coupling pt.)

        600            6.0               2.0               3.0
        900            5.0               1.5               2.0
        1200           4.0               1.0               1.5
        1800           3.0               0.5               1.0
        3600           1.5               0.4               0.5
        7200           1.0               0.3               0.4

Final alignment settings shall be provided as part of the final test data.

3.3   ELECTRICAL TESTS

Perform continuity test on all phases.

Perform insulation resistance and polarization index test on each phase of 
motor.  Insulation tests on 480-volt and 600-volt motors shall be conducted 
using a 1000-volt insulation test set.  Insulation tests on motors rated 
less than 480-volts shall be conducted using 500-volt insulation test set.

Test data shall include the location and identification of motors and 
megohm readings versus time.  Test data shall be recorded at 15, 30, 45 
seconds, and in 1 minute increments thereafter up to 10 minutes.  Megohm 
readings shall not be less than 25 megohms for each phase and each phase 
reading shall be within 10 percent of the other two.

Perform inspections and test procedures on all motors in accordance with 
NETA ACCEPT and NETA MAINT 7.15.1 for rotating machinery, AC motors.

Calculate the polarization index of each phase by dividing the 10 minute 
reading by the 1 minute reading.  The polarization index shall be greater 
than 1.25.  Any values lower shall be rejected and the motor returned to 
the factory.

3.4   VIBRATION TESTS

3.4.1   Vibration Analyzer

Contractor shall use an Fast Fourier Transformer (FFT) analyzer to measure 
vibration levels. It shall have the following characteristics: A dynamic 
range greater than 70 dB; a minimum of 400 line resolution; a frequency 
response range of 5 Hz-10 KHz(300-600000 cpm); the capacity to perform 
ensemble averaging, the capability to use a Hanning window; auto-ranging 
frequency amplitude; a minimum amplitude accuracy over the selected 
frequency range of plus or minus 20 percent or plus or minus 1.5 dB.

An accelerometer, either stud-mounted or mounted using a rare earth, low 
mass magnet and sound disk(or finished surface) shall be used with the FFT 
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analyzer to collect data. The mass of the accelerometer and its mounting 
shall have minimal influence on the frequency response of the system over 
the selected measurement range.

3.4.2   Vibration Data

Vibration data shall be collected in the axial, vertical, and horizontal 
direction for each motor bearing.

Two narrowband spectra for each data collection point shall be obtained in 
the following manner: For all machines regardless of operating speed, a 5 
to 500 Hz spectrum with a minimum of 400 lines of resolution shall be 
obtained. An additional spectrum of 5 to 2500 or 5 to 5000 Hz shall be 
acquired for machines operating at or below 1800 RPM or greater than 1800 
RPM, respectively.

Vibration limits shall conform to the following:

Frequency Range(CPM)        Vibration limit(inch/sec)

0.3xRPM to 0.8xRPM                  0.04
0.8xRPM to 1.2xRPM                  0.75
1.2xRPM to 3.5xRPM                  0.04
3.5xRPM to 120,000cpm               0.03

Final test reports shall be provided to the Contracting Officer.  Reports 
shall have a cover letter/sheet 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 27 10 00

BUILDING TELECOMMUNICATIONS CABLING SYSTEM
01/08

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 Std 100 (2000) The Authoritative Dictionary of 
IEEE Standards Terms

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-90-661 (2002) Category 3, 5, & 5e Individually 
Unshielded Twisted Pair Indoor Cable for 
Use in General Purpose and LAN 
Communications Wiring Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA WC 66 (2001; Errata 2003) Category 6 and 
Category 7 100 Ohm Shielded and Unshielded 
Twisted Pairs

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-526-7 (2002) Measurement of Optical Power Loss 
of Installed Single-Mode Fiber Cable Plant 
OFSTP-7

TIA/EIA-568-B.1 (2001 Addendums 2001, 2003, 2003, 2003, 
2004, 2007) Commercial Building 
Telecommunications Cabling Standard - Part 
1: General Requirements

TIA/EIA-568-B.2 (2001) Commercial Building 
Telecommunications Cabling Standard - Part 
2: Balanced Twisted Pair Cabling Components

TIA/EIA-568-B.3 (2000; Addendum 2002) Optical Fiber 
Cabling Components Standard

TIA/EIA-569-A (1998; Addenda 2000, 2001) Commercial 
Building Standards for Telecommunications 
Pathways and Spaces

TIA/EIA-606-A (2002) Administration Standard for the 
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Telecommunications Infrastructure

U.S. FEDERAL COMMUNICATIONS COMMISSION (FCC)

FCC Part 68 Connection of Terminal Equipment to the 
Telephone Network (47 CFR 68)

UNDERWRITERS LABORATORIES (UL)

UL 1863 (2004; Rev thru Aug 2008) Communication 
Circuit Accessories

UL 444 (2008; Rev thru Jul 2008) Communications 
Cables

UL 514C (1996; Rev thru Jul 2008) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 969 (1995; Rev thru Dec 2006) Marking and 
Labeling Systems

1.2   RELATED REQUIREMENTS

Section 26 00 00.00 98 GENERAL ELECTRICAL PROVISIONS  applies to this 
section with additions and modifications specified herein.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in this specification shall be as defined in TIA/EIA-568-B.1, 
TIA/EIA-568-B.2, TIA/EIA-568-B.3, TIA/EIA-569-A, TIA/EIA-606-A and 
IEEE Std 100 and herein.

1.3.1   Campus Distributor (CD)

A distributor from which the campus backbone cabling emanates. 
(International expression for main cross-connect (MC).)

1.3.2   Building Distributor (BD)

A distributor in which the building backbone cables terminate and at which 
connections to the campus backbone cables may be made.  (International 
expression for intermediate cross-connect (IC).)

1.3.3   Floor Distributor (FD)

A distributor used to connect horizontal cable and cabling subsystems or 
equipment.  (International expression for horizontal cross-connect (HC).)

1.3.4   Telecommunications Room (TR)

An enclosed space for housing telecommunications equipment, cable, 
terminations, and cross-connects.  The room is the recognized cross-connect 
between the backbone cable and the horizontal cabling.

1.3.5   Entrance Facility (EF) (Telecommunications)

An entrance to the building for both private and public network service 
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cables (including antennae) including the entrance point at the building 
wall and continuing to the entrance room or space.

1.3.6   Entrance Room (ER) (Telecommunications)

A centralized space for telecommunications equipment that serves the 
occupants of a building.  Equipment housed therein is considered distinct 
from a telecommunications room because of the nature of its complexity.

1.3.7   Open Cable

Cabling that is not run in a raceway as defined by NFPA 70.  This refers to 
cabling that is "open" to the space in which the cable has been installed 
and is therefore exposed to the environmental conditions associated with 
that space.

1.3.8   Open Office

A floor space division provided by furniture, moveable partitions, or other 
means instead of by building walls.

1.3.9   Pathway

A physical infrastructure utilized for the placement and routing of 
telecommunications cable.

1.4   SYSTEM DESCRIPTION

The building telecommunications cabling and pathway system shall include 
new outlets in locations as shown on the drawings.

1.5   SUBMITTALS

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

SD-03 Product Data

Telecommunications outlet/connector assemblies; G

SD-06 Test Reports

Telecommunications cabling testing; G

  SD-07 Certificates; G

Telecommunications Contractor; G Qualifications

Key Personnel; G Qualifications

Manufacturer Qualifications; G

Test plan; G

SD-09 Manufacturer's Field Reports

Factory reel tests; G
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 SD-11 Closeout Submittals

Record Documentation; G

1.6   QUALITY ASSURANCE

1.6.1   Shop Drawings

In exception to Section 01 33 00, SUBMITTAL PROCEDURES, submit shop 
drawings a minimum of 14 by 20 inches in size using a minimum scale of 1/8 
inch per foot, except as specified otherwise.  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 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.  Submittals shall include the 
nameplate data, size, and capacity.  Submittals shall also include 
applicable federal, military, industry, and technical society publication 
references.

1.6.2   Telecommunications Qualifications

Work under this section shall be performed by and the equipment shall be 
provided by the approved telecommunications contractor and key personnel.  
Qualifications shall be provided for:  the telecommunications system 
contractor, the telecommunications system installer, and the supervisor (if 
different from the installer).  A minimum of 30 days prior to installation, 
submit documentation of the experience of the telecommunications contractor 
and of the key personnel.

1.6.2.1   Telecommunications Contractor

The telecommunications contractor shall be a firm which is regularly and 
professionally engaged in the business of the applications, installation, 
and testing of the specified telecommunications systems and equipment.  The 
telecommunications contractor shall demonstrate experience in providing 
successful telecommunications systems within the past 3 years.  Submit 
documentation for a minimum of three and a maximum of five successful 
telecommunication system installations for the telecommunications 
contractor.

1.6.2.2   Key Personnel

Provide key personnel who are regularly and professionally engaged in the 
business of the application, installation and testing of the specified 
telecommunications systems and equipment.  There may be one key person or 
more key persons proposed for this solicitation depending upon how many of 
the key roles each has successfully provided.  Each of the key personnel 
shall demonstrate experience in providing successful telecommunications 
systems within the past 3 years.

Supervisors and installers assigned to the installation of this system or 
any of its components shall have a minimum of 3 years experience in the 
installation of the specified copper and fiber optic cable and components.  
They shall have factory or factory approved certification from each 
equipment manufacturer indicating that they are qualified to install and 
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test the provided products.  Submit documentation for a minimum of three 
and a maximum of five successful telecommunication system installations for 
each of the key personnel.  Documentation for each key person shall include 
at least two successful system installations provided that are equivalent 
in system size and in construction complexity to the telecommunications 
system proposed for this solicitation.  Include specific experience in 
installing and testing telecommunications systems and provide the names and 
locations of at least two project installations successfully completed 
using optical fiber and copper telecommunications cabling systems.  All of 
the existing telecommunications system installations offered by the key 
persons as successful experience shall have been in successful full-time 
service for at least 18 months prior to the issuance date for this 
solicitation.  Provide the name and role of the key person, the title, 
location, and completed installation date of the referenced project, the 
referenced project owner point of contact information including name, 
organization, title, and telephone number, and generally, the referenced 
project description including system size and construction complexity.

Indicate that all key persons are currently employed by the 
telecommunications contractor, or have a commitment to the 
telecommunications contractor to work on this project.  All key persons 
shall be employed by the telecommunications contractor at the date of 
issuance of this solicitation, or if not, have a commitment to the 
telecommunications contractor to work on this project by the date that the 
bid was due to the Contracting Officer.

Note that only the key personnel approved by the Contracting Officer in the 
successful proposal shall do work on this solicitation's telecommunications 
system.  Key personnel shall function in the same roles in this contract, 
as they functioned in the offered successful experience.  Any substitutions 
for the telecommunications contractor's key personnel requires approval 
from The Contracting Officer.

1.6.2.3   Minimum Manufacturer Qualifications

Cabling, equipment and hardware manufacturers shall have a minimum of 3 
years experience in the manufacturing, assembly, and factory testing of 
components which comply with TIA/EIA-568-B.1, TIA/EIA-568-B.2 and 
TIA/EIA-568-B.3.

1.6.3   Test Plan

Provide a complete and detailed test plan for the telecommunications 
cabling system including a complete list of test equipment for the UTP and 
optical fiber components and accessories 60 days prior to the proposed test 
date.  Include procedures for certification, validation, and testing.

1.6.4   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.
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1.6.5   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 this section.

1.6.5.1   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.

1.6.5.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.7   DELIVERY AND STORAGE

Provide protection from weather, moisture, extreme heat and cold, dirt, 
dust, and other contaminants for telecommunications cabling and equipment 
placed in storage.

1.8   ENVIRONMENTAL REQUIREMENTS

Connecting hardware shall be rated for operation under ambient conditions of
 32 to 140 degrees F and in the range of 0 to 95 percent relative humidity, 
noncondensing.

1.9   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.

1.10   MAINTENANCE

1.10.1   Record Documentation

Provide drawings including documentation on cables and termination hardware 
in accordance with TIA/EIA-606-A.  Drawings shall include schedules to show 
information for cut-overs and cable plant management, patch panel layouts 
and cover plate assignments, cross-connect information and connecting 
terminal layout as a minimum.  Drawings shall be provided in hard copy 
format and on electronic media using Windows based computer cable 
management software.  Provide the following documentation as a minimum:

a.  Cables - A record of installed cable shall be provided in 
accordance with TIA/EIA-606-A.  The cable records shall include 
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the required data fields for each cable and complete end-to-end 
circuit report for each complete circuit from the assigned outlet 
to the entry facility in accordance with TIA/EIA-606-A.  Include 
manufacture date of cable with submittal.

b.  Termination Hardware - A record of installed patch panels, 
cross-connect points, distribution frames, terminating block 
arrangements and type, and outlets shall be provided in accordance 
with TIA/EIA-606-A.  Documentation shall include the required data 
fields in accordance with TIA/EIA-606-A.

1.10.2   Spare Parts

Provide a complete list of parts and supplies, with current unit prices and 
source of supply, and a list of spare parts recommended for stocking.

PART 2   PRODUCTS

2.1   COMPONENTS

UL or third party certified.  Where equipment or materials are specified to 
conform to industry and technical society reference standards of the 
organizations, 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, and approved by the 
Contracting Officer.  The certificate shall state that the item has been 
tested in accordance with the specified organization's test methods and 
that the item complies with the specified organization's reference 
standard.  Provide a complete system of telecommunications cabling and 
pathway components using star topology.  Provide support structures and 
pathways, complete with outlets, cables, connecting hardware and 
telecommunications cabinets/racks.  Cabling and interconnecting hardware 
and components for telecommunications systems shall be UL listed or third 
party independent testing laboratory certified, and shall comply with 
NFPA 70 and conform to the requirements specified herein.

2.2   TELECOMMUNICATIONS PATHWAY

   Provide wiring in EMT conduit from outlets to termination point.  Minimum 
conduit size is 1".

2.3   TELECOMMUNICATIONS CABLING

  NOTE:  ALL CABLE SHALL BE PLENUM RATED CABLE. 

Cabling shall be UL listed for the application and shall comply with 
TIA/EIA-568-B.1 and NFPA 70.  Provide a labeling system for cabling as 
required by TIA/EIA-606-A and UL 969.  Ship cable bearing manufacture date 
for UTP in accordance with ICEA S-90-661 and optical fiber cables in 
accordance with ICEA S-83-596 for all cable used on this project.  Cabling 
manufactured more than 12 months prior to date of installation shall not be 
used.

2.3.1   Horizontal Cabling

Provide horizontal cable in compliance with NFPA 70 and performance 
characteristics in accordance with TIA/EIA-568-B.1.
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2.3.1.1   Horizontal Copper
 
Provide horizontal copper cable in accordance with TIA/EIA-568-B.2, UL 444, 
NEMA WC 66, ICEA S-90-661 UTP (unshielded twisted pair), 100 ohm.  Provide 
four each individually twisted pair, 22-24 AWG conductors, Category 6, with 
a thermoplastic jacket.  Cable shall be imprinted with manufacturers name 
or identifier, flammability rating, gauge of conductor, transmission 
performance rating (category designation) at regular intervals not to exceed
 2 feet.  The word "FEET" or the abbreviation "FT" shall appear after each 
length marking.  Provide communications general purpose (CM or CMG), 
communications plenum (CMP) or communications riser (CMR) rated cabling in 
accordance with NFPA 70.  Type CMP and CMR may be substituted for type CM 
or CMG and type CMP may be substituted for type CMR in accordance with 
NFPA 70.

2.3.2   Work Area Cabling

Coordinate color requirements for data cabling with the government.

2.4   TELECOMMUNICATIONS OUTLET/CONNECTOR ASSEMBLIES

2.4.1   Outlet/Connector Copper

Outlet/connectors shall comply with FCC Part 68EIA TIA/EIA-568-B.1, and 
TIA/EIA-568-B.2.  UTP outlet/connectors shall be UL 1863 listed, non-keyed, 
8-pin modular, constructed of high impact rated thermoplastic housing and 
shall be third party verified and shall comply with TIA/EIA-568-B.2 
Category 6 requirements.  Outlet/connectors provided for UTP cabling shall 
meet or exceed the requirements for the cable provided.  Outlet/connectors 
shall be terminated using a Type 110 IDC PC board connector, color-coded 
for  T568A wiring.  Each outlet/connector shall be wired T568A.  UTP 
outlet/connectors shall comply with TIA/EIA-568-B.2 for 200 mating cycles.

2.4.2   Cover Plates

Telecommunications cover plates shall comply with UL 514C constructed of 
high impact thermoplastic material match color of receptacle/switch cover 
plates furnnished for this project.  Provide labeling in accordance with 
the paragraph LABELING in this section.

2.5   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.

2.6   TESTS, INSPECTIONS, AND VERIFICATIONS

2.6.1   Factory Reel Tests

Provide documentation of the testing and verification actions taken by 
manufacturer to confirm compliance with TIA/EIA-568-B.1, TIA/EIA-568-B.3, 
TIA-526-7 for single mode optical fiber cables.
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PART 3   EXECUTION

3.1   INSTALLATION

Install telecommunications cabling and pathway systems in accordance with 
TIA/EIA-568-B.1, TIA/EIA-568-B.2, NFPA 70, and UL standards as applicable.  

3.1.1   Cabling

Install Category 6 UTP, telecommunications cabling system as detailed in 
TIA/EIA-568-B.1.  Screw terminals shall not be used except where 
specifically indicated on plans.  Use an approved insulation displacement 
connection (IDC) tool kit for copper cable terminations.  Do not untwist 
UTP cables more than one half inch from the point of termination to 
maintain cable geometry.  Provide service loop on each end of the cable, 10 
ft. in the telecommunications room,  and 12 inches in the work area 
outlet.  Do not exceed manufacturers' cable pull tensions for copper and 
optical fiber cables.  Provide a device to monitor cable pull tensions.  Do 
not exceed 25 pounds pull tension for four pair copper cables.  Do not 
chafe or damage outer jacket materials.  Use only lubricants approved by 
cable manufacturer.  Do not over cinch cables, or crush cables with 
staples.  For UTP cable, bend radii shall not be less than four times the 
cable diameter.  Cables shall be terminated; no cable shall contain 
unterminated elements.  Cables shall not be spliced.  Label cabling in 
accordance with paragraph LABELING in this section.

3.1.1.1   Horizontal Cabling

Install horizontal cabling as indicated on drawings.

3.1.2   Pathway Installations

Provide in accordance with TIA/EIA-569-A and NFPA 70.  

3.1.3   Work Area Outlets

3.1.3.1   Terminations

Terminate UTP cable in accordance with TIA/EIA-568-B.1, TIA/EIA-568-B.2 and 
wiring configuration as specified. 

3.1.3.2   Cover Plates

As a minimum, each outlet/connector shall be labeled as to its function and 
a unique number to identify cable link in accordance with the paragraph 
LABELING in this section.

3.1.3.3   Cables

Unshielded twisted pair shall have a minimum of 12 inches of slack cable 
loosely coiled into the telecommunications outlet boxes.  Minimum 
manufacturer's bend radius for each type of cable shall not be exceeded.

3.1.3.4   Pull Cords

Pull cords shall be installed in all telecommunications outlets.
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3.2   LABELING

3.2.1   Labels

Provide labeling in accordance with TIA/EIA-606-A.  Handwritten labeling is 
unacceptable.  Stenciled lettering for voice and data circuits shall be 
provided using laser printer.

3.2.2   Cable

Cables shall be labeled using color labels on both ends with identifiers in 
accordance with TIA/EIA-606-A.

3.2.3   Termination Hardware

Workstation outlets and patch panel connections shall be labeled using 
color coded labels with identifiers in accordance with TIA/EIA-606-A.

3.3   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 Section 09 90 00.00 98 PAINTING AND COATING.

3.4   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.5   TESTING

3.5.1   Telecommunications Cabling Testing

Perform telecommunications cabling inspection, verification, and 
performance tests in accordance with TIA/EIA-568-B.1.  Perform optical 
fiber field inspection tests via attenuation measurements on factory reels 
and provide results along with manufacturer certification for factory reel 
tests.  Remove failed cable reels from project site upon attenuation test 
failure.

3.5.1.1   Inspection

Visually inspect UTP and optical fiber jacket materials for UL or third 
party certification markings.  Inspect cabling terminations in 
telecommunications rooms and at workstations to confirm color code for 
T568A pin assignments, and inspect cabling connections to confirm 
compliance with TIA/EIA-568-B.1, TIA/EIA-568-B.2.  Visually confirm  
Category 6 marking of outlets, cover plates, outlet/connectors, and patch 
panels.

3.5.1.2   Verification Tests

UTP backbone copper cabling shall be tested for DC loop resistance, shorts, 
opens, intermittent faults, and polarity between conductors, and between 
conductors and shield, if cable has overall shield.  Test operation of 
shorting bars in connection blocks.  Test cables after termination but not 
cross-connected.
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       -- End of Section --
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SECTION 28 05 26.00 40

GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY
11/08

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 B 3 (2001; R 2007) Standard Specification for 
Soft or Annealed Copper Wire

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE Std 81 (1983) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System 
(Part 1)Normal Measurements

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-889 (Rev B, Notice 3) Dissimilar Metals

UNDERWRITERS LABORATORIES (UL)

UL 467 (2007) Standard for Grounding and Bonding 
Equipment

1.2   GENERAL REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to 
work specified in this section.

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.  The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Submit material, equipment, and fixture lists for Grounding Systems; 
G including manufacturer's style or catalog numbers, specification 
and drawing reference numbers, warranty information, and 
fabrication site information.
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SD-02 Shop Drawings

Submit Record Drawings; G in accordance with paragraph entitled, 
"Drawings," of this section.

SD-03 Product Data

Submit equipment and performance data for the following items 
including life, test, system functional flows, safety features, 
and mechanical automated details.

Submit Manufacturer's catalog data for the following items:

Ground Wires; G
Connectors and Fasteners; G
Bonding; G

SD-06 Test Reports

Submit Test Reports for the following tests on grounding systems 
in accordance with the paragraph entitled, "Field Tests," of this 
section.  Within the report include certified record of 
ground-resistance tests on each driven ground rod, ground rod 
assembly, and other grounding electrodes.  Include within the 
record the number of rods driven and their depth at each location 
to meet the required resistance-to-ground measurements specified.  
Include a statement describing the condition of the soil at the 
time of measurement.

Bond Resistance Test; G
Ground Resistance Tests; G
Ground Isolation Test; G
Continuity Isolation Test; G

SD-08 Manufacturer's Instructions 

Submit Manufacturer's instructions for the Grounding Systems 
including special provisions required to install equipment 
components and system packages.  Within special notices, detail 
impedances, hazards and safety precautions.

1.4   DRAWINGS

Record Drawings must indicate the location of ground rods, mats, grids, 
building ground bus, supplementary grounding electrodes, steel building 
columns, and other metal structures connected to the grounding system.

Identify the location of each ground rod and ground-rod assembly and other 
grounding electrodes by letter in alphabetical order and keyed to the 
record of ground-resistance tests.

PART 2   PRODUCTS

2.1   GROUND WIRES

Ground wires must be in accordance with Section 26 05 00.00 40 COMMON WORK 
RESULTS FOR ELECTRICAL.

Ground and bond wires for substations, main panels and distribution points, 
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and ground rod connections must be annealed bare copper conforming to 
ASTM B 3, stranded, with 98 percent conductivity.  Wire size must be in 
accordance with the grounding requirements of NFPA 70.

Ground wires for equipment receptacles for noncurrent carrying hardware, 
installed in conduit must be soft drawn copper, in accordance with ASTM B 3, 
stranded, with green insulation.  Note wire size.

2.2   CONNECTORS AND FASTENERS

Grounding and bonding fasteners and connectors must conform to the 
requirements of UL 467, and Section 26 05 00.00 40 COMMON WORK RESULTS FOR 
ELECTRICAL.

Grounding and bonding fasteners must be copper.

PART 3   EXECUTION

3.1   BONDING AND GROUNDING

Bonding and grounding requirements must be in accordance with NFPA 70.

3.2   GROUNDING ELECTRODES

Minimum ground rod section must be 10 feet.  Thread sections together and 
exothermically fusion weld.

3.3   EQUIPMENT GROUNDING

Metallic raceway systems must have electrical continuity with equipment 
individually and be directly connected to the building ground, independent 
of the raceway system.

Individually and directly connect enclosures for panelboards to the 
building ground.  

Euipment enclosures must be grounded with an identified (green color) 
insulated conductor, not smaller than No. 12 AWG, connected to the branch 
circuit ground-bus terminal strip.  Ground-bus terminal strip in each 
panelboard enclosure must be isolated and independent of the system neutral 
terminal strip.

Indoor substations, transformers, switchboard frames, switchgear 
assemblies, motors, motor control centers, air compressors, air handlers 
must be individually and directly connected to the building ground. 

Noncurrent carrying metallic parts of electrical equipment, including 
metallic cable sheaths, conduit, raceways, and electrical structural 
members, must be bonded together and connected to the ground grid or ground 
connection rods.

Install secure ground systems for power and instrumentation.  Independently 
connect each system to the building counterpoise as shown.
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Secure ground systems must consist of unspliced ground wires in individual 
welded or epoxied conduit runs from the secure area to the building 
counterpoise.  Welding and epoxying must conform to Section 26 05 00.00 40 
COMMON WORK RESULTS FOR ELECTRICAL.

3.4   GROUNDING CONNECTIONS

Ground connections must be bonded connections in accordance with paragraph 
entitled, "Bonding."

Weld ground connections that are buried or in inaccessible locations.

Bolt connections in accessible locations.  Connections to steel building 
columns in accessible locations must be cast-copper-alloy clamp lugs 
exothermically fusion-welded to the structure.

Clean, grease, and remove foreign matter from ground connection surfaces.  
Do not penetrate clad material in the cleaning process.  Make connection 
between like metals where possible.  Where dissimilar metals are welded, 
brazed, or clamped, follow the weld kit manufacturer's instructions.  
Connections between dissimilar metals must not produce galvanic action in 
accordance with MIL-STD-889.

3.5   BONDING

3.5.1   Type of Bonds

Accomplish bonding of metal surfaces by welding.

3.5.1.1   Welding

Welding must be by the exothermic process.  Within the welding procedure, 
include the proper mold and powder charge and conform to the manufacturer's 
recommendations.

Welding processes must be of the exothermic fusion type that will make a 
connection without corroding or loosening.  Process must join all strands 
and not cause the parts to be damaged or weakened.  Completed connection or 
joint must be equal or larger in size than the conductors joined and have 
the same current-carrying capacity as the largest conductor.  Paint buried 
ground connections with a bitumastic paint.

3.5.2   Cleaning of Bonding Surfaces

Thoroughly clean surfaces that comprise the bond before joining.  Apply an 
appropriate abrasive with gentle and uniform pressure to ensure a smooth 
and uniform surface.  Do not remove excessive metal from the surface.  
Clean clad metals in such a manner that the cladding material is not 
penetrated by the cleaning process.  Then clean bare metal with an 
appropriate solvent to remove any grease, oil, dirt, corrosion preventives, 
and other contaminants.  Bond to the cleaned area must be made within one 
hour after cleaning.  Seal joint and refinish the exposed surfaces within 
two hours of exposure to prevent oxidation.  When additional time is 
required, apply a corrosion preventive compound until the area can be 
refinished.

SECTION 28 05 26.00 40  Page 4



NASA GRC Steam Plant B12 Project N0. 11421

3.5.3   Bonding Straps and Jumpers

Install jumpers such that the vibration by the shock-mounted device will 
not change its electrical characteristics.

 Weld bonds for outdoor locations unless a disconnect type of connection is 
required.  When a disconnect is required, use clamping with bolts.  Insert 
a tooth-type lockwasher between the strap and metallic member for each bolt.

Bond straps directly to the basic structure and do not penetrate any 
adjacent parts.  Install straps in an area that is accessible for 
maintenance.

Use single straps for the bonds and install such that they will not 
restrict movement of structural members.  Do not connect two  or more 
straps in series.

Install straps such that they will not weaken structural members to which 
they are attached.

3.5.4   Equipment and Enclosure Bonding

Each metallic enclosure and all electrical equipment must be bonded to 
ground.  At least one copper connection must be made from the system ground 
point to one or more enclosures in the area such that all enclosures and 
equipment provide a low-impedance path to ground when properly bonded 
together.

3.5.5   Bonding of Conduit and Raceway Systems

Bond all metal conduit, fittings, junction boxes, outlet boxes, armored and 
metal sheathed cable, and other raceways.  Take care to ensure adequate 
electrical contact at the joints and terminations.

3.5.5.1   Rigid Metal Conduit and Terminations

Threaded connections must be wrench-tight and there must be no exposed 
threads.  Ream all ends of the conduit to remove burrs and rough edges.  
Conduits entering boxes and enclosures must be bonded to the box with 
locknuts and grounding-type bushings.  Locknuts that gouge into the metal 
box when tightened are not acceptable.

