2. If visible contaminants are evident through visual inspection, those
portions of the system where contaminants are visible shall be
re-cleaned and subjected to re-inspection for cleanliness.

3. Cleanliness verification shall be performed immediately after
mechanical cleaning and before the HVAC system is restored to normal

operation.
3.4.3 Verification of Coil Cleaning
Cleaning must restore the coil pressure drop to within 10 percent of the
pressure drop measured when the coil was first installed. 1If the original
pressure drop is not known, the coil will be considered clean only if the

coil is free of foreign matter and chemical residue, based on a thorough
visual inspection (see NADCA Standards).

-— End of Section —--

Attachments WA Drawings 40.11-2.1-153 through 40.11-2.1-163
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SECTION 16050

BASIC ELECTRICAL MATERIALS AND METHODS
02/01

PART 1 GENERAL

1.

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 SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM D 709 (2000) Laminated Thermosetting Materials

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

29 CFR 1910.147 Control of Hazardous Energy (Lock Out/Tag
Oout)

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE Std 100 (1996) Dictionary of Electrical and
Electronics Terms (IEEE)

IEEE C2 (1997) National Electrical Safety Code
(IEEE)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 6 (1993) Industrial Control and Systems
Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NEPA 70 (2002) National Electrical Code

.2 RELATED REQUIREMENTS

This section applies to all sections of Division 16, "Electrical," of this
project specification unless specified otherwise in the individual sections.

3 DEFINITIONS

a. Unless otherwise specified or indicated, electrical and
electronics terms used in these specifications, and on the
drawings, shall be as defined in IEEE Std 100.

b. The technical sections referred to herein are those specification
sections that describe products, installation procedures, and
equipment operations and that refer to this section for detailed
description of submittal types.

c. The technical paragraphs referred to herein are those paragraphs

in PART 2 - PRODUCTS and PART 3 - EXECUTION of the technical
sections that describe products, systems, installation procedures,
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1.

equipment, and test methods.
4 ELECTRICAL CHARACTERISTICS

Electrical characteristics for this project shall be 480 volts primary,
three phase, three wire, 60 Hz, and 208/120 volts secondary, three phase,
four wire. Final connections to the power distribution system at the
existing panelboard shall be made by the Contractor as directed by the
Contracting Officer.

.5 SUBMITTALS

Submittals required in the sections which refer to this section shall
conform to the requirements of Section 01330, "Submittal Procedures" and to
the following additional requirements. Submittals shall include the
manufacturer's name, trade name, place of manufacture, catalog model or
number, nameplate data, size, layout dimensions, capacity, project
specification and technical paragraph reference. Submittals shall also
include applicable federal, military, industry, and technical society
publication references, and years of satisfactory service, and other
information necessary to establish contract compliance of each item to be
provided. Photographs of existing installations are unacceptable and will
be returned without approval.

.5.1 Manufacturer's Catalog Data

Submittals for each manufactured item shall be current manufacturer's
descriptive literature of cataloged products, equipment drawings, diagrams,
performance and characteristic curves, and catalog cuts. Handwritten and
typed modifications and other notations not part of the manufacturer's
preprinted data will result in the rejection of the submittal. Should
manufacturer's data require supplemental information for clarification, the
supplemental information shall be submitted as specified for certificates
of compliance.

.5.2 Drawings

Submit 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.

.5.3 Instructions

Where installation procedures or part of the installation procedures are
required to be in accordance with manufacturer's instructions, submit
printed copies of those instructions prior to installation. Installation
of the item shall not proceed until manufacturer's instructions are
received. Failure to submit manufacturer's instructions shall be cause for
rejection of the equipment or material.

.5.4 Certificates
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Submit manufacturer's certifications as required for products, materials,
finishes, and equipment as specified in the technical sections.
Certificates from material suppliers are not acceptable. Preprinted
certifications and copies of previously submitted documents will not be
acceptable. The manufacturer's certifications shall name the appropriate
products, equipment, or materials and the publication specified as
controlling the quality of that item. Certification shall not contain
statements to imply that the item does not meet requirements specified,
such as "as good as"; "achieve the same end use and results as materials
formulated in accordance with the referenced publications"; or "equal or
exceed the service and performance of the specified material.”
Certifications shall simply state that the item conforms to the
requirements specified. Certificates shall be printed on the
manufacturer's letterhead and shall be signed by the manufacturer's
official authorized to sign certificates of compliance.

.5.4.1 Reference Standard Compliance

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), American Society for Testing and
Materials (ASTM), National Electrical Manufacturers 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.

.5.4.2 Independent Testing Organization Certificate

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.

.5.5 Operation and Maintenance Manuals

Comply with the requirements of "Operation and Maintenance Data" and the
technical sections.

.5.5.1 Operating Instructions

Submit text of posted operating instructions for each system and principal
item of equipment as specified in the technical sections.

.6 QUALITY ASSURANCE
.6.1 Material and Egquipment Qualifications

Provide materials and equipment that are products of manufacturers
regularly engaged in the production of such products which are of equal
material, design and workmanship. Products shall have been in satisfactory
commercial or industrial use for 2 years prior to bid opening. The 2-year
period shall include applications of equipment and materials under similar
circumstances and of similar size. The product shall have been on sale on
the commercial market through advertisements, manufacturers' catalogs, or
brochures during the 2-year period. Where two or more items of the same
class of equipment are required, these items shall be products of a single
manufacturer; however, the component parts of the item need not be the
products of the same manufacturer unless stated in the technical section.
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.6.2 Regulatory Requirements

Equipment, materials, installation, and workmanship shall be in accordance
with the mandatory and advisory provisions of NFPA 70.

.6.3 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.

.6.4 Service Support

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.

.6.5 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.

.6.6 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.

.6.7 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.

.7 POSTED OPERATING INSTRUCTIONS
Provide for each system and principal item of equipment as specified in the

technical sections for use by operation and maintenance personnel. The
operating instructions shall include the following:
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a. Wiring diagrams, control diagrams, and control sequence for each
principal system and item of equipment.

b. Start up, proper adjustment, operating, lubrication, and shutdown
procedures.
c. Safety precautions.

d. The procedure in the event of equipment failure.

e. Other items of instruction as recommended by the manufacturer of
each system or item of equipment.

Print or engrave operating instructions and frame under glass or in
approved laminated plastic. Post instructions where directed. For
operating instructions exposed to the weather, provide weather-resistant
materials or weatherproof enclosures. Operating instructions shall not
fade when exposed to sunlight and shall be secured to prevent easy removal
or peeling.

.8 NAMEPLATES

ASTM D 709. Provide laminated plastic nameplates for each panelboard,
equipment enclosure, relay, switch, and device; as specified in the
technical sections or as indicated on the drawings. Each nameplate
inscription shall identify the function and, when applicable, the position.
Nameplates shall be melamine plastic, 0.125 inch thick, white with black
center core. Provide red laminated plastic label with white center core
where indicated. Surface shall be matte finish. Corners shall be square.
Accurately align lettering and engrave into the core. Minimum size of
nameplates shall be one by 2.5 inches. Lettering shall be a minimum of
0.25 inch high normal block style.

.9 WARNING SIGNS

Provide warning signs for the enclosures of electrical equipment as shown
and indicated on the drawings.

.10 CABLE TAGS IN MANHOLES, HANDHOLES, AND VAULTS

Provide tags for each cable or wire located in manholes, handholes, and

vaults. Tag only new wire and cable provided by this contract. The tags
shall be polyethylene or sheet lead. Do not provide handwritten letters.
As an example, a tag could have the following designation: "11.5 NAS

1-8 (Phase A)500," denoting that the tagged cable is on the 11.5kV system
circuit number NAS 1-8, underground, Phase A, sized at 500 kcmil.

.10.1 Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of 3250
pounds per square inch; and that are 0.08 inch thick (minimum),
non-corrosive non-conductive; resistive to acids, alkalis, organic
solvents, and salt water; and distortion resistant to 170 degrees F.
Provide 0.05 inch (minimum) thick black polyethylene tag holder. Provide a
one-piece nylon, self-locking tie at each end of the cable tag. Ties shall
have a minimum loop tensile strength of 175 pounds. The cable tags shall
have black block letters, numbers, and symbols one inch high on a yellow
background. Letters, numbers, and symbols shall not fall off or change
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positions regardless of the cable tags' orientation.
.10.2 Lead Cable Tags

Provide tags of virgin sheet lead, one-piece wraparound strap type, slotted
on one end for attaching the strap. Minimum size of tags shall be one inch
wide by 3/64 inch thick and a length sufficient for die stamping the
identification on one line and banding around the cable or wire, but not
less than 10 inches long. Tags shall be die stamped with numbers, letters,
and symbols not less than 0.25 inch high and approximately 0.015 inch deep
in normal block style.

.11 ELECTRICAL REQUIREMENTS

Electrical installations shall conform to IEEE C2, NFPA 70, and
requirements specified herein.

L1101 Motors and Equipment

Provide motor controllers, and contactors with their respective pieces of
equipment. Controllers, integral disconnects, and contactors shall conform
to Section 16402, "Interior Distribution System" . Extended voltage range
motors shall not be permitted. Control voltage for controllers and
contactors shall not exceed 120 volts nominal. 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. Where fuse protection is
specifically recommended by the equipment manufacturer, provide fused
switches in lieu of non-fused switches indicated. As an exception to these
requirements, provide disconnect switches, contactors, and controllers for
existing motor-operated equipment under Section 16402, "Interior
Distribution System."

11,2 Wiring and Conduit

Provide internal wiring for components of packaged equipment as an integral
part of the equipment. Provide power wiring and conduit for
field-installed equipment under Section 16402, "Interior Distribution
System." Power wiring and conduit shall conform to Section 16402,
"Interior Distribution System." Control wiring and conduit shall be
provided under, and conform to the requirements of the section specifying
the associated equipment.

.11.3 New Work

Provide electrical components of mechanical equipment, such as motor
starters, 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, and the electrical
power circuits shall be provided under Division 16, except internal wiring
for components of packaged 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.
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.11.4 Modifications to Existing Systems

Where existing mechanical systems and motor-operated equipment require
modifications, provide electrical components under Division 16.

.11.5 OMITTED

.11.6 OMITTED

.12 INSTRUCTION TO GOVERNMENT PERSONNEL

Where specified in the technical sections, furnish the services of
competent instructors to give full instruction to designated Government
personnel in the adjustment, operation, and maintenance of the specified
systems and equipment, including pertinent safety requirements as required.
Instructors shall be thoroughly familiar with all parts of the installation
and shall be trained in operating theory as well as practical operation and
maintenance work. Instruction shall be given during the first regular work
week after the equipment or system has been accepted and turned over to the
Government for regular operation. The number of man-days (8 hours per day)
of instruction furnished shall be as specified in the individual section.

.13 LOCKOUT REQUIREMENTS

Provide disconnecting means capable of being locked out for machines and

other equipment to prevent unexpected startup or release of stored energy
in accordance with 29 CFR 1910.147. Mechanical isolation of machines and
other equipment shall be in accordance with requirements of Division 15,

"Mechanical."