Conduit systems that are interrupted by PVC dielectric links must be bonded 
separately on either side of the link.  Dielectric link must not be 
jumpered.

3.5.5.2   Flexible Metal Conduit

Flexible conduit must have an integral grounding conductor.
3.5.6   Protection of Finished Bonds

Protect finished bonds by painting to match the original finish after the 
bond is made.

3.6   FIELD TESTS

Perform the following tests in the Contractor in the presence of the 
Contracting Officer.
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3.6.1   Bond Resistance Test

Resistance of any bond connection must not exceed 0.5 milliohm.  Rework 
bonds that exceed this resistance  at no additional cost to the Government.

3.6.2   Ground Resistance Tests

Test Grounding systems for ground resistance.  Total resistance from any 
point on the ground network to the building counterpoise must not exceed 50 
milliohms.

Ground resistance and counterpoise tests must be made during dry weather, 
and no sooner than 48 hours after rainfall.  Conduct tests using the ratio 
method that measures the ratio of the resistance to earth of an auxiliary 
test electrode to the series resistance of the electrode under test and a 
second auxiliary electrode.  Perform measurements in accordance with 
IEEE Std 81.

Indicating instrument must be self-contained and include a direct-current 
generator, synchronized current and potential reversers, crossed-current 
and potential coils, direct-reading ohmmeter, series resistors, and 
range-selector switch.  Calibrate direct-reading ohmmeter for ranges of 0 
to 20 ohms and 0 to 200 ohms.

Place auxiliary grounding electrodes in accordance with instrument 
manufacturer's recommendations but not less than50 feet apart, in 
accordance with IEEE Std 81.

3.6.3   Ground Isolation Test

Test ground systems for isolation from other ground systems.

3.6.4   Continuity Isolation Test

Perform continuity test on all new power receptacles to ensure that the 
ground terminals are properly grounded to the facility ground system.

         -- End of Section --
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SECTION 28 31 00.98

FIRE-ALARM SYSTEMS
11/09

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.

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical Code

NFPA 72 (2002) National Fire Alarm Code

NFPA 90A (2009; Errata 09-1) Standard for the 
Installation of Air Conditioning and 
Ventilating Systems

1.2   SYSTEM REQUIREMENTS

  The fire alarm system in the existing building shall be extended as shown 
on the drawings.  Work is limited to supervison and monitoring of the new 
sprinkler system, and addition of control modules to allow the panel to 
initiate signaling of the existing hard wired pullstation and siren system.

The fire alarm system electrical components shall be suitable for operation 
in the following environment:

Temperature: 32oF to 120oF 
Humidity: 0-93 percent RH, non-condensing.

The fire alarm system in building B12 is existing.  The existing panel is a 
Model ALS3 by Siemens (Landis Division).  All components furnished under 
this contract must be UL listed for operation with the existing system.

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; G

AutoCAD Release 2002 compatible CAD drawings of the Fire Alarm 
System on CD, that include a Cover Sheet, Audible and Visible 
Riser Diagrams, Addressable Loop Riser Diagrams, Floor Plans 
(showing location of the Fire Alarm Control Panel, power source, 
Static Graphic Panel, Fire Alarm Auxiliary Panels, Remove Booster 
Power Supplies, initiating devices, remote alarm LEDs, door 
holders, intelligent modules, and notification appliances) Typical 
Device Wiring Diagrams, Typical Installation Diagrams, Fire Alarm 
Control Panel Layout, Fire Alarm Auxiliary Panel Layouts, Remote 
Booster Power Supply Wiring Diagrams, Static Fire Alarm Graphic 
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Panel drawing, Portable Stand Detail, and Portable Stand Locations.

SD-03 Product Data

Technical Specification Sheets for all fire alarm equipment.

Cut Sheets; G 
Installation Guides; G
Instructions; G
Design Manuals; G

All fire alarm auxiliary (3rd party) equipment, such as explosion 
proof detectors, outdoor speaker/strobes, relays, door holders, 
very early aspirating detectors, or digital linear type (cable) 
heat detectors

SD-05 Design Data; G

Calculations for strobe circuit voltage drop and battery size.

         Sound study of the new speakers showing the amplifier number, zone 
number, area description, wattage, and tap settings.

Intelligent Module Device Graphical map showing the physical 
location sequence, including T-taps, of all fire alarm input 
modules, signal modules, digital message modules, control relay 
modules, and smoke detectors, connected to the fire alarm control 
panel.

Object List (identifying the Logical Address, Label, Device Type, 
Slot Position, and Message) for all supplied fire alarm system 
software objects

Point Definition Report (identifying the Point System name, Point 
Name, Panel Name, Point Address, Graphic Name, and Informational 
Text) for all supplied fire alarm system software points.

SD-06 Test Reports

Test reports shall be submitted for the following:

NFPA 72 Record of Completion; G
NFPA 72 Test Methods; G
NFPA 72 Inspection and Testing Form; G

SD-07 Certificates

Certificates from the manufacturer shall be submitted for the 
following items showing conformance with the referenced standards 
contained in this section.

State of Ohio fire alarm license
Siemens fire alarm system certification

1.4   QUALITY ASSURANCE

Equipment to be provided shall be the standard catalog product of a 
manufacturer regularly engaged in the manufacture of fire-alarm equipment. 
Fire-alarm equipment shall be the latest standard design and listed by 
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Underwriters' Laboratories and approved by Factory Mutual.  Devices shall 
be approved by the fire alarm system manufacturer and the authority having 
jurisdiction for use with the new or existing fire alarm systems.

1.5   FIRE ALARM CONTRACTOR QUALIFICATIONS

The fire alarm contractor shall be licensed by the State of Ohio to perform 
such work and shall be certified by the fire alarm system manufacturer to 
install and test his equipment.

A licensed fire alarm contractor shall supervise the installation and 
testing on the fire-alarm system at the site.

Licensed fire alarm contractor shall have conducted installation and 
testing for not less than five projects of comparable size and complexity.

Work shall be done by or under the direct supervision of the licensed fire 
alarm contractor.

PART 2   PRODUCTS

2.1   FIRE ALARM SYSTEMS

Fire alarm system shall include, but not be limited to, the following 
components: 

Modules, and Module Mounting Plates)
Photoelectric (Duct) Detectors
Manual Pull Stations
Door Holders
Speaker/Strobes
Strobe-Only Units
Input Modules
Signal Modules
Control Relay Modules
Control Relays
Wiring, Raceway, and End-of-Line Devices
Power Sources
System Programming

2.2   FIRE ALARM CONTROL PANEL

The Fire Alarm Control Panel (FACP) is existing to remain and shall be 
extended as required.

2.3   PHOTOELECTRIC (DUCT) DETECTOR

The fire alarm duct detector shall be an intelligent photoelectric type, 
Siemens model SIGA-PS-LG, complete with detector base model SIGA-SB, 
detector housing model SIGA-DH, and detector air sampling inlet tube model 
6261-0xx, where the digits xx vary with the specified tube length.

The analog photoelectric sensor shall utilize the light scattering 
principle to detect visible smoke particles. The detector shall be suitable 
for high air velocity duct applications, up to 5,000 ft/min (25 m/sec). The 
percent smoke obscuration per foot alarm set point shall be field 
selectable to any of five sensitivity settings ranging from 1.0 percent to 
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3.5 percent. The detector shall be listed under UL 268.

Detector heads shall be snap-in units and shall contain no moving parts. 
Replacements of readjustments shall not be required to restore it to normal 
operation after an alarm condition. Sensitivity shall be adjustable to 
compensate for ambient operating conditions.

Bases shall have terminals for making connections and shall incorporate 
light emitting diodes that shall provide a visual indication when the 
detector is polled and when it is in alarm. Detectors heads shall be 
connected to the bases by rotating the heads clockwise until they snap into 
the locked position.

Detector components shall be rust and corrosion-resistant.

Duct detector housing assemblies shall facilitate the mounting of 
photoelectric detectors on ducts. Each duct housing shall be packaged with 
detailed installation instructions, gaskets, and a self-adhesive drilling 
template. The large access door shall be completely removable to allow fast 
detector installation and field wiring connections. The 16 gauge steel 
housing shall be finished in baked red enamel. The housing shall be 
provided with an integral exhaust tube.

The air sampling inlet tube shall span the entire width of the air duct. 
Tubes longer than 3 feet shall be supported at both ends. The tubes shall 
be available in sizes from 8 inches to 10 feet, and be easily cut to fit 
any intermediate duct width.

Each duct detector shall be supplied with a control relay module, Siemens 
model SIGA-CR. The control relay function shall be to automatically stop 
the air distribution system fan upon the associated duct detector sensing 
the presence of smoke.

For locations where the duct detector would not be visible from the 
finished floor, the detector shall be supplied with a remote alarm LED, 
Siemens model SIGA-LED-LG.

The detector shall be permanently identified with its logical address.

2.4   INPUT MODULE

The fire alarm input modules shall be provided in two styles, a single 
input module, Siemens model SIGA-CT1, and a dual input module, Siemens 
model SIGA-CT2. The input module shall provide one (1) or two (2) 
supervised Class B input circuits capable of a minimum of 4 personalities, 
each with a distinct operation. The input module shall support the 
following circuit types:
Normally-Open Alarm Latching (Manual Stations, Heat Detectors, etc.)
Normally-Open Alarm Delayed Latching (Water Flow Switches)
Normally-Open Active Non-Latching (Monitor Fans, Dampers, Doors, etc.)
Normally-Open Active Latching (Supervisory, Tamper Switches).

The input module shall be supplied with a surface mount 1-gang box, a red 
wall plate, and self-adhesive label "FIRE ALARM MODULE", Siemens model 
27193-11, or be mounted within an ausiliary panel.

The module shall be permanently identified with its logical address.
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2.5   CONTROL RELAY MODULE

The fire alarm control relay module shall be a Siemens model SIGA-CR. The 
control relay module shall provide one form "C" dry relay contact rated 2 
amps at 24 Vdc to control external appliances or equipment shutdown.

The control relay module shall be supplied with a surface mount 1-gang box, 
a red wall plate, and self-adhesive label "FIRE ALARM MODULE", Siemens 
model 27193-11.

The module shall be permanently identified with its logical address.

2.6   CONTROL RELAY

The standard control relay shall be square based, general purpose, Dayton 
Super Series.

Control relays shall be supplied with a push-to-test button for manual 
operation, an LED lamp to indicate the coil On/Off status, and an I.D. 
tag/write label for quick identification. 

Control relays shall have 11 pin, 3PDT, 12 A resistive contact rating; 24 
Vac coil (model 5Z532), or 120 Vac coil (model 5Z526), complete with socket 
(model 5X853), or approved equal.   

Control relays shall have their function clearly labeled and be mounted 
within an auxiliary panel. 

The relay shall be permanently identified with the logical address of the 
associated module.

2.7   WIRING, RACEWAY, AND END-OF-LINE DEVICES

Fire alarm wiring and raceway equipment shall be in conformance with the 
requirements of NFPA 70.

All fire alarm wiring shall be new, utilizing copper conductors.

All fire alarm wiring shall be installed in new conduit, either rigid metal 
or electrical metallic tubing depending upon the location.  The fire alarm 
conduit shall have a minimum inside diameter of 3/4 inch.

Fire alarm initiating device circuits and alarm notification appliance 
circuits shall be provided with UL listed End-Of-Line (EOL) 47 KOhm devices.

2.8   SYSTEM POWER SOURCE

The system power source is existing to remain.

PART 3   EXECUTION

3.1   SYSTEM SEQUENCE OF OPERATION

3.2   INSTALLATION

The fire alarm system installation shall be in accordance with NFPA 72 and 
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with the manufacturer's instructions.

All fire alarm system equipment shall be mounted within the protected 
facility at the locations shown on the contract design drawings. All 
installed fire alarm system equipment shall be accessible for operation, 
maintenance, and repair.

3.2.1   Photoelectric (Duct) Detector

The fire alarm photoelectric detectors shall be mounted in conformance with 
NFPA 90A, downstream of the air filters and ahead of any branch connections 
in the air supply duct.

Remote alarm LED units, if any, shall be mounted as close as possible to 
the associated detector and be visible from the finished floor. The LED 
bezel shall be painted GREEN.

3.2.2   Wiring and Raceway

Fire alarm wiring and raceway shall be installed in accordance with NFPA 70 
and with the instructions of the fire alarm system vendor.

Fire alarm system wiring shall be permanently marked at all terminations. 
All new wiring shall be continuous with no splices between devices.

All fire alarm initiating device circuits shall not be connected until 
approved by the authority having jurisdiction. Initiating device circuits 
are typically approved for connection just prior to the fire alarm system 
testing.

The fire alarm system wiring shall be installed in a separate dedicated 
raceway.

3.2.3   System Program

The FACP shall be programmed to monitor the new initiating devices, to 
control the new notification appliances, and to perform the facility's life 
safety functions. Custom informational text messages shall be added for 
each software point. These messages shall be viewable from the FACP liquid 
crystal display module.

The operational Siemens System 600 Apogee multi-node network head-end shall 
also be programmed to monitor the fire alarm system from Emergency Dispatch 
in Building 14. Custom informational text messages shall be added for each 
software point so that they are viewable in Building 14. In addition, floor 
plans for the facilities protected by the fire alarm system shall be added 
so that each software point is graphically linked to a physical location, 
pinpointing the device in alarm for emergency response personnel.

3.3   FIRE ALARM TESTING

All fire alarm systems, both new and existing, shall be tested in 
accordance with NFPA 72. Testing shall include verification that the fire 
alarm system, both the standalone node and the remote reporting at Building 
14, operates properly.

All fire alarm system defects and malfunctions shall be corrected.
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A record of completion, the test methods utilized, and the test results 
shall be submitted.

3.3.1   Record Of Completion

After the installation of the fire alarm system, an NFPA 72 Record of 
Completion shall be submitted. The Record of Completion shall identify the 
name of the protected property, the authority having jurisdiction, the type 
of system installed, the quantities of alarm initiating devices, the 
quantities of supervisory signal initiating devices, the quantities of 
alarm notification appliances, the system power supply, the system 
software, and comments.

Any changes to the fire alarm system shall require the submission of a 
revised Record of Completion.

3.3.2   Initial Acceptance Test

The initial acceptance test of the fire alarm system shall be in accordance 
with NFPA 72 Test Methods table. This table outlines the tests to be 
performed on the FACP, the power supply, the batteries, the wiring, the 
initiating devices, the notification appliances, special equipment, and the 
remote equipment in Emergency Dispatch, Building 14. The initial test 
results shall be documented on the NFPA 72 Inspection and Testing Form. The 
Inspection and Testing Form shall include the organization that performed 
the tests and the signature of the inspector.

3.3.3   Reacceptance Test

A reacceptance test of the fire alarm system shall be performed if any of 
the components are added or deleted, if any of the hardware or wiring is 
modified, repaired, or adjusted, or if any of the software is changed. 

All components, hardware, wiring, and software known to be affected by the 
changes shall be 100 percent tested. In addition, 10 percent of initiating 
devices that are not directly affected by the change shall also be tested.

The reacceptance test of the fire alarm system shall be in accordance with 
the Test Methods table in NFPA 72. The reacceptance test results shall be 
documented on the NFPA 72 Inspection And Testing Form. 

         -- End of Section --
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SECTION 31 00 00

EARTHWORK
08/08

PART 1   GENERAL

1.1   Related Requirements

Section 01 35 43.98 ENVIRONMENTAL PROTECTION PROCEDURES for disposal of 
construction and demolition waste.

1.2   CRITERIA FOR BIDDING

Base bids on the following criteria:

a.  Surface elevations are as indicated.

b.  Pipes or other artificial obstructions, except those indicated, 
will not be encountered.

c.  Ground water elevations indicated by the boring log were those 
existing at the time subsurface investigations were made and do not 
necessarily represent ground water elevation at the time of 
construction.  Dewatering is the responsibility of the contractor 
regardless of when water is encountered.

d.  Material character is indicated by the boring logs.

e.  Hard materials as indicated on boring logs.

1.3   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 ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 103 (2008) Standard Method of Test for 
Soundness of Aggregates by Freezing and 
Thawing

AASHTO T 180 (2009) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AASHTO T 2 (2000) Sampling of Aggregates

AASHTO T 224 (2001; R 2004) Correction for Coarse 
Particles in the Soil Compaction Test

AASHTO T 87 (1986; R 2000) the Dry Preparation of 
Disturbed Soil and Soil Aggregate Samples 
for Test
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ASTM INTERNATIONAL (ASTM)

ASTM C 117 (2004) Standard Test Method for Materials 
Finer than 75-um (No. 200) Sieve in 
Mineral Aggregates by Washing

ASTM C 131 (2006) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine

ASTM C 136 (2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM C 88 (2005) Standard Test Method for Soundness 
of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate

ASTM D 1140 (2000; R 2006) Amount of Material in Soils 
Finer than the No. 200 (75-micrometer) 
Sieve

ASTM D 1556 (2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method

ASTM D 1557 (2007) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D 2216 (2005) Laboratory Determination of Water 
(Moisture) Content of Soil and Rock by Mass

ASTM D 2487 (2006e1) Soils for Engineering Purposes 
(Unified Soil Classification System)

ASTM D 2922 (2005) Density of Soil and Soil-Aggregate 
in Place by Nuclear Methods (Shallow Depth)

ASTM D 422 (2002) Standard Test Method for 
Particle-Size Analysis of Soils

ASTM D 4318 (2005) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

ASTM D 698 (2007e1) Laboratory Compaction 
Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/cu. ft. (600 
kN-m/cu. m.))

STATE OF OHIO DEPARTMENT OF TRANSPORTATION

ODOT (2010) Construction and Material 
Specifications
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1.4   DEFINITIONS FOR GENERAL EARTHWORK

1.4.1   Satisfactory Materials

Satisfactory materials comprise any materials classified by ASTM D 2487 as 
GW, GP, GM, GP-GM, GW-GM, GC, GP-GC, GM-GC, SW, SP, SM, SW-SM, SC, SW-SC, 
SP-SM, SP-SC, CL, ML, CL-ML.  Satisfactory materials for grading comprise 
stones less than 8 inches, except for fill material for pavements and 
railroads which comprise stones less than 3 inches in any dimension.

1.4.2   Unsatisfactory Materials

Materials which do not comply with the requirements for satisfactory 
materials are unsatisfactory.  Unsatisfactory materials also include 
man-made fills; trash; refuse; backfills from previous construction; and 
material classified as satisfactory which contains root and other organic 
matter or frozen material.  Notify the Contracting Officer when 
encountering any contaminated materials.

1.4.3   Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D 2487 as GW, 
GP, SW, and SP.  Cohesive materials include materials classified as GC, SC, 
ML, CL, MH, and CH.  Materials classified as GM and SM will be identified 
as cohesionless only when the fines are nonplastic.  Perform testing, 
required for classifying materials, in accordance with ASTM D 4318, 
ASTM C 136, ASTM D 422, and ASTM D 1140.

1.4.4   Degree of Compaction

Degree of compaction required, except as noted in the second sentence, is 
expressed as a percentage of the maximum density obtained by the test 
procedure presented in ASTM D 1557 abbreviated as a percent of laboratory 
maximum density.  Since ASTM D 1557 applies only to soils that have 30 
percent or less by weight of their particles retained on the 3/4 inch 
sieve, express the degree of compaction for material having more than 30 
percent by weight of their particles retained on the 3/4 inch sieve as a 
percentage of the maximum density in accordance with AASHTO T 180 and 
corrected with AASHTO T 224.  To maintain the same percentage of coarse 
material, use the "remove and replace"  procedure as described in NOTE 8 of 
Paragraph 7.2 in AASHTO T 180.

1.4.5   Topsoil

All topsoil shall be stockpiled and used in grass areas per ODOT Item 
651.02.  Material suitable for topsoils obtained from excavations is 
defined as:  Natural, friable soil representative of productive, 
well-drained soils in the area, free of subsoil, stumps, rocks larger than 
one inch diameter, brush, weeds, toxic substances, and other material 
detrimental to plant growth.  Amend topsoil pH range to obtain a pH of 5.5 
to 7.  All preparation of topsoil areas to be per ODOT Item 659.10.  All 
landscape bed areas and parking lot grass islands shall use natural 
screened topsoil approved by NASA and NASA testing requirements.

1.4.6   Rock

Solid homogeneous interlocking crystalline material with firmly cemented, 
laminated, or foliated masses or conglomerate deposits, neither of which 
can be removed without systematic drilling and blasting, drilling and the 
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use of expansion jacks or feather wedges, or the use of backhoe-mounted 
pneumatic hole punchers or rock breakers; also large boulders, buried 
masonry, or concrete other than pavement exceeding 1/2 cubic yard in 
volume.  Removal of hard material will not be considered rock excavation 
because of intermittent drilling that is performed merely to increase 
production.

1.4.7   Unstable Material

Unstable material are too wet to properly support the utility pipe, 
conduit, or appurtenant structure.

1.4.8   Select Granular Material

1.4.8.1   General Requirements

All aggregate to meet ODOT 703, except slag will not be permitted.

1.4.9   Initial Backfill Material

Initial backfill consists of select granular material or satisfactory 
materials free from rocks 3 inches or larger in any dimension or free from 
rocks of such size as recommended by the pipe manufacturer, whichever is 
smaller.  When the pipe is coated or wrapped for corrosion protection, free 
the initial backfill material of stones larger than 3 inches in any 
dimension or as recommended by the pipe manufacturer, whichever is smaller.

1.4.10   Soils

All earthwork activities shall be per ODOT Items 203 and 204 wherever 
applicable.

1.5   SYSTEM DESCRIPTION

Subsurface soil boring logs are shown on the drawings.  The subsoil 
investigation report will be available to the contractor.  The data 
represents the best subsurface information available; however, variations 
may exist in the subsurface between boring locations.

1.5.1   Classification of Excavation

Finish the specified excavation on a classified basis, in accordance with 
the following designations and classifications.

1.5.1.1   Common Excavation

Include common excavation with the satisfactory removal and disposal of all 
materials not classified as rock excavation.

1.5.2   Blasting

Blasting will not be permitted. 

1.5.3   Dewatering Work Plan

Submit procedures for accomplishing dewatering work.
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1.6   SUBMITTALS

Government approval is required for all submittals. Submit the following in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Shoring

Dewatering Work Plan

  Submit 15 days prior to starting work.

SD-03 Product Data

Utilization of Excavated Materials
Rock Excavation
Opening of any Excavation or Borrow Pit
Shoulder Construction

  Procedure and location for disposal of unused satisfactory 
material.  Proposed source of borrow material.  Notification of 
encountering rock in the project.  Advance notice on the opening 
of excavation or borrow areas.  Advance notice on shoulder 
construction for rigid pavements.

SD-06 Test Reports

Testing
Borrow Site Testing

  Within 24 hours of conclusion of physical tests, 6 copies of 
test results, including calibration curves and results of 
calibration tests.  Results of testing at the borrow site.

SD-07 Certificates

Testing

  Qualifications of the Corps validated commercial testing 
laboratory or the Contractor's validated testing facilities.

1.7   SAMPLING AND TESTING

1.7.1   Tests for Proposed Soil Materials

Materials shall be approved by the Contracting Officer prior to start of 
work.

Soil materials proposed for use in the work shall be tested as follows.

        MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS

      Satis-        Sampling           AASHTO T 2        One from each
      factory                                            source of
      soil          Preparation of     AASHTO T 87       materials to
      materials     samples                              determine con-
                                                         formance to
                    Sieve analysis     ASTM C 136        definition of
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        MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS
                    is of fine and                       satisfactory soil
                    coarse aggre-                        materials;
                    gates                                additional tests
                                                         whenever there
                                                         is any apparent
                                                         change

                    Amount of          ASTM C 117
                    material pass-
                    ing No. 200
                    sieve

                    Liquid limit       ASTM D 4318

                    Plastic limit      ASTM D 4318
                    and plasticity
                    index

                    Mechanical         ASTM D 422
                    analysis

                    Moisture-          ASTM D 1557       As required to
                    density                              determine moist-
                    relations                            ure-density re-
                                                         quirement of
                                                         materials from
                                                         each source

                    Los Angeles        ASTM C 131        One for each
                    abrasion of                          soil material
                    coarse aggre-                        from each
                    gates                                source if
                                                         called for in
                                                         reference
                                                         specification

                    Freezing and       AASHTO T 103
                    thawing sound-
                    ness of aggre-
                    gates

                    Magnesium Sul-     ASTM C 88
                    fate Soundness
                    Test

1.7.2   Quality Control Testing During Construction

Soil materials shall be tested during construction as follows:

      MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS

      Soil          Sieve analysis     ASTM C 136        One daily for
      materials     of fine and                          each soil
      specified     coarse aggre-                        material from
                    gates                                each source;
                                                         additional test
                                                         whenever there
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      MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS
                                                         is any apparent
                                                         change

                    Amount of          ASTM C 117
                    material pass-
                    ing No. 200 
                    sieve

                    Moisture con-      ASTM D 2216
                    tent of subbase
                    material

      Soil          Moisture-den-      ASTM D 1557       One of each
      materials     sity relations                       type of sub-
      prior to      of soil                              grade soil
      compaction                                         material except
                                                         under backfill
                                                         for structures;
                                                         one for each
                                                         backfill and
                                                         fill material
                                                         from each
                                                         source

      Soil          Density of         ASTM D 1556,      At least three
      material-     soil-in-place      Sand Cone         daily for each
      in-place                         Method or         subgrade soil
      after com-                       ASTM D 2922,      material except
      paction                          Nuclear           under backfill
                                       Method            for structures,
                                       (when             and for each
                                       approved by       layer and back-
                                       Contracting       fill and fill
                                       Officer)          material; ad-
                                                         ditional test
                                                         whenever there
                                                         is any change
                                                         in moisture
                                                         conditions

1.7.3   Test Reports

No soil material shall be used until test reports have been reviewed and 
approved.

1.7.4   Evaluation of Test Results

Results of density of soil-in-place tests shall be considered satisfactory 
if the average of any group of four consecutive density tests which may be 
selected is in each instance equal to or greater than the specified 
density, and if not more than one density test in five has a value more 
than 2 percentage points below the specified density.
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PART 2   PRODUCTS

2.1   REQUIREMENTS FOR OFFSITE SOILS

All testing shall conform to NASA Environmental and SHED standards.  The 
testing for the soil shall be per contractor at no additional cost to the 
Government.  All testing and offsite soil shall be approved by NASA.  Do 
not bring material onsite until tests have been approved by the Contracting 
Officer.

2.2   BURIED WARNING AND IDENTIFICATION TAPE

Provide polyethylene plastic warning tape manufactured specifically for 
warning and identification of buried utility lines.  Provide tape on rolls, 
 3 inch minimum width, color coded as specified below for the intended 
utility with warning and identification imprinted in bold black letters 
continuously over the entire tape length.  Warning and identification to 
read, "CAUTION, BURIED (intended service) LINE BELOW" or similar wording.  
Provide permanent color and printing, unaffected by moisture or soil.

Warning Tape Color Codes

                      Red:              Electric
                      Yellow:           Gas
                      Orange:           Telephone and Other 
                                            Communications
                      

2.2.1   Warning Tape for Metallic Piping

Provide acid and alkali-resistant polyethylene plastic tape conforming to 
the width, color, and printing requirements specified above, with a minimum 
thickness of 0.003 inch and a minimum strength of 1500 psi lengthwise, and 
1250 psi crosswise, with a maximum 350 percent elongation.

2.2.2   Detectable Warning Tape for Non-Metallic Piping

Provide polyethylene plastic tape conforming to the width, color, and 
printing requirements specified above, with a minimum thickness of 0.004 
inch, and a minimum strength of 1500 psi lengthwise and 1250 psi 
crosswise.  Manufacture tape with integral wires, foil backing, or other 
means of enabling detection by a metal detector when tape is buried up to 3 
feet deep.  Encase metallic element of the tape in a protective jacket or 
provide with other means of corrosion protection.

2.3   DETECTION WIRE FOR NON-METALLIC PIPING

Insulate a single strand, solid copper detection wire with a minimum of 12 
AWG.

2.4   MATERIAL FOR RIP-RAP

All material shall conform to ODOT Item 600; however no concrete shall be 
used.

2.4.1   Bedding Material

All items shall meet ODOT specifications.  Stone backfill shall conform to 
ODOT 703.01.  All sand shall conform to ODOT 703.06.
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PART 3   EXECUTION

3.1   STRIPPING OF TOPSOIL

Where indicated or directed, completely strip topsoil.  Spread topsoil on 
areas already graded and prepared for topsoil, or transported and deposited 
in stockpiles convenient to areas that are to receive application of the 
topsoil later, or at locations indicated or specified.  Keep topsoil 
separate from other excavated materials, brush, litter, objectionable 
weeds, roots, stones larger than 2 inch in diameter, and other materials 
that would interfere with planting and maintenance operations.  Stockpile 
in locations indicated any surplus of topsoil from excavations and gradings.

3.2   GENERAL EXCAVATION

Perform excavation of every type of material encountered within the limits 
of the project to the lines, grades, and elevations indicated and as 
specified.  Perform the grading in accordance with the typical sections 
shown and the tolerances specified in paragraph FINISHING.  Transport 
satisfactory excavated materials and place in fill or embankment within the 
limits of the work.  Excavate unsatisfactory materials encountered within 
the limits of the work below grade and replace with satisfactory materials 
as directed.  Include such excavated material and the satisfactory material 
ordered as replacement in excavation.  Dispose surplus satisfactory 
excavated material not required for fill or embankment in areas approved 
for surplus material storage or designated waste areas.  Dispose 
unsatisfactory excavated material in designated waste or spoil areas.  
During construction, perform excavation and fill in a manner and sequence 
that will provide proper drainage at all times.  Excavate material required 
for fill or embankment in excess of that produced by excavation within the 
grading limits from the borrow areas indicated or from other approved areas 
selected by the Contractor as specified.

3.2.1   Ditches, Gutters, and Channel Changes

Finish excavation of ditches, gutters, and channel changes by cutting 
accurately to the cross sections, grades, and elevations shown on grading 
plan.  Do not excavate ditches and gutters below grades shown.  Backfill 
the excessive open ditch or gutter excavation with satisfactory, thoroughly 
compacted, material or with suitable stone or cobble to grades shown.  
Dispose excavated material as shown or as directed, except in no case allow 
material be deposited a maximum 4 feet from edge of a ditch.  Maintain 
excavations free from detrimental quantities of leaves, brush, sticks, 
trash, and other debris until final acceptance of the work.

3.2.2   Drainage Structures

Make excavations to the lines, grades, and elevations shown, or as 
directed.  Provide trenches and foundation pits of sufficient size to 
permit the placement and removal of forms for the full length and width of 
structure footings and foundations as shown.  Clean rock or other hard 
foundation material of loose debris and cut to a firm, level, stepped, or 
serrated surface.  Remove loose disintegrated rock and thin strata.  Do not 
disturb the bottom of the excavation when concrete or masonry is to be 
placed in an excavated area.  Do not excavate to the final grade level 
until just before the concrete or masonry is to be placed.  Where pile 
foundations are to be used, stop the excavation of each pit at an elevation 
1 foot above the base of the footing, as specified, before piles are 
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driven.  After the pile driving has been completed, remove loose and 
displaced material and complete excavation, leaving a smooth, solid, 
undisturbed surface to receive the concrete or masonry.

3.2.3   Drainage

Provide for the collection and disposal of surface and subsurface water 
encountered during construction.  Completely drain construction site during 
periods of construction to keep soil materials sufficiently dry.  Construct 
storm drainage features (ponds/basins) at the earliest stages of site 
development, and throughout construction grade the construction area to 
provide positive surface water runoff away from the construction activity 
and provide temporary ditches, swales, and other drainage features and 
equipment as required to maintain dry soils.  When unsuitable working 
platforms for equipment operation and unsuitable soil support for 
subsequent construction features develop, remove unsuitable material and 
provide new soil material as specified herein.  It is the responsibility of 
the Contractor to assess the soil and ground water conditions presented by 
the plans and specifications and to employ necessary measures to permit 
construction to proceed.

3.2.4   Dewatering

Control groundwater flowing toward or into excavations to prevent sloughing 
of excavation slopes and walls, boils, uplift and heave in the excavation 
and to eliminate interference with orderly progress of construction.  Do 
not permit French drains, sumps, ditches or trenches within 3 feet of the 
foundation of any structure, except with specific written approval, and 
after specific contractual provisions for restoration of the foundation 
area have been made.  Take control measures by the time the excavation 
reaches the water level in order to maintain the integrity of the in situ 
material.  While the excavation is open, maintain the water level 
continuously, at least 2 feet below the working level.  Operate dewatering 
system continuously until construction work below existing water levels is 
complete.  Submit performance records weekly. Measure and record 
performance of dewatering system at same time each day by use of 
observation wells or piezometers installed in conjunction with the 
dewatering system.  Relieve hydrostatic head in previous zones below 
subgrade elevation in layered soils to prevent uplift.

3.2.5   Trench Excavation Requirements

Excavate the trench as recommended by the manufacturer of the pipe to be 
installed.  Slope trench walls below the top of the pipe, or make vertical, 
and of such width as recommended in the manufacturer's printed installation 
manual.  Provide vertical trench walls where no manufacturer's printed 
installation manual is available.  Shore trench walls more than 3 feet high 
or whatever the NASA GRC Safety Manual requires, cut back to a stable 
slope, or provide with equivalent means of protection for employees who may 
be exposed to moving ground or cave in.  Shore vertical trench walls more 
than 3 feet high or whatever the NASA GRC Safety Manual requires.  Excavate 
trench walls which are cut back to at least the angle of repose of the 
soil.  Give special attention to slopes which may be adversely affected by 
weather or moisture content.  Do not exceed the trench width below the pipe 
top of 24 inches plus pipe outside diameter (O.D.) for pipes of less than 
24 inch inside diameter, and do not exceed 36 inch plus pipe outside 
diameter for sizes larger than 24 inch inside diameter.  Where recommended 
trench widths are exceeded, provide redesign, stronger pipe, or special 
installation procedures by the Contractor.  The Contractor is responsible 
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for the cost of redesign, stronger pipe, or special installation procedures 
without any additional cost to the Government.

3.2.5.1   Bottom Preparation

Grade the bottoms of trenches accurately to provide uniform bearing and 
support for the bottom quadrant of each section of the pipe.  Excavate bell 
holes to the necessary size at each joint or coupling to eliminate point 
bearing.  Remove stones of 3 inch or greater in any dimension, or as 
recommended by the pipe manufacturer, whichever is smaller, to avoid point 
bearing.

3.2.5.2   Removal of Unyielding Material

Where unyielding material is encountered in the bottom of the trench, 
remove such material 4 inch below the required grade and replaced with 
suitable materials as provided in paragraph BACKFILLING AND COMPACTION.

3.2.5.3   Removal of Unstable Material

Where unstable material is encountered in the bottom of the trench, remove 
such material to the depth directed and replace it to the proper grade with 
select granular material as provided in paragraph BACKFILLING AND 
COMPACTION.  When removal of unstable material is required due to the 
Contractor's fault or neglect in performing the work, the Contractor is 
responsible for excavating the resulting material and replacing it without 
additional cost to the Government.

3.2.5.4   Excavation for Appurtenances

Provide excavation for manholes, catch-basins, inlets, or similar 
structures of sufficient size to permit the placement and removal of forms 
for the full length and width of structure footings and foundations as 
shown.  Clean rock of loose debris and cut to a firm surface either level, 
stepped, or serrated, as shown or as directed.  Remove loose disintegrated 
rock and thin strata.  Specify removal of unstable material.  When concrete 
or masonry is to be placed in an excavated area, take special care not to 
disturb the bottom of the excavation.  Do not excavate to the final grade 
level until just before the concrete or masonry is to be placed.

3.2.5.5   Jacking, Boring, and Tunneling

Unless otherwise indicated, provide excavation by open cut except that 
sections of a trench may be jacked, bored, or tunneled if, in the opinion 
of the Contracting Officer, the pipe, cable, or duct can be safely and 
properly installed and backfill can be properly compacted in such sections.

3.2.6   Underground Utilities

The Contractor is responsible for movement of construction machinery and 
equipment over pipes and utilities during construction.  For work 
immediately adjacent to or for excavations exposing a utility or other 
buried obstruction, excavate by hand.  Start hand excavation on each side 
of the indicated obstruction and continue until the obstruction is 
uncovered or until clearance for the new grade is assured.  Support 
uncovered lines or other existing work affected by the contract excavation 
until approval for backfill is granted by the Contracting Officer.  Report 
damage to utility lines or subsurface construction immediately to the 
Contracting Officer.  Damage to Government utility/property by the 
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contractor due to heavy equipment shall be repaired to the satisfaction of 
the Government and at no cost to the Government.

3.2.7   Structural Excavation

Ensure that footing subgrades have been inspected and approved by the 
Contracting Officer prior to concrete placement.  Excavate to bottom of 
pile cap prior to placing or driving piles, unless authorized otherwise by 
the Contracting Officer.  Backfill and compact over excavations and changes 
in grade due to pile driving operations to 95 percent of ASTM D 698 maximum 
density.

3.3   SELECTION OF BORROW MATERIAL

Select borrow material to meet the requirements and conditions of the 
particular fill or embankment for which it is to be used.  Obtain borrow 
material from the borrow areas as specified by the grading plan or the 
Contracting Officer.  Unless otherwise provided in the contract, the 
Contractor is responsible for obtaining the right to procure material, pay 
royalties and other charges involved, and bear the expense of developing 
the sources, including rights-of-way for hauling from the owners.  Borrow 
material from approved sources on Government-controlled land may be 
obtained without payment of royalties.  Unless specifically provided, do 
not obtain borrow within the limits of the project site without prior 
written approval.  Consider necessary clearing, grubbing, and satisfactory 
drainage of borrow pits and the disposal of debris thereon related 
operations to the borrow excavation.

3.4   OPENING AND DRAINAGE OF EXCAVATION AND BORROW PITS

Notify the Contracting Officer sufficiently in advance of the opening of 
any excavation or borrow pit to permit elevations and measurements of the 
undisturbed ground surface to be taken.  Except as otherwise permitted, 
excavate borrow pits and other excavation areas providing adequate 
drainage.  Transport overburden and other spoil material to designated 
spoil areas or otherwise dispose of as directed.  Provide neatly trimmed 
and drained borrow pits after the excavation is completed.  Ensure that 
excavation of any area, operation of borrow pits, or dumping of spoil 
material results in minimum detrimental effects on natural environmental 
conditions.

3.5   SHORING

3.5.1   General Requirements

Submit a Shoring and Sheeting plan for approval 15 days prior to starting 
work.  Submit drawings and calculations, certified by a registered Ohio 
professional engineer, describing the methods for shoring and sheeting of 
excavations.  Finish shoring, including sheet piling, and install as 
necessary to protect workmen, banks, adjacent paving, structures, and 
utilities.  Remove shoring, bracing, and sheeting as excavations are 
backfilled, in a manner to prevent caving.

3.5.2   Geotechnical Engineer

Hire a Professional Geotechnical Engineer to provide inspection of 
excavations and soil/groundwater conditions throughout construction.  The 
Geotechnical Engineer is responsible for performing pre-construction and 
periodic site visits throughout construction to assess site conditions.  
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The Geotechnical Engineer is responsible for updating the excavation, 
sheeting and dewatering plans as construction progresses to reflect 
changing conditions and submit an updated plan if necessary.  Submit a 
monthly written report, informing the Contractor and Contracting Officer of 
the status of the plan and an accounting of the Contractor's adherence to 
the plan addressing any present or potential problems.  The Contracting 
Officer is responsible for arranging meetings with the Geotechnical 
Engineer at any time throughout the contract duration.

3.6   GRADING AREAS

Where indicated, divide work into grading areas within which satisfactory 
excavated material will be placed in embankments, fills, and required 
backfills.  Do not haul satisfactory material excavated in one grading area 
to another grading area except when so directed in writing.  Place and 
grade stockpiles of satisfactory materials as specified.  A Soil Relocation 
Permit will be required.  Keep stockpiles in a neat and well drained 
condition, giving due consideration to drainage at all times.  Clear, grub, 
and seal by rubber-tired equipment, the ground surface at stockpile 
locations; separately stockpile excavated satisfactory and unsatisfactory 
materials.  Protect stockpiles of satisfactory materials from contamination 
which may destroy the quality and fitness of the stockpiled material.  If 
the Contractor fails to protect the stockpiles, and any material becomes 
unsatisfactory, remove and replace such material with satisfactory material 
from approved sources.

3.7   FINAL GRADE OF SURFACES TO SUPPORT CONCRETE

Do not excavate to final grade until just before concrete is to be placed.  
Only use excavation methods that will leave the foundation rock in a solid 
and unshattered condition.  Roughen the level surfaces, and cut the sloped 
surfaces, as indicated, into rough steps or benches to provide a 
satisfactory bond.  Protect shales from slaking and all surfaces from 
erosion resulting from ponding or water flow.

3.8   GROUND SURFACE PREPARATION

3.8.1   General Requirements

Remove and replace unsatisfactory material with satisfactory materials, as 
directed by the Contracting Officer, in surfaces to receive fill or in 
excavated areas.  Scarify the surface to a depth of 6 inch before the fill 
is started.  Plow, step, bench, or break up sloped surfaces steeper than 1 
vertical to 4 horizontal so that the fill material will bond with the 
existing material.  When subgrades are less than the specified density, 
break up the ground surface to a minimum depth of 6 inch, pulverizing, and 
compacting to the specified density.  When the subgrade is part fill and 
part excavation or natural ground, scarify the excavated or natural ground 
portion to a depth of 12 inch and compact it as specified for the adjacent 
fill.

3.8.2   Frozen Material

Do not place material on surfaces that are muddy, frozen, or contain 
frost.  Finish compaction by sheepsfoot rollers, pneumatic-tired rollers, 
steel-wheeled rollers, or other approved equipment well suited to the soil 
being compacted.  Moisten material as necessary to plus or minus 2 percent 
of optimum moisture.
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3.9   UTILIZATION OF EXCAVATED MATERIALS

Dispose unsatisfactory materials removing from excavations into designated 
waste disposal or spoil areas.  Use satisfactory material removed from 
excavations, insofar as practicable, in the construction of fills, 
embankments, subgrades, shoulders, bedding (as backfill), and for similar 
purposes.  Do not waste any satisfactory excavated material without 
specific written authorization.  Dispose of satisfactory material, 
authorized to be wasted, in designated areas approved for surplus material 
storage or designated waste areas as directed.  Clear and grub newly 
designated waste areas on Government-controlled land before disposal of 
waste material thereon.  Stockpile and use coarse rock from excavations for 
constructing slopes or embankments adjacent to streams, or sides and 
bottoms of channels and for protecting against erosion.  Do not dispose 
excavated material to obstruct the flow of any stream, endanger a partly 
finished structure, impair the efficiency or appearance of any structure, 
or be detrimental to the completed work in any way.

3.10   BURIED TAPE AND DETECTION WIRE

3.10.1   Buried Warning and Identification Tape

Provide buried utility lines with utility identification tape.  Bury tape 
12 inch below finished grade; under pavements and slabs, bury tape 6 inch 
below top of subgrade.

3.10.2   Buried Detection Wire-Gas Line Only

Bury detection wire directly above non-metallic piping at a distance not to 
exceed 12 inch above the top of pipe.  Extend the wire continuously and 
unbroken, from manhole to manhole.  Terminate the ends of the wire inside 
the manholes at each end of the pipe, with a minimum of 3 feet of wire, 
coiled, remaining accessible in each manhole.  Furnish insulated wire over 
it's entire length.  Install wires at manholes between the top of the 
corbel and the frame, and extend up through the chimney seal between the 
frame and the chimney seal.  For force mains, terminate the wire in the 
valve pit at the pump station end of the pipe.

3.11   BACKFILLING AND COMPACTION

Place backfill adjacent to any and all types of structures, and compact to 
at least 90 percent laboratory maximum density for cohesive materials or 95 
percent laboratory maximum density for cohesionless materials, to prevent 
wedging action or eccentric loading upon or against the structure.  All 
soil lifts shall be 8 inch maximum.  Prepare ground surface on which 
backfill is to be placed as specified in paragraph GROUND SURFACE 
PREPARATION.  Provide compaction requirements for backfill materials in 
conformance with the applicable portions of paragraphs GROUND SURFACE 
PREPARATION.  Finish compaction by sheepsfoot rollers, pneumatic-tired 
rollers, steel-wheeled rollers, vibratory compactors, or other approved 
equipment.

3.12   EMBANKMENTS

3.12.1   Earth Embankments

Construct earth embankments from satisfactory materials free of organic or 
frozen material and rocks with any dimension greater than 3 inches.  Place 
the material in successive horizontal layers of loose material not more than
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 8 inch in depth.  Spread each layer uniformly on a soil surface that has 
been moistened or aerated as necessary, and scarified or otherwise broken 
up so that the fill will bond with the surface on which it is placed.  
After spreading, plow, disk, or otherwise brake up each layer; moisten or 
aerate as necessary; thoroughly mix; and compact to at least 90 percent 
laboratory maximum density for cohesive materials or 95 percent laboratory 
maximum density for cohesionless materials.  Compaction requirements for 
the upper portion of earth embankments forming subgrade for pavements are 
identical with those requirements specified in paragraph SUBGRADE 
PREPARATION.  Finish compaction by sheepsfoot rollers, pneumatic-tired 
rollers, steel-wheeled rollers, vibratory compactors, or other approved 
equipment.

3.13   SUBGRADE PREPARATION

3.13.1   Proof Rolling

Finish proof rolling on an exposed subgrade free of surface water (wet 
conditions resulting from rainfall) which would promote degradation of an 
otherwise acceptable subgrade.  Proof roll the existing subgrade with six 
passes of a 20 ton tandem axle dump truck at speeds between 2.5-3.5 mph.  
Notify the Contracting Officer a minimum of 3 days prior to proof rolling.  
Perform proof rolling in the presence of the Contracting Officer.  Undercut 
rutting or pumping of material as directed by the Contracting Officer and 
replace with fill and backfill with fabric and 1's and 2's 6" thick.  
Prepare bids based on replacing approximately 100 square yards, with an 
average depth of 6 inch at various locations.

3.13.2   Construction

Shape subgrade to line, grade, and cross section, and compact as 
specified.  Include plowing, disking, and any moistening or aerating 
required to obtain specified compaction for this operation.  Remove soft or 
otherwise unsatisfactory material and replace with satisfactory excavated 
material or other approved material as directed.  Excavate rock encountered 
in the cut section to a depth of 6 inch below finished grade for the 
subgrade.  Bring up low areas resulting from removal of unsatisfactory 
material or excavation of rock to required grade with satisfactory 
materials, and shape the entire subgrade to line, grade, and cross section 
and compact as specified.  Do not vary the elevation of the finish subgrade 
more than 0.05 foot from the established grade and cross section.

3.13.3   Compaction

Finish compaction by sheepsfoot rollers, pneumatic-tired rollers, 
steel-wheeled rollers, vibratory compactors, or other approved equipment.  
Except for paved areas and railroads, compact each layer of the embankment 
to at least 90 percent of laboratory maximum density unless otherwise noted.

3.13.3.1   Subgrade for Pavements

Compact subgrade for pavements to at least 95 percentage laboratory maximum 
density for the depth below the surface of the pavement shown in maximum 
8-inch lifts.  When more than one soil classification is present in the 
subgrade, thoroughly blend, reshape, and compact in 8-inch lifts.

3.13.3.2   Subgrade for Shoulders

Compact subgrade for shoulders to at least 95 percentage laboratory maximum 
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density for the full depth of the shoulder in maximum 6" lifts.

3.14   SHOULDER CONSTRUCTION

Construct shoulders of satisfactory excavated or borrow material or as 
otherwise shown or specified.  Construct shoulders immediately after 
adjacent paving is complete.  In the case of rigid pavements, do not 
construct shoulders until permission of the Contracting Officer has been 
obtained.  Compact the entire shoulder area to at least the percentage of 
maximum density as specified in paragraph SUBGRADE PREPARATION above, for 
specific ranges of depth below the surface of the shoulder.  Finish 
compaction by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled 
rollers, vibratory compactors, or other approved equipment.  Finish 
shoulder construction in proper sequence in such a manner that adjacent 
ditches will be drained effectively and that no damage of any kind is done 
to the adjacent completed pavement.  Align the completed shoulders true to 
grade and shaped to drain in conformity with the cross section shown.

3.15   FINISHING

Finish the surface of excavations, embankments, and subgrades to a smooth 
and compact surface in accordance with the lines, grades, and cross 
sections or elevations shown.  Provide the degree of finish for graded 
areas within 0.1 foot of the grades and elevations indicated except that 
the degree of finish for subgrades specified in paragraph SUBGRADE 
PREPARATION.  Finish gutters and ditches in a manner that will result in 
effective drainage and no puddling occurs.  Finish the surface of areas to 
be turfed from settlement or washing to a smoothness suitable for the 
application of turfing materials.  Repair graded, topsoiled, or backfilled 
areas prior to acceptance of the work, and re-established grades to the 
required elevations and slopes.

3.15.1   Subgrade and Embankments

During construction, keep embankments and excavations shaped and drained.  
Maintain ditches and drains along subgrade to drain effectively at all 
times.  Do no disturb the finished subgrade by traffic or other operation.  
Protect and maintain the finished subgrade in a satisfactory condition 
until ballast, subbase, base, or pavement is placed.  Do not permit the 
storage or stockpiling of materials on the finished subgrade.  Do not lay 
subbase, base course, ballast, or pavement until the subgrade has been 
checked and approved, and in no case place subbase, base, surfacing, 
pavement, or ballast on a muddy, spongy, or frozen subgrade.

3.16   PLACING TOPSOIL

On areas to receive topsoil, prepare the compacted subgrade soil to a 2 inch
 depth for bonding of topsoil with subsoil.  Spread topsoil evenly to a 
thickness of 2 inch and grade to the elevations and slopes shown.  Do not 
spread topsoil when frozen or excessively wet or dry.  Obtain material 
required for topsoil in excess of that produced by excavation within the 
grading limits from areas indicated.  Any topsoil from offsite shall be 
approved by NASA.  Testing of the topsoil shall meet NASA requirements and 
shall be completed by the contractor at no cost to the Government.

3.17   TESTING

Perform testing by a NASA validated commercial testing laboratory or the 
Contractor's validated testing facility.  If the Contractor elects to 
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establish testing facilities, do not permit work requiring testing until 
the Contractor's facilities have been inspected, NASA validated and 
approved by the Contracting Officer.

3.17.1   Fill and Backfill Material Gradation

Random testing of stockpiled or in-place source material shall be 
completed.  Determine gradation of fill and backfill material in accordance 
with ASTM D 422.  The testing can be requested by NASA if stockpiled soil 
is in question for use of fill/backfill.

3.18   DISPOSITION OF SURPLUS MATERIAL

Surplus material or other soil material not required or suitable for 
filling or backfilling, and brush, refuse, stumps, roots, and timber shall 
be removed from Government property as directed by the Contracting Officer 
to a NASA approved disposal site.  All materials removed from site shall be 
approved by NASA GRC Waste Management.

        -- End of Section --
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SECTION 31 23 01.98

EXCAVATING, BACKFILLING, AND COMPACTING FOR STRUCTURES
04/06

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 ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 145 (1991; R 2003) Classification of Soils and 
Soil-Aggregate Mixtures for Highway 
Construction Purposes

AASHTO T 103 (2008) Standard Method of Test for 
Soundness of Aggregates by Freezing and 
Thawing

AASHTO T 180 (2009) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AASHTO T 2 (2000) Sampling of Aggregates

AASHTO T 87 (1986; R 2000) the Dry Preparation of 
Disturbed Soil and Soil Aggregate Samples 
for Test

ASTM INTERNATIONAL (ASTM)

ASTM C 117 (2004) Standard Test Method for Materials 
Finer than 75-um (No. 200) Sieve in 
Mineral Aggregates by Washing

ASTM C 131 (2006) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine

ASTM C 136 (2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM C 32 (1993; R 1999e1) Standard Specification 
for Sewer and Manhole Brick (Made from 
Clay or Shale)

ASTM C 33 (2003) Standard Specification for Concrete 
Aggregates

ASTM C 387 (2000e1) Standard Specification for 
Packaged, Dry, Combined Materials for 
Mortar and Concrete
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ASTM C 88 (2005) Standard Test Method for Soundness 
of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate

ASTM D 1556 (2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method

ASTM D 1557 (2007) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D 2216 (2005) Laboratory Determination of Water 
(Moisture) Content of Soil and Rock by Mass

ASTM D 226 (1997a) Standard Specification for 
Asphalt-Saturated Organic Felt Used in 
Roofing and Waterproofing

ASTM D 227 (1997a) Standard Specification for 
Coal-Tar-Saturated Organic Felt Used in 
Roofing and Waterproofing

ASTM D 2729 (2003) Poly(Vinyl Chloride) (PVC) Sewer 
Pipe and Fittings

ASTM D 2922 (2005) Density of Soil and Soil-Aggregate 
in Place by Nuclear Methods (Shallow Depth)

ASTM D 3740 (2001) Standard Practice for Evaluation of 
Agencies Engaged in the Testing and/or 
Inspection of Soil and Rock as Used In 
Engineering Design and Construction

ASTM D 422 (2002) Standard Test Method for 
Particle-Size Analysis of Soils

ASTM D 4318 (2005) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

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

29 CFR 1926 (2001) Safety and Health Regulations for 
Construction 

 
1.2   Related Requirements

Section 01 35 43.98 ENVIRONMENTAL PROTECTION PROCEDURES for disposal of 
construction and demolition waste.

1.3   SUBMITTALS

Government approval is required for all submittals.  Submit the following 
in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Construction Equipment List shall be submitted.

SECTION 31 23 01.98  Page 2



NASA GRC Steam Plant B12 Project N0. 11421

Contractor shall record Existing Conditions prior to starting work 
in accordance with the paragraph entitle, "Existing Conditions," 
of this section.

SD-03 Product Data

Local/Regional Materials

Submit documentation indicating distance between manufacturing 
facility and the project site.  Indicate distance of raw material 
origin from the project site.  Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project.

Compost

SD-06 Test Reports

Test Reports shall be submitted for Soil Test results within 7 
calendar days.  Test reports shall be submitted according to 
paragraph entitled, "Quality Control Testing During Construction," 
of this section.

SD-07 Certificates

Certificates of Compliance for Proposed Soil Materialsshall be 
submitted according to paragraph entitled, "Tests for Proposed 
Soil Materials," of this section.

Certificates of Compliance for Compost shall be submitted 
indicating grade and compliance with state and local regulations.

1.4   LIMITS OF CONSTRUCTION

Work in this section relates to excavation, fill, and backfill to a point 5 
feet beyond the building or structure line.

1.5   SAMPLING AND TESTING

1.5.1   Soil Test and Inspection Service

Soil survey for satisfactory soil materials and samples of soil materials 
shall be furnished by the Contractor.  A certified soil-testing service 
approved by the Contracting Officer shall be provided by the Contractor. 
Testing shall include soil survey for satisfactory soil materials; sampling 
and testing soil materials proposed for use in the work, and field-testing 
facilities for quality control during construction period.

Testing agencies shall conform to the requirements of ASTM D 3740.

1.5.2   Tests For Proposed Soil Materials

Materials shall be approved by the Contracting Officer prior to start of 
work.

Soil materials proposed for use in the work shall be tested as follows.
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        MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS

      Satis-        Sampling           AASHTO T 2        One from each
      factory                                            source of
      soil          Preparation of     AASHTO T 87       materials to
      materials     samples                              determine con-
                                                         formance to
                    Sieve analysis     ASTM C 136        definition of
                    is of fine and                       satisfactory soil
                    coarse aggre-                        materials;
                    gates                                additional tests
                                                         whenever there
                                                         is any apparent
                                                         change

                    Amount of          ASTM C 117
                    material pass-
                    ing No. 200
                    sieve

                    Liquid limit       ASTM D 4318

                    Plastic limit      ASTM D 4318
                    and plasticity
                    index

                    Mechanical         ASTM D 422
                    analysis

                    Moisture-          ASTM D 1557       As required to
                    density                              determine moist-
                    relations                            ure-density re-
                                                         quirement of
                                                         materials from
                                                         each source

                    Los Angeles        ASTM C 131        One for each
                    abrasion of                          soil material
                    coarse aggre-                        from each
                    gates                                source if
                                                         called for in
                                                         reference
                                                         specification

                    Freezing and       AASHTO T 103
                    thawing sound-
                    ness of aggre-
                    gates

                    Magnesium Sul-     ASTM C 88
                    fate Soundness
                    Test

1.5.3   Quality Control Testing During Construction

Soil materials shall be tested during construction as follows:
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      MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS

      Soil          Sieve analysis     ASTM C 136        One daily for
      materials     of fine and                          each soil
      specified     coarse aggre-                        material from
                    gates                                each source;
                                                         additional test
                                                         whenever there
                                                         is any apparent
                                                         change

                    Amount of          ASTM C 117
                    material pass-
                    ing No. 200 
                    sieve

                    Moisture con-      ASTM D 2216
                    tent of subbase
                    material

      Soil          Moisture-den-      ASTM D 1557       One of each
      materials     sity relations                       type of sub-
      prior to      of soil                              grade soil
      compaction                                         material except
                                                         under backfill
                                                         for structures;
                                                         one for each
                                                         backfill and
                                                         fill material
                                                         from each
                                                         source

      Soil          Density of         ASTM D 1556,      At least three
      material-     soil-in-place      Sand Cone         daily for each
      in-place                         Method or         subgrade soil
      after com-                       ASTM D 2922,      material except
      paction                          Nuclear           under backfill
                                       Method            for structures,
                                       (when             and for each
                                       approved by       layer and back-
                                       Contracting       fill and fill
                                       Officer)          material; ad-
                                                         ditional test
                                                         whenever there
                                                         is any change
                                                         in moisture
                                                         conditions

1.5.4   Test Reports

No soil material shall be used until test reports have been reviewed and 
approved.