PART 2 PRODUCTS

Not used.

PART 3 EXECUTION

3.

3.

3.

1 PAINTING OF EQUIPMENT
1.1 Factory Applied

Electrical equipment shall have factory-applied painting systems which
shall, as a minimum, meet the requirements of NEMA ICS 6
corrosion-resistance test and the additional requirements specified in the
technical sections.

1.2 Field Applied

Paint electrical equipment as required to match finish of adjacent surfaces
or to meet the indicated or specified safety criteria. Painting shall be
as specified in the section specifying the associated electrical equipment.

.2 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 WARNING SIGN MOUNTING
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Provide the number of signs required to be readable from each accessible
side, but space the signs a maximum of 30 feet apart.

.4 CABLE TAG INSTALLATION

Install cable tags in each manhole, handhole, and vault as specified,
including each splice. 1Install cable tags over the fireproofing, if any,
and locate the tags so that they are clearly visible without disturbing any
cabling or wiring in the manholes, handholes, and vaults.

—-—— End of Section —-
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SECTION 16070

SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT
04/99

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 basic
designation only.

U.S. ARMY CORPS OF ENGINEERS (USACE)

TI 809-04 (1998) Seismic Design for Buildings

.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 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail drawings along with catalog cuts, templates, and erection
and installation details, as appropriate, for the items listed.
Submittals shall be complete in detail; shall indicate thickness,
type, grade, class of metal, and dimensions; and shall show
construction details, reinforcement, anchorage, and installation
with relation to the building construction.

SD-03 Product Data

Copies of the design calculations with the detail drawings.
Calculations shall be stamped by a registered engineer and shall
verify the capability of structural members to which bracing is
attached for carrying the load from the brace.
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1.3 SYSTEM DESCRIPTION

1.3.1 General Requirements
The requirements for seismic protection measures described in this section
shall be applied to the electrical equipment and systems listed below.
Structural requirements shall be in accordance with TI 809-04.

1.3.2 Electrical Equipment

Electrical equipment shall include the following items to the extent
required on the drawings or in other sections of these specifications:

Control Panels Panelboards
Reverse Rotation Sensors High Pressure Switches
Sensors & Transmitters Vibration Monitors

Pressure Monitors & Alarms

1.3.3 Electrical Systems
The following electrical systems shall be installed as required on the
drawings and other sections of these specifications and shall be
seismically protected in accordance with this specification: Spread
Spectrum Alternative including monitors & alarms

1.3.4-—-1.4.2 OMITTED

PART 2 PRODUCTS

2.1 OMITTED

2.2 SWAY BRACING MATERIALS

Sway bracing materials (e.g. rods, plates, rope, angles, etc.) shall be in
accordance with TI 809-04.

PART 3 EXECUTION
3.1 SWAY BRACES FOR CONDUIT

Conduit shall be braced as for an equivalent weight pipe in accordance with
TI 809-04.
3.2 OMITTED

-— End of Section —--
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SECTION 16081

APPARATUS INSPECTION AND TESTING
01/01

PART 1 GENERAL

1.

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.

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (1999) Electrical Power Distribution
Equipment and Systems

.2 RELATED REQUIREMENTS

Section 16050, "Basic Electrical Materials and Methods" applies to this
section with additions and modifications specified herein.

.3 SUBMITTALS

Submit the following in accordance with Section 01330, "Submittal
Procedures."

SD-06 Test Reports
Acceptance tests and inspections; G WA

Submit certified copies of inspection reports and test reports.
Reports shall include certification of compliance with specified
requirements, identify deficiencies, and recommend corrective
action when appropriate. Type and neatly bind test reports to
form a part of the final record. Submit test reports documenting
the results of each test not more than 10 days after test is
completed.

SD-07 Certificates

Qualifications of organization, and lead engineering technician; G
WA

Acceptance test and inspections procedure; G WA

.4 QUALITY ASSURANCE

4.1 Qualifications

Contractor shall engage the services of a qualified testing organization to
provide inspection, testing, calibration, and adjustment of the electrical
distribution system and generation equipment listed in paragraph entitled
"Acceptance Tests and Inspections” herein. Organization shall be
independent of the supplier, manufacturer, and installer of the equipment.
The organization shall be a first tier subcontractor. No work required by
this section of the specification shall be performed by a second tier

SECTION 16081 Page 1



1

1.

subcontractor.

a. Submit name and qualifications of organization. Organization
shall have been regularly engaged in the testing of electrical
materials, devices, installations, and systems for a minimum of 5
years. The organization shall have a calibration program, and
test instruments used shall be calibrated in accordance with NETA
ATS.

b. Submit name and qualifications of the lead engineering technician
performing the required testing services. Include a list of three
comparable jobs performed by the technician with specific names
and telephone numbers for reference. Testing, inspection,
calibration, and adjustments shall be performed by an engineering
technician, certified by NETA or the National Institute for
Certification in Engineering Technologies (NICET) with a minimum
of 5 years' experience inspecting, testing, and calibrating
electrical distribution and generation equipment, systems, and
devices.

4.2 Acceptance Test and Inspections Procedure

Submit test procedure reports for each item of equipment to be field tested
at least 45 days prior to planned testing date. Do not perform testing
until after test procedure has been approved.

4.3 OMITTED

PART 2 PRODUCTS

Not used.

PART 3 EXECUTION

3.

3

1 ACCEPTANCE TESTS AND INSPECTIONS

Testing organization shall perform acceptance tests and inspections. Test
methods, procedures, and test values shall be performed and evaluated in
accordance with NETA ATS, the manufacturer's recommendations, and paragraph
entitled "Field Quality Control" of each applicable specification section.
Tests identified as optional in NETA ATS are not required unless otherwise
specified. Equipment shall be placed in service only after completion of
required tests and evaluation of the test results have been completed.
Contractor shall supply to the testing organization complete sets of shop
drawings, settings of adjustable devices, and other information necessary
for an accurate test and inspection of the system prior to the performance
of any final testing. Contracting Officer shall be notified at least 14
days in advance of when tests will be conducted by the testing
organization. Perform acceptance tests and inspections on applicable
equipment and systems specified in the following sections:

a. Section 16402, "Interior Distribution System"
b. Section 16710, "Premises Distribution System"
c. Section 16751, "Closed Circuit Television Systems"

.2 SYSTEM ACCEPTANCE
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Final acceptance of the system is contingent upon satisfactory completion
of acceptance tests and inspections.

.3 PLACING EQUIPMENT IN SERVICE
A representative of the approved testing organization shall be present when
equipment tested by the organization is initially energized and placed in

service.

-— End of Section —--
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SECTION 16402

INTERIOR DISTRIBUTION SYSTEM
02/02

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 SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 1 (1995) Hard-Drawn Copper Wire

ASTM B 8 (1999) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium-Hard, or Soft

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA C80.1 (1994) Rigid Steel Conduit - Zinc Coated
(GRC)

NEMA ICS 6 (1993) Industrial Control and Systems
Enclosures

NEMA KS 1 (1996) Enclosed and Miscellaneous
Distribution Equipment Switches (600 Volts
Maximum)

NEMA RN 1 (1998) Polyvinyl-Chloride (PVC) Externally

Coated Galvanized Rigid Steel Conduit and
Intermediate Metal Conduit

NEMA TC 2 (1998) Electrical Polyvinyl Chloride (PVC)
Tubing (EPT) and Conduit (EPC-40 and
EPC-80)

NEMA WD 1 (1999) General Requirements for Wiring
Devices

NEMA WD 6 (1997) Wiring Devices - Dimensional
Requirements

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NEPA 70 (2002) National Electrical Code
UNDERWRITERS LABORATORIES (UL)

UL 1 (2000) Flexible Metal Conduit

UL 1010 (1995; Rev thru Mar 1999) Receptacle-Plug

Combinations for Use in Hazardous
(Classified) Locations
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UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

1660

1699

20

360

467

486A

486C

489

498

50

510

514A

514B

514cC

651

67

83

869A

(2000) Liquid-Tight Flexible Nonmetallic
Conduit

(1999; R 2000, Bul. 2001) Arc-Fault
Circuit-Interrupters

(1995; Rev thru Oct 1998) General-Use Snap
Switches

(1996; Rev thru Oct 1997) Liquid-Tight
Flexible Steel Conduit

(1993; Rev thru Apr 1999) Grounding and
Bonding Equipment

(1997; Rev thru Dec 1998) Wire Connectors
and Soldering Lugs for Use with Copper

Conductors

(1997; Rev thru Aug 1998) Splicing Wire
Connectors

(1996; Rev thru Dec 1998) Molded-Case
Circuit Breakers, Molded-Case Switches,

and Circuit-Breaker Enclosures

(1996; Rev thru Jan 1999) Attachment Plugs
and Receptacles

(1996) Surface Metal Raceways and Fittings

(1995; Rev thru Nov 1999) Enclosures for
Electrical Equipment

(1994; Rev thru Apr 1998) Polyvinyl
Chloride, Polyethylene, and Rubber
Insulating Tape

(1996; Rev Dec 1999) Metallic Outlet Boxes

(1997; Rev Oct 1998) Fittings for Cable
and Conduit

(1996; Rev thru Dec 1999) Nonmetallic
Outlet Boxes, Flush-Device Boxes, and
Covers

(1997) Rigid Metal Conduit

(1995; Rev thru Oct 1998) Schedule 40 and
80 Rigid PVC Conduit

(1993; Rev thru Oct 1999) Panelboards

(1998; Rev thru Sep 1999)
Thermoplastic-Insulated Wires and Cables

(1998) Reference Standard for Service
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Equipment

UL 886 (1994; Rev thru Apr 1999) Outlet Boxes and
Fittings for Use in Hazardous (Classified)
Locations

UL 943 (1993; Rev thru May 1998) Ground-Fault

Circuit-Interrupters

1.2 RELATED REQUIREMENTS

Section 16050, "Basic Electrical Materials and Methods," applies to this
section with additions and modifications specified herein.

1.3 SUBMITTALS

Submit the following in accordance with Section 01330, "Submittal
Procedures."

SD-03 Product Data
Switches; G WA
Receptacles; G WA
Panelboards; G WA
Circuit Breakers; G WA
SD-06 Test Reports
Grounding system test; G WA
"1.4-—-1.5 OMITTED"
PART 2 PRODUCTS
2.1 MATERIALS AND EQUIPMENT
Materials, equipment, and devices shall, as a minimum, meet requirements of
UL, where UL standards are established for those items, and requirements of
NFPA 70.
2.2 CONDUIT AND FITTINGS
Shall conform to the following:
2.2.1 Rigid Metallic Conduit
2.2.1.1 Rigid, Threaded Zinc-Coated Steel Conduit
NEMA C80.1, UL 6.
2.2.1.2 Rigid Aluminum Conduit
Not used in this project.

2.2.2 Rigid Nonmetallic Conduit
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PVC Type EPC-40, and EPC-80 in accordance with NEMA TC 2, UL 651.
.2.3 Intermediate Metal Conduit (IMC)

Not used in this project.