1.5.5   Evaluation of Test Results

Results of density of soil-in-place tests shall be considered satisfactory 
if the average of any group of four consecutive density tests which may be 
selected is in each instance equal to or greater than the specified 
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density, and if not more than one density test in five has a value more 
than 2 percentage points below the specified density.

1.6   CONSTRUCTION EQUIPMENT LIST

Construction Equipment List of all major equipment to be used shall be 
submitted.

1.7   EXISTING CONDITIONS

Existing Conditions shall be recorded, in the presence of the Contracting 
Officer, and shall include all structures and other facilities adjacent to 
areas of alteration or removal.  Such records shall contain the location of 
existing utilities, the elevation of the top of foundation walls, the 
location and extent of cracks and other damage, and a description of 
surface conditions that exist prior to the start of work.  Copies of the 
record shall be submitted and the conditions prior to starting work shall 
be verified.

PART 2   PRODUCTS

2.1   BACKFILL AND FILL MATERIALS

Materials for backfill and fill shall be free of clay clods, rock or gravel 
larger than 2 inches in any dimension, debris, waste, frozen materials, and 
other deleterious matter and shall be satisfactory soil materials as 
follows:

      AREA CLASSIFICATION                   BACKFILL OR FILL MATERIALS

      In excavations, unless                Excavated or borrow mate-
      otherwise specified                   rial that has been sampled,
                                            tested, and approved as
                                            "Satisfactory Soil
                                            Material"

      Against face of structures            Filtering material
      where footing drains from
      top of porous fill for footing
      drains to indicated elevation,
      and from face of structure
      a distance equal to three
      footing drain diameters

      Against surfaces having               Sand
      applied waterproofing for a
      distance of at least
      6 inches 
      from surface

      In foundation subdrain                Filtering material
      trenches over porous fill
      drain pipe

      Under grassed areas                   Excavated or borrow material
                                            that has been sampled,
                                            tested, and approved as
                                            "Satisfactory Soil
                                            Material"
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      AREA CLASSIFICATION                   BACKFILL OR FILL MATERIALS

      Under walks, steps,                   Subbase material or exca-
      and paved areas                       vated or borrow material
                                            that has been sampled,
                                            tested, and approved as
                                            "Satisfactory Soil
                                            Material"

      Under building slabs                  Drainage fill

2.1.1   Satisfactory Materials

Non-expansive materials; Pyritic and/or potentially expansive materials, 
such as mine tailings and slag are not satisfactory material, contain less 
than 3 percent by weight of organic matter, waste construction debris, or 
other deleterious materials.  Standard Proctor maximum dry density greater 
than 110 pounds per cubic foot (pcf), an Atterberg Liquid Limit less than 
40, a Plasticity Index of less than 15, and a maximum  particle size of 
2inches or less.

2.1.2   Unsatisfactory Materials

Pyritic and/or potentially expansive materials, such as mine tailings and 
slag.  Standard Proctor maximum dry density less than 110 pounds per cubic 
foot (pcf), an Atterberg Liquid Limit greater than 40, a Plasticity Index 
of greater than 15, and a particle size greater than 2 inches.  Peat and 
other highly organic soil, and soil materials of any classification that 
have a moisture content at the time of compaction beyond the range of 1 
percentage point below and 3 percentage points above the optimum moisture 
content of the soil material as determined by moisture-density relations 
test.

2.2   TOPSOIL

Topsoil shall be any soil removed from the project site which consists of 
clay or sandy loam.

The topsoil shall be reasonably free from subsoil, clay lumps, brush, 
objectionable weeds, and other litter, and shall be free from stones, 
stumps, roots, and other objectionable materials larger than 2 inches in 
any dimension.

2.3   COMPOST

Compost shall be yard trimmings or yard waste compost processed and graded 
according to state and local regulations.  Compost shall be grade A.

Compost shall be well-composted, stable, and weed-free organic matter, pH 
range of 5.5 to 8; moisture content 35 to 55 percent by weight; 100 percent 
passing through 1-inch sieve; soluble salt content less than 2.5 
decisiemens/m and less than 1.25 decisiemens/m where seeds, young seedings, 
or salt sensitive plants are used.

2.4   TOPSOIL BLEND

Where insufficient topsoil is removed from the project site the topsoil 
removed shall be stockpiled and blended with compost at the site to achieve 
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the required volume.

2.5   COHESIONLESS MATERIALS

Cohesionless soil materials include gravels, gravel-sand mixtures, sands, 
and gravelly-sands.  Moisture-density relations of compacted cohesionless 
soils, when plotted on graphs, will show straight lines or reverse-shaped 
moisture density curves.

2.6   COHESIVE MATERIALS

Cohesive soil materials include clayey and silty gravels, sand-clay 
mixtures, gravel-silt mixtures, clayey and silty sands, sand-silt mixtures, 
clays, silts, and very fine sands.  Moisture-density relations of compacted 
cohesive soils, when plotted on graphs, will show normal moisture-density 
curves.

2.7   SUBBASE MATERIAL

Subbase material shall be a naturally or artificially graded mixture of 
natural or crushed gravel, crushed stone, or sand.

2.8   DRAINAGE FILL

Drainage fill shall be #57 stone per ODOT 703.01.  Drainage fill shall be a 
washed, uniformly graded mixture of crushed stone or crushed or uncrushed 
gravel, with 100 percent passing 1-1/2-inch sieve and not more than 5 
percent passing No. 4 sieve.

2.9   FILTERING MATERIAL

Filtering material shall conform to ASTM C 33 and shall be a uniformly 
graded mixture of natural or crushed gravel, crushed stone, and natural 
sand, with 100 percent passing 3/8-inch sieve and 2 to 10 percent passing a 
No. 100 sieve or per ODOT 703.02.

2.10   SAND

Sand shall be natural sand per ODOT 703.06.

2.11   DRAINAGE PIPE AND FITTINGS

Drainage pipe shall be perforated, PVC sewer pipe, underdrainage pipe of 
size indicated, and shall conform to ASTM D 2729.

Fittings shall be of corresponding weight and quality as drainage pipe.

2.12   SEWER BRICK AND MORTAR MATERIALS

Sewer brick shall be standard brick size and shall conform to ASTM C 32, 
Grade MM.

Mortar materials shall be dry packaged, proportioned for Type M unit 
masonry mortar, and shall conform to ASTM C 387.

Mixing water for mortar shall be potable.
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PART 3   EXECUTION

3.1   PREPARATION

Before earthwork is started, the location of underground utilities shall be 
carefully verified by hand methods.  Utilities to be left in place shall be 
protected from damage.

Prior to starting any excavation work, Contractor shall submit NASA form 
C-927 "Excavation Permit" to the COTR.

3.2   UNAUTHORIZED EXCAVATION

Unauthorized excavation shall consist of removal of materials beyond 
indicated subgrade elevations or side dimensions specified without specific 
direction and shall be replaced as specified at no additional cost to the 
Government.

Unauthorized excavation under foundations or retaining walls shall be 
filled by lowering the bottom elevation of the footing or base to the 
excavation bottom without altering the approved top elevation.

Elsewhere unauthorized excavations shall be backfilled and compacted as 
specified for authorized excavations of the same classification.

3.3   SHORING AND BRACING

Shoring and bracing in excavations shall be maintained regardless of the 
length of time excavations will be open.  Shoring and bracing shall be 
carried down with the excavation.

Wherever subsequent removal of sheet piling could permit the lateral 
movement of soil under adjacent structures, steel sheet piling or 
pressure-creosoted timber sheet piling shall be used and left permanently 
in place, cut off as required.

3.4   WATER REMOVAL

Water shall not be permitted to accumulate in excavations, or flood the 
site and surrounding area.  Dewatering systems shall be provided by the 
Contractor to convey water away from excavations so that softening of 
foundation bottoms, footing undercutting, and soil changes detrimental to 
subgrade stability and foundation will not occur.  Dewatering systems and 
methods of disposal shall be approved by the Contracting Officer.

Dewatering shall be continued until construction subject to water pressure 
has obtained full specified strength and backfill is completed.

Water removal from excavations shall be conveyed to approved collecting or 
runoff areas.  Temporary drainage ditches and other diversions as necessary 
shall be provided and maintained outside of excavation limits.

Trench excavations for utilities shall not be used for temporary drainage 
ditches.

3.5   MATERIAL STORAGE

Excavated materials classified as satisfactory soil material shall be 
stockpiled, where directed, until required for backfill or fill.  
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Stockpiles shall be placed, graded, and shaped for proper drainage.

Materials required in the work shall be located and retained a sufficient 
distance from the edge of excavations to prevent such material falling or 
sliding back into the excavations and to prevent cave-ins.

3.6   EXCAVATION FOR STRUCTURES

Excavation for structures shall conform to the dimensions and elevations 
indicated within a tolerance of plus or minus 0.10 foot and shall extend a 
sufficient distance from footings and foundations to permit placing and 
removal of concrete formwork, installation of services and other 
construction indicated, and for inspection.

In excavating for footings and foundations, care shall be taken not to 
disturb the bottom of the excavation.  Excavation to final grade shall be 
done just before concrete is placed.  Bottoms shall be trimmed to the 
required lines and grades to leave a solid bed to receive concrete.

For pile foundations, excavation shall stop at an elevation of from 6 to 12 
inches above the bottom of the footing before piles are driven.  After pile 
driving has been completed, loose and displaced material shall be removed 
and excavation to final grade shall be done, leaving a solid bed to receive 
concrete.

3.7   EXCAVATION FOR FOUNDATION SUBDRAINAGE SYSTEM

Contractor shall adhere to and enforce precautions as outlined in OSHA 
Regulations, 29 CFR 1926.

Excavation for foundation subdrainage system, except for footing drains 
located in the excavations for footings and foundations, shall have 
vertical sides for a vertical dimension above the bottom of the trench not 
less than two times the outside dimension of the drain pipe, and shall have 
a clear horizontal distance between the drain pipe barrel and the trench 
wall, on both sides, of not less than 6 inches nor more than 9 inches.  
Bottom of the trench excavations shall be graded to obtain the required 
slope and shall be tamped to provide a firm bed for the drain pipe bedding 
material.

3.8   REMOVAL OF UNSATISFACTORY SOIL MATERIALS

Unsatisfactory soil materials encountered that extend below the required 
elevations shall be excavated to the depth directed.

3.9   REMOVAL OF EXISTING UNDERGROUND UTILITIES

Existing underground utilities indicated to be removed shall be demolished 
and completely removed from the excavation.

3.10   CLOSING ENDS OF ABANDONED UNDERGROUND UTILITIES

Open ends of abandoned underground utilities to remain shall be closed to 
prevent water that may accumulate in such utilities from flowing into 
excavated areas.  Closures shall withstand any hydrostatic or earth 
pressure that may result after ends of the abandoned utilities have been 
closed.

Open ends of abandoned underground utilities to remain shall have brick 
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masonry bulkheads constructed to completely close the openings.

Mortar shall be mixed with water for workability by methods that can be 
controlled and accurately maintained during work progress.  Retempering of 
mortar will not be permitted.  Mortar mixing and conveying equipment shall 
be kept clean.  Mortar shall not be deposited or permitted to contact the 
ground.

Brick shall be wet when laid.  Brick shall be laid in mortar so as to form 
full bed with ends and side joints in one operation and with joints not 
more than 3/8-inch wide.  Fresh masonry work shall be protected from 
freezing and from too rapid drying from effects of sun and wind.  
Protection shall be maintained until mortar has set.

Open ends of metallic conduit and pipe shall be closed with threaded 
galvanized metal caps or plastic plugs or other approved method suitable 
for the type of material and size of pipe.  Wood plugs will not be 
permitted.

3.11   FOUNDATION SUBDRAINAGE SYSTEM

Foundation subdrainage system outlets shall drain by gravity to free 
outfall until connected to the storm-drainage system.

3.11.1   Impervious Fill At Footings

After concrete footings have been cured as specified, impervious fill at 
least 6 inches in depth and 12 inches in width shall be placed on the 
subgrade adjacent to the bottom of footing and shall be compacted at 
optimum moisture content by means of hand tampers to not less than the 
density specified for cohesive material.  Impervious fill shall be clayey 
soil material conforming to AASHTO M 145, Soil Classification Groups A-2-6 
and A-2-7.

3.11.2   Laying Drain Pipe

Drain pipe shall be laid with the perforations down and firmly bedded in 
specified drainage fill material, with each pipe section having full 
bearing throughout its length to true grades and alignment and continuous 
fall in the direction of flow.  One-eighth bends shall be used for changes 
in direction; Y-fittings shall be used at intersections.  Drain pipe joints 
shall be closed.

Recesses in the excavation bottom shall be excavated to receive bells for 
drain pipe having bell and spigot ends.  Such pipe shall be laid with bells 
facing up the slope and with spigot end entered fully into the adjacent 
bell.

3.11.3   Testing Drain Lines

Drain lines shall be tested with water before backfilling to ensure free 
flow.  Any obstruction encountered shall be removed, damaged components 
replaced, and system retested until satisfactory.  Test to be witnessed and 
approved by the Contracting Officer.

3.11.4   Porous Fill Over Drain Pipe

After drain lines have been tested, drain pipe shall be backfilled to a 
width of at least 4 inches on sides and 12-inches above the top of pipe 
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with specified drainage fill material.  Fill material shall be placed in 
layers not exceeding 3 inches in loose depth and compacted with not less 
than two passes of a hand-operated platetype vibrating compactor.  Fill 
material shall be overlaid with one layer of 15-pound per 100 square foot 
asphalt or tar-saturated felt conforming to ASTM D 226 or ASTM D 227, 
respectively.

3.12   FILLING AND BACKFILLING

3.12.1   Preparations Prior to Backfill Placement

Excavations shall be backfilled as promptly as the work permits but not 
until completion of the following:

Approval of construction below finish grade

Inspection, testing, approval, and recording location of underground 
utilities

Removal of concrete formwork

Removal of shoring and bracing; backfilling of voids with satisfactory 
soil material; temporary sheet piling driven below bottom of 
structures; and cutting off and removing of utilities in a manner that 
prevents settlement of the structure or utilities

Removal of trash and debris

Completion of concrete waterproofing

3.12.2   Preparation of Ground Surface to Receive Fill

Vegetation, debris, unsatisfactory soil materials, obstructions, and 
deleterious materials shall be removed from ground surface prior to the 
placement of fills.  Sloped surfaces steeper than 1 vertical to 4 
horizontal shall be plowed, stripped, or broken up in such manner that fill 
material will bond with the existing material.

When the ground surface has a density less than that specified for the 
particular area classification, the ground surface shall be broken up, 
pulverized, moisture-conditioned to near optimum moisture content of the 
soil material, and compacted to the required depth and percentage of 
maximum density.

3.12.3   Placement and Compaction

Backfill and fill materials shall be placed in layers not more than 6 
inches in loose depth.  Before compaction, each layer of backfill or fill 
material shall be moistened or aerated as necessary to provide the optimum 
moisture content of the soil material and shall then be compacted to the 
percentage of maximum density for each area classification as specified.  
Testing is required for every other lift.  Backfill or fill material shall 
not be placed on surfaces that are muddy, frozen, icy, or contain frost.

Backfill and fill materials adjacent to structures shall be brought up 
evenly around structures and shall be carried up to the indicated 
elevations.

Compaction adjacent to structures, within a horizontal distance from the 
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face of the structure equal to the depth of backfill or fill material 
(measured from the bottom of footing or bottom of foundation or retaining 
wall) to final grade, shall be done with power-driven hand tampers.

3.13   COMPACTION

Degree of compaction required is expressed as a percentage of the maximum 
density obtained by the test procedure in AASHTO T 180, Methods B or D.

3.13.1   Percentage of Maximum Density Requirements

Actual density of each layer of soil material-in-place shall be not less 
than the following percentages of the maximum density of the same soil 
material determined by the moisture-density test specified.

                                          PERCENT MAXIMUM DENSITY
                                         COHESIONLESS      COHESIVE
      AREA CLASSIFICATION                SOIL MATERIAL   SOIL MATERIAL

   Structures

     Each layer of back-
     fill material                              98           98
     in 6" Lifts

   Building slabs and
   steps

     Subgrade and each layer
     of backfill material                       98           98
     in 6" Lifts 

3.13.2   Moisture Control

Moisture content in soil material at time of compaction shall be within 
limits specified.

Where the moisture content of a layer of soil material is below optimum 
before compaction, the required amount of water shall be uniformly applied 
to the surface of the layer of soil material and the layer of soil disked 
or otherwise mixed until a uniform moisture content is reached.

Moisture of a layer of soil material that is above optimum shall be removed 
by drying.

3.14   GRADING

Areas within the limits of grading under this section, including adjacent 
transition areas, shall be uniformly graded.  Finished surface shall be 
smooth within the specified tolerances, compacted, and with uniform levels 
or slopes between points where elevations are indicated or between such 
points and existing grades.

3.14.1   Grading Outside Building Lines

Areas outside the building lines for each structure shall be hand-graded to 
drain away from the structure and to prevent ponding of water after rains. 
Finished surface shall be within the tolerance specified below for each 
area classification, compacted as specified, and free from irregular 
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surface changes.

Grassed or planted areas:

Finished surface of areas to receive topsoil blend shall be not 
more than 0.10 foot above or below the indicated finish 
elevations.  In all cases, the minimum slope shall be 1.5% in 
grass and planted areas.  Grades shall promote positive flow away 
from building.

Walks:

Surface of areas under walks shall be shaped to line, grade, and 
cross section; finished surface shall be not more than 0.0 foot 
above or 0.10 foot below the indicated finish elevation.  In all 
cases, the minimum slope shall be 1% and the maximum slope shall 
be 2%.  Grades shall promote positive flow away from building.

Pavements:

Surface of areas under pavements shall be shaped to line, grade, 
and cross section; the finished surface shall be not more than 
1-inch above or below the indicated finish elevation when tested 
with a 10-foot straightedge applied both parallel with and at 
right angles to the centerline of the area.  Finished surface 
shall vary no more than 1 inch.  In all cases, slopes shall be 1% 
minimum to 3% maximum unless otherwise noted.  Handicapped 
accessible areas shall be 2% maximum slope.  Grades shall promote 
positive flow away from building.

3.14.2   Grading Surface of Fill Under Structures

Surface of fill under building slabs shall be smooth and even, free of 
voids, compacted as specified and to indicated grade within the specified 
tolerances.  When tested with a 10-foot straightedge, parallel with and at 
right angles to the building lines, the finished surface shall show no 
deviation in excess of 1 inch.

3.15   MAINTENANCE

3.15.1   Protection of Graded Areas

Newly graded areas shall be protected from traffic and erosion and shall be 
maintained free of trash and debris.

3.15.2   Reconditioning Compacted Areas

Where approved compacted areas are disturbed by subsequent construction 
operations or adverse weather, the surface shall be scarified, reshaped, 
and compacted as specified to the required density prior to further 
construction.

3.16   DISPOSAL OF EXCESS AND WASTE MATERIALS

Surplus material or other soil material not required or suitable for 
filling or backfilling, and brush, refuse, stumps, roots, and timber shall 
be removed from Government property as directed by the Contracting Officer 
to a NASA approved disposal site.  All materials removed from site shall be 
approved by NASA GRC Waste Management.
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         -- End of Section --
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SECTION 31 23 02.98

EXCAVATION, BACKFILLING, AND COMPACTING FOR UTILITIES
04/06

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 ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (2009) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AASHTO T 2 (2000) Sampling of Aggregates

AASHTO T 87 (1986; R 2000) the Dry Preparation of 
Disturbed Soil and Soil Aggregate Samples 
for Test

AMERICAN WOOD PROTECTION ASSOCIATION (AWPA)

AWPA C1 (2003) All Timber Products - Preservative 
Treatment by Pressure Processes

AWPA C3 (2003) Piles - Preservative Treatment by 
Pressure Processes

ASTM INTERNATIONAL (ASTM)

ASTM C 136 (2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM D 1556 (2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method

ASTM D 2487 (2006e1) Soils for Engineering Purposes 
(Unified Soil Classification System)

ASTM D 2922 (2005) Density of Soil and Soil-Aggregate 
in Place by Nuclear Methods (Shallow Depth)

ASTM D 3740 (2001) Standard Practice for Evaluation of 
Agencies Engaged in the Testing and/or 
Inspection of Soil and Rock as Used In 
Engineering Design and Construction

ASTM D 3786 (2008a) Hydraulic Bursting Strength of 
Textile Fabrics-Diaphragm Bursting 
Strength Tester Method

ASTM D 422 (2002) Standard Test Method for 
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Particle-Size Analysis of Soils

ASTM D 4318 (2005) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

ASTM D 4355 (2007) Deterioration of Geotextiles from 
Exposure to Light, Moisture and Heat in a 
Xenon-Arc Type Apparatus

ASTM D 4491 (1999a; R 2004e1) Water Permeability of 
Geotextiles by Permittivity

ASTM D 4533 (2004) Trapezoid Tearing Strength of 
Geotextiles

ASTM D 4632 (2008) Grab Breaking Load and Elongation 
of Geotextiles

ASTM D 4751 (2004) Determining Apparent Opening Size 
of a Geotextile

ASTM D 4759 (2002; R 2007) Determining the 
Specification Conformance of Geosynthetics

ASTM D 4833 (2007) Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related 
Products

 
1.2   Related Requirements

Section 01 35 43.98 ENVIRONMENTAL PROTECTION PROCEDURES for disposing of 
construction waste.

1.3   SUBMITTALS

Government approval is required for all submittals.  Submit the following 
in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Record of Existing Conditions shall be submitted in accordance 
with the paragraph entitled, "Records of Existing Conditions," of 
this section.

The records shall include the following:

Location of Underground Utilities
Location of Approved Utilities
Location of Test
Location of Inspection

SD-02 Shop Drawings

As-Built Drawings shall be submitted in accordance with paragraph 
entitled, "Drawings," of this section.

SD-06 Test Reports

Test reports shall be submitted in writing by the Contractor for 
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Soil Test results within 5 calendar days.  Reports shall be 
according to the paragraph entitled, "Field Quality Control," of 
this section.

SD-07 Certificates

Certificates for the following shall be submitted by the 
Contracting Officer in accordance with the paragraph entitled, 
"Plans," of this section.

Demolition Plan
Work Plan
Protection Plan

Certificates for Proposed Soil Materials shall be submitted by the 
Contracting Officer in accordance with paragraph entitled, 
"Proposed Soil Materials," of this section.

Certificates for Compost shall be submitted indicating grade and 
compliance to state and local regulations.

1.4   QUALITY ASSURANCE

Soil survey for satisfactory soil materials and samples of soil materials 
shall be furnished by the Contractor.  A certified soil-testing service 
approved by the Contracting Officer shall be provided by the Contractor. 
Testing shall include soil survey for satisfactory soil materials, sampling 
and testing soil materials proposed for use in the work, subbase materials 
at the mixing plant, and field-testing facilities for quality control 
during construction period.

Testing agencies shall conform to the requirements of ASTM D 3740.

1.5   PLANS

The Demolition Plan shall be approved by the Contracting Officer at least 
48 hours in advance of the work.  The plan shall include all special 
environmental consideration and safety precautions along with the 
coordination procedures for the protection plan and work plan of this phase 
of work.

A Work Plan shall be submitted including proposed methods of excavation, 
earth support, utility construction, and backfilling at least 48 hours in 
advance of the work, for approval by the Contracting Officer.  The plan 
shall be coordinated with the demolition and protection plans of this 
section.

The Contractor shall provide a Protection Plan of existing utilities place, 
and coordinate the plan with the demolition plan.

1.6   DRAWINGS

As-Built Drawings shall be submitted in accordance with Section 01 78 00.98, 
"CLOSEOUT SUBMITTALS."

1.7   RECORDS OF EXISTING CONDITIONS

The Contractor shall verify the existing conditions are correct as shown on 
the plans and mentioned in the specification.  Any discrepancies found 
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shall be noted immediately, and notification given to the Contracting 
Officer.

The records shall include Location of Underground Utilities, Location of 
Approved Utilities, Location of Test and Location of Inspection.

PART 2   PRODUCTS

2.1   STRUCTURAL MATERIALS

Materials used for shoring and bracing, such as sheet piling, uprights, 
stringers, and crossbraces, shall be in good serviceable condition.  Any 
timber used shall be sound and free from large or loose knots.

Pressure-treated timber shall be used where wood sheeting or piling is 
specified or indicated to be cut and left in place.  Timber and treatment 
shall conform to AWPA C1.  Pressure treatment for piles shall conform to 
AWPA C3.  Creosote retention shall be not less than 2 pounds per cubic foot.

2.2   BACKFILL MATERIAL

Backfill material shall consist of sandy clay, sand, gravel, soft shale, or 
other satisfactory soil materials.

2.2.1   Proposed Soil Materials

Soil materials proposed for use in the work shall be tested.  The materials 
shall be approved by the Contracting Officer prior to start of work, as 
follows:

      MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS

      Satisfactory  Sampling           AASHTO T 2        One for each
      soil                                               source of mate-
      materials     Preparation        AASHTO T 87       rial to deter-
                    of samples                           mine conformance
                                                         to definition of
                    Sieve analysis     ASTM C 136        satisfactory
                    of fine and                          soil materials;
                    coarse aggregate                     additional tests
                                                         whenever there
                    Mechanical         ASTM D 422        is any apparent
                    analysis of                          change
                    soils

                    Liquid limit       ASTM D 4318
                    of soils

                    Plastic limit      ASTM D 4318
                    and plasticity
                    index of soils

                    Moisture-den-      AASHTO T 180,
                    sity relations     Method B or D
                    of soil

2.2.2   Satisfactory Materials

Satisfactory soil materials - Non-expansive materials; Pyritic and/or 
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potentially expansive materials, such as mine tailings and slag are not 
satisfactory material, contain less than 3 percent by weight of organic 
matter, waste construction debris, or other deleterious materials.  
Standard Proctor maximum dry density greater than 110 pounds per cubic foot 
(pcf), an Atterberg Liquid Limit less than 40, a Plasticity Index of less 
than 15, and a maximum particle size of 2 inches or less.

2.2.3   Unsatisfactory Materials

Unsatisfactory soil materials -  Pyritic and/or potentially expansive 
materials, such as mine tailings and slag.  Standard Proctor maximum dry 
density less than 110 pounds per cubic foot (pcf), an Atterberg Liquid 
Limit greater than 40, a Plasticity Index of greater than 15, and a 
particle size greater than 2 inches.  Highly organic soils, and soil 
materials of any classification that have a moisture content at the time of 
compaction beyond the range of 1 percentage point below and 3 percentage 
points above the optimum moisture content of the soil material as 
determined by moisture-density relations test.

2.3   TOPSOIL

Topsoil shall be any soil removed from the project site which consists of 
clay or sandy loam.  The topsoil shall be reasonably free from subsoil, 
clay lumps, brush, objectionable weeds, and other litter, and shall be free 
from stones, stumps, roots, and other objectionable materials larger than 2 
inch in any dimension.  Topsoil used on-site must also comply with Section 
32 92 19 "Seeding".

2.4   COMPOST

Compost shall be yard trimmings or yard waste compost processed and graded 
according to state and local regulations.  Compost shall be grade A.

Compost shall be well-composted, stable and weed-free organic matter, pH 
range of 5.5 to 8; moisture content 35 to 55 percent by weight; 100 percent 
passing through 1-inch sieve; soluble salt content less than 2.5 
decisiemens/m and less than 1.25 decisiemens/m where seeds, young 
seedlings, or salt sensitive plants are used; not exceeding 0.5 percent 
inert contaminants and free of substances toxic to plantings.

2.5   TOPSOIL BLEND

Where insufficient topsoil is removed from the project site the topsoil 
removed shall be stockpiled and blended with compost at the site to achieve 
the required volume.

2.6   Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D 2487 as GW, 
GP, SW, and SP.  Cohesive materials include materials classified as GC, SC, 
ML, CL, MH, and CH.  Materials classified as GM, GP-GM, GW-GM, SW-SM, 
SP-SM, and SM shall be identified as cohesionless only when the fines are 
nonplastic (plasticity index equals zero).  Materials classified as GM and 
SM will be identified as cohesive only when the fines have a plasticity 
index greater than zero.

2.7   Common Fill

Approved, unclassified soil material with the characteristics required to 
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compact to the soil density specified for the intended location.