.2.4 Electrical, Zinc-Coated Steel Metallic Tubing (EMT)

Not used in this project.

.2.5 Plastic—-Coated Rigid Steel and IMC Conduit

NEMA RN 1, Type 40 (40 mils thick).

2.6 Flexible Metal Conduit

UL 1.

.2.6.1 Liquid-Tight Flexible Metal Conduit, Steel

UL 360.

2.7 Fittings for Metal Conduit, EMT, and Flexible Metal Conduit

UL 514B. Ferrous fittings shall be cadmium- or zinc-coated in accordance
with UL 514B.

2.7.1 Fittings for Rigid Metal Conduit and IMC
Threaded-type. Split couplings unacceptable.

2.7.2 Fittings for EMT

Steel compression type.

.2.7.3 Fittings for Use in Hazardous (Classified) Locations
UL 886.

.2.8 Fittings for Rigid Nonmetallic Conduit

NEMA TC 2, UL 514B.

.2.9 Liquid-Tight Flexible Nonmetallic Conduit

UL 1660.
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.3 SURFACE RACEWAY

.3.1 Surface Metal Raceway

UL 5, two-piece painted steel, totally enclosed, snap-cover type. Provide
multiple outlet-type raceway with grounding-type receptacle where
indicated. Receptacles shall be as specified herein and shall be spaced
minimum of one every (18 inches).

.3.2 Surface Nonmetallic Raceway

Not used in this project.

.4 OMITTED

.5 OMITTED

.6 OUTLET BOXES AND COVERS

UL 514A, cadmium—- or zinc-coated, if ferrous metal. UL 514C, if
nonmetallic.

.6.1 Outlet Boxes in Hazardous (Classified) Locations

UL 886.

.6.2 Floor Outlet Boxes

Not used in this project.

.6.3 Clock Outlet for Use in Other Than Wired Clock System
Not used in this project.

.7 CABINETS, JUNCTION BOXES, AND PULL BOXES

Volume greater than 100 cubic inches, UL 50, hot-dip, zinc-coated, if sheet
steel.

.8 WIRES AND CABLES

Wires and cables shall meet applicable requirements of NFPA 70 and UL for
type of insulation, Jjacket, and conductor specified or indicated. Wires

and cables manufactured more than 12 months prior to date of delivery to

site shall not be used.

.8.1 Conductors

Conductors No. 8 AWG and larger diameter shall be stranded. Conductors No.
10 AWG and smaller diameter shall be solid, except that conductors for
remote control, alarm, and signal circuits, classes 1, 2, and 3, shall be
stranded unless specifically indicated otherwise. Conductor sizes and
ampacities shown are based on copper, unless indicated otherwise. All
conductors shall be copper.
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2.8.1.1 Equipment Manufacturer Requirements

2.

When manufacturer's equipment requires copper conductors at the
terminations or requires copper conductors to be provided between
components of equipment, provide copper conductors or splices, splice
boxes, and other work required to satisfy manufacturer's requirements.

.8.1.2 Aluminum Conductors

Not used in this project.

.8.1.3 Minimum Conductor Sizes

Minimum size for branch circuits shall be No. 12 AWG; for Class 1
remote—-control and signal circuits, No. 14 AWG; for Class 2 low—-energy,
remote-control and signal circuits, No. 16 AWG; and for Class 3 low-energy,
remote-control, alarm and signal circuits, No. 22 AWG.

.8.2 Color Coding

Provide for service, feeder, branch, control, and signaling circuit
conductors. Color shall be green for grounding conductors and white for
neutrals; except where neutrals of more than one system are installed in
same raceway or box, other neutral shall be white with colored (not green)
stripe. Color of ungrounded conductors in different voltage systems shall
be as follows:
a. 208/120 volt, three-phase
(1) Phase A - black
(2) Phase B - red
(3) Phase C - blue
b. 480/277 volt, three-phase
(1) Phase A - brown
(2) Phase B - orange
(3) Phase C - yellow
c. 120/240 volt, single phase: Black and red
8.3 Insulation
Unless specified or indicated otherwise or required by NFPA 70, power wires
shall be 600-volt, Type THWN/THHN conforming to UL 83, except that

grounding wire may be type TW conforming to UL 83; remote-control and
signal circuits shall be Type TW or TF, conforming to UL 83.
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.8.4 Bonding Conductors

ASTM B 1, solid bare copper wire for sizes No. 8 AWG and smaller diameter;
ASTM B 8, Class B, stranded bare copper wire for sizes No. 6 AWG and larger
diameter.

.8.5 Service Entrance Cables

Not used in this project.

.8.6 Nonmetallic Sheathed Cable

Not used in this project.

.8.7 Wire and Cable for 400 Hertz (Hz) Circuits

Insulated copper conductors.

.8.8 Metal-Clad Cable

Not used in this project.

.8.9 Armored Cable

Not used in this project.

.8.10 Mineral-Insulated, Metal-Sheathed Cable

Not used in this project.

.8.11 Flat Conductor Cable

Not used in this project.

.8.12 Cable Tray Cable

UL listed; type TC.

.9 SPLICES AND TERMINATION COMPONENTS

UL 486A for wire connectors and UL 510 for insulating tapes. Connectors
for No. 10 AWG and smaller diameter wires shall be insulated, pressure-type
in accordance with UL 486A or UL 486C (twist-on splicing connector).
Provide solderless terminal lugs on stranded conductors.

.10 DEVICE PLATES

Provide UL listed, one-piece device plates for outlets to suit the devices
installed. For metal outlet boxes, plates on unfinished walls shall be of

zinc-coated sheet steel or cast metal having round or beveled edges. For
nonmetallic boxes and fittings, other suitable plates may be provided.
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2.

2

11 SWITCHES

1101 Toggle Switches

NEMA WD 1, UL 20, single pole and double pole, totally enclosed with bodies
of thermoplastic and/or thermoset plastic and mounting strap with grounding
screw. Handles shall be brown thermoplastic. Wiring terminals shall be
screw—-type, side-wired. Contacts shall be silver-cadmium and contact arm
shall be one-piece copper alloy. Switches shall be rated quiet-type ac
only, 120/277 volts, with current rating and number of poles indicated.

.11.2 Switch with Red Pilot Handle

NEMA WD 1. Provide pilot lights that are integrally constructed as a part
of the switch's handle. The pilot light shall be red and shall illuminate
whenever the switch is closed or "on". The pilot lighted switch shall be
rated 20 amps and 120 volts or 277 volts as indicated. Provide the
circuit's neutral conductor to each switch with a pilot light.

.11.3 Disconnect Switches

NEMA KS 1. Provide heavy duty-type switches where indicated, where
switches are rated higher than 240 volts, and for double-throw switches.
Fused switches shall utilize Class R fuseholders and fuses, unless
indicated otherwise. Switches serving as motor-disconnect means shall be
horsepower rated. Provide switches in NEMA 1, enclosure as indicated per
NEMA ICS 6.

.11.4 Breakers Used as Switches

Not applied in this project.

.12 RECEPTACLES

UL 498, hard use, heavy-duty, grounding-type. Ratings and configurations
shall be as indicated. Bodies shall be as per NEMA WD 1. Face and body
shall be thermoplastic supported on a metal mounting strap. Dimensional
requirements shall be per NEMA WD 6. Provide screw-type, side-wired wiring
terminals. Connect grounding pole to mounting strap. The receptacle shall
contain triple-wipe power contacts and double or triple-wipe ground
contacts.

L1201 Switched Duplex Receptacles

Not used in this project.

.12.2 Weatherproof Receptacles

Provide in cast metal box with gasketed, weatherproof, cast-metal cover
plate and gasketed cap over each receptacle opening. Provide caps with a
spring-hinged flap. Receptacle shall be UL listed for use in "wet
locations with plug in use."

.12.3 Ground-Fault Circuit Interrupter Receptacles

UL 943, duplex type for mounting in standard outlet box. Device shall be
capable of detecting current leak of 6 milliamperes or greater and tripping
per requirements of UL 943 for Class A GFI devices.

Provide screw-type, side-wired wiring terminals or pre-wired (pigtail)
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leads.

.12.4 Receptacles in Hazardous (Classified) Locations

UL 1010

.12.5 Special Purpose Receptacles

Not used in this project.

.12.6 Plugs

Not used in this project.

L1207 Range Receptacles

Not used in this project.

.12.8 Dryer Receptacles

Not used in this project.

.12.9 Tamper—-Resistant Receptacles

Not used in this project.

.13 PANELBOARDS

UL 67 and UL 50 having a short-circuit current rating as indicated.
Panelboards for use as service disconnecting means shall additionally
conform to UL 869A. Panelboards shall be circuit breaker-equipped unless
indicated otherwise. Design shall be such that individual breakers can be

removed without disturbing adjacent units or without loosening or removing
supplemental insulation supplied as means of obtaining clearances as

required by UL. "Specific breaker placement" is required in panelboards to
match the breaker placement indicated in the panelboard schedule on the
drawings. Use of "Subfeed Breakers" is not acceptable unless specifically

indicated otherwise. Main breaker shall be "separately" mounted "above" or
"below" branch breakers. Where "space only" is indicated, make provisions
for future installation of breakers. Panelboard locks shall be keyed same.
Directories shall indicate load served by each circuit in panelboard.
Directories shall also indicate source of service to panelboard (e.g.,
Panel PA served from Panel MDP). Provide new directories for existing
panels modified by this project as indicated. Type directories and mount in
holder behind transparent protective covering. Panelboards shall be listed
and labeled for their intended use.

.13.1 Panelboard Buses

Support bus bars on bases independent of circuit breakers. Main buses and
back pans shall be designed so that breakers may be changed without
machining, drilling, or tapping. Provide isolated neutral bus in each
panel for connection of circuit neutral conductors. Provide separate
ground bus identified as equipment grounding bus per UL 67 for connecting
grounding conductors; bond to steel cabinet.

.13.1.1 Panelboard Neutrals for Non-Linear Loads

UL listed, and panelboard type shall have been specifically UL heat rise
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tested for use on non-linear loads. Panelboard shall be heat rise tested
in accordance with UL 67, except with the neutral assembly installed and
carrying 200 percent of the phase bus current during testing. Verification
of the testing procedure shall be provided upon request. Two neutral
assemblies paralleled together with cable is not acceptable. Nameplates
for panelboard rated for use on non-linear loads shall be marked "SUITARBRLE
FOR NON-LINEAR LOADS." Provide a neutral label with instructions for
wiring the neutral of panelboards rated for use on non-linear loads.

.13.2 Circuit Breakers

UL 489, thermal magnetic-type having a minimum short-circuit current rating
equal to the short-circuit current rating of the panelboard in which the
circuit breaker shall be mounted. Breaker terminals shall be UL listed as
suitable for type of conductor provided.Series rated circuit breakers and
plug-in circuit breakers are unacceptable.

.13.2.1 Multipole Breakers

Provide common trip-type with single operating handle. Breaker design
shall be such that overload in one pole automatically causes all poles to
open. Maintain phase sequence throughout each panel so that any three
adjacent breaker poles are connected to Phases A, B, and C, respectively.
.13.2.2 Circuit Breaker With GFI

UL 943 and NFPA 70. Provide with "push-to-test" button, visible indication
of tripped condition, and ability to detect and trip on current imbalance
of 6 milliamperes or greater per requirements of UL 943 for Class A GFI
devices, for personnel protection, and 20 milliamperes or greater per
requirements of UL 943 for Class B GFI per equipment protection.

.13.2.3 Circuit Breakers for HVAC Equipment

Not used in this project.

.13.2.4 Arc-Fault Circuit-Interrupters

UL 489, UL 1699 and NFPA 70. Individual molded case circuit breaker rated
15 and 20 amperes, 125 volts, single pole having a short circuit rating of
10,000 amperes symmetrical. Provide with "push-to-test" button.

.13.3 Fusible Switches for Panelboards

NEMA KS 1, hinged door-type. Switches serving as motor disconnect means
shall be horsepower rated.

.13.4 400 Hz Panelboard and Breakers

Panelboards and breakers for use on 400 Hz systems shall be "400 Hz" rated
and labeled.

.14 OMITTED
.15 OMITTED
.16 OMITTED

.17 MOTOR CIRCUIT PROTECTORS (MCP)
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Motor circuit protectors; UL 489. MCPs shall consist of an adjustable
instantaneous trip circuit breaker in conjunction with a combination motor
controller which provides coordinated motor circuit overload and short
circuit protection. MCPs shall be rated in accordance with NFPA 70.

.18 OMITTED

.19 OMITTED

.20 OMITTED

.21 OMITTED

.22 OMITTED

.23 OMITTED

.24 TELEPHONE SYSTEM

Provide system of telephone wire-supporting structures, including: conduits
with pull wires and cable trays, terminal boxes, outlet and junction boxes,
other accessories for telephone outlets, and telephone cabinets.

.24.1 OMITTED

.24.2 OMITTED

.24.3 Conduit Sizing

Conduit for single outlets shall be minimum of 3/4 inch and for multiple
outlets minimum of one inch. Size conduits for telephone risers to
telephone cabinets, Jjunction boxes, distribution centers, and telephone
service, as indicated.

.24 .4 -—=2.24.6 OMITTED

.25 OMITTED

.26 GROUNDING AND BONDING EQUIPMENT

UL 467. Ground rods shall be sectional type, copper-clad steel, with
minimum diameter of 3/4 inch and minimum length 10 feet.

.27 HAZARDOUS LOCATIONS

Electrical materials, equipment, and devices for installation in hazardous
locations, as defined by NEFPA 70, shall be specifically approved by
Underwriters' Laboratories, Inc., or Factory Mutual for particular "Class,"
"Division," and "Group" of hazardous locations involved. Boundaries and
classifications of hazardous locations shall be as indicated.

.28 NAMEPLATES

Provide as specified in Section 16050, "Basic Electrical Materials and
Methods."

.29 FIRESTOPPING MATERIALS

Provide firestopping around electrical penetrations in accordance with NEFPA
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2.

70.

30 -——=2.34 OMITTED

PART 3 EXECUTION

3.

1 INSTALLATION

Electrical installations shall conform to requirements of NFPA 70 and to
requirements specified herein.

1.1 Underground Service

Underground service conductors and associated conduit shall be continuous
from service entrance equipment to outdoor power system connection.

1.2 Overhead Service

Overhead service conductors into buildings shall terminate at service
entrance fittings or weatherhead outside building.

.1.3 Hazardous Locations

Work in hazardous locations, as defined by NFPA 70, shall be performed in
strict accordance with NFPA 70 for particular "Class," "Division," and
"Group" of hazardous locations involved. Provide conduit and cable seals
where required by NFPA 70. Conduit shall have tapered threads.

.1.4 OMITTED

.1.5 Wiring Methods

Provide insulated conductors installed in rigid steel conduit, or rigid
nonmetallic conduit, except where specifically indicated or specified
otherwise or required by NFPA 70 to be installed otherwise. Grounding
conductor shall be separate from electrical system neutral conductor.
Provide insulated green equipment grounding conductor for circuit (s)
installed in conduit and raceways. Minimum conduit size shall be 1/2 inch
in diameter for low voltage circuits. Vertical distribution in multiple
story buildings shall be made with metal conduit in fire-rated shafts.
Metal conduit shall extend through shafts for minimum distance of 6 inches.
Conduit which penetrates fire-rated walls, fire-rated partitions, or
fire-rated floors shall be firestopped in accordance with NFPA 70.

.1.5.1 Restrictions Applicable to Aluminum Conduit

Do not use aluminum conduit.

.1.5.2 Restrictions Applicable to EMT

Do not use EMT conduit.

.1.5.3 Restrictions Applicable to Nonmetallic Conduit

PVC Schedule 40 and PVC Schedule 80
(1) Do not use in areas where subject to severe physical

damage, including but not limited to, mechanical equipment rooms,
electrical equipment rooms, hospitals, power plants, missile
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magazines,

(2) Do not
(3) Do not
(4) Do not

fire-rated

(5) Do not
for rising

and

use

use

use

use above grade,

other such areas.

in hazardous

in fire pump rooms.

(classified)

areas.

in penetrating fire-rated walls or partitions, or
floors.

except where allowed in this section

through floor slab or indicated otherwise.

b. Electrical Nonmetallic Tubing

3.1.5.4

(1) Do not install underground.

(2) Do not encase in concrete except when provided with fittings
identified for this purpose are used for connections.

(3) Do not use in areas where subject to severe physical damage,

including but not limited to,
equipment rooms,

electrical
magazines, and
(4) Do not use
(5) Do not use
(6) Do not use
(7) Do not run
grade, where

other such areas.

in hazardous areas.

outdoors.

hospitals,

mechanical equipment rooms,
power plants,

missile

in sizes larger than 53 mm 2 inch.

exposed in buildings exceeding three floors above
is as defined in NFPA 70.

"first floor"

Restrictions Applicable to Flexible Conduit

Use only as specified in paragraph entitled "Flexible Connections."

3.1.5.5

3.1.5.6

Service Entrance Conduit,
Not used in this project.
Service Entrance Conduit,

Not used in this project.

SECTION 16402

Overhead

Underground

Page 13



3

3

3

3.

.1.5.7 Underground Conduit Other Than Service Entrance

Plastic-coated rigid steel; plastic-coated steel IMC; PVC, Type EPC-40.
Plastic coating shall extend minimum 6 inches above floor.

.1.5.8 Conduit in Floor Slabs

Rigid steel; or PVC, Type EPC-40.

.1.5.9 -—-3.1.5.13 OMITTED

1.6 Conduit Installation

Unless indicated otherwise, conceal conduit under floor slabs and within
finished walls, ceilings, and floors. Keep conduit minimum 6 inches away
from parallel runs of flues and steam or hot water pipes. Install conduit
parallel with or at right angles to ceilings, walls, and structural members
where located above accessible ceilings and where conduit will be visible
after completion of project. Run conduits under floor slab as if exposed.

.1.6.1 Conduit Installed Under Floor Slabs

Conduit run under floor slab shall be located a minimum of 12 inches below
the vapor barrier. Seal around conduits at penetrations thru vapor barrier.

.1.6.2 Conduit Through Floor Slabs

Where conduits rise through floor slabs, curved portion of bends shall not
be visible above finished slab.

.1.6.3 Conduit Support

Support conduit by pipe straps, wall brackets, hangers, or ceiling trapeze.
Fasten by wood screws to wood; by toggle bolts on hollow masonry units; by
concrete inserts or expansion bolts on concrete or brick; and by machine
screws, welded threaded studs, or spring-tension clamps on steel work.
Threaded C-clamps may be used on rigid steel conduit only. Do not weld

conduits or pipe straps to steel structures. Load applied to fasteners
shall not exceed one—-fourth proof test load. Fasteners attached to
concrete ceiling shall be vibration resistant and shock-resistant. Holes

cut to depth of more than 1 1/2 inches in reinforced concrete beams or to
depth of more than 3/4 inch in concrete joints shall not cut main
reinforcing bars. Fill unused holes. 1In partitions of light steel
construction, use sheet metal screws. In suspended-ceiling construction,
run conduit above ceiling. Do not support conduit by ceiling support
system. Conduit and box systems shall be supported independently of both
(a) tie wires supporting ceiling grid system, and (b) ceiling grid system
into which ceiling panels are placed. Supporting means shall not be shared
between electrical raceways and mechanical piping or ducts. Installation
shall be coordinated with above-ceiling mechanical systems to assure
maximum accessibility to all systems. Spring-steel fasteners may be used
for lighting branch circuit conduit supports in suspended ceilings in dry
locations. Support exposed risers in wire shafts of multistory buildings
by U-clamp hangers at each floor level and at 10 foot maximum intervals.
Where conduit crosses building expansion joints, provide suitable
watertight expansion fitting that maintains conduit electrical continuity
by bonding jumpers or other means. For conduits greater than 2 1/2 inches
inside diameter, provide supports to resist forces of 0.5 times the
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equipment weight in any direction and 1.5 times the equipment weight in the
downward direction.

3.1.6.4 Directional Changes in Conduit Runs

Make changes in direction of runs with symmetrical bends or cast-metal
fittings. Make field-made bends and offsets with hickey or conduit-bending
machine. Do not install crushed or deformed conduits. Avoid trapped
conduits. Prevent plaster, dirt, or trash from lodging in conduits, boxes,
fittings, and equipment during construction. Free clogged conduits of
obstructions.

3.1.6.5 Pull Wire

Install pull wires in empty conduits. Pull wire shall be plastic having
minimum 200-pound tensile strength. Leave minimum 36 inches of slack at
each end of pull wire.

3.1.6.6 Telephone and Signal System Conduits

Refer to Section 16710, "Structured Telecommunications Cabling and Pathway
System."

3.1.6.7 OMITTED
3.1.6.8 Conduit Installed in Concrete Floor Slabs

Locate so as not to adversely affect structural strength of slabs. Install
conduit within middle one-third of concrete slab. Do not stack conduits.
Space conduits horizontally not closer than three diameters, except at
cabinet locations. Curved portions of bends shall not be visible above
finish slab. 1Increase slab thickness as necessary to provide minimum one
inch cover over conduit. Where embedded conduits cross building and/or
expansion joints, provide suitable watertight expansion/deflection fittings
and bonding jumpers. Expansion/deflection fittings shall allow horizontal
and vertical movement of raceway. Conduit larger than one inch trade size
shall be parallel with or at right angles to main reinforcement; when at
right angles to reinforcement, conduit shall be close to one of supports of
slab.

3.1.6.9 Locknuts and Bushings

Fasten conduits to sheet metal boxes and cabinets with two locknuts where
required by NFPA 70, where insulated bushings are used, and where bushings
cannot be brought into firm contact with the box; otherwise, use at least
minimum single locknut and bushing. Locknuts shall have sharp edges for
digging into wall of metal enclosures. 1Install bushings on ends of
conduits, and provide insulating type where required by NFPA 70.