2.8   FABRIC

Provide a pervious sheet of polyester, nylon, glass or polypropylene, 
ultraviolet resistant filaments woven, spun bonded, fused, or otherwise 
manufactured into a nonraveling fabric with uniform thickness and strength. 
Fabric shall have the following manufacturer certified minimum average roll 
properties as determined by ASTM D 4759:

                                                 Class A       Class B

      a.  Grab tensile strength (ASTM D 4632)    min. 180    80 lbs.
          machine and transversed direction

      b.  Grab elongation (ASTM D 4632)          min. 15     15 percent
          machine and transverse direction

      c.  Puncture resistance (ASTM D 4833)      min. 80     25 lbs.

      d.  Mullen burst strength (ASTM D 3786)    min. 290    130 psi.

      e.  Trapezoidal Tear (ASTM D 4533)         min. 50     25 lbs.

      f.  Apparent Opening Size (ASTM D 4751)     See Criteria Below

          (1)  Soil with 50 percent or less particles by weight passing US
               No. 200 Sieve, AOS less than 0.6 mm (greater than #30
               US Std. Sieve)

          (2)  Soil with more than 50 percent particles by weight passing US
               No. 200 Sieve, AOS less than 0.297 mm (greater than #50 US
               Std. Sieve)

      g.  Permeability (ASTM D 4491)               k fabric greater
                                                   than k Soil

      h.  Ultraviolet Degradation (ASTM D 4355)   70 percent Strength
                                                   retained at 150 hours

PART 3   EXECUTION

3.1   GENERAL REQUIREMENTS

Before starting earthwork, the location of underground utilities shall be 
carefully verified by hand methods.  Utilities to be left in place shall be 
protected from damage.

Prior to starting any excavation work, Contractor shall submit NASA form 
C-927 "Excavation Permit" to the COTR.

Excavation, filling, backfilling, and grading shall be to subgrade 
elevations specified.

Excavated materials suitable for backfill shall be piled in an orderly 
manner sufficiently distant from excavations to prevent overloading, 
slides, and cave-ins.
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Excavations shall be done in ways that will prevent surface water and 
subsurface water from flowing into excavations and will also prevent 
flooding of the site and surrounding area.

3.2   PROTECTION OF PERSONS AND PROPERTY

Excavations shall be barricaded and posted with warning signs for the 
safety of persons.  Warning lights shall be provided during hours of 
darkness.

Structures, utilities, sidewalks, pavements, and other facilities 
immediately adjacent to excavations shall be protected against damage 
including settlement, lateral movement, undermining, and washout.

Topsoil removal operations shall be conducted to ensure safety of persons 
and to prevent damage to existing structures and utilities, construction in 
progress, trees and vegetation to remain standing, and other property.

3.3   SHORING, BRACING, AND SHEETING

Shoring and bracing in excavations shall be maintained for the entire 
length of time excavations will be open.  Shoring and bracing shall be 
carried down with the excavation.

Sheeting used to prevent lateral movement of soil shall be removed in 
accordance with the requirements.

Untreated sheeting shall not be left in place beneath structures or 
pavements.

3.4   TRENCH EXCAVATION

Trenches shall be of adequate width and depth for the specified purpose. 
Side slopes of the trenches shall be as nearly vertical as practicable. 
Care shall be taken not to overexcavate.  Bottoms of the trenches shall be 
accurately graded to provide uniform bearing and support for each section 
of pipe on undisturbed soil at every point along its entire length except 
where it is necessary to excavate for bell holes and for proper sealing of 
pipe joints.  Bell holes and depressions for joints shall be dug after the 
trench bottom has been graded to ensure that the pipe rests on the prepared 
bottom for as much of its full length as practicable.  Bell holes and 
depressions shall be only of such length, depth, and width as required to 
make the joint.  Stones shall be removed, as necessary, to avoid point 
bearing.  Where rock excavation is required in trenches for pipe, the rock 
shall be excavated to a minimum overdepth of 6-inches below the trench 
depth specified.  Except as specified for wet or otherwise unstable 
material, overdepths shall be backfilled with materials specified for 
backfilling the lower portion of trenches.  Whenever wet or otherwise 
unstable material that is incapable of properly supporting the pipe, as 
determined by the Contracting Officer, is encountered in the bottom of the 
trench, it shall be removed and the trench shall be backfilled to the 
proper grade with coarse sand, fine gravel, or other suitable, approved 
material.

Trench excavations in surfaced areas shall be by open cut, unless otherwise 
shown.  The pavement shall be cut by concrete saw or other approved method. 
Cuts shall be in straight lines parallel to the utility line location and 
shall be to a depth of at least one quarter of the pavement thickness.  The 
remainder of the pavement shall be broken out.  Pavement shall be removed a 
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minimum of 12 inches on each side of the trench and 6 inches beyond where 
the base course is to be removed.

3.5   WATER REMOVAL

Water shall not be permitted to accumulate in excavations.  Dewatering 
systems shall be provided by the Contractor to convey water away from 
excavations so that softening of foundation bottoms, footing undercutting, 
and soil changes detrimental to subgrade stability and foundation will not 
occur.  Dewatering systems and methods of disposal shall be approved by the 
Contracting Officer.

Dewatering shall be continued until construction subject to water pressure 
has obtained full specified strength and backfill is completed.

Water removal from excavations shall be conveyed to approved collecting or 
runoff areas.  Temporary drainage ditches and other diversions as necessary 
shall be provided and maintained outside of excavation limits.

Trench excavations for utilities shall not be used for temporary drainage 
ditches.

3.6   DRAINAGE

So that construction operations progress successfully, completely drain 
construction site during periods of construction to keep soil materials 
sufficiently dry.  The Contractor shall establish/construct storm drainage 
features (ponds/basins) at the earliest stages of site development, and 
throughout construction grade the construction area to provide positive 
surface water runoff away from the construction  activity and/or provide 
temporary ditches, swales, and other drainage features and equipment as 
required to maintain dry soils.  When unsuitable working platforms for 
equipment operation and unsuitable soil support for subsequent construction 
features develop, remove unsuitable material and provide new soil material 
as specified herein.  It is the responsibility of the Contractor to assess 
the soil and ground water conditions presented by the plans and 
specifications and to employ necessary measures to permit construction to 
proceed.  Excavated slopes and backfill surfaces shall be protected to 
prevent erosion and sloughing.  Excavation shall be performed so that the 
site, the area immediately surrounding the site, and the area affecting 
operations at the site shall be continually and effectively drained.

3.7   EXCAVATION FOR SANITARY SEWERS AND STORM SEWERS

The width of the trench at and below the top of the pipe shall be such that 
the clear space between the barrel of the pipe and the trench wall shall 
not exceed 8 inches or be less than 5 inches on either side of the pipe.  
The width of the trench above that level shall be as wide as necessary for 
sheeting and bracing and for the proper performance of the work.

For pipe indicated resting on the trench bottom, the bottom of the trench 
shall be rounded so that the pipe shall nest firmly on undisturbed soil for 
as nearly the full length of the barrel (as proper jointing operations will 
permit).  This part of the excavation shall be done manually only a few 
feet in advance of the pipe being laid.

Depth of excavation for gravity sewer lines shall permit the installation 
of the pipe at the flow line elevations shown on the plans.
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3.8   EXCAVATION FOR WATER DISTRIBUTION SYSTEM

Trenches shall be graded to avoid high points that necessitate placing 
vacuum and relief valves in the waterlines.  If a profile of the pipes is 
not provided, trenches shall be of a depth to provide a minimum cover over 
the top of the pipe of 5 feet from the existing ground surface or the 
indicated finished grade (whichever is lower) and at additional depth if 
necessary to avoid interference of the waterlines with other utilities.

3.9   EXCAVATION FOR GAS DISTRIBUTION SYSTEM

Trenches for gas distribution lines shall be excavated to a depth that will 
provide not less than 2.5 feet of cover over the top of the pipe from the 
existing ground surface or from the indicated finished grade (whichever is 
lower).

3.10   EXCAVATION FOR ELECTRICAL UTILITIES

Excavation of trenches for electrical cables, duct lines, and concrete duct 
banks shall provide vertical walls, unless otherwise approved by the 
Contracting Officer, and the trench shall be only as wide as necessary for 
workers to install the cables or ducts.  Abrupt changes in grade of the 
trench bottom shall be avoided.  Trenches shall be of a depth to provide a 
minimum cover over the top of the cables or ducts of 2-feet below finished 
grade, and at additional depth if necessary to avoid interference of the 
electrical cables or ducts with other utilities.

3.11   EXCAVATION FOR APPURTENANCES

Excavation for manholes and similar structures shall be sufficient to leave 
at least 12 inches in the clear between the outer surfaces and the 
embankment or timber used to hold and protect the walls.  Any overdepth 
excavation below such appurtenances that has not been directed will be 
considered unauthorized and shall be refilled with select bedding material 
or concrete, as directed by the Contracting Officer, at no additional cost 
to the Government.

3.12   BORING AND JACKING

Where utilities beneath concrete and asphaltic pavement shall be installed 
by boring and jacking, the boring and jacking installation shall be 
performed by workers experienced in such operations, with equipment 
designed and regularly used for this work.  The bored opening shall be kept 
to the minimum size practical for the installation of the utility.  When a 
void greater than 1 inch exists between the bored opening and outside edge 
of the utility installation, the void shall be filled with grout under 
pressure, as approved by the Contracting Officer.

3.13   BACKFILLING AND COMPACTION

Where trench sheeting is pulled, withdrawal shall be in increments of not 
more than 1 foot and backfilling and compaction operations shall be carried 
on simultaneously with trench sheeting pulling.

Trenches shall not be backfilled until required tests are performed and 
until the utilities systems, as installed, conform to the requirements for 
the installation of the various utilities.  Trenches improperly backfilled 
shall be reopened to the depth required for proper compaction, then 
refilled and compacted as specified, or the condition shall be otherwise 

SECTION 31 23 02.98  Page 9



NASA GRC Steam Plant B12 Project N0. 11421

corrected as directed.

3.13.1   Bedding

Where the trench is excavated in rocks, a minimum of 6 inches of specified 
bedding material shall be placed on the rock surface before laying conduit 
or electrical cable.

3.13.2   Backfill Around Pipe

Backfill around pipe shall be applied to 6-inches above pipe with the 
specified bedding material.

3.13.3   Lower Portion of Trench

Backfill material shall be deposited in 6-inch uncompacted layers and 
compacted to the density of the adjacent soil until there is a cover of not 
less than 1 foot.  The backfill material in this portion of the trench 
shall consist of sandy clay, sand, gravel, or other approved materials, 
free from hard clods and stones larger than 1 inch in any dimension.

3.13.4   Remainder of Trench

The remainder of the trench shall be backfilled with material that is free 
of stones larger than 3 inches in any dimension.  Backfill material shall 
be deposited in layers not exceeding the thickness specified, and each 
layer shall be compacted to the minimum density specified.

Under concrete slabs and paved parking areas:

6-inch layers, 100 percent of maximum density prescribed in 
AASHTO T 180, Method B or D

Under other areas:

8-inch layers, 95 percent of maximum density prescribed in 
AASHTO T 180, Method B or D

3.14   FIELD QUALITY CONTROL

The Contractor shall arrange his Soil Test work so that sampling and 
testing may be performed without interruption.  Moisture-density relations 
shall be determined in accordance with AASHTO T 180, Method B or D.  Field 
density tests shall be performed by methods in sufficient number to ensure 
that the specified density is obtained.

Soil materials shall be tested during construction as follows:

                                                         MATERIAL TESTED
                                                               AND
      MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS

      Soil          Density of         ASTM D 1556,      At least three
      material-     soil-in-place      Sand Cone         daily for each
      in-place                         Method or         subgrade soil
      after                            ASTM D 2922,      material, and
      compaction                       Nuclear           for each layer
                                       Method            of soil mate-
                                       (when             rial; addition-
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                                                         MATERIAL TESTED
                                                               AND
      MATERIAL      REQUIREMENT        TEST METHOD       NUMBER OF TESTS
                                       approved          al test when-
                                       by Con-           ever there is
                                       tracting          in moisture
                                       Officer)

3.15   RESTORATION OF SURFACES

Areas within the limits of earthwork under this section, including adjacent 
transition areas, shall be uniformly graded.  The finished surface shall be 
smooth within the specified tolerances, compacted, and with uniform levels 
or slopes between points where elevations are indicated or between such 
points and existing grades.

Grassed areas:

The finished surface of areas to receive topsoil blend shall be 
not more than 0.10-foot above or below the specified finish 
elevations.  Provide minimum 1.5% slope away from building toward 
drainage structures.

Walks:

The surface of areas under walks shall be shaped to line, grade, 
and cross section, and the finished surface shall be not more then 
0.0 foot above or 0.10-foot below the specified finish 
elevations.  Provide minimum 1.0% slope and maximum 2% slope away 
from building.  All sidewalks shall not have a slope greater than 
5%.  Also, all cross slopes must be between 1-2%.

Pavements:

The surface of areas under pavements shall be shaped to line, 
grade, and cross section, and the finished surface shall be not 
more than 1/2-inch above or below the specified finish 
elevations.  Provide positive flow away from building toward 
drainage structures or swales.  Slopes shall be 1-2% in 
handicapped areas and 1-3% in all other areas unless noted on the 
drawings.

3.16   DISPOSAL OF EXCESS AND WASTE MATERIALS

Surplus material or other soil material not required or suitable for 
filling or backfilling, and brush, refuse, stumps, roots, and timber shall 
be removed from Government property as directed by the Contracting Officer 
to a NASA approved disposal site.  All materials removed from site shall be 
approved by NASA GRC Waste Management.

         -- End of Section --
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SECTION 32 12 17

HOT MIX BITUMINOUS PAVEMENT

PART 1   GENERAL

1.1   SUMMARY

The work under this section shall include all labor, services, equipment, 
materials and tools necessary to install bituminous asphalt concrete 
pavement according to the Contract drawings and as specified herein.  The 
work includes preparing the subgrade surface, installing an aggregate base 
course, a bituminous aggregate intermediate course, an asphalt concrete 
wearing course, and joints abutting other construction.

The bituminous asphalt pavement shall be installed in the full depth 
replacement areas and in the new pavement areas as shown on the Contract 
drawings and pavement markings shall be restored.

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.

ASTM INTERNATIONAL (ASTM)

ASTM C 127 (2004) Density, Relative Density (Specific 
Gravity), and Absorption of Coarse 
Aggregate

ASTM C 128 (2004a) Density, Relative Density 
(Specific Gravity), and Absorption of Fine 
Aggregate

ASTM C 131 (2006) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine

ASTM C 188 (1995; R 2003) Density of Hydraulic Cement

ASTM C 88 (2005) Standard Test Method for Soundness 
of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate

ASTM D 1188 (1996; R 2002) Bulk Specific Gravity and 
Density of Compacted Bituminous Mixtures 
Using Paraffin-Coated Specimens

ASTM D 1559 (1989) Resistance to Plastic Flow of 
Bituminous Mixtures Using Marshall 
Apparatus

ASTM D 2041 (2003a) Theoretical Maximum Specific 
Gravity and Density of Bituminous Paving 
Mixtures
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ASTM D 2726 (2004) Bulk Specific Gravity and Density 
of Non-Absorptive Compacted Bituminous 
Mixtures

ASTM D 3666 (2007e1) Minimum Requirements for Agencies 
Testing and Inspecting Road and Paving 
Materials

ASTM D 4867/D 4867M (2004) Effect of Moisture on Asphalt 
Concrete Paving Mixtures

ASTM D 70 (2003) Specific Gravity and Density of 
Semi-Solid Bituminous Materials 
(Pycnometer Method)

ASTM D 854 (2002) Specific Gravity of Soil Solids by 
Water Pycnometer

STATE OF OHIO DEPARTMENT OF TRANSPORTATION (ODOT)

ODOT 304 (2010) Aggregate Base; and Subparts as 
Specified

ODOT 401 (2010) Asphalt Concrete Pavements- 
General; and Subparts as Specified

ODOT 448 (2010) Asphalt Concrete; and Subparts as 
Specified

ODOT 407 (2010) Tack Coat; and Subparts as Specified

ODOT 408 (2010) Prime Coat; and Subparts as 
Specified

ODOT 705 (2010) Concrete Pavement Incidentals; and 
Subparts as Specified

1.3   Related Requirements

Section 01 35 43.98 ENVIRONMENTAL PROTECTION PROCEDURES for disposal of 
construction and demolition waste.

1.4   SUBMITTALS

Government approval is required for all submittals. The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Construction Equipment List for all major pieces of equipment to 
be used to execute this specification shall be submitted by the 
Contractor.

SD-03 Product Data

Local/Regional Materials

Submit documentation indicating distance between manufacturing 
facility and the project site.  Indicate distance of raw material 

SECTION 32 12 17  Page 2



NASA GRC Steam Plant B12 Project N0. 11421

origin from the project site.  Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project.

  Aggregate

SD-05 Design Data

Mix Designs for each bituminous concrete mixture shall be 
submitted for approval for each type of bitmunous material 
specified.  Compliance with ODOT material specifications is 
mandatory.

SD-06 Test Reports

Specific gravity test of asphalt

Coarse aggregate tests

Percent of crushed pieces in gravel

Fine aggregate tests

Bituminous mixture tests

Aggregates tests

Bituminous mix tests

Pavement courses

SD-07 Certificates

Certificates of Compliance for the following items shall be 
submitted in accordance with the applicable reference standards 
and specifications contained within this section:

Coarse Aggregate Mineralogy and Gradation

Fine Aggregate Mineralogy and Gradation

Asphalt Cement

1.5   ENVIRONMENTAL CONDITIONS

Place bituminous mixture only during dry weather and on dry surfaces. Place 
courses only when the surface temperature of the underlying course is 
greater than 45 degrees F for course thicknesses two inch or greater and 55 
degrees F for course thicknesses less than two inch.

1.6   CONSTRUCTION EQUIPMENT

Calibrated equipment, such as scales, batching equipment, spreaders and 
similar equipment, shall have been recalibrated by a calibration laboratory 
approved by the Contracting Officer within 6 months of commencing work.
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1.6.1   Paving Equipment

1.6.1.1   Spreading Equipment

Self-propelled electronically controlled type, unless other equipment is 
authorized by the Contracting Officer.  Equip spreading equipment of the 
self-propelled electronically controlled type with hoppers, tamping or 
vibrating devices, distributing screws, electronically adjustable screeds, 
and equalizing devices.  Capable of spreading hot bituminous mixtures 
without tearing, shoving, or gouging and to produce a finished surface of 
specified grade and smoothness.  Operate spreaders, when laying mixture, at 
variable speeds between 5 and 45 feet per minute.  Design spreader with a 
quick and efficient steering device; a forward and reverse traveling speed; 
and automatic devices to adjust to grade and confine the edges of the 
mixture to true lines.  The use of a spreader that leaves indented areas or 
other objectionable irregularities in the fresh laid mix during operations 
is prohibited.  Spreading equipment shall meet ODOT 401.12.

1.6.1.2   Rolling Equipment

Self-propelled pneumatic-tired rollers supplemented by three-wheel and 
tandem type steel wheel rollers.  The number, type and weight of rollers 
shall be sufficient to compact the mixture to the required density without 
detrimentally affecting the compacted material.  Rollers shall be suitable 
for rolling hot-mix bituminous pavements and capable of reversing without 
backlash.  Pneumatic-tired rollers shall be capable of being operated both 
forward and backward without turning on the mat, and without loosening the 
surface being rolled.  Equip rollers with suitable devices and apparatus to 
keep the rolling surfaces wet and prevent adherence of bituminous mixture. 
Vibratory rollers especially designed for bituminous concrete compaction 
may be used provided rollers do not impair stability of pavement structure 
and underlying layers.  Repair depressions in pavement surfaces resulting 
from use of vibratory rollers.  Rollers shall be self-propelled, single or 
dual vibrating drums, and steel drive wheels, as applicable; equipped with 
variable amplitude and separate controls for energy and propulsion.  
Rollers shall meet ODOT 401.13 for 3 wheel and tandom rollers.

1.6.1.3   Mechanical Hand Tampers

Commercial type, operated by pneumatic pressure or by internal combustion.

PART 2   PRODUCTS

2.1   AGGREGATE BASE

The aggregate base shall consist of ODOT 304 aggregate base except that 
aggregate shall only consist of limestone or dolomite.  Slag shall not be 
permitted for any purpose.  All other requirements apply.  Thickness shall 
be as shown on the Contract drawings.

2.2   INTERMEDIATE COURSE

The intermediate course shall consist of ODOT 448 asphalt concrete.  All 
requirements found in ODOT 401 apply except that the aggregate shall 
consist only of limestone or dolomite.  Slag shall not be permitted for any 
purpose.  Thickness shall be as shown on the Contract drawings.

SECTION 32 12 17  Page 4



NASA GRC Steam Plant B12 Project N0. 11421

2.3   WEARING COURSE

The wearing course shall consist of ODOT 448 asphalt concrete.  All 
requirements found in ODOT 401 apply except that the aggregate shall 
consist only of limestone or dolomite.  Slag shall not be permitted for any 
purpose.  Thickness shall be as shown on the Contract drawings.

2.4   TACK COAT

The bituminous tack coat shall be rapid curing cut-back asphalt conforming 
to designation RC-70, as specified in ODOT 407.

2.5   JOINT SEALANT

The bituminous joint sealant shall be ODOT 705.04 hot-applied crack and 
joint sealer.

2.6   PRIME COAT

The bituminous prime coat shall comply with the requirements of ODOT 408, 
except that cover aggregate, where specified on the contract drawings, 
shall not be slag.

2.7   SOURCE QUALITY CONTROL

Employ a commercial laboratory approved by the Contracting Officer to 
perform testing.  The laboratory used to develop the JMF and the laboratory 
used to perform all sampling and testing shall meet the requirements of 
ASTM D 3666.  A certification signed by the manager of the laboratory 
stating that it meets these requirements or clearly listing all 
deficiencies shall be submitted to the Contracting Officer prior to the 
start of construction.  The certification shall contain as a minimum:

   a.  Qualifications of personnel; laboratory manager, supervising 
technician, and testing technicians.

   b.  A listing of equipment to be used in developing the job mix.

   c.  A copy of the laboratory's quality control system.

   d.  Evidence of participation in the AASHTO Materials Reference 
Laboratory (AMRL) program.

2.7.1   Tests

Perform testing in accordance with the following:

a.  Specific Gravity Test of Asphalt:  ASTM D 70

b.  Coarse Aggregate Tests:

(1)  Bulk Specific Gravity:  ASTM C 127

(2)  Abrasion Loss:  ASTM C 131

(3)  Soundness Loss:  ASTM C 88

d.  Percent of Crushed Pieces in Gravel:  Count by observation and 
weight
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e.  Fine Aggregate Tests:

(1)  Bulk Specific Gravity:  ASTM C 128

(2)  Soundness Loss:  ASTM C 88

f.  Specific Gravity of Mineral Filler:  ASTM C 188 or ASTM D 854

g.  Bituminous Mixture Tests:

(1)  Bulk Specific Gravity:  ASTM D 1188 or ASTM D 2726

(2)  Theoretical Maximum Specific Gravity:  ASTM D 2041

(3)  Tensile Strength Ratio:  ASTM D 4867/D 4867M

PART 3   EXECUTION

3.1   PREPARATION

3.1.1   Preparation of Asphalt Binder Material

The asphalt cement material shall be heated avoiding local overheating and 
providing a continuous supply of the asphalt material to the mixer at a 
uniform temperature.  The temperature of unmodified asphalts shall be no 
more than 325 degrees F when added to the aggregates.  Modified asphalts 
shall be no more than 350 degrees F when added to the aggregate.

3.1.2   Spraying of Contact Surfaces

Spray contact surfaces of previously constructed pavement with a thin coat 
of bituminous materials to act as an anti-stripping agent,  Paint contact 
surfaces of structures with a thin coat of emulsion or other approved 
bituminous material prior to placing the bituminous mixture.  Tack coat the 
previously placed primed coats on base courses when surface has become 
excessively dirty and cannot be cleaned or when primed surface has cured to 
the extent that it has lost all bonding effect.

3.2   PLACEMENT

The range of temperatures of the mixtures at the time of spreading shall be 
between 250 degrees F and 300 degrees F.  Bituminous concrete having 
temperatures less than minimum spreading temperature when dumped into the 
spreader will be rejected.  Adjust spreader and regulate speed so that the 
surface of the course is smooth and continuous without tears and pulling, 
and of such depth that, when compacted, the surface conforms with the cross 
section, grade, and contour indicated.Construct longitudinal joints and 
edges to true line markings. Establish lines parallel to the centerline of 
the area to be paved, and place string lines coinciding with the 
established lines for the spreading machine to follow.

3.2.1   Machine Spreading

Machine place hot-mix asphalt on prepared surface, spread uniformly, and 
strike off.  Place asphalt mix by hand to areas inaccessible to equipment 
in a manner that prevents segregation of mix.  Place each course to 
required grade, cross section, and thickness when compacted.  Place hot-mix 
asphalt base course in  number of lifts and thicknesses indicated.  Place 
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hot-mix asphalt surface course in single lift.  Begin applying mix along 
centerline of crown for crowned sections and on high side of one-way slopes 
unless otherwise indicated.  Regulate paver machine speed to obtain smooth, 
continuous surface free of pulls and tears in asphalt-paving mat.

3.2.2   Shoveling, Raking, and Tamping After Machine-Spreading

Shovelers and rakers shall follow the spreading machine.  Add or remove hot 
mixture and rake the mixture as required to obtain a course that when 
completed will conform to requirements specified herein.  Broadcasting or 
fanning of mixture over areas being compacted is prohibited.  When 
segregation occurs in the mixture during placing, suspend spreading 
operation until the cause is determined and corrected.  Correct 
irregularities in alinement left by the spreader by trimming directly 
behind the machine.  Immediately after trimming, compact edges of the 
course by tamping laterally with a metal lute or by other approved methods. 
Distortion of the course during tamping is prohibited.

3.2.3   Hand-Spreading in Lieu of Machine-Spreading

In areas where the use of machine spreading is impractical, spread mixture 
by hand.  The range of temperatures of the mixtures when dumped onto the 
area to be paved shall be between 250 and 300 degrees F.  Mixtures having 
temperatures less than minimum spreading temperature when dumped onto the 
area to be paved will be rejected.  Spread hot mixture with rakes in a 
uniformly loose layer of a thickness that, when compacted, will conform to 
the required grade, thickness, and smoothness.  During hand spreading, 
place each shovelful of mixture by turning the shovel over in a manner that 
will prevent segregation.  Do not place mixture by throwing or broadcasting 
from a shovel.  Do not dump loads any faster than can be properly handled 
by the shovelers and rakers.

3.3   COMPACTION OF MIXTURE

Compact mixture by rolling.  Begin rolling as soon as placement of mixture 
will bear rollers.  Delays in rolling freshly spread mixture shall not be 
permitted.  Start rolling longitudinally at the extreme sides of the lanes 
and proceed toward center of pavement, or toward high side of pavement with 
a one-way slope.  Operate rollers so that each trip overlaps the previous 
adjacent strip by at least one foot.  Alternate trips of the roller shall 
be of slightly different lengths.  Conduct tests for conformity with the 
specified crown, grade and smoothness immediately after initial rolling. 
Before continuing rolling, correct variations by removing or adding 
materials as necessary.  If required, subject course to diagonal rolling 
with the steel wheeled roller crossing the lines of the previous rolling 
while mixture is hot and in a compactible condition.  Speed of the rollers 
shall be slow enough to avoid displacement of hot mixture.  Correct 
displacement of mixture immediately by use of rakes and fresh mixture, or 
remove and replace mixture as directed.  Continue rolling until roller 
marks are eliminated and course has a density of at least 97 percent but 
not more than 100 percent of that attained in a laboratory specimen of the 
same mixture prepared in accordance with ASTM D 1559.  During rolling, 
moisten wheels of the rollers enough to prevent adhesion of mixture to 
wheels, but excessive water is prohibited.  Operation of rollers shall be 
by competent and experienced operators.  Provide sufficient rollers for 
each spreading machine in operation on the job and to handle plant output.  
In places not accessible to the rollers, compact mixture thoroughly with 
hot hand tampers.  Skin patching of an area after compaction is 
prohibited.  Remove mixture that becomes mixed with foreign materials or is 
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defective and replace with fresh mixture compacted to the density specified 
herein.  Roller shall pass over unprotected edge of the course only when 
laying of course is to be discontinued for such length of time as to permit 
mixture to become cold.

3.4   JOINTS

Joints shall present the same texture and smoothness as other portions of 
the course, except permissible density at the joint may be up to 2 percent 
less than the specified course density.  Carefully make joints between old 
and new pavement or within new pavements in a manner to ensure a thorough 
and continuous bond between old and new sections of the course.  Vertical 
contact surfaces of previously constructed sections that are coated with 
dust, sand, or other objectionable material shall be painted with a thin 
uniform coat of emulsion or other approved bituminous material just before 
placing fresh mixture.