3.1.6.10  Stub-Ups

Provide conduits stubbed up through concrete floor for connection to
free-standing equipment with adjustable top or coupling threaded inside for
plugs, set flush with finished floor. Extend conductors to equipment in
rigid steel conduit, except that flexible metal conduit may be used 6 inches
above floor. Where no equipment connections are made, install
screwdriver-operated threaded flush plugs in conduit end.

3.1.6.11 Flexible Connections
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Provide flexible steel conduit between 3 and 6 feet in length for recessed
and semi-recessed lighting fixtures; for equipment subject to vibration,
noise transmission, or movement; and for motors. Install flexible conduit
to allow 20 percent slack. Minimum flexible steel conduit size shall be
1/2 inch diameter. Provide liquidtight flexible conduit in wet and damp
locations for equipment subject to vibration, noise transmission, movement
or motors. Provide separate ground conductor across flexible connections.

1.7 OMITTED
.1.8 Cable Tray Installation

Install and ground per NFPA 70, Article 318. 1Install cable trays parallel
with or at right angles to ceilings, walls, and structural members.

Support in accordance with manufacturer recommendations but at not more than
6 foot intervals. Adjacent cable tray sections shall be bonded together by
connector plates of an identical type as the cable tray sections. For
grounding of cable tray system provide No. 2 AWG bare copper wire
throughout cable tray system, and bond to each section, except use No. 1/0
aluminum wire if cable tray is aluminum. Terminate cable trays 10 inches
from both sides of smoke and fire partitions. Conductors run through smoke
and fire partitions shall be installed in 4 inch rigid steel conduits with
grounding bushings, extending 12 inches beyond each side of partitions.
Seal conduit on both ends to maintain smoke and fire ratings of partitions.
Penetrations shall be firestopped in accordance with NFPA 70. Provide
supports to resist forces of 0.5 times the equipment weight in any
direction and 1.5 times the equipment weight in the downward direction.

1.9 Boxes, Outlets, and Supports

Provide boxes in wiring and raceway systems wherever required for pulling
of wires, making connections, and mounting of devices or fixtures. Boxes
for metallic raceways shall be cast-metal, hub-type when located in wet
locations, when surface mounted on outside of exterior surfaces, when
surface mounted on interior walls exposed up to 7 feet above floors and
walkways, or when installed in hazardous areas and when specifically
indicated. Boxes in other locations shall be sheet steel, except that
aluminum boxes may be used with aluminum conduit, and nonmetallic boxes may
be used with nonmetallic sheathed cable conduit system. Each box shall
have volume required by NFPA 70 for number of conductors enclosed in box.
Boxes for use in masonry-block or tile walls shall be square-cornered,
tile-type, or standard boxes having square-cornered, tile-type covers.
Provide gaskets for cast-metal boxes installed in wet locations and boxes
installed flush with outside of exterior surfaces. Provide separate boxes
for flush or recessed fixtures when required by fixture terminal operating
temperature; fixtures shall be readily removable for access to boxes unless
ceiling access panels are provided. Support boxes and pendants for
surface-mounted fixtures on suspended ceilings independently of ceiling
supports, or make adequate provisions for distributing load over ceiling
support members in an approved manner. Fasten boxes and supports with wood
screws on wood, with bolts and expansion shields on concrete or brick, with
toggle bolts on hollow masonry units, and with machine screws or welded
studs on steel. Threaded studs driven in by powder charge and provided
with lockwashers and nuts may be used in lieu of wood screws, expansion
shields, or machine screws. In open overhead spaces, cast boxes threaded
to raceways need not be separately supported except where used for fixture
support; support sheet metal boxes directly from building structure or by
bar hangers. Where bar hangers are used, attach bar to raceways on
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opposite sides of box, and support raceway with approved-type fastener
maximum 24 inches from box. When penetrating reinforced concrete members,
avoid cutting reinforcing steel.

.1.9.1 Boxes

Boxes for use with raceway systems shall be minimum 1 1/2 inches deep,
except where shallower boxes required by structural conditions are
approved. Boxes for other than lighting fixture outlets shall be minimum
4 inches square, except that 4 by 2 inch boxes may be used where only one
raceway enters outlet. Telephone outlets shall be minimum of 4 inches
square by 2 1/8 deep.

.1.9.2 Pull Boxes

Construct of at least minimum size required by NFPA 70 of code-gauge
aluminum or galvanized sheet steel, except where cast-metal boxes are
required in locations specified herein. Provide boxes with screw-fastened
covers. Where several feeders pass through common pull box, tag feeders to
indicate clearly electrical characteristics, circuit number, and panel
designation.

.1.9.3 Extension Rings

Extension rings are not permitted for new construction. Use only on
existing boxes in concealed conduit systems where wall is furred out for
new finish.

.1.10 Mounting Heights

Mount panelboards, enclosed circuit breakers, motor controller and
disconnecting switches so height of operating handle at its highest
position is maximum 78 inches above floor.

L1011 OMITTED

.1.12 OMITTED

.1.13 Conductor Identification

Provide conductor identification within each enclosure where tap, splice,

or termination is made. For conductors No. 6 AWG and smaller diameter,
color coding shall be by factory-applied, color-impregnated insulation.
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3.1.14 Splices

Make splices in accessible locations. Make splices in conductors No. 10
AWG and smaller diameter with insulated, pressure-type connector. Make
splices in conductors No. 8 AWG and larger diameter with solderless
connector, and cover with insulation material equivalent to conductor
insulation.

3.1.15 OMITTED
3.1.16 Covers and Device Plateses

Install with edges in continuous contact with finished wall surfaces
without use of mats or similar devices. Plaster fillings are not
permitted. Install plates with alignment tolerance of 1/16 inch. Use of
sectional-type device plates are not permitted. Provide gasket for plates
installed in wet locations.

3.1.17 Electrical Penetrations

Seal openings around electrical penetrations through fire resistance-rated
walls, partitions, floors, or ceilings in accordance with NFPA 70.

3.1.18 Grounding and Bonding

In accordance with NFPA 70. Ground exposed, non—-current-carrying metallic
parts of electrical equipment, metallic raceway systems, grounding
conductor in metallic and nonmetallic raceways, telephone system grounds,
and neutral conductor of wiring systems. Where ground fault protection is
employed, ensure that connection of ground and neutral does not interfere
with correct operation of fault protection.

3.1.18.1 Resistance

Maximum resistance-to-ground of grounding system shall not exceed 5 ohms
under dry conditions. Where resistance obtained exceeds 5 ohms, contact
Contracting Officer for further instructions.

3.1.18.2 OMITTED

3.1.19 Equipment Connections
Provide power wiring for the connection of motors and control equipment
under this section of the specification. Except as otherwise specifically
noted or specified, automatic control wiring, control devices, and
protective devices within the control circuitry are not included in this
section of the specifications but shall be provided under the section
specifying the associated equipment.

3.1.20 OMITTED

3.1.21 OMITTED
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.1.22 Repair of Existing Workrk

Repair of existing work, demolition, and modification of existing
electrical distribution systems shall be performed as follows:

.1.22.1 Workmanship

Lay out work in advance. Exercise care where cutting, channeling, chasing,
or drilling of floors, walls, partitions, ceilings, or other surfaces is
necessary for proper installation, support, or anchorage of conduit,
raceways, or other electrical work. Repair damage to buildings, piping,
and equipment using skilled craftsmen of trades involved.

.1.22.2 Existing Concealed Wiring to be Removed

Existing concealed wiring to be removed shall be disconnected from its
source. Remove conductors; cut conduit flush with floor, underside of
floor, and through walls; and seal openings.

.1.22.3 OMITTED

Maintain continuity of existing circuits of equipment to remain. Existing
circuits of equipment shall remain energized. Circuits which are to remain
but were disturbed during demolition shall have circuits wiring and power
restored back to original condition.

.1.23 -—-3.1.24 OMITTED
.2 FIELD QUALITY CONTROL

Furnish test equipment and personnel and submit written copies of test
results. Give Contracting Officer 5 working days notice prior to each test.

2.1 Devices Subject to Manual Operation

Each device subject to manual operation shall be operated at least five
times, demonstrating satisfactory operation each time.

2.2 600-Volt Wiring Test

Test wiring rated 600 volt and less to verify that no short circuits or
accidental grounds exist. Perform insulation resistance tests on wiring
No. 6 AWG and larger diameter using instrument which applies voltage of
approximately 500 volts to provide direct reading of resistance. Minimum
resistance shall be 250,000 ohms.

.2.3 OMITTED

.2.4 OMITTED

.2.5 Grounding System Test

Test grounding system to ensure continuity, and that resistance to ground
is not excessive. Test each ground rod for resistance to ground before
making connections to rod; tie grounding system together and test for
resistance to ground. Make resistance measurements in dry weather, not

earlier than 48 hours after rainfall. Submit written results of each test
to Contracting Officer, and indicate location of rods as well as resistance
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and soil conditions at time measurements were made.
3.2.6 ---3.3 OMITTED

-— End of Section —--
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SECTION 16710

PREMISES DISTRIBUTION SYSTEM
09/02

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 basic
designation only.

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA ANSI/TIA/EIA-568-B (2001) Commercial Building
Telecommunications Cabling Standard

EIA ANSI/TIA/EIA-568-B.2-1 (2002) Transmission Performance
Specifications for 4-pair 100 ohm Category
6 Cabling

EIA ANSI/TIA/EIA-569-A (2001) Commercial Building Standard for

Telecommunications Pathways and Spaces

EIA ANSI/TIA/EIA-606 (1993) Administration Standard for the
Telecommunications Infrastructure of
Commercial Buildings

EIA ANSI/TIA/EIA-607 (1994) Commercial Building
Grounding/Bonding Requirement Standard
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.2 SYSTEM DESCRIPTION

The premises distribution system shall consist of inside-plant horizontal,
riser, and backbone cables and connecting hardware to transport telephone
and data (including LAN) signals between equipment items in a building.

.3 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.

.4 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only or as
otherwise designated. 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
01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
Premises Distribution System; G WA

Detail drawings including a complete list of equipment and
material. Detail drawings shall contain complete wiring and
schematic diagrams and other details required to demonstrate that
the system has been coordinated and will function properly as a
system. Drawings shall include vertical riser diagrams, equipment
rack details, elevation drawings of telecommunications closet
walls, outlet face plate details for all outlet configurations,
sizes and types of all cables, conduits, and cable trays.

Drawings shall show proposed layout and anchorage of equipment and
appurtenances, and equipment relationship to other parts of the
work including clearance for maintenance and operation.

Installation; G WA
Record drawings for the installed wiring system infrastructure
per EIA ANSI/TIA/EIA-606. The drawings shall show the location of
all cable terminations and location and routing of all backbone
and horizontal cables. The identifier for each termination and
cable shall appear on the drawings.
SD-03 Product Data

Record Keeping and Documentation; G WA

Documentation on cables and termination hardware in accordance
with EIA ANSI/TIA/EIA-606.

Spare Parts; G WA
Lists of spare parts, tools, and test equipment for each

different item of material and equipment specified, after approval
of detail drawings, not later than 2 months prior to the date of
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beneficial occupancy. The data shall include a complete list of
parts and supplies, with current unit prices and source of supply,
and a list of spare parts recommended for stocking.

Manufacturer's Recommendations; G WA

Where installation procedures, or any part thereof, are required
to be in accordance with the recommendations of the manufacturer
of the material being installed, printed copies of these
recommendations, prior to installation shall be provided.
Installation of the item will not be allowed to proceed until the
recommendations are received and approved.

Test Plan; G WA

Test plan defining the tests required to ensure that the system
meets technical, operational and performance specifications, 60
days prior to the proposed test date. The test plan must be
approved before the start of any testing. The test plan shall
identify the capabilities and functions to be tested, and include
detailed instructions for the setup and execution of each test and
procedures for evaluation and documentation of the results.

Qualifications; G WA

The qualifications of the Manufacturer, Contractor, and the
Installer to perform the work specified herein. This shall
include proof of the minimum qualifications specified herein.

SD-06 Test Reports
Test Reports;

Test reports in booklet form with witness signatures verifying
execution of tests. Test results will also be provided on 3-1/2
inch) diskettes in ASCII format. Reports shall show the field
tests performed to verify compliance with the specified
performance criteria. Test reports shall include record of the
physical parameters verified during testing. Test reports shall
be submitted within 14 days after completion of testing.

SD-07 Certificates
Premises Distribution System;

Written certification that the premises distribution system
complies with the EIA ANSI/TIA/EIA-568-B.2-1, EIA
ANSI/TIA/EIA-569-A, and EIA ANSI/TIA/EIA-606 standards.

Materials and Equipment;

Where materials or equipment are specified to conform, be
constructed or tested to meet specific requirements, certification
that the items provided conform to such requirements.
Certification by a nationally recognized testing laboratory that a
representative sample has been tested to meet the requirements, or
a published catalog specification statement to the effect that the
item meets the referenced standard, will be acceptable as evidence
that the item conforms. Compliance with these requirements does

SECTION 16710 Page 3



1.

1.

not relieve the Contractor from compliance with other requirements
of the specifications.

Installers; G WA

The Contractor shall submit certification that all the
installers are factory certified to install and test the provided
products.

5 QUALIFICATIONS
5.1 Minimum Contractor Qualifications

All work under this section shall be performed by and all equipment shall
be furnished and installed by a certified Telecommunications Contractor,
hereafter referred to as the Contractor. The Contractor shall have the
following qualifications in Telecommunications Systems installation:

a. Contractor shall have a minimum of 3 years experience in the
application, installation and testing of the specified systems and
equipment.

b. All supervisors and installers assigned to the installation of
this system or any of its components shall have factory
certification from each equipment manufacturer that they are
qualified to install and test the provided products.

c. All 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.

.5.2 Minimum Manufacturer Qualifications

The equipment and hardware provided under this contract will be from
manufacturers that have a minimum of 3 years experience in producing the
types of systems and equipment specified.

.6 DELIVERY AND STORAGE

Equipment delivered and placed in storage shall be stored with protection
from the weather, humidity and temperature variation, dirt and dust or
other contaminants.

.7 OPERATION AND MAINTENANCE MANUALS

Commercial off the shelf manuals shall be furnished for operation,
installation, configuration, and maintenance for all products provided as a
part of the premises distribution system. Specification sheets for all
cable, connectors, and other equipment shall be provided.

.8 RECORD KEEPING AND DOCUMENTATION

.8.1 Cables

A record of all installed cable shall be provided in hard copy format per
EIA ANSI/TIA/EIA-606. The cable records shall include 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 per EIA
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ANSI/TIA/EIA-606.
8.2 Termination Hardware
A record of all installed patch panels and outlets shall be provided in

hard copy format per EIA ANSI/TIA/EIA-606. The hardware records shall
include only the required data fields per EIA ANSI/TIA/EIA-606.

PART 2 PRODUCTS

2.

1 MATERIALS AND EQUIPMENT

Materials and equipment shall be the standard products of a manufacturer
regularly engaged in the manufacture of the products and shall be the
manufacturer's latest standard design that has been in satisfactory use for
at least 1 year prior to installation. Materials and equipment shall
conform to the respective publications and other requirements specified
below and to the applicable requirements of NFPA 70.

.2 UNSHIELDED TWISTED PAIR CABLE SYSTEM

2.1 Backbone Cable

Backbone cable shall meet the requirements of EIA ANSI/TIA/EIA-568-B for
Category 3 100-ohm unshielded twisted pair cable. Cable shall be
label-verified. Cable jacket shall be factory marked at regular intervals
indicating verifying organization and performance level. Conductors shall
be solid untinned copper 22 AWG. Cable shall be rated CMP per NFPA 70.

2.2 Horizontal Cable

Horizontal cable shall meet the requirements of EIA ANSI/TIA/EIA-568-B.2-1
for Category 6. Cable shall be label-verified. Cable jacket shall be
factory marked at regular intervals indicating verifying organization and
performance level. Cable shall be rated CMG or CMP, as appropriate,per
NFPA 70.

2.3 Connecting Hardware

Connecting and cross-connecting hardware shall be the same category as the
cable it serves. Hardware shall be in accordance with EIA
ANSI/TIA/EIA-568-B.

.2.3.1 Telecommunications Outlets

Outlet assemblies used in the premises distribution system shall consist of
modular jacks assembled into both simplex and duplex outlet assemblies in
single or double gang covers as indicated on the drawings. Wall and desk
outlet plates shall come equipped with two modular jacks, with the top or
left jack labeled "voice" and the bottom or right jack labeled "data".
Modular jacks shall be the same category as the cable they terminate and
shall meet the requirements of EIA ANSI/TIA/EIA-568-B and shall meet the
Link Test parameters as listed in EIA TIA/EIA-TSB-67 and supplemented by
EIA ANSI/TIA/EIA-568-B.2-1. Modular jack pin/pair configuration shall be
T568B per EIA ANSI/TIA/EIA-568-B. Modular jacks shall be keyed or unkeyed
as shown. Faceplates shall be provided and shall be ivory in color,
stainless steel. Mounting plates shall be provided for system furniture
and shall match the system furniture in color.
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2.2.3.2 Patch Panels

Patch panels shall consist of eight-position modular jacks, with rear
mounted type 110 insulation displacement connectors, arranged in rows or
columns on 23 inch rack mounted panels. Jack pin/pair configuration shall
be T568A per EIA ANSI/TIA/EIA-568-B. Jacks shall be keyed or unkeyed as
shown. Panels shall be labeled with alphanumeric x-y coordinates. The
modular jacks shall conform to the requirements of EIA ANSI/TIA/EIA-568-B,
and shall be rated for use with Category 6 cable in accordance with EIA
ANSI/TIA/EIA-568-B.2-1 and shall meet the Link Test parameters as listed in
EIA TIA/EIA-TSB-67 and supplemented by EIA ANSI/TIA/EIA-568-B.2-1.

2.2.3.3 Patch Cords

Patch cords shall be cable assemblies consisting of flexible, twisted pair
stranded wire with eight-position plugs at each end. Cable shall be
label-verified. Cable jacket shall be factory marked at regular intervals
indicating verifying organization and performance level. Patch cords shall
be wired straight through; pin numbers shall be identical at each end and
shall be paired to match T568A patch panel jack wiring per EIA
ANSI/TIA/EIA-568-B. Patch cords shall be keyed or unkeyed as shown. Patch
cords shall be factory assembled. Patch cords shall conform to the
requirements of EIA ANSI/TIA/EIA-568-B.2-1 for Category 6.

2.2.3.4 Terminal Blocks

Terminal blocks shall be rack mounted wire termination units consisting of
insulation displacement connectors mounted in plastic blocks, frames or
housings. Blocks shall be type 110 which meet the requirements of EIA
ANSI/TIA/EIA-568-B, and shall be rated for use with Category 6 cable in
accordance with EIA ANSI/TIA/EIA-568-B.2-1 and shall meet the Link Test
parameters as listed in EIA TIA/EIA-TSB-67 and supplemented by EIA
ANSI/TIA/EIA-568-B.2-1. Blocks shall be mounted on standoffs and shall
include cable management hardware. Insulation displacement connectors
shall terminate 22 or 24 gauge solid copper wire as a minimum, and shall be
connected in pairs so that horizontal cable and connected Jjumper wires are
on separate connected terminals.

2.3 SHIELDED TWISTED PAIR CABLE SYSTEM

2.3.1 Backbone Cable
Backbone cable shall meet the requirements of IBM GA27-3773-0 for 150 ohm
Shielded Twisted Pair Cable and shall meet or exceed IBM performance
requirements for Type 1A cable. Cable shall be label-verified. Cable
jacket shall be factory marked at regular intervals indicating verifying
organization and performance level. Cable shall be rated CMP per NFPA 70.

2.3.2 Horizontal Cable
Horizontal cable shall meet the requirements of IBM GA27-3773-0 for 150 ohm
Shielded Twisted Pair Cable and shall meet or exceed IBM performance
requirements for Type 1A cable. Cable shall be label-verified. Cable
jacket shall be factory marked at regular intervals indicating verifying
organization and performance level. Cable shall be rated CMP per NFPA 70.

2.3.3 Connecting Hardware

2.3.3.1 Connectors
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Connectors for shielded twisted pair cable shall meet the requirements of
EIA ANSI/TIA/EIA-568-B for media interface connectors and IBM GA27-3773-0
for Type 1A data connectors. Connectors shall be of hermaphroditic design
and shall be utilized for outlets and patch panel terminations. Outlet
faceplates shall be provided and shall be ivory in color, stainless steel,
single gang. Mounting plates shall be provided for systems furniture and
shall match the systems furniture in color.

.3.3.2 Patch Panels

Patch panels shall be 23 inch rack mounted panels with openings for
shielded twisted pair connectors. Panels shall be metallic and shall
ground the outer shield of the cable. Patch panels shall provide strain
relief for cables. Panels shall be labeled with alphanumeric x-y
coordinates.

.3.3.3 Patch Cords

Patch cords shall be cable assemblies consisting of flexible shielded
twisted pair cable with shielded twisted pair type connectors at each end.
Cable shall meet the requirements of IBM GA27-3773-0 for 150 ohm Shielded
Twisted Pair Cable and shall meet or exceed performance requirements for
Type 6A patch panel data cable. Connectors shall meet or exceed the
requirements of EIA ANSI/TIA/EIA-568-B for media interface connectors.
Patch cords shall be factory assembled.

.4 COAXIAL CABLE SYSTEM
4.1 Backbone Cable

Backbone cable shall meet the requirements of EIA ANSI/TIA/EIA-568-B
10BASE5 for coaxial cable. Cable shall be label-verified. Cable jacket
shall be factory marked at regular intervals indicating verifying
organization and performance level. Cable shall be rated CMP per NFPA 70.
Cable shall have band markings every 8 feet for transceiver tap placement.