3.4.1   Transverse

Roller shall pass over unprotected end of freshly laid mixture only when 
laying of course is to be discontinued.  Except when an approved bulkhead 
is used, cut back the edge of previously laid course to expose an even, 
vertical surface for the full thickness of the course.  When required, rake 
fresh mixture against joints, thoroughly tamp with hot tampers, smooth with 
hot smoothers, and roll.  Transverse joints in adjacent lanes shall be 
offset a minimum of 2 feet.

3.4.2   Longitudinal Joints

Space 6 inches apart.  Do not allow joints to coincide with joints of 
existing pavement or previously placed courses.  Spreader screed shall 
overlap previously placed lanes 2 to 3 inches and be of such height to 
permit compaction to produce a smooth dense joint.  With a lute, push back 
mixture placed on the surface of previous lanes to the joint edge.  Do not 
scatter mix.  Remove and waste excess material.  When edges of longitudinal 
joints are irregular, honeycombed, or poorly compacted, cut back 
unsatisfactory sections of joint and expose an even vertical surface for 
the full thickness of the course.  When required, rake fresh mixture 
against joint, thoroughly tamp with hot tampers, smooth with hot smoothers, 
and roll while hot.

3.5   FIELD QUALITY CONTROL

a.  Smoothness:  Straightedge test the compacted surface of leveling, 
binder, and wearing courses as work progresses. Apply straightedge 
parallel with and at right angles to the closest adjacent curb 
after final rolling.  Unevenness of leveling and binder courses 
shall not vary more than 1/4 inch in 10 feet; variations in the 
wearing course shall not vary more than 1/8 inch in 10 feet.  
Correct each portion of the pavement showing irregularities 
greater than that specified.

b.  Finished Grades:  Finish grades of each course placed shall not 
vary from the finish elevations, profiles, and cross sections 
indicated by more than 1/2 inch.  Finished surface of the final 
wearing course will be tested by running lines of levels at 
intervals of 25 feet longitudinally and transversely to determine 
elevations of completed pavement.  Within 45 days after completion 
of final placement, perform a level survey at the specified grid 
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spacing and plot the results on a plan drawn to the same scale as 
the drawings.  Elevations not in conformance with the specified 
tolerance shall be noted on the plan in an approved manner.  The 
survey shall be performed by a registered land surveyor.  The 
Contracting Officer will inform the Contractor in writing of paved 
areas that fail to meet the final grades indicated within the 
specified tolerances.  Correct deficient paved areas by removing 
existing work and replacing with new materials that meet the 
specifications.  Skin patching for correcting low areas is 
prohibited.

c.  Finish Surface Texture of Wearing Course:  Visually check final 
surface texture for uniformity and reasonable compactness and 
tightness.  Final wearing course with a surface texture having 
undesirable irregularities such as segregation, cavities, pulls or 
tears, checking, excessive exposure of coarse aggregates, sand 
streaks, indentations, ripples, or lack of uniformity shall be 
removed and replaced with new materials.

d.  Employ a commercial laboratory approved by the Contracting Officer 
to perform all sampling and testing.  The laboratory used shall 
meet the requirements of ASTM D 3666 and as indicated in SOURCE 
QUALITY CONTROL section.

3.6   PROTECTION

Do not permit vehicular traffic, including heavy equipment, on pavement 
until surface temperature has cooled to at least 120 degrees F.  Measure 
surface temperature by approved surface thermometers or other satisfactory 
methods.

       -- End of Section --
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SECTION 32 16 13

EXTERIOR CONCRETE SLABS, WALKS, AND CURBS

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.

ACI INTERNATIONAL (ACI)

ACI 223 (1983) Standard Practice for the Use of 
Shrinkage-Compensating Concrete

ACI 305R (1999) Hot Weather Concreting

ACI 306R (1988; R 2002) Cold Weather Concreting

ACI 316R (1982) Construction of Concrete Pavements 
and Concrete Bases, Recommendations for

ACI 318 (2005) Building Code Requirements for 
Structural Concrete and Commentary

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 260 (1997; R 2001) Sampling and Testing for 
Chloride Ion in Concrete and Concrete Raw 
Materials

ASTM INTERNATIONAL (ASTM)

ASTM C 143 (2005) Slump of Hydraulic Cement Concrete

ASTM C 172 (2008) Standard Practice for Sampling 
Freshly Mixed Concrete

ASTM C 173/C 173M (2001e1) Air Content of Freshly Mixed 
Concrete by the Volumetric Method

ASTM C 231 (2004) Air Content of Freshly Mixed 
Concrete by the Pressure Method

ASTM C 260 (2006) Standard Specification for 
Air-Entraining Admixtures for Concrete

ASTM C 309 (2003) Liquid Membrane-Forming Compounds 
for Curing Concrete

ASTM C 31/C 31M (2009) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C 39 (2005e1e2) Standard Test Method for 
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Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C 494 (2008a) Standard Specification for 
Chemical Admixtures for Concrete

ASTM C 920 (2008) Standard Specification for 
Elastomeric Joint Sealants

ASTM C 94 (2007) Standard Specification for 
Ready-Mixed Concrete

ASTM D 1751 (2004; R 2008) Standard Specification for 
Preformed Expansion Joint Filler for 
Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (2004a; R 2008) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
PVC Expansion

ASTM D 5893 (2004) Cold Applied, Single Component, 
Chemically Curing Silicone Joint Sealant 
for Portland Cement Concrete Pavements

STATE OF OHIO DEPARTMENT OF TRANSPORTATION

ODOT 499 (2010) Concrete General; and Subparts as 
Specified

ODOT 509 (2010) Reinforcing Steel; and Subparts as 
Specified

ODOT 511 (2010) Concrete for Structures; and 
Subparts as Specified

ODOT 701 (2010) Hydraulic Cement; and Subparts as 
Specified

ODOT 705 (2010) Concrete Pavement Incidentals; and 
Subparts as Specified

ODOT 709 (2010) Reinforcing Steel; and Subparts as 
Specified

1.2   Related Requirements

Section 01 35 43.98 ENVIRONMENTAL PROTECTION PROCEDURES for disposal of 
construction and demolition waste.

1.3   SUBMITTALS

Government approval is required for all submittals.  The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

      
SD-02 Shop Drawings

Fabrication Drawings for the following items shall be submitted 
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showing size and spacing:

Reinforcing Steel

Bar Lists

Erection/Installation Drawings shall be submitted including the 
size and spacing for the following items:

Reinforcing Steel

Bar Lists

Expansion and Construction Joint Details

SD-03 Product Data

Concrete

Copies of certified delivery tickets for all concrete used in the 
construction.

Local/Regional Materials

Submit documentation indicating distance between manufacturing 
facility and the project site.  Indicate distance of raw material 
origin from the project site.  Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project.

Aggregate

Cement

Reinforcing Steel

Fly Ash

Submit documentation indicating percentage of post-industrial and 
post-consumer recycled content per unit of product.  Indicate 
relative dollar value of recycled content products to total dollar 
value of recycled content products to total dollar value of 
products included in project.

Fly Ash

Reinforcing Steel

SD-05 Design Data

Mix Designs shall be submitted for approval for each concrete 
class.  The design for concrete properties shall equal or exceed 
the specified design properties.

SD-06 Test Reports

Test Reports for the following items shall be submitted in 
accordance with the paragraph entitled, "Concrete Testing During 
Construction:"
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Slump

Air Content

Cylinder Test Specimens

SD-07 Certificates

Certificates of Compliance shall be submitted for the following 
items demonstrating conformance with the referenced specifications 
contained in this section.  Certificates must contain project name 
and Contract number, date, name of Contractor, name of concrete 
testing service, source and mineralogy of aggregates, complete 
catalog information for all manufactured products proposed and 
test results.

Reinforcing steel

Form materials

Curing and sealing materials

Joint materials

Concrete materials

Concrete mix design

SD-08 Manufacturer's Instructions

Manufacturer's Instructions for all products used shall be 
submitted, including any special instructions for equipment 
installation, for approval prior to use.

1.4   LABORATORY AND FIELD SAMPLING AND TESTING SERVICE

Sampling and testing services shall be provided by the Contractor at the 
direction of the Contracting Officers Technical Representative (COTR).  The 
testing service agency shall be approved prior to commencing construction.  
The field testing shall be done to determine conformance with reference 
specifications and for quality control.Text

1.4.1   Laboratory Testing

Laboratory testing shall consist of running compressive strength tests on 
concrete cylinders prepared in the field according to ASTM C 39.

1.4.2   Field Testing and Quality Control During Construction

Concrete shall be sampled and tested at the direction of the COTR and as 
follows: 

   REQUIREMENT         TEST METHOD         NUMBER OF TESTS

    Sampling            ASTM C 172      As required for each test.

    Slump               ASTM C 143      One for each concrete load;
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                                        one each time water or an
                                        admixture is added to the mix.

    Air Content         ASTM C 231      One at the point of delivery
                                        for each load and one for each
                                        set of compressive strength tests. 
  
    Compression test    ASTM C 31/C 31M One set of four (4) standard
                                        specimens cylinders for each       
                                        compressive strength test.

1.5   WEATHER LIMITATIONS

1.5.1   Placing During Cold Weather

Concrete placement shall not take place when the air temperature reaches 40 
degrees F and is falling, or is already below that point.  Placement may 
begin when the air temperature reaches 35 degrees F and is rising, or is 
already above 40 degrees F.  Provisions shall be made to protect the 
concrete from freezing during the specified curing period.  If necessary to 
place concrete when the temperature of the air, aggregates, or water is 
below 35 degrees F, placement and protection shall be approved in writing.  
Approval will be contingent upon full conformance with the following 
provisions.  The underlying material shall be prepared and protected so 
that it is entirely free of frost when the concrete is deposited.  Mixing 
water and aggregates shall be heated as necessary to result in the 
temperature of the in-place concrete being between 50 and 85 degrees F.  
Methods and equipment for heating shall be approved.  The aggregates shall 
be free of ice, snow, and frozen lumps before entering the mixer.  Covering 
and other means shall be provided for maintaining the concrete at a 
temperature of at least 50 degrees F for not less than 72 hours after 
placing, and at a temperature above freezing for the remainder of the 
curing period.

1.5.2   Placing During Warm Weather

The temperature of the concrete as placed shall not exceed 90 degrees F 
except where an approved retarder is used.  The mixing water and/or 
aggregates shall be cooled, if necessary, to maintain a satisfactory 
placing temperature.  The placing temperature shall not exceed 95 degrees F 
at any time.

1.6   PLANT, EQUIPMENT, MACHINES, AND TOOLS

1.6.1   General Requirements

Plant, equipment, machines, and tools used in the work shall be subject to 
approval and shall be maintained in a satisfactory working condition at all 
times.  The equipment shall have the capability of producing the required 
product, meeting grade controls, thickness control and smoothness 
requirements as specified.  Use of the equipment shall be discontinued if 
it produces unsatisfactory results.  The Contracting Officer shall have 
access at all times to the plant and equipment to ensure proper operation 
and compliance with specifications.

1.6.2   Slip Form Equipment

Slip form paver or curb forming machine, will be approved based on trial 
use on the job and shall be self-propelled, automatically controlled, 

SECTION 32 16 13  Page 5



NASA GRC Steam Plant B12 Project N0. 11421

crawler mounted, and capable of spreading, consolidating, and shaping the 
plastic concrete to the desired cross section in 1 pass.

PART 2   PRODUCTS

2.1   READY MIX CONCRETE

Concrete shall be ready-mix and shall conform to ASTM C 94.

The provisions contained in ODOT 499 apply to this specification as 
modified herein:

Minimum 28 day compressive strength of 4000 psi.

Maximum chloride ion content of 0.30% by weight of cement in mix per 
cubic meter according to AASHTO T 260.

Air entrainment of 5% to 7% at point of placement.

Maximum delivered slump shall be  (4 inches).

Maximum water-cement ratio shall be 0.40.

Coarse aggregate shall be limestone or dolomite only.

Mix water shall be potable.

2.1.1   Admixtures

The COTR shall approve all proposed admixture products prior to their use.  
The COTR, at his discretion, may direct the Contractor as to which 
admixtures to use.  The application of all admixtures shall be done in 
strict accordance with the manufacturers instructions.

The Contractor is encouraged to use some or all of the following admixtures 
to ease constructability while complying with this specification and to 
produce a more durable product:

Slump may be increased to a maximum of  (8 inches) by adding an approved 
superplastisizer at the job site to ease casting.

Note:  water shall not be added at the job site for the purpose of 
increasing slump and easing casting.

Accelerator shall be non-corrosive and shall not contribute more than 
0.005% chloride ion content by weight of cement and will comply with 
ASTM C 494, Type C.

A corrosion inhibiting admixture shall be included where concrete will be 
exposed to deicing salts or any other corrosive environment at the maximum 
rate allowed by the manufacturer.

Set-retarding admixture shall comply with ASTM C 494, Type D.

Water-reducing admixture shall comply with ASTM C 494, Type A.

Air-entraining admixture shall comply with ASTM C 260.
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2.1.2   Shrinkage Compensating Concrete

The above specifications apply to this section and shall include the 
following:

Shrinkage compensating concrete shall be Type K constructed according to 
ACI 223 and ODOT 701.08.

Minimum cement content per cubic foot 515 pounds.

Maximum water-cement ratio can be increased to 0.50.

Maximum delivered slump is 4 inches.

2.2   REINFORCING MATERIALS

2.2.1   Epoxy-Coated Reinforcing Steel

Epoxy-coated reinforcing bars shall meet the requirements of ODOT 709.

2.2.1.1   Deformed and Plain Billet Steel Bars for Concrete Reinforcement

Reinforcing bars shall meet the material requirements of ODOT 709.01.

2.3   CURING AND SEALING COMPOUND

Curing and sealing compound shall conform to ODOT 705.07 Type A and 
ASTM C 309.

2.4   JOINT FILLER STRIPS

2.4.1   Contraction Joint Filler for Curb and Gutter

Contraction joint filler for curb and gutter shall consist of hard-pressed 
fiberboard.

2.4.2   Expansion Joint Filler, Premolded

Expansion joint filler, premolded, shall conform to ASTM D 1751 or 
ASTM D 1752,  1/2 inch thick, unless otherwise indicated.

2.5   JOINT SEALANTS

Joint sealant, cold-applied shall conform to ASTM C 920 or ASTM D 5893.

2.6   FORM MATERIALS

Forms shall be of wood, steel or other material approved by the COTR, and 
shall conform to ACI 318.

2.6.1   Sidewalk Forms

Sidewalk forms shall be of a height equal to the full depth of the finished 
sidewalk.

2.6.2   Curb Forms

Curb outside forms shall have a height equal to the full depth of the 
curb.  The inside form of curb shall have batter as indicated and shall be 
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securely fastened to and supported by the outside form.  Rigid forms shall 
be provided for curb returns, except that benders or thin plank forms may 
be used for curb or curb returns with a radius of 10 feet or more, where 
grade changes occur in the return, or where the central angle is such that 
a rigid form with a central angle of 90 degrees cannot be used.  Back forms 
for curb returns may be made of 1-1/2 inch benders, for the full height of 
the curb, cleated together.  In lieu of inside forms for curbs, a curb 
"mule" may be used for forming and finishing this surface, provided the 
results are approved.

PART 3   EXECUTION

3.1   GENERAL

Concrete shall be constructed in accordance with ACI 318 Building Code,    
ACI 305R, ACI 306R, ACI 316R, and ODOT 511.

3.2   SUBGRADE PREPARATION

The subgrade shall be constructed to the specified grade and cross section 
prior to concrete placement.  Subgrade shall be placed and compacted in 
conformance with Section 31 00 00.

3.2.1   Sidewalk Subgrade

The subgrade shall be tested for grade and cross section with a template 
extending the full width of the sidewalk and supported between side forms.

3.2.2   Curb Subgrade

The subgrade shall be tested for grade and cross section by means of a 
template extending the full width of the curb.  The subgrade shall be of 
materials equal in bearing quality to the subgrade under the adjacent 
pavement.

3.2.3   Maintenance of Subgrade

The subgrade shall be maintained in a smooth, compacted condition in 
conformity with the required section and established grade until the 
concrete is placed.  The subgrade shall be in a moist condition when 
concrete is placed.  The subgrade shall be prepared and protected to 
produce a subgrade free from frost when the concrete is deposited.

3.2.4   Sidewalks

Forms for sidewalks shall be set with the upper edge true to line and grade 
with an allowable tolerance of 1/8 inch in any 10 foot long section.  After 
forms are set, grade and alignment shall be checked with a 10 foot 
straightedge.  Forms shall have a transverse slope of 1/8 inch per foot 
with the low side adjacent to the roadway.  Side forms shall not be removed 
for 12 hours after finishing has been completed.

3.2.5   Curbs

The forms of the front of the curb shall be removed not less than 2 hours 
nor more than 6 hours after the concrete has been placed.  Forms back of 
curb shall remain in place until the face and top of the curb have been 
finished, as specified for concrete finishing.
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3.3   SIDEWALK CONCRETE PLACEMENT AND FINISHING

3.3.1   Formed Sidewalks

Concrete shall be placed in the forms in one layer.  When consolidated and 
finished, the sidewalks shall be of the thickness indicated.  After 
concrete has been placed in the forms, a strike-off guided by side forms 
shall be used to bring the surface to proper section to be compacted.  The 
concrete shall be consolidated with an approved vibrator, and the surface 
shall be finished to grade with a strike off.

3.3.2   Concrete Finishing

After straightedging, when most of the water sheen has disappeared, and 
just before the concrete hardens, the surface shall be finished with a wood 
float or darby to a smooth and uniformly fine granular or sandy texture 
free of waves, irregularities, or tool marks.  A scored surface shall be 
produced by brooming with a fiber-bristle brush in a direction transverse 
to that of the traffic, followed by edging.

3.3.3   Edge and Joint Finishing

All slab edges, including those at formed joints, shall be finished with an 
edger having a radius of 1/8 inch.  Transverse joint shall be edged before 
brooming, and the brooming shall eliminate the flat surface left by the 
surface face of the edger.  Corners and edges which have crumbled and areas 
which lack sufficient mortar for proper finishing shall be cleaned and 
filled solidly with a properly proportioned mortar mixture and then 
finished.

3.3.4   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 5/16 inch from the testing edge 
of a 10-foot straightedge.  Permissible deficiency in section thickness 
will be up to 1/4 inch.

3.4   CURB CONCRETE PLACEMENT AND FINISHING

3.4.1   Formed Curb

Concrete shall be placed to the section required in a single lift.  
Consolidation shall be achieved by using approved mechanical vibrators.

3.4.2   Curb Finishing

Approved slipformed curb machines may be used in lieu of hand placement.

3.4.3   Concrete Finishing

Exposed surfaces shall be floated and finished with a smooth wood float 
until true to grade and section and uniform in texture.  Floated surfaces 
shall then be brushed with a fine-hair brush with longitudinal strokes.  
The edges of the gutter and top of the curb shall be rounded with an edging 
tool to a radius of 1/2 inch.  Immediately after removing the front curb 
form, the face of the curb shall be rubbed with a wood or concrete rubbing 
block and water until blemishes, form marks, and tool marks have been 
removed.  The front curb surface, while still wet, shall be brushed in the 
same manner as the curb top.
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3.4.4   Joint Finishing

Curb edges at formed joints shall be finished as indicated.

3.4.5   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 1/4 inch from the testing edge 
of a 10-foot straightedge.  Permissible deficiency in section thickness 
will be up to 1/4 inch.

3.5   SIDEWALK JOINTS

Sidewalk joints shall be constructed to divide the surface into rectangular 
areas.  Transverse contraction joints shall be spaced at a distance equal 
to the sidewalk width or 5 feet on centers, whichever is less, and shall be 
continuous across the slab.  Longitudinal contraction joints shall be 
constructed along the centerline of all sidewalks 10 feet or more in 
width.  Transverse expansion joints shall be installed at sidewalk returns 
and opposite expansion joints in adjoining curbs.  Where the sidewalk is 
not in contact with the curb, transverse expansion joints shall be 
installed as indicated.  Expansion joints shall be formed about structures 
and features which project through or into the sidewalk pavement, using 
joint filler of the type, thickness, and width indicated.  Expansion joints 
are not required between sidewalks and curb that abut the sidewalk 
longitudinally.

3.5.1   Sidewalk Contraction Joints

The contraction joints shall be formed in the fresh concrete by cutting a 
groove in the top portion of the slab to a depth of at least one-fourth of 
the sidewalk slab thickness, using a jointer to cut the groove, or by 
sawing a groove in the hardened concrete with a power-driven saw, unless 
otherwise approved.  Sawed joints shall be constructed by sawing a groove 
in the concrete with a 1/8 inch blade to the depth indicated.  An ample 
supply of saw blades shall be available on the job before concrete 
placement is started, and at least one standby sawing unit in good working 
order shall be available at the jobsite at all times during the sawing 
operations.

3.5.2   Sidewalk Expansion Joints

Expansion joints shall be formed with 1/2 inch joint filler strips.  Joint 
filler in expansion joints surrounding structures and features within the 
sidewalk may consist of preformed filler material conforming to ASTM D 1752 
or building paper.  Joint filler shall be held in place with steel pins or 
other devices to prevent warping of the filler during floating and 
finishing.  Immediately after finishing operations are completed, joint 
edges shall be rounded with an edging tool having a radius of 1/8 inch, and 
concrete over the joint filler shall be removed.  At the end of the curing 
period, expansion joints shall be cleaned and filled with cold-applied 
joint sealant.  Joint sealant shall be gray or stone in color.  The joint 
opening shall be thoroughly cleaned before the sealing material is placed.  
Sealing material shall not be spilled on exposed surfaces of the concrete.  
Concrete at the joint shall be surface dry and atmospheric and concrete 
temperatures shall be above 50 degrees F at the time of application of 
joint sealing material.  Excess material on exposed surfaces of the 
concrete shall be removed immediately and concrete surfaces cleaned.
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3.5.3   Reinforcement Steel Placement

The requirements of ODOT 509 shall be strictly adhered to.

Reinforcing bar shall be free of loose, flaky rust and scale as well as any 
other deleterious materials such as oil, grease or paint that would reduce 
the bond with the concrete.  WWF shall be delivered and installed as flat 
sheets only.

Epoxy coated bar shall be installed as shown on the Contract drawings and 
according to ODOT 509.10.

Reinforcement shall be secured in the formwork or on the subgrade surface 
by ties and chairs of sufficient number and strength to prevent movement 
during placement and casting operations.

Reinforcement steel shall be accurately and securely fastened in place with 
suitable supports and ties before the concrete is placed.

3.6   CURB JOINTS

Curb joints shall be constructed at right angles to the line of curb.

3.6.1   Contraction Joints

Contraction joints shall be constructed directly opposite contraction 
joints in abutting portland cement concrete pavements and spaced so that 
monolithic sections between curb returns will not be less than 5 feet nor 
greater than 15 feet in length.

a.  Contraction joints (except for slip forming) shall be constructed 
by means of 1/8 inch thick separators and of a section conforming to 
the cross section of the curb.  Separators shall be removed as soon as 
practicable after concrete has set sufficiently to preserve the width 
and shape of the joint and prior to finishing.

b.  When slip forming is used, the contraction joints shall be cut in 
the top portion of the curb hardened concrete in a continuous cut 
across the curb, using a power-driven saw.  The depth of cut shall be 
at least one-fourth of the curb depth and 1/8 inch in width.

3.6.2   Expansion Joints

Expansion joints shall be formed by means of preformed expansion joint 
filler material cut and shaped to the cross section of curb.  Expansion 
joints shall be provided in curb directly opposite expansion joints of 
abutting portland cement concrete pavement, and shall be of the same type 
and thickness as joints in the pavement.  Where curb do not abut portland 
cement concrete pavement, expansion joints at least 1/2 inch in width shall 
be provided at intervals not less than 30 feet nor greater than 120 feet.  
Expansion joints shall be provided in nonreinforced concrete gutter at 
locations indicated.  Expansion joints shall be sealed immediately 
following curing of the concrete or as soon thereafter as weather 
conditions permit.  Expansion joints and the top 1 inch depth of curb 
contraction-joints shall be sealed with joint sealant.  The joint opening 
shall be thoroughly cleaned before the sealing material is placed.  Sealing 
material shall not be spilled on exposed surfaces of the concrete.  
Concrete at the joint shall be surface dry and atmospheric and concrete 
temperatures shall be above 50 degrees F at the time of application of 
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joint sealing material.  Excess material on exposed surfaces of the 
concrete shall be removed immediately and concrete surfaces cleaned.

3.7   CURING AND PROTECTION

3.7.1   General Requirements

Fresh concrete shall be cured in accordance with ODOT 511  Method (b) using 
an approved liquid membrane curing compound.  Traffic on new concrete will 
be restricted for a minimum of 14 days to allow proper curing to occur.

Concrete shall be protected against loss of moisture and rapid temperature 
changes for at least 7 days from the beginning of the curing operation.  
Unhardened concrete shall be protected from rain and flowing water.  All 
equipment needed for adequate curing and protection of the concrete shall 
be on hand and ready for use before actual concrete placement begins.  
Protection shall be provided as necessary to prevent cracking of the 
pavement due to temperature changes during the curing period.

3.7.2   Backfilling

After curing, debris shall be removed and the area adjoining the concrete 
shall be backfilled, graded, and compacted to conform to the surrounding 
area in accordance with lines and grades indicated.

3.7.3   Protection

Completed concrete shall be protected from damage until accepted.  The 
Contractor shall repair damaged concrete and clean concrete discolored 
during construction.  Concrete that is damaged shall be removed and 
reconstructed for the entire length between regularly scheduled joints.  
Refinishing the damaged portion will not be acceptable.  Removed damaged 
portions shall be disposed of as directed.

3.8   FIELD QUALITY CONTROL

3.8.1   General Requirements

Quality control and field testing during construction is the responsibility 
of the Contractor.

Specimens shall be tested for compressive strength at 7 days and at 28 days.

The Contractor shall perform the inspection and tests described and meet 
the specified requirements for inspection details and frequency of 
testing.  Based upon the results of these inspections and tests, the 
Contractor shall take the action and submit reports as required below, and 
any additional tests to insure that the requirements of these 
specifications are met.

3.8.2   Concrete Testing

3.8.2.1   Strength Testing

The Contractor shall provide molded concrete specimens for strength tests.  
Samples of concrete placed each day shall be taken from the first load of 
concrete each day and every fifth load after.  The samples for strength 
tests shall be taken in accordance with ASTM C 172.  Cylinders for 
acceptance shall be molded in conformance with ASTM C 31/C 31M by an 
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approved testing laboratory.  Each strength test result shall be the 
average of 2 test cylinders from the same concrete sample tested at 28 
days, unless otherwise specified or approved.  Concrete specified on the 
basis of compressive strength will be considered satisfactory if the 
averages of all sets of three consecutive strength test results equal or 
exceed the specified strength, and no individual strength test result falls 
below the specified strength by more than 500 psi.

3.8.2.2   Air Content

Air content shall be determined in accordance with ASTM C 173/C 173M or 
ASTM C 231.  ASTM C 231 shall be used with concretes and mortars made with 
relatively dense natural aggregates.  Two tests for air content shall be 
made on randomly selected batches of each class of concrete placed during 
each shift.  Additional tests shall be made when excessive variation in 
concrete workability is reported by the placing foreman or the Government 
inspector.  If results are out of tolerance, the placing foreman shall be 
notified and he shall take appropriate action to have the air content 
corrected at the plant.  Additional tests for air content will be performed 
on each truckload of material until such time as the air content is within 
the tolerance specified.

3.8.2.3   Slump Test

A slump test shall be made on every batch of concrete placed.  Additional 
tests shall be performed when excessive variation in the workability of the 
concrete is noted or when excessive crumbling or slumping is noted along 
the edges of slip-formed concrete.

3.8.2.4   Surface Evaluation

The finished surface of each category of the completed work shall be 
uniform in color and free of blemishes and form or tool marks.

3.9   SURFACE DEFICIENCIES AND CORRECTIONS

3.9.1   Thickness Deficiency

When measurements indicate that the completed concrete section is deficient 
in thickness by more than 1/4 inch the deficient section will be removed, 
between regularly scheduled joints, and replaced.

3.9.2   High Areas

In areas not meeting surface smoothness and plan grade requirements, high 
areas shall be reduced either by rubbing the freshly finished concrete with 
carborundum brick and water when the concrete is less than 36 hours old or 
by grinding the hardened concrete with an approved surface grinding machine 
after the concrete is 36 hours old or more.  The area corrected by grinding 
the surface of the hardened concrete shall not exceed 5 percent of the area 
of any integral slab, and the depth of grinding shall not exceed 1/4 inch.  
Pavement areas requiring grade or surface smoothness corrections in excess 
of the limits specified above shall be removed and replaced.

3.9.3   Appearance

Exposed surfaces of the finished work will be inspected by the Government 
and any deficiencies in appearance will be identified.  Areas which exhibit 
excessive cracking, discoloration, form marks, or tool marks or which are 
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otherwise inconsistent with the overall appearances of the work shall be 
removed and replaced.