4.2 Horizontal Cable

Horizontal cable shall meet the requirements of EIA ANSI/TIA/EIA-568-B
10BASE2 for coaxial cable. Cable shall be label-verified. Cable jacket
shall be factory marked at regular intervals indicating verifying
organization and performance level. Cable shall be rated CMP per NFPA 70.

.4.3 Connecting Hardware

.4.3.1 Connectors

Connectors shall meet the requirements of EIA ANSI/TIA/EIA-568-B 10BASE5 or
10BASE2 for coaxial cable connectors, as required for the service.
Connectors for riser/backbone cable shall be Type N male. Connectors for
station cable shall be BNC male. Station cable faceplates shall be
provided and shall be ivory in color, stainless steel, single gang, with
double-sided female BNC coupler. Mounting plates shall be provided for
system furniture and shall match the furniture system in color.

.4.3.2 Patch Panels

Patch panels shall be 23 inch rack mounted panels. Connectors shall be
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double-sided BNC female, fleets through type. Connector mounting surface
shall ground the connector shields. BNC feed through connectors shall meet
the requirements of EIA ANSI/TIA/EIA-568-B 10BASE2 for coaxial cable
connectors. Panels shall be labeled with alphanumeric x-y coordinates.

.4.3.3 Patch Cords

Patch cords shall be cable assemblies consisting of flexible coaxial cable
with BNC male connectors at each end. Cable shall meet the requirements of
EIA ANSI/TIA/EIA-568-B 10BASE2 for coaxial cable. Connectors shall meet
the requirements of EIA ANSI/TIA/EIA-568-B 10BASE2 for coaxial cable
connectors.

.5 FIBER OPTIC CABLE SYSTEM
.5.1 Backbone Cable
.5.1.1 Multimode

Multimode fiber optic backbone cable shall meet the requirements of EIA
ANSI/TIA/EIA-568-B and ICEA S-83-596 for 50/125 micrometer multimode graded
index optical fiber cable. Numerical aperture for each fiber shall be a
minimum of 0.275. Cable construction shall be tight buffered type.
Individual fibers shall be color coded for identification. Cable shall be
imprinted with fiber count and aggregate length at regular intervals.

Cable shall be rated OFNP per NFPA 70.

.5.1.2 Singlemode

Singlemode fiber optic backbone cable shall meet the requirements of ICEA
S-83-596 and the following: operation at a center wavelength of 1310 and
1550 nm; core/cladding diameter 8.3 nominal/125 micrometer; maximum
attenuation 2.0 dB/km at 1300 nm, 1.75 dB/km at 1550 nm. Numerical
aperture for each fiber shall be a minimum of 0.10. Cable construction
shall be tight buffered type. Cable shall be imprinted with fiber count
and aggregate length at regular intervals. Individual fibers shall be
color coded for identification. Cable shall be rated OFNP per NFPA 70.

.5.2 Horizontal Distribution Cable
.5.2.1 Multimode

Multimode fiber optic horizontal cable shall meet the requirements of EIA
ANSI/TIA/EIA-568-B and ICEA S-83-596 for 50/125 micrometer multimode graded
index optical fiber cable. Numerical aperture for each fiber shall be a
minimum of 0.275. Cable construction shall be tight buffered type, two
strands. Individual fibers shall be color coded for identification. Cable
shall be imprinted with fiber count, fiber type, and aggregate length at
regular intervals of 3 feet. Cable shall be rated and marked OFNP per NFPA
70.

.5.2.2 Singlemode

Singlemode fiber optic horizontal cable shall meet the requirements of ICEA
S-83-596 and the following: operation at a center wavelength of 1310 and
1550 nm; core/cladding diameter 8.3 nominal/125 micrometer; maximum
attenuation 2.0 dB/km at 1300 nm, 1.75 dB/km at 1550 nm. Numerical
aperture for each fiber shall be a minimum of 0.10. Cable construction
shall be tight buffered type, two strands. Individual fibers shall be
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color coded for identification. Cable shall be imprinted with fiber count,
fiber type, and aggregate length at regular intervals of 3 feet. Cable
shall be rated and marked OFNP per NFPA 70.

.5.3 Connecting Hardware
.5.3.1 Connectors

Connectors shall be ST type with ceramic ferrule material with a maximum
insertion loss of .5 dB. Connectors shall meet performance requirements of
EIA ANSI/TIA/EIA-568-B. Connectors shall be field installable. Connectors
shall utilize adhesive for fiber attachment to ferrule. Connectors shall
terminate fiber sizes as required for the service. Station cable

faceplates shall be provided and shall be ivory in color, stainless steel,
single gang, with double-sided female ST coupler. Mounting plates shall be
provided for system furniture and shall match the furniture system in color.

.5.3.2 Patch Panels
Patch panels shall be a complete system of components by a single

manufacturer, and shall provide termination, splice storage, routing,
radius limiting, cable fastening, storage, and cross-connection. Patch

panels shall be 23 inch rack mounted panels. Patch panels shall provide
strain relief for cables. Panels shall be labeled with alphanumeric x-y
coordinates. Patch panel connectors and couplers shall be the same type

and configuration as used elsewhere in the system.
.5.3.3 Patch Cords

Patch cords shall be cable assemblies consisting of flexible optical fiber
cable with connectors of the same type as used elsewhere in the system.
Optical fiber shall be the same type as used elsewhere in the system.
Patch cords shall be complete assemblies from manufacturer's standard
product lines.

.6 EQUIPMENT RACKS
.6.1 Floor Mounted Open Frame

Floor mounted equipment racks shall be welded steel relay racks with
uprights to mount equipment 23 inches wide. Uprights shall be 3 inch deep
channel, 1-1/4 inches wide, drilled and tapped 12-24 in a 1/2 inch pattern.
Racks shall be provided with a standard top cross member, and predrilled
base plate to allow floor fastening. Open frame equipment racks shall be 7
feet in height and clear coated. AC outlets shall be provided as shown.

.6.2 Wall Mounted Open Frame

Wall mounted open frame equipment racks shall be welded steel relay racks
to mount equipment 23 inches wide with standoff brackets for wall mounting.
Uprights shall be drilled and tapped 12-24 in a 1/2 inch pattern.

Standoff brackets shall be of sufficient length for a 6 inch clearance

between rack and wall. Wall mounted open frame racks shall be hinged. AC
outlets shall be provided as shown.

.6.3 Cable Guides

Cable guides shall be specifically manufactured for the purpose of routing
cables, wires and patch cords horizontally and vertically on 23 inch
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equipment racks. Cable guides shall consist of ring or bracket-like
devices mounted on rack panels for horizontal use or individually mounted
for vertical use. Cable guides shall mount to racks by screws and/or nuts
and lockwashers.

.6.4 Wall Mounted Cabinets

Wall mounted cabinets shall conform to UL 50 and have boxes constructed of
zinc-coated sheet steel with dimensions not less than shown on drawings.
Trim shall be fitted with hinged door and flush catch. Doors shall provide
maximum openings to the box interiors. Boxes shall be provided with 3/4
inch plywood backboard painted white or a light color. A duplex AC outlet
shall be installed within the cabinet.

.6.5 OMITTED

.7 EQUIPMENT MOUNTING BACKBOARD

Plywood backboards shall be provided, sized as shown, painted with white or
light colored paint.

.8 TELECOMMUNICATIONS OUTLET BOXES

Electrical boxes for telecommunication outlets shall be 4-11/16 inch square
by 2-1/8 inches deep with minimum 3/8 inch deep single or two gang plaster
ring as shown. Provide a minimum 1 inch conduit.

PART 3 EXECUTION

3.

1 INSTALLATION

System components and appurtenances shall be installed in accordance with
NFPA 70, manufacturer's instructions and as shown. Necessary
interconnections, services, and adjustments required for a complete and
operable signal distribution system shall be provided. Components shall be
labeled in accordance with EIA ANSI/TIA/EIA-606. Penetrations in
fire-rated construction shall be firestopped in accordance with NFPA 70.
Conduits shall be installed in accordance with Section 16402 INTERIOR
DISTRIBUTION SYSTEM. Wiring shall be installed in accordance with EIA
ANSI/TIA/EIA-568-B and as specified in Section 16402 INTERIOR DISTRIBUTION
SYSTEM. Wiring, and terminal blocks and outlets shall be marked in
accordance with EIA ANSI/TIA/EIA-606. Cables shall not be installed in the
same cable tray, utility pole compartment, or floor trench compartment with
ac power cables. Cables not installed in conduit or wireways shall be
properly secured and neat in appearance and, if installed in plenums or
other spaces used for environmental air, shall comply with NFPA 70
requirements for this type of installation.

1.1 Horizontal Distribution Cable

The rated cable pulling tension shall not be exceeded. Cable shall not be
stressed such that twisting, stretching or kinking occurs. Cable shall not
be spliced. Fiber optic cables shall be installed either in conduit or
through type cable trays to prevent microbending losses. Copper cable not
in a wireway shall be suspended a minimum of 8 inches above ceilings by
cable supports no greater than 60 inches apart. Cable shall not be run
through structural members or in contact with pipes, ducts, or other
potentially damaging items. Placement of cable parallel to power
conductors shall be avoided, if possible; a minimum separation of 12 inches
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shall be maintained when such placement cannot be avoided. Cables shall be
terminated; no cable shall contain unterminated elements. Minimum bending
radius shall not be exceeded during installation or once installed. Cable
ties shall not be excessively tightened such that the transmission
characteristics of the cable are altered. 1In raised floor areas, cable
shall be installed after the flooring system has been installed. Cable 6
feet long shall be neatly coiled not less than 12 inches in diameter below
each feed point in raised floor areas.

1.2 Riser and Backbone Cable

Vertical cable support intervals shall be in accordance with manufacturer's
recommendations. Cable bend radius shall not be less than ten times the
outside diameter of the cable during installation and once installed.
Maximum tensile strength rating of the cable shall not be exceeded. Cable
shall not be spliced.

1.3 Telecommunications Outlets

.1.3.1 Faceplates

As a minimum each jack shall be labeled as to its function and a unique
number to identify cable link.

.1.3.2 Cables

Unshielded twisted pair and fiber optic cables shall have a minimum of 6
inches) of slack cable loosely coiled into the telecommunications outlet
boxes. Minimum manufacturers bend radius for each type of cable shall not
be exceeded.

.1.3.3 Pull Cords

Pull cords shall be installed in all conduit serving telecommunications
outlets which do not initially have fiber optic cable installed.

.1.4 Terminal Blocks

Terminal blocks shall be mounted in orderly rows and columns. Adequate
vertical and horizontal wire routing areas shall be provided between groups
of blocks. Industry standard wire routing guides shall be utilized.

.1.5 Unshielded Twisted Pair Patch Panels

Patch panels shall be mounted in equipment racks with sufficient modular
jacks to accommodate the installed cable plant plus 10 percent spares.
Cable guides shall be provided above, below and between each panel.