         -- End of Section --
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SECTION 32 92 19

SEEDING
10/06

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 C 602 (2007) Agricultural Liming Materials

ASTM D 4427 (2007) Peat Samples by Laboratory Testing

ASTM D 4972 (2001; R 2007) pH of Soils

U.S. DEPARTMENT OF AGRICULTURE (USDA)

AMS Seed Act (1940; R 1988; R 1998) Federal Seed Act

DOA SSIR 42 (1996) Soil Survey Investigation Report 
No. 42, Soil Survey Laboratory Methods 
Manual, Version 3.0

1.2   DEFINITIONS

1.2.1   Stand of Turf or Lawn

95 percent ground cover of the established species.

1.3   RELATED REQUIREMENTS

Section 31 00 00 EARTHWORK, with additions and modifications herein.

1.4   SUBMITTALS

Government approval is required for all submittals.  The following shall be 
submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Data

Wood cellulose fiber mulch

Fertilizer

Include physical characteristics, and recommendations.

SD-06 Test Reports

Topsoil composition tests (reports and recommendations).

SD-07 Certificates
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State certification and approval for seed

SD-08 Manufacturer's Instructions

Erosion Control Materials

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery

1.5.1.1   Seed Protection

Protect from drying out and from contamination during delivery, on-site 
storage, and handling.

1.5.1.2   Fertilizer, Gypsum, Sulfur, Iron and Lime Delivery

Deliver to the site in original, unopened containers bearing manufacturer's 
chemical analysis, name, trade name, trademark, and indication of 
conformance to state and federal laws.  Instead of containers, fertilizer 
gypsum sulphur iron and lime may be furnished in bulk with certificate 
indicating the above information.

1.5.2   Storage

1.5.2.1   Seed, Fertilizer, Gypsum, Sulfur, Iron and Lime Storage

Store in cool, dry locations away from contaminants.

1.5.2.2   Topsoil

Prior to stockpiling topsoil, treat growing vegetation with application of 
appropriate specified non-selective herbicide.  Clear and grub existing 
vegetation three to four weeks prior to stockpiling topsoil.

1.5.2.3   Handling

Do not drop or dump materials from vehicles.

1.6   TIME RESTRICTIONS AND PLANTING CONDITIONS

1.6.1   Restrictions

Do not plant when the ground is frozen, snow covered, muddy, or when air 
temperature exceeds 90 degrees Fahrenheit.

1.7   TIME LIMITATIONS

1.7.1   Seed

Apply seed within twenty four hours after seed bed preparation.

PART 2   PRODUCTS

2.1   SEED

2.1.1   Classification

Provide State-certified seed of the latest season's crop delivered in 
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original sealed packages, bearing producer's guaranteed analysis for 
percentages of mixtures, purity, germination, weedseed content, and inert 
material.  Label in conformance with AMS Seed Act and applicable state seed 
laws.  Wet, moldy, or otherwise damaged seed will be rejected.  Field mixes 
will be acceptable when field mix is performed on site in the presence of 
the Contracting Officer.

2.1.2   Planting Dates

     Planting Season               Planting Dates

       Season 1               April 1 to June 1        
                            
       Season 2               September 1 to November 1
                              
       Temporary Seeding      April 1 to November 1    

2.1.3   Seed Purity and Mixture by Weight    
 
                                                        Max.     Percent
                             Min.        Min. Percent    Percent  Prop  Appl
Botanical        Common      Percent     Germination     Weed     by    Rate
Name             Name        Pure Seed   and Hard Seed   Seed     WT    lb/
                                                                        sq ft

Lolium           Annual 
multiflorum      Ryegrass         98        90         0.5      40   2.4/1000
    
Festuca          Creeping
rubra            Red              98        90         0.5      30   1.2/1000

Poa pratensis    Kentucky      
                 Bluegrass        98        90         0.5      40   2.4/1000
       

Proportion seed mixtures by weight.  Temporary seeding must later be 
replaced by lawn seed plantings for a permanent stand of grass.  The same 
requirements of turf establishment for lawn seeding apply for temporary 
seeding.

2.2   TOPSOIL

2.2.1   On-Site Topsoil

Surface soil stripped and stockpiled on site and modified as necessary to 
meet the requirements specified for topsoil in paragraph entitled 
"Composition."  When available topsoil shall be existing surface soil 
stripped and stockpiled on-site in accordance with Section 31 00 00 
EARTHWORK.

2.2.2   Off-Site Topsoil

Conform to requirements specified in paragraph entitled "Composition." 
Additional topsoil shall be furnished by the Contractor.

2.2.3   Composition

Containing from 5 to 10 percent organic matter as determined by the topsoil 
composition tests of the Organic Carbon, 6A, Chemical Analysis Method 
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described in DOA SSIR 42.  Maximum particle size, 3/4 inch, with maximum 3 
percent retained on 1/4 inch screen.  The pH shall be tested in accordance 
with ASTM D 4972.  Topsoil shall be free of sticks, stones, roots, and 
other debris and objectionable materials.  Other components shall conform 
to the following limits:

Silt                25-50 percent
Clay                10-30 percent
Sand                20-35 percent
pH                  5.5 to 7.0
Soluble Salts       600 ppm maximum

2.3   SOIL CONDITIONERS

Add conditioners to topsoil per topsoil analysis recommendations.

2.3.1   Lime

Commercial grade hydrated limestone containing a calcium carbonate 
equivalent (C.C.E.) as specified in ASTM C 602 of not less than 110 percent.

2.3.2   Aluminum Sulfate

Commercial grade.

2.3.3   Sulfur

100 percent elemental

2.3.4   Iron

100 percent elemental

2.3.5   Peat

Natural product of peat moss derived from a freshwater site and conforming 
to ASTM D 4427 as modified herein.  Shred and granulate peat to pass a 1/2 
inch mesh screen and condition in storage pile for minimum 6 months after 
excavation.

2.3.6   Sand

Clean and free of materials harmful to plants.

2.3.7   Perlite

Horticultural grade.

2.3.8   Composted Derivatives

Ground bark, nitrolized sawdust, humus or other green wood waste material 
free of stones, sticks, and soil stabilized with nitrogen and having the 
following properties:

2.3.8.1   Particle Size

Minimum percent by weight passing:

No. 4 mesh screen      95
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No. 8 mesh screen      80

2.3.8.2   Nitrogen Content

Minimum percent based on dry weight:

Fir Sawdust            0.7
Fir or Pine Bark       1.0

2.3.9   Gypsum

Coarsely ground gypsum from recycled scrap gypsum board, comprised of 
calcium sulfate dihydrate 61 percent, calcium 22 percent, sulfur 17 
percent; minimum 96 percent passing through 20 mesh screen, 100 percent 
passing thru 16 mesh screen.

2.3.10   Calcined Clay

Calcined clay shall be granular particles produced from montmorillonite 
clay calcined to a minimum temperature of  1200 degrees F.  Gradation:  A 
minimum 90 percent shall pass a  No. 8 sieve; a minimum 99 percent shall be 
retained on a  No. 60 sieve; and a maximum 2 percent shall pass a  No. 100 
sieve.  Bulk density:  A maximum  40 pounds per cubic foot.

2.4   FERTILIZER

2.4.1   Granular Fertilizer

Organic, granular controlled release fertilizer containing minimum 
percentages, by weight, of plant food nutrients:

10 percent available nitrogen
20 percent available phosphorus
10 percent available potassium

2.4.2   Hydroseeding Fertilizer

Controlled release fertilizer, to use with hydroseeding and composed of 
pills coated with plastic resin to provide a continuous release of 
nutrients for at least 6 months and containing the following minimum 
percentages, by weight, of plant food nutrients.

10 percent available nitrogen
20 percent available phosphorus
10 percent available potassium

2.5   MULCH

Mulch shall be free from noxious weeds, mold, and other deleterious 
materials.

2.5.1   Straw

Stalks from oats, wheat, rye, barley, or rice.  Furnish in air-dry 
condition and of proper consistency for placing with commercial mulch 
blowing equipment.  Straw shall contain no fertile seed.
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2.5.2   Hay

Air-dry condition and of proper consistency for placing with commercial 
mulch blowing equipment.  Hay shall be sterile, containing no fertile seed.

2.5.3   Wood Cellulose Fiber Mulch

Use recovered materials of either paper-based (100 percent) or wood-based 
(100 percent) hydraulic mulch.  Processed to contain no growth or 
germination-inhibiting factors and dyed an appropriate color to facilitate 
visual metering of materials application.  Composition on air-dry weight 
basis:  9 to 15 percent moisture, pH range from 5.5 to 8.2 .  Use with 
hydraulic application of grass seed and fertilizer.

2.6   WATER

Source of water shall be approved by Contracting Officer and of  suitable 
quality for irrigation, containing no elements toxic to plant life.

2.7   EROSION CONTROL MATERIALS

Erosion control material shall conform to the following:

2.7   Erosion Control Blanket

70 percent agricultural straw/30 percent coconut fiber matrix stitched with 
a degradable nettings, designed to degrade within 18 months.

2.8   Erosion Control Material Anchors

Erosion control anchors shall be as recommended by the manufacturer.

PART 3   EXECUTION

3.1   PREPARATION

3.1.1   EXTENT OF WORK

Provide soil preparation (including soil conditioners as required), 
fertilizing, seeding, and surface topdressing of all newly graded finished 
earth surfaces, unless indicated otherwise, and at all areas inside or 
outside the limits of construction that are disturbed by the Contractor's 
operations.

3.1.1.1   Topsoil

Provide 4 inches of on-site topsoil with supplemental topsoil from off-site 
sources if required due to insufficient quantities of on-site topsoil to 
meet indicated finish grade. After areas have been brought to indicated 
finish grade, incorporate fertilizer, pH adjusters and soil conditioners 
into soil a minimum depth of 4 inches by disking, harrowing, tilling or 
other method approved by the Contracting Officer. Remove debris and stones 
larger than 3/4 inch in any dimension remaining on the surface after finish 
grading. Correct irregularities in finish surfaces to eliminate 
depressions. Protect finished topsoil areas from damage by vehicular or 
pedestrian traffic.
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3.1.1.2   Soil Conditioner Application Rates

Apply soil conditioners at rates as determined by laboratory soil analysis 
of the soils at the job site. For bidding purposes only apply at rates for 
the following:

Lime pounds per acre 50 pounds per 1000 square feet.

Peat 3 cubic yards per 1000 square feet.

3.1.1.3   Fertilizer Application Rates

Apply fertilizer at rates as determined by laboratory soil analysis of the 
soils at the job site. 

Organic Granular Fertilizer:  Per manufacturer's recommendations for 
new lawns.

Hydroseeding Fertilizer:  Per manufacturer's recommendations for new 
lawns.

3.2   SEEDING

3.2.1   Seed Application Seasons and Conditions

Immediately before seeding, restore soil to proper grade. Do not seed when 
ground is muddy, frozen, snow covered, or in an unsatisfactory condition 
for seeding. If special conditions exist that may warrant a variance in the 
above seeding dates or conditions, submit a written request to the 
Contracting Officer stating the special conditions and proposed variance.  
Apply seed within twenty four hours after seedbed preparation. Sow seed by 
approved sowing equipment. Sow one-half the seed in one direction, and sow 
remainder at right angles to the first sowing.

3.2.2   Seed Application Method

Seeding method shall be hydroseeding.

3.2.2.1   Hydroseeding

First, mix water and fiber.  Wood cellulose fiber, paper fiber, or recycled 
paper shall be applied as part of the hydroseeding operation.  Fiber shall 
be added at 1,000 pounds, dry weight, per acre.  Then add and mix seed and 
fertilizer to produce a homogeneous slurry.  Seed shall be mixed to ensure 
broadcasting at the rate of per paragraph 2.1.3.    When hydraulically 
sprayed on the ground, material shall form a blotter like cover impregnated 
uniformly with grass seed.  Spread with one application with no second 
application of mulch.

3.2.3   Mulching

3.2.4   Rolling

Immediately after seeding, firm entire area except for slopes in excess of 
3 to 1 with a roller not exceeding 90 pounds for each foot of roller width. 
If seeding is performed with cultipacker-type seeder or by hydroseeding, 
rolling may be eliminated.
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3.2.5   Erosion Control Material

Install in accordance with manufacturer's instructions, where indicated or 
as directed by the Contracting Officer.

3.2.6   Watering

Start watering areas seeded as required by temperature and wind 
conditions.   Apply water at a rate sufficient to insure thorough wetting 
of soil to a depth of 2 inches without run off.  During the germination 
process, seed is to be kept actively growing and not allowed to dry out.

3.3   PROTECTION OF TURF AREAS

Immediately after turfing, protect area against traffic and other use.

3.3.1   Overseeding

Apply seed in accordance with applicable portions of paragraph entitled 
"Seed Application Method" at rates in accordance with paragraph entitled 
"Seed Composition."

3.4   RESTORATION

Restore to original condition existing turf areas which have been damaged 
during turf installation operations at the Contractor's expense.  Keep 
clean at all times at least one paved pedestrian access route and one paved 
vehicular access route to each building.  Clean other paving when work in 
adjacent areas is complete.

        -- End of Section --
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SECTION 33 11 00

WATER DISTRIBUTION
11/09

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 WATER WORKS ASSOCIATION (AWWA)

AWWA B300 (2004) Hypochlorites

AWWA B301 (2004) Liquid Chlorine

AWWA C104/A21.4 (2008) Cement-Mortar Lining for 
Ductile-Iron Pipe and Fittings for Water

AWWA C105/A21.5 (2005) Polyethylene Encasement for 
Ductile-Iron Pipe Systems

AWWA C110/A21.10 (2008) Ductile-Iron and Gray-Iron Fittings 
for Water

AWWA C111/A21.11 (2007) Rubber-Gasket Joints for 
Ductile-Iron Pressure Pipe and Fittings

AWWA C151/A21.51 (2009) Ductile-Iron Pipe, Centrifugally 
Cast, for Water

AWWA C153/A21.53 (2006) Ductile-Iron Compact Fittings for 
Water Service

AWWA C500 (2009) Metal-Seated Gate Valves for Water 
Supply Service

AWWA C508 (2001) Swing-Check Valves for Waterworks 
Service, 2 In. (50 mm) Through 24 In. (600 
mm) NPS

AWWA C509 (2009) Resilient-Seated Gate Valves for 
Water Supply Service

AWWA C600 (2005) Installation of Ductile-Iron Water 
Mains and Their Appurtenances

AWWA C651 (2005; Errata 2005) Standard for 
Disinfecting Water Mains

ASME INTERNATIONAL (ASME)

ASME B18.2.2 (1987; R 2005) Standard for Square and Hex 
Nuts
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ASME B18.5.2.1M (2006) Metric Round Head Short Square Neck 
Bolts

ASME B18.5.2.2M (1982; R 2005) Metric Round Head Square 
Neck Bolts

ASTM INTERNATIONAL (ASTM)

ASTM A 307 (2007b) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM A 47/A 47M (1999; R 2009) Standard Specification for 
Steel Sheet, Aluminum-Coated, by the 
Hot-Dip Process

ASTM A 48/A 48M (2003; R 2008) Standard Specification for 
Gray Iron Castings

ASTM A 536 (1984; R 2009) Standard Specification for 
Ductile Iron Castings

ASTM A 563 (2007a) Standard Specification for Carbon 
and Alloy Steel Nuts

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 24 (2010) Standard for the Installation of 
Private Fire Service Mains and Their 
Appurtenances

UNDERWRITERS LABORATORIES (UL)

UL 262 (2004) Gate Valves for Fire-Protection 
Service

UL 312 (2004) Standard for Check Valves for 
Fire-Protection Service

1.2   DESIGN REQUIREMENTS

1.2.1   Water Service Lines

Provide water service lines indicated as 6 inch lines from water 
distribution main to building service at a point approximately 5 feet from 
building.   Water service lines shall be ductile-iron.  Ductile-iron pipe 
appurtenances, and valves as specified for water mains shall also be used 
for service lines.  Provide water service line appurtenances as specified.

1.3   SUBMITTALS

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

SD-03 Product Data

Piping Materials
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Water service line piping, fittings, joints, valves, and coupling

Valve boxes

SD-07 Certificates

Water service line piping, fittings, joints, valves, and coupling

Certificates shall attest that tests set forth in each applicable 
referenced publication have been performed, whether specified in 
that publication to be mandatory or otherwise and that production 
control tests have been performed at the intervals or frequency 
specified in the publication.  Other tests shall have been 
performed within 3 years of the date of submittal of certificates 
on the same type, class, grade, and size of material as is being 
provided for the project.

1.4   DELIVERY, STORAGE, AND HANDLING

1.4.1   Delivery and Storage

Inspect materials delivered to site for damage.  Unload and store with 
minimum handling.  Store materials on site in enclosures or under 
protective covering.  Store rubber gaskets under cover out of direct 
sunlight.  Do not store materials directly on the ground.  Keep inside of 
pipes, fittings, valves free of dirt and debris.

1.4.2   Handling

Handle pipe, fittings, valves, hydrants, and other accessories in a manner 
to ensure delivery to the trench in sound undamaged condition.  Take 
special care to avoid injury to coatings and linings on pipe and fittings; 
make repairs if coatings or linings are damaged.  Do not place any other 
material or pipe inside a pipe or fitting after the coating has been 
applied.  Carry, do not drag pipe to the trench.  Use of pinch bars and 
tongs for aligning or turning pipe will be permitted only on the bare ends 
of the pipe.  The interior of pipe and accessories shall be thoroughly 
cleaned of foreign matter before being lowered into the trench and shall be 
kept clean during laying operations by plugging or other approved method.  
Before installation, the pipe shall be inspected for defects.  Material 
found to be defective before or after laying shall be replaced with sound 
material without additional expense to the Government.   Store rubber 
gaskets that are not to be installed immediately, under cover out of direct 
sunlight.

PART 2   PRODUCTS

2.1   WATER DISTRIBUTION MAIN MATERIALS

2.1.1   Piping Materials

2.1.1.1   Ductile-Iron Piping

a.  Pipe and Fittings:  Pipe, AWWA C151/A21.51.  Fittings, 
AWWA C110/A21.10 or AWWA C153/A21.53; fittings with push-on joint 
ends conforming to the same requirements as fittings with 
mechanical-joint ends, except that the bell design shall be 
modified, as approved, for push-on joint.  Fittings shall have 
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pressure rating at least equivalent to that of the pipe.  Ends of 
pipe and fittings shall be suitable for the specified joints.  
Pipe and fittings shall have cement-mortar lining, AWWA C104/A21.4, 
standard thickness.

b.  Joints and Jointing Material:

(1)  Joints:  Joints for pipe and fittings shall be push-on joints 
or mechanical joints.

(2)  Push-On Joints:  Shape of pipe ends and fitting ends, 
gaskets, and lubricant for joint assembly, AWWA C111/A21.11.

(3)  Mechanical Joints:  Dimensional and material requirements for 
pipe ends, glands, bolts and nuts, and gaskets, AWWA C111/A21.11.

2.1.2   Valves, Hydrants, and Other Water Main Accessories

2.1.2.1   Gate Valves on Buried Piping

AWWA C500, AWWA C509, or UL 262.  Unless otherwise specified, valves 
conforming to:  (1) AWWA C500 shall be nonrising stem type with double-disc 
gates and mechanical-joint ends or push-on joint ends as appropriate for 
the adjoining pipe, (2) AWWA C509 shall be nonrising stem type with 
mechanical-joint ends, and (3) UL 262 shall be inside-screw type with 
operating nut, double-disc or split-wedge type gate, designed for a 
hydraulic working pressure of 175 psi, and shall have mechanical-joint ends 
or push-on joint ends as appropriate for the pipe to which it is joined.  
Materials for UL 262 valves shall conform to the reference standards 
specified in AWWA C500.  Valves shall open by counterclockwise rotation of 
the valve stem.  Stuffing boxes shall have 0-ring stem seals.  Stuffing 
boxes shall be bolted and constructed so as to permit easy removal of parts 
for repair.  In lieu of mechanical-joint ends and push-on joint ends, 
valves may have special ends for connection to sleeve-type mechanical 
coupling.  Valve ends and gaskets for connection to sleeve-type mechanical 
coupling shall conform to the applicable requirements specified for the 
coupling.  Valves shall be of one manufacturer.

2.1.2.2   Gate Valves

AWWA C500, AWWA C509, or UL 262.  Unless otherwise specified, valves 
conforming to:  (1) AWWA C500 shall be outside-screw-and-yoke rising-stem 
type with double-disc gates and flanged ends, (2) AWWA C509 shall be 
outside-screw-and-yoke rising-stem type with flanged ends, and (3) UL 262 
shall be outside-screw-and-yoke type, shall have double-disc or split-wedge 
type gate and flanged ends, and shall be designed for a hydraulic working 
pressure of 175 psi.  Materials for UL 262 valves shall conform to the 
reference standards specified in AWWA C500.  Provide valves with handwheels 
that open by counterclockwise rotation of the valve stem.   Stuffing boxes 
shall be bolted and constructed so as to permit easy removal of parts for 
repair.  Valves shall be of one manufacturer.

2.1.2.3   Check Valves

Swing-check type, AWWA C508 or UL 312.  Valves conforming to: (1) AWWA C508 
shall have iron or steel body and cover and flanged ends, and (2) UL 312 
shall have cast iron or steel body and cover, flanged ends, and designed 
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for a working pressure of 175 psi.  Materials for UL 312 valves shall 
conform to the reference standards specified in AWWA C508.  Valves shall 
have clear port opening.  Valves shall be of one manufacturer.

2.1.2.4   Valve Boxes

Provide a valve box for each gate valve on buried piping.  Valve boxes 
shall be of cast iron of a size suitable for the valve on which it is to be 
used and shall be adjustable.  Cast-iron boxes shall have a minimum cover 
and wall thickness of 3/16 inch.  Provide a round head.  Cast the word 
"WATER" on the lid.  The least diameter of the shaft of the box shall be  5 
1/4 inches.  Cast-iron box shall have a heavy coat of bituminous paint.

2.1.2.5   Valve Pits

Valve pits shall be constructed at locations indicated or as required above 
and in accordance with the details shown.

2.1.2.6   Sleeve-Type Mechanical Couplings

Couplings shall be designed to couple plain-end piping by compression of a 
ring gasket at each end of the adjoining pipe sections.  The coupling shall 
consist of one middle ring flared or beveled at each end to provide a 
gasket seat; two follower rings; two resilient tapered rubber gaskets; and 
bolts and nuts to draw the follower rings toward each other to compress the 
gaskets.  The middle ring and the follower rings shall be true circular 
sections free from irregularities, flat spots, and surface defects; the 
design shall provide for confinement and compression of the gaskets.  For 
ductile iron pipe, the middle ring shall be of cast-iron or steel; and the 
follower rings shall be of malleable or ductile iron.  Cast iron, 
ASTM A 48/A 48M not less than Class 25.  Malleable and ductile iron shall, 
conform to ASTM A 47/A 47M and ASTM A 536, respectively.  Gaskets shall be 
designed for resistance to set after installation and shall meet the 
applicable requirements specified for gaskets for mechanical joint in 
AWWA C111/A21.11.  Bolts shall be track-head type, ASTM A 307, Grade A, 
with nuts, ASTM A 563, Grade A; or round-head square-neck type bolts, 
ASME B18.5.2.1M and ASME B18.5.2.2M with hex nuts, ASME B18.2.2.  Bolts 
shall be 5/8 inch in diameter; minimum number of bolts for each coupling 
shall be 5 for 6 inch pipe.  Bolt holes in follower rings shall be of a 
shape to hold fast the necks of the bolts used.  Mechanically coupled 
joints using a sleeve-type mechanical coupling shall not be used as an 
optional method of jointing except where pipeline is adequately anchored to 
resist tension pull across the joint.  Mechanical couplings shall provide a 
tight flexible joint under all reasonable conditions, such as pipe 
movements caused by expansion, contraction, slight setting or shifting in 
the ground, minor variations in trench gradients, and traffic vibrations.  
Couplings shall be of strength not less than the adjoining pipeline.

2.2   WATER SERVICE LINE MATERIALS

2.2.1   Piping Materials

2.2.1.1   Ductile-Iron Piping

Comply with "Ductile-Iron Piping" subparagraph under paragraph "Water 
Distribution Main Materials."
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2.2.2   Water Service Line Appurtenances

2.2.2.1   Check Valves

Check valves shall be designed for a minimum working pressure of 150 psi or 
as indicated.  Valves shall have a clear waterway equal to the full nominal 
diameter of the valve.  Valves shall open to permit flow when inlet 
pressure is greater than the discharge pressure, and shall close tightly to 
prevent return flow when discharge pressure exceeds inlet pressure.  The 
size of the valve, working pressure, manufacturer's name, initials, or 
trademark shall be cast on the body of each valve.

2.2.2.2   Gate Valves  3 Inch Size and Larger on Buried Piping

Gate valves 3 inch size and larger on buried piping AWWA C500 or UL 262 and 
of one manufacturer.  Valves, AWWA C500, nonrising stem type with 
double-disc gates.  Valves, UL 262, inside-screw type with operating nut, 
split wedge or double disc type gate, and designed for a hydraulic working 
pressure of 175 psi.   Materials for UL 262 valves conforming to the 
reference standards specified in AWWA C500.  Valves shall open by 
counterclockwise rotation of the valve stem.  Stuffing boxes shall have 
0-ring stem seals and shall be bolted and constructed so as to permit easy 
removal of parts for repair.   Valves on 6 inch service lines shall have 
ends suitable for joining to the pipe used; push-on joint ends or 
mechanical-joint ends for joining to ductile-iron pipe; gaskets and pipe 
ends, AWWA C111/A21.11.

2.2.2.3   Gate Valve 3 Inch Size and Larger

Gate valves 3 inch size and larger in valve chambers or valve pits, 
AWWA C500 or UL 262 and of one make.  Valves conforming to:  (1) AWWA C500 
shall be outside-screw-and-yoke rising-stem type with flanged ends and 
double-disc gates.  Materials for UL 262 valves shall conform to the 
reference standards specified in AWWA C500.  Provide valves with handwheels 
that open by a counterclockwise rotation of the valve stem.   Stuffing 
boxes shall be bolted and constructed so as to permit easy removal of parts 
for repair.

2.2.2.4   Valve Boxes

Provide a valve box for each gate valve on buried piping.  Valve boxes 
shall be of cast iron of a size suitable for the valve on which it is to be 
used and shall be adjustable. Provide a round head.  Cast the word "WATER" 
on the lid.  The least diameter of the shaft of the box shall be 5 1/4 
inches.  Cast-iron box shall have a heavy coat of bituminous paint.

2.2.2.5   Tapping Sleeves

Tapping sleeves of the sizes indicated for connection to existing main 
shall be the cast gray, ductile, or malleable iron, split-sleeve type with 
flanged or grooved outlet, and with bolts, follower rings and gaskets on 
each end of the sleeve.  Construction shall be suitable for a maximum 
working pressure of 150 psi.  Bolts shall have square heads and hexagonal 
nuts.  Longitudinal gaskets and mechanical joints with gaskets shall be as 
recommended by the manufacturer of the sleeve.  When using grooved 
mechanical tee, it shall consist of an upper housing with full locating 
collar for rigid positioning which engages a machine-cut hole in pipe, 
encasing an elastomeric gasket which conforms to the pipe outside diameter 
around the hole and a lower housing with positioning lugs, secured together 
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during assembly by nuts and bolts as specified, pretorqued to 50 foot-pound.

2.2.2.6   Disinfection

Chlorinating materials shall conform to the following:

Chlorine, Liquid:  AWWA B301.

Hypochlorite, Calcium and Sodium:  AWWA B300.

PART 3   EXECUTION

3.1   INSTALLATION OF PIPELINES

3.1.1   General Requirements for Installation of Pipelines

These requirements shall apply to all pipeline installation except where 
specific exception is made in the "Special Requirements..." paragraphs.

3.1.1.1   Location of Water Lines

Terminate the work covered by this section at a point approximately 5 feet 
from the building.  Lay water lines which cross sewer force mains and 
inverted siphons at least 2 feet above these sewer lines; when joints in 
the sewer line are closer than 3 feet horizontally from the water line, 
encase these joints in concrete.  Do not lay water lines in the same trench 
with gas lines, fuel lines, or electric wiring.

Where water piping is required to be installed within 3 feet of existing 
structures, the water pipe shall be sleeved as required in Paragraph 
"Casting Pipe".  The Contractor shall install the water pipe and sleeve 
ensuring that there will be no damage to the structures and no settlement 
or movement of foundations or footings.

3.1.1.2   Earthwork

Perform earthwork operations in accordance with Section 31 00 00 and 
31 23 02.98.

3.1.1.3   Pipe Laying and Jointing

Remove fins and burrs from pipe and fittings.  Before placing in position, 
clean pipe, fittings, valves, and accessories, and maintain in a clean 
condition.  Provide proper facilities for lowering sections of pipe into 
trenches.  Do not under any circumstances drop or dump pipe, fittings, 
valves, or any other water line material into trenches.  Cut pipe in a neat 
workmanlike manner accurately to length established at the site and work 
into place without springing or forcing.  Replace by one of the proper 
length any pipe or fitting that does not allow sufficient space for proper 
installation of jointing material.  Blocking or wedging between bells and 
spigots will not be permitted.  Lay bell-and-spigot pipe with the bell end 
pointing in the direction of laying.  Grade the pipeline in straight lines; 
avoid the formation of dips and low points.  Support pipe at proper 
elevation and grade.  Secure firm, uniform support.  Wood support blocking 
will not be permitted.  Lay pipe so that the full length of each section of 
pipe and each fitting will rest solidly on the pipe bedding; excavate 
recesses to accommodate bells, joints, and couplings.  Provide anchors and 
supports where indicated and where necessary for fastening work into 
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place.  Make proper provision for expansion and contraction of pipelines.  
Keep trenches free of water until joints have been properly made.  At the 
end of each work day, close open ends of pipe temporarily with wood blocks 
or bulkheads.  Do not lay pipe when conditions of trench or weather prevent 
installation.  Depth of cover over top of pipe shall not be less than 5 
feet.

3.1.1.4   Connections to Existing Water Lines

Make connections to existing water lines after approval is obtained and 
with a minimum interruption of service on the existing line.  Make 
connections to existing lines under pressure as indicated.

3.1.1.5   Penetrations

Pipe passing through walls of valve pits and structures shall be provided 
with ductile-iron or Schedule 40 steel wall sleeves.  Annular space between 
walls and sleeves shall be filled with rich cement mortar.  Annular space 
between pipe and sleeves shall be filled with mastic.

3.1.1.6   Flanged Pipe

Flanged pipe shall only be installed above ground or with the flanges in 
valve pits.

3.1.2   Special Requirements for Installation of Water Mains

3.1.2.1   Installation of Ductile-Iron Piping

Unless otherwise specified, install pipe and fittings in accordance with 
paragraph entitled "General Requirements for Installation of Pipelines" and 
with the requirements of AWWA C600 for pipe installation, joint assembly, 
valve-and-fitting installation, and thrust restraint.

a.  Jointing:  Make push-on joints with the gaskets and lubricant 
specified for this type joint; assemble in accordance with the 
applicable requirements of AWWA C600 for joint assembly. Make 
mechanical joints with the gaskets, glands, bolts, and nuts 
specified for this type joint; assemble in accordance with the 
applicable requirements of AWWA C600 for joint assembly and the 
recommendations of Appendix A to AWWA C111/A21.11.

b.   Allowable Deflection: The maximum allowable deflection shall be 
as given in AWWA C600.  If the alignment requires deflection in 
excess of the above limitations, special bends or a sufficient 
number of shorter lengths of pipe shall be furnished to provide 
angular deflections within the limit set forth.

c.  Pipe Anchorage:  Provide concrete thrust blocks (reaction backing) 
for pipe anchorage in accordance with NASA thrust black details as 
indicated.

d.  Exterior Protection:  Completely encase buried ductile iron 
pipelines with polyethylene tube or sheet, in accordance with 
AWWA C105/A21.5.

3.1.2.2   Installation of Valves and Hydrants

a.  Installation of Valves:  Install gate valves, AWWA C500 and UL 262, 
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in accordance with the requirements of AWWA C600 for 
valve-and-fitting installation and with the recommendations of the 
Appendix ("Installation, Operation, and Maintenance of Gate 
Valves") to AWWA C500.  Install gate valves, AWWA C509, in 
accordance with the requirements of AWWA C600 for 
valve-and-fitting installation and with the recommendations of the 
Appendix ("Installation, Operation, and Maintenance of Gate 
Valves") to AWWA C509.  Install check valves in accordance with 
the applicable requirements of AWWA C600 for valve-and-fitting 
installation.  Make and assemble joints to gate valves or check 
valves as specified for making and assembling the same type joints 
between pipe and fittings.

3.1.3   Installation of Water Service Piping

3.1.3.1   Location

Connect water service piping to the building service where the building 
service has been installed.  Where building service has not been installed, 
terminate water service lines approximately 5 feet from the building line 
at a point directed by the Contracting Officer; such water service lines 
shall be closed with plugs or caps.

3.1.3.2   Service Line Connections to Water Mains

Connect service lines to the main with a rigid connection and install a 
gate valve on service line below the frostline as indicated.  Connect 
service lines to ductile-iron water mains in accordance with AWWA C600 for 
service taps.

3.1.4   Special Requirements for Installation of Water Service Piping

3.1.4.1   Installation of Metallic Piping

Install pipe and fittings in accordance with paragraph entitled "General 
Requirements for Installation of Pipelines" and with the applicable 
requirements of AWWA C600 for pipe installation, unless otherwise specified.

a.  Jointing:

(1)  Flanged Joints:  Make flanged joints up tight, taking care to 
avoid undue strain on flanges, valves, fittings, and accessories.

3.1.4.2   Service Lines for Sprinkler Supplies

Water service lines used to supply building sprinkler systems for fire 
protection shall be connected to the water distribution main in accordance 
with NFPA 24.

3.1.5   Disinfection

Prior to disinfection, obtain Contracting Officer approval of the proposed 
method for disposal of waste water from disinfection procedures.  Disinfect 
new water piping and existing water piping affected by Contractor's 
operations in accordance with AWWA C651.  Fill piping systems with solution 
containing minimum of 50 parts per million of available chlorine and allow 
solution to stand for minimum of 24 hours.   Flush solution from the 
systems with domestic water until maximum residual chlorine content is 
within the range of 0.2 and 0.5 parts per million, or the residual chlorine 
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content of domestic water supply.  Obtain at least two consecutive 
satisfactory bacteriological samples from new water piping, analyze by a 
certified laboratory, and submit the results prior to the new water piping 
being placed into service.  Disinfection of systems supplying nonpotable 
water is not required.

3.2   FIELD QUALITY CONTROL

3.2.1   Field Tests and Inspections

Prior to hydrostatic testing, obtain Contracting Officer approval of the 
proposed method for disposal of waste water from hydrostatic testing.  The 
Contracting Officer will conduct field inspections and witness field tests 
specified in this section.  The Contractor shall perform field tests, and 
provide labor, equipment, and incidentals required for testing.  The 
Contractor shall produce evidence, when required, that any item of work has 
been constructed in accordance with the drawings and specifications.  Do 
not begin testing on any section of a pipeline where concrete thrust blocks 
have been provided until at least 5 days after placing of the concrete.

3.2.2   Testing Procedure

Test water mains and water service lines in accordance with the applicable 
specified standard, except for the special testing requirements given in 
paragraph entitled "Special Testing Requirements."  Test ductile-iron water 
mains and water service lines in accordance with the requirements of 
AWWA C600 for hydrostatic testing.  The amount of leakage on ductile-iron 
pipelines with mechanical-joints or push-on joints shall not exceed the 
amounts given in AWWA C600; no leakage will be allowed at joints made by 
any other method.Test water service lines in accordance with applicable 
requirements of AWWA C600 for hydrostatic testing.  

3.2.3   Special Testing Requirements

For pressure test, use a hydrostatic pressure 50 psi greater than the 
maximum working pressure of the system, except that for those portions of 
the system having pipe size larger than 2 inches in diameter, hydrostatic 
test pressure shall be not less than 200 psi.  Hold this pressure for not 
less than 2 hours.  Prior to the pressure test, fill that portion of the 
pipeline being tested with water for a soaking period of not less than 24 
hours.  For leakage test, use a hydrostatic pressure not less than the 
maximum working pressure of the system.  Leakage test may be performed at 
the same time and at the same test pressure as the pressure test.

3.3   CLEANUP

Upon completion of the installation of water lines, and appurtenances, all 
debris and surplus materials resulting from the work shall be removed.

        -- End of Section --
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01 35 43.98 Hazardous Materials Inventories
Statement

Material Safety Data Sheets
Hazard Communication Written
Program

SD-06 Test Reports
Site Inspection Checklists
RCRA 90-Day Waste
Accumulation Site Inspection
Checklists

Laboratory analysis
Disposal Requirements

SD-07 Certificates
TSDF Letter of Acceptance and
Hazardous Waste Manifests

SD-11 Closeout Submittals
Preconstruction survey
Waste determination
documentation

Disposal documentation for solid,
hazardous, and regulated waste

Contractor employee training
records in compliance with 40
CFR 265.16, 29 CFR 1910.120,
29 CFR 1910.1200 and 40 CFR
82.
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01 35 43.98 Regulatory notification
Erosion and sediment control
inspection reports

Solid waste disposal report
GContractor Hazardous Material

Inventory Log
Hazardous Waste/Debris
Management

01 45 00.98 SD-06 Test Reports
1.2.2 GQuality Control Data
1.2.2 GQuality Control Coordinating

Actions
1.2.2 GQuality Control Training
1.2.2 GInspection Records
1.2.2 GLetters of Authority or Delegation
1.2.2 GField Tests
1.2.2 GFactory Tests

SD-07 Certificates
1.3.1Contractor's Quality

Representative Qualifications
1.3.1Special Certifications

01 57 23.98 SD-07 Certificates
2.1.3Mill Certificate or Affidavit

01 75 00.98 SD-06 Test Reports
1.2.2Factory Tests
1.2.3Functional Test
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01 75 00.98 1.2.4Final Acceptance Test
1.2.5Test Procedures

01 78 00.98 SD-01 Preconstruction Submittals
1.3Reproducible Drawings
1.3CAD System Drawings

SD-02 Shop Drawings
1.3As-Built Drawings

SD-03 Product Data
1.3Spare Parts Data

SD-07 Certificates
1.3Work Plan

SD-08 Manufacturer’s Instructions
1.3Preventative Maintenance
1.3Condition Monitoring (Predictive

Testing)
1.3Inspection
1.3Posted Instructions

SD-10 Operation and Maintenance
Data

3.1Operation and Maintenance
Manuals

02 41 00.98 SD-01 Preconstruction Submittals
1.4Utility Outages
1.4Traffic Interruptions

SD-07 Certificates
1.3Demolition Plan
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02 82 00.98 SD-03 Product Data
3.1.4Local exhaust equipment
3.1.5Vacuums
3.1.1.1Respirators
3.1.4Pressure differential automatic

recording instrument
1.2.2Amended water
3.1.7Glovebags
1.3.8Material Safety Data Sheets

(MSDS) for all materials
2.1Encapsulants

SD-07 Certificates
1.4.2.1 GAsbestos Hazard Abatement

Plan
1.4.2.2 GTesting laboratory
1.4.2.3 GPrivate qualified person

documentation
1.4.2.4 GLandfill approval
1.4.2.5 GEmployee training
1.4.2.6 GMedical certification
1.4.2.4 GWaste shipment records
1.4.2.7 GRespiratory Protection Program
1.4.2.4 GHazardous waste manifest
3.1.5Vacuums
3.1.2.2Water filtration equipment
3.1.5Ventilation systems
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02 82 00.98 3.1equipment used to contain
airborne asbestos fibers

2.1encapsulants
SD-06 Test Reports

1.4.3.1Air sampling results
1.4.3.2Pressure differential recordings

for local exhaust system
3.3.3.2Asbestos disposal quantity report

Encapsulation test patches
3.2.6.3Clearance sampling

SD-01 Preconstruction Submittals
1.4.4Notifications
1.4.5Rental equipment
1.4.6Respirator program records
1.3.4Permits and licenses

02 83 00.98 SD-03 Product Data
1.7.4Vacuum filters
1.7.1Respirators

SD-08 Manufacturer’s Instructions
2.1Chemicals
2.2Materials
2.1 GMaterial safety data sheets

SD-07 Certificates
1.5.3.1Qualifications of CP
1.5.3.2Testing laboratory and consultant
1.5.3.3 GLead based paint removal plan
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02 83 00.98 1.7.3Rental equipment notification
1.3.4 GRespiratory protection program
1.3.5Hazard communication program
3.2.5 Gdisposal facility
1.3.6 GHazardous waste management

plan
1.7.4Vacuum filters
3.2.5manifest
1.3.1medical examinations
1.3.3.1training certification

SD-06 Test Reports
1.5.4.1Sampling results

03 30 00 SD-02 Shop Drawings
1.6.1.1 GReinforcing steel

SD-03 Product Data
2.1.2Ready-Mix Concrete
2.1.3Concrete Curing Materials
2.3Reinforcement

SD-05 Design Data
2.1.1mix design

SD-06 Test Reports
1.6.2.1Concrete mix design
3.8.2.3Compressive strength tests
2.5.4Slump

04 20 00 SD-03 Product Data
2.3.1 GCement
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04 20 00 SD-04 Samples
GSalvaged Brick

2.4 GTies
2.5 GJoint Reinforcement

SD-06 Test Reports
3.11.1 GEfflorescence Test

05 12 00 SD-02 Shop Drawings
1.7.2.1 GErection Plan
1.7.1 GFabrication drawings

SD-07 Certificates
2.1Steel
1.5AISC Quality Certification

05 51 33 SD-02 Shop Drawings
2.3 GLadders
2.3.1 GShip's ladder

SD-03 Product Data
2.3 GLadders
2.3.1 GShip's ladder

05 52 00 SD-02 Shop Drawings
2.1Steel Shapes, Plates, Bars and

Strips
2.7 GSteel Railings and Handrails

SD-03 Product Data
2.6Protective Coating
2.7 GSteel Railings and Handrails

SD-08 Manufacturer’s Instructions

SUBMITTAL REGISTER
CONTRACT NO.

TITLE AND LOCATION CONTRACTOR

CONTRACTOR:
SCHEDULE DATES

CONTRACTOR
ACTION

APPROVING AUTHORITY

A
C
T
I
V
I
T
Y
 
N
O

T
R
A
N
S
M
I
T
T
A
L
 
N
O

S
P
E
C
 
S
E
C
T

DESCRIPTION

ITEM SUBMITTED

P
A
R
A
G
R
A
P
H

#
 
 
 
 

C
L
A
S
S
I
F
I
C
A
T
I
O
N

G
O
V
T
 
O
R
 
A
/
E
 
R
E
V
W
R SUBMIT

APPROVAL
NEEDED

BY

MATERIAL
NEEDED

BY

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

DATE FWD
TO APPR

AUTH/

DATE RCD
FROM

CONTR

DATE FWD
TO OTHER
REVIEWER

DATE RCD
FROM OTH
REVIEWER

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

MAILED
TO

CONTR/

DATE RCD
FRM APPR

AUTH REMARKS

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n) (o) (p) (q) (r)



SUBMITTAL FORM,Jan 96 PREVIOUS EDITION IS OBSOLETE PAGE 9 OF 34 PAGES

NASA GRC Steam Plant B12

05 52 00 2.6Protective Coating
2.7Steel Railings and Handrails

06 10 00 SD-07 Certificates
1.8.1Certificates of grade
1.7Preservative treatment

07 51 13 SD-03 Product Data
1.4.3 Gwind uplift calculations
2.9Fasteners
2.6Primer
1.8 Gwarranties

SD-07 Certificates
1.4.1Qualifications of Applicator

SD-08 Manufacturer’s Instructions
3.3.3 Gfelts
3.5.2 Gflashings
2.6Primer
2.9 GFasteners

SD-11 Closeout Submittals
1.8WARRANTY
3.6INFORMATION CARD

07 60 00 SD-02 Shop Drawings
3.1.8 GFlashing at roof penetrations
3.1.7 GDrip edge

07 92 00 SD-03 Product Data
2.1Sealants
2.2Primers
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07 92 00 2.3 GBackstops
SD-07 Certificates

3.3.5Sealant
08 11 13 SD-02 Shop Drawings

2.1 GDoors
2.1 GDoors
2.5 GFrames
2.5 GFrames
2.6Weatherstripping

SD-03 Product Data
2.1 GDoors
2.5 GFrames

08 51 13 SD-02 Shop Drawings
2.1 GWindows
1.9Fabrication Drawings

SD-03 Product Data
2.1 GWindows
2.2.8.1 GHardware
2.2.3 GFasteners
1.10 GWindow performance
2.2.10 GScreens

SD-04 Samples
1.4.2.1Finish Sample

SD-10 Operation and Maintenance
Data

2.1 GWindows
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08 62 00 SD-02 Shop Drawings
3.2 GShop Drawings

SD-03 Product Data
1.6 GWarranty

SD-07 Certificates
1.4Qualifications

08 71 00 SD-02 Shop Drawings
2.3.4Keying system

SD-03 Product Data
2.3 GHardware items

SD-08 Manufacturer’s Instructions
3.1 GInstallation

08 91 00 SD-02 Shop Drawings
1.4Wall louvers
1.5Wall louvers

SD-03 Product Data
2.2Metal Wall Louvers

SD-04 Samples
1.4 GWall louvers
1.5 GWall louvers

09 90 00.00 98 SD-04 Samples
2.1Manufacturer's Standard Color

Charts
SD-07 Certificates

3.1Safety Plan
21 13 00.98 SD-02 Shop Drawings
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21 13 00.98 Piping Materials
2.3Supporting Elements

Fire-Department Connections
Fire Alarm System
Sprinkler Heads

2.7Valves
SD-03 Product Data
Piping Materials

2.7Valves
Fire-Department Connections

2.5Riser Alarm Equipment
Accessories
Sprinkler Heads

2.8Miscellaneous Materials
2.3Supporting Elements
2.1Equipment and Performance

Data
SD-05 Design Data

1.1Design Analysis and Hydraulic
Calculations

SD-06 Test Reports
3.11.4Pressure Tests
3.11.5Pressure Tests

System Operating Tests
SD-10 Operation and Maintenance
Data
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21 13 00.98 Operating and Maintenance
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26 05 00.00 98 2.5 GReceptacles
3.4.1 GReceptacles
2.6 GOutlets, Outlet Boxes, and Pull

Boxes
2.8 GCircuit Breakers
2.7 GPanelboards
3.7 GPanelboards
2.9 GLamps and Lighting Fixtures
3.6 GLamps and Lighting Fixtures
2.10 GDry-Type Distribution

Transformers
SD-03 Product Data

3.1 GConduits, Raceway sand Fittings
2.2 GWire and Cable
2.3 GSplices and Connectors
2.4 GSwitches
2.1.7 GReceptacles
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3.6 GLamps and Lighting Fixtures

SUBMITTAL REGISTER
CONTRACT NO.

TITLE AND LOCATION CONTRACTOR

CONTRACTOR:
SCHEDULE DATES

CONTRACTOR
ACTION

APPROVING AUTHORITY

A
C
T
I
V
I
T
Y
 
N
O

T
R
A
N
S
M
I
T
T
A
L
 
N
O

S
P
E
C
 
S
E
C
T

DESCRIPTION

ITEM SUBMITTED

P
A
R
A
G
R
A
P
H

#
 
 
 
 

C
L
A
S
S
I
F
I
C
A
T
I
O
N

G
O
V
T
 
O
R
 
A
/
E
 
R
E
V
W
R SUBMIT

APPROVAL
NEEDED

BY

MATERIAL
NEEDED

BY

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

DATE FWD
TO APPR

AUTH/

DATE RCD
FROM

CONTR

DATE FWD
TO OTHER
REVIEWER

DATE RCD
FROM OTH
REVIEWER

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

MAILED
TO

CONTR/

DATE RCD
FRM APPR

AUTH REMARKS

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n) (o) (p) (q) (r)



SUBMITTAL FORM,Jan 96 PREVIOUS EDITION IS OBSOLETE PAGE 26 OF 34 PAGES

NASA GRC Steam Plant B12

26 05 00.00 98 1.3 GSpare Parts
SD-06 Test Reports

3.10 GContinuity and Insulation
Resistance Test

3.10 GPhase-Rotation Tests
3.10 GInsulation Resistance Test

SD-08 Manufacturer’s Instructions
1.4Manufacturer's Instructions

26 05 71.00 40 SD-01 Preconstruction Submittals
2.4 GFuses

SD-02 Shop Drawings
1.3Connection Diagrams
1.3Fabrication Drawings
3.1Protective Devices

SD-03 Product Data
2.1 GMotor Control
2.2 GEnclosures
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26 05 71.00 40 SD-10 Operation and Maintenance
Data

2.1.1 GManual Motor Controllers
2.1.2 GMagnetic Motor Controllers
2.1.3 GCombination Motor Controllers
2.3 GCircuit Breakers

26 24 16.00 40 SD-02 Shop Drawings
1.2 GDetail Drawings
1.2 GOutline Drawings

SD-03 Product Data
2.1 GPanelboards
2.3 GDirectory Card and Holder

SD-04 Samples
2.1 Gkeys

SD-06 Test Reports
3.2 GContinuity Tests
3.2 GInsulation Tests

SD-07 Certificates
1.2Statements

SD-08 Manufacturer’s Instructions
2.1Panelboards

26 29 23.98 SD-02 Shop Drawings
1.4.1.1 GSchematic diagrams
1.4.1.2 GInterconnecting diagrams
1.4.1.3 GInstallation drawings

SD-03 Product Data
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26 29 23.98 2.1 GVariable frequency drives
2.3 GWires and cables
1.4.1.4 GEquipment schedule

SD-06 Test Reports
3.2.1 GVFD Test
3.2.2 GPerformance Verification Tests
3.2.3 GEndurance Test

SD-08 Manufacturer’s Instructions
1.4.1.5Installation instructions

SD-09 Manufacturer’s Field
Reports

2.5.1 GVFD Factory Test Plan
1.4.1.6 GFactory test results

SD-10 Operation and Maintenance
Data

2.1 GVariable frequency drives
26 52 00.98 SD-01 Preconstruction Submittals

1.2Material, Equipment, and Fixture
Lists

SD-02 Shop Drawings
2.2Emergency Lighting Egress Units

SD-03 Product Data
2.2 GEmergency Lighting Egress Units

GAccessories
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2.1 GMotors
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26 60 13.00 40 SD-03 Product Data
2.1 GMotors
2.1 GCatalog Data
1.4 GRotor Bars
1.4 GStator Slots
1.4 GRotational Speed
1.4 GCooling Fan Blades
1.4 GBearing Manufacturer
1.4 GBearing Style
1.4 GBearing Type
1.4 GBalls/Elements
1.4 GCommutator Bars
1.4 GCommutator Brushes
1.4 GSCR Firing Frequencies

SD-07 Certificates
2.9Factory Test Results
2.1Efficiency
2.1.1Efficiency
2.9Power-Factor
2.8Service Factor
2.5Temperature Rating
2.9Noise
2.3.1Full-Load
2.9Locked-Rotor
2.9Insulation Resistance
2.9Winding Resistance

SUBMITTAL REGISTER
CONTRACT NO.

TITLE AND LOCATION CONTRACTOR

CONTRACTOR:
SCHEDULE DATES

CONTRACTOR
ACTION

APPROVING AUTHORITY

A
C
T
I
V
I
T
Y
 
N
O

T
R
A
N
S
M
I
T
T
A
L
 
N
O

S
P
E
C
 
S
E
C
T

DESCRIPTION

ITEM SUBMITTED

P
A
R
A
G
R
A
P
H

#
 
 
 
 

C
L
A
S
S
I
F
I
C
A
T
I
O
N

G
O
V
T
 
O
R
 
A
/
E
 
R
E
V
W
R SUBMIT

APPROVAL
NEEDED

BY

MATERIAL
NEEDED

BY

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

DATE FWD
TO APPR

AUTH/

DATE RCD
FROM

CONTR

DATE FWD
TO OTHER
REVIEWER

DATE RCD
FROM OTH
REVIEWER

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

MAILED
TO

CONTR/

DATE RCD
FRM APPR

AUTH REMARKS

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n) (o) (p) (q) (r)



SUBMITTAL FORM,Jan 96 PREVIOUS EDITION IS OBSOLETE PAGE 30 OF 34 PAGES

NASA GRC Steam Plant B12

26 60 13.00 40 2.9High-Potential Tests
SD-08 Manufacturer’s Instructions

2.1Motors
27 10 00 SD-03 Product Data

2.4 GTelecommunications
outlet/connector assemblies

SD-06 Test Reports
3.5.1 GTelecommunications cabling

testing
SD-07 Certificates

1.6.2.1 GTelecommunications Contractor
1.6.2.2 GKey Personnel
1.6.2.3 GManufacturer Qualifications
1.6.3 GTest plan

SD-09 Manufacturer’s Field
Reports

2.6.1 GFactory reel tests
SD-11 Closeout Submittals

1.10.1 GRecord Documentation
28 05 26.00 40 SD-01 Preconstruction Submittals

3.6.2 GGrounding Systems
SD-02 Shop Drawings

1.4 GRecord Drawings
SD-03 Product Data

2.1 GGround Wires
2.2 GConnectors and Fasteners
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28 05 26.00 40 3.5 GBonding
SD-06 Test Reports

3.6.1 GBond Resistance Test
3.6.2 GGround Resistance Tests
3.6.3 GGround Isolation Test
3.6.4 GContinuity Isolation Test

SD-08 Manufacturer’s Instructions
3.6.2Grounding Systems

28 31 00.98 SD-03 Product Data
Technical Specification Sheets

GCut Sheets
GInstallation Guides

3.2 GInstructions
GDesign Manuals

SD-06 Test Reports
3.3.1 GNFPA 72 Record of Completion
3.3.2 GNFPA 72 Test Methods
3.3.2 GNFPA 72 Inspection and Testing

Form
SD-07 Certificates
State of Ohio fire alarm license
Siemens fire alarm system
certification

31 00 00 SD-01 Preconstruction Submittals
3.5Shoring
1.5.3Dewatering Work Plan
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31 00 00 SD-03 Product Data
3.9Utilization of Excavated Materials
1.4.6Rock Excavation
1.5.1.1Rock Excavation
3.4Opening of any Excavation or

Borrow Pit
3.14Shoulder Construction

SD-06 Test Reports
3.17Testing

SD-07 Certificates
3.17Testing

31 23 01.98 SD-01 Preconstruction Submittals
1.6Construction Equipment List
1.7Existing Conditions

SD-06 Test Reports
1.5.1Soil Test

SD-07 Certificates
1.5.2Proposed Soil Materials
2.3Compost

31 23 02.98 SD-01 Preconstruction Submittals
1.7Records of Existing Conditions
1.7Location of Underground Utilities
1.7Location of Approved Utilities
1.7Location of Test
1.7Location of Inspection

SD-02 Shop Drawings
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31 23 02.98 1.6As-Built Drawings
1.6Drawings

SD-06 Test Reports
3.14Soil Test

SD-07 Certificates
1.5Demolition Plan
1.5Work Plan
1.5Protection Plan
2.2.1Proposed Soil Materials
2.4Compost

32 12 17 SD-06 Test Reports
2.7.1Specific gravity test of asphalt
2.7.1Coarse aggregate tests
2.7.1Percent of crushed pieces in

gravel
2.7.1Fine aggregate tests
2.7.1Bituminous mixture tests

32 16 13 SD-06 Test Reports
1.4.2Air Content
3.8.2.2Air Content
3.8.2.2Air Content
3.8.2.2Air Content
3.8.2.2Air Content
3.8.2.2Air Content

SD-07 Certificates
2.6Form materials

SUBMITTAL REGISTER
CONTRACT NO.

TITLE AND LOCATION CONTRACTOR

CONTRACTOR:
SCHEDULE DATES

CONTRACTOR
ACTION

APPROVING AUTHORITY

A
C
T
I
V
I
T
Y
 
N
O

T
R
A
N
S
M
I
T
T
A
L
 
N
O

S
P
E
C
 
S
E
C
T

DESCRIPTION

ITEM SUBMITTED

P
A
R
A
G
R
A
P
H

#
 
 
 
 

C
L
A
S
S
I
F
I
C
A
T
I
O
N

G
O
V
T
 
O
R
 
A
/
E
 
R
E
V
W
R SUBMIT

APPROVAL
NEEDED

BY

MATERIAL
NEEDED

BY

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

DATE FWD
TO APPR

AUTH/

DATE RCD
FROM

CONTR

DATE FWD
TO OTHER
REVIEWER

DATE RCD
FROM OTH
REVIEWER

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

MAILED
TO

CONTR/

DATE RCD
FRM APPR

AUTH REMARKS

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n) (o) (p) (q) (r)



SUBMITTAL FORM,Jan 96 PREVIOUS EDITION IS OBSOLETE PAGE 34 OF 34 PAGES

NASA GRC Steam Plant B12

32 92 19 SD-03 Product Data
2.5.3Wood cellulose fiber mulch
2.4Fertilizer

SD-06 Test Reports
2.2.3Topsoil composition tests

SD-07 Certificates
2.1seed

SD-08 Manufacturer’s Instructions
2.6Erosion Control Materials

33 11 00 SD-03 Product Data
2.1.1Piping Materials
2.2Water service line
2.1.2.4Valve boxes
2.2.2.4Valve boxes

SD-07 Certificates
2.2Water service line
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