.1.6 Fiber Optic Patch Panels

Patch panels shall be mounted in equipment racks with sufficient ports to
accommodate the installed cable plant plus 10 percent spares. A slack loop
of fiber shall be provided within each panel. Loop shall be provided as
recommended by the manufacturer. The outer jacket of each cable entering a
patch panel shall be secured to the panel to prevent movement of the fibers
within the panel, using clamps or brackets specifically manufactured for
that purpose.

1.7 Equipment Racks
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Open frame equipment racks shall be bolted to the floor slab. Cable guides
shall be bolted or screwed to racks. Racks shall be installed level.
Ganged racks shall be bolted together. Ganged rack cabinets shall have
adjacent side panels removed. Wall mounted racks shall be secured to the
mounting surface to prevent fully loaded racks from separating from the
mounting surface.

.1.8 Rack Mounted Equipment

Equipment to be rack mounted shall be securely fastened to racks by means
of the manufacturer's recommended fasteners.

1.9 Spare Parts

The Contractor shall provide spare parts data for each different item of
material and equipment specified, after approval of the related submittals
and not later than the start of the field tests.

.2 TERMINATION

Cables and conductors shall sweep into termination areas; cables and
conductors shall not bend at right angles. Manufacturer's minimum bending
radius shall not be exceeded. When there are multiple system type drops to
individual workstations, relative position for each system shall be
maintained on each system termination block or patch panel.

2.1 Unshielded Twisted Pair Cable

Each pair shall be terminated on appropriate outlets, terminal blocks or
patch panels. No cable shall be unterminated or contain unterminated
elements. Pairs shall remain twisted together to within the proper
distance from the termination as specified in EIA ANSI/TIA/EIA-568-B.
Conductors shall not be damaged when removing insulation. Wire insulation
shall not be damaged when removing outer jacket.

2.2 Shielded Twisted Pair Cable

Each cable shall be terminated on panel-mounted connectors. Cables shall
be grounded at patch panels using manufacturer's recommended methods.
Shield braid shall be continuous to connector braid terminator. Wire
insulation shall not be damaged when removing shield.

.2.3 Coaxial Cable

Home run type station cables shall be terminated at each end. Backbone
cables shall be terminated with appropriate connectors or end-of-line
terminators as required. Loop-type cable systems shall be terminated with
appropriate drop connectors and terminators as required. Backbone cable
shield conductor shall be grounded to communications ground at only one
point and shall not make electrical contact with ground anywhere else.

2.4 Fiber Optic Cable
Each fiber shall have connectors installed. The pull strength between the
connector and the attached fiber shall be not less than 25 pounds. The

mated pair loss, without rotational optimization, shall not exceed 1.0 dB.
Fiber optic connectors shall be installed per EIA ANSI/TIA/EIA-568-B.
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3 GROUNDING

Signal distribution system ground shall be installed in the
telecommunications entrance facility and in each telecommunications closet
in accordance with EIA ANSI/TIA/EIA-607 and Section 16402 INTERIOR
DISTRIBUTION SYSTEM. Equipment racks shall be connected to the electrical
safety ground.

.4 ADDITIONAL MATERIALS

The Contractor shall provide the following additional materials required
for facility startup.

a. 10 of each type outlet.

b. 10 of each type cover plate.

c. 1 of each type terminal block for each telecommunications closet.
d. 4 Patch cords of 10 feet) for each telecommunications closet.

e. 1 Set of any and all special tools required to establish a cross
connect and to change and/or maintain a terminal block.

.5 ADMINISTRATION AND LABELING
5.1 Labeling

.5.1.1 Labels

All labels shall be in accordance with EIA ANSI/TIA/EIA-606.

.5.1.2 Cable

All cables will be labeled using color labels on both ends with encoded
identifiers per EIA ANSI/TIA/EIA-606.

.5.1.3 Termination Hardware

All workstation outlets and patch panel connections will be labeled using
color coded labels with encoded identifiers per EIA ANSI/TIA/EIA-606.

.6 TESTING

Materials and documentation to be furnished under this specification are
subject to inspections and tests. All components shall be terminated prior
to testing. Equipment and systems will not be accepted until the required
inspections and tests have been made in accordance with the approved Test
Plan submitted by the Contractor, demonstrating that the signal
distribution system conforms to the specified requirements, and that the
required equipment, systems, and documentation have been provided. The
Contractor shall submit Test Reports as they are completed.

.6.1 Unshielded Twisted Pair Tests

All metallic cable pairs shall be tested for proper identification and
continuity. All opens, shorts, crosses, grounds, and reversals shall be
corrected. Correct color coding and termination of each pair shall be
verified in the communications closet and at the outlet. Horizontal wiring
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shall be tested from and including the termination device in the
communications closet to and including the modular jack in each room.
Backbone wiring shall be tested end-to-end, including termination devices,
from terminal block to terminal block, in the respective communications
closets. These test shall be completed and all errors corrected before any
other tests are started.

.6.2 Category 6 Circuits

All category 6 circuits shall be tested using a test set that meets the
Class II accuracy requirements of EIA TIA/EIA-TSB-67 standard, including
the additional tests and test set accuracy requirements of EIA
ANSI/TIA/EIA-568-B.2-1. Testing shall use the Basic Link Test procedure of
EIA TIA/EIA-TSB-67, as supplemented by EIA ANSI/TIA/EIA-568-B.2-1. Cables
and connecting hardware which contain failed circuits shall be replaced and
retested to verify the standard is met.

.6.3 Shielded Twisted Pair

Wiring configuration shall be tested for continuity, opens, shorts, swaps
and correct pin configuration; dc resistance both pair-to-pair and
wire-to-shield shall be verified. Cable lengths shall be verified. Near
end crosstalk shall be tested from 772 kHz to 300 MHz. Ground potential
difference between wiring closets, ground potential difference between
patch panel and wall outlet, and ground path resistance shall be tested per
IBM GA27-3361-07.

.6.4 Coaxial Cable

Cable shall be tested for continuity, shorts and opens. Characteristic
impedance shall be verified over the range of intended operation. Cable
length shall be verified. Cable shall be sweep tested for attenuation over
the range of intended operation.

.6.5 Fiber Optic Cable

Unless stated otherwise, tests shall be performed from both ends of each
circuit. Connectors shall be visually inspected for scratches, pits or
chips and shall be reterminated if any of these conditions exist. Each
circuit leg and complete circuit shall be tested for insertion loss at 1310
and 1550 nm using a light source similar to that used for the intended
communications equipment. High-resolution optical time domain
reflectometer (OTDR) tests shall be performed from one end of each fiber.
Scale of the OTDR trace shall be such that the entire circuit appears over
a minimum of 80 percent of the X-axis.

-— End of Section —--
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SECTION 16751

CLOSED CIRCUIT TELEVISION SYSTEMS
08/00

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 basic
designation only.

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

47 CFR 15 Radio Frequency Devices

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code
(IEEE)
IEEE C62.41 (1991; R 1995) Surge Voltages in

Low-Voltage AC Power Circuits

IEEE Std 142 (1991) IEEE Recommended Practice for
Grounding of Industrial and Commercial
Power Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (1997) Enclosures for Electrical Equipment
(1000 Volts Maximum)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NEPA 70 (2002) National Electrical Code

.2 SYSTEM DESCRIPTION

2.1 General

The Contractor shall configure the system consisting of Relay Server, CCTV

View Station, UPS's and Patch Panels as described and shown. The system
shall include all connectors, adapters, and terminators necessary to
interconnect all equipment. The Contractor shall also supply all cabling

necessary to interconnect the closed circuit television (CCTV) equipment
installed in the Security Center, and interconnect equipment installed at
remote control/monitoring stations.

2.2 System Overall Reliability Requirement

The system, including all components and appurtenances, shall be configured
and installed to yield a mean time between failure (MTBF) of at least
10,000 hours, and shall be calculated based on the configuration specified
in paragraph "System Overall Reliability Calculations."
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1.2.3 Power Line Surge Protection

All equipment connected to AC power shall be protected from surges.
Equipment protection shall withstand surge test waveforms described in IEEE
C62.41. Fuses shall not be used for surge protection.

1.2.4 Video and Sync Signal Transmission Line Surge Protection

All cable, except fiber optic cable, used for sync or video signal
transmission shall include protective devices to safeguard the CCTIV
equipment against surges. The surge suppression device shall not attenuate
or reduce the video or sync signal under normal conditions. The surge
suppression device shall be capable of dissipating not less than 1500 watts
for 1 millisecond, and the response time from zero volts to clamping shall

not be greater than 5 nanoseconds. Fuses shall not be used for surge
protection.
1.2.5 Control Line Surge Protection

All cables and conductors, except fiber optic cables, which serve as
communication, control, or signal lines shall be protected against surges
and shall have surge protection installed at each end. Protection shall be
furnished at the equipment and additional triple electrode gas surge
protectors rated for the application on each wireline circuit shall be
installed within 3 feet of the building cable entrance. Fuses shall not be
used for surge protection. The inputs and outputs shall be tested in both
normal mode and common mode using the following waveforms:

a. A 10 microsecond rise time by 1000 microsecond pulse width
waveform with a peak voltage of 1500 volts and a peak current of
60 amperes.

b. An 8 microsecond rise time by 20 microsecond pulse width waveform
with a peak voltage of 1000 volts and a peak current of 500
amperes.

1.2.6 Omitted
1.2.7 Video and Control Signal Data Transmission Media

The Contractor shall provide a video and control signal transmission system
as shown and indicated on the drawings.

1.2.8 Environmental Conditions
1.2.8.1 Field Equipment

The cameras and all other field equipment shall be rated for continuous
operation under ambient environmental conditions of 14 degrees to 120
degrees F using no auxiliary heating or cooling equipment. Equipment shall
be rated for continuous operation under the ambient environmental
temperature, humidity, wind loading, ice loading, and vibration conditions
specified or encountered for the installed location.

1.2.8.2 Security Center Equipment
Security Center and remote control/monitoring station equipment shall,

unless designated otherwise, be rated for continuous operation under
ambient environmental conditions of 60 degrees F to 85 degrees F and a
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relative humidity of 20 to 80 percent.

.2.8.3 Omitted

2.9 Electrical Requirements

Electrically powered IDS equipment shall operate on 120 volt 60 Hz AC
sources as shown. Equipment shall be able to tolerate variations in the
voltage source of plus or minus 10 percent, and variations in the line
frequency of plus or minus 2 percent with no degradation of performance.
.2.10 Uninterruptible Power Supply

All electrical and electronic equipment in the console shall be powered
from an UPS provided as specified and shown on the drawings. The UPS shall
be sized to provide at least 6 hours battery back-up in the event of
primary failure. Batteries shall be sealed non-outgassing type.

.3 DELIVERY OF TECHNICAL DATA AND COMPUTER SOFTWARE

All items of computer software and technical data (including technical data
which relates to computer software), which are specifically identified in
this specification shall be delivered strictly in accordance with the
CONTRACT CLAUSES, SPECIAL CONTRACT REQUIREMENTS, Section 01330 SUBMITTAL
PROCEDURES, and in accordance with the Contract Data Requirements List
(CDRL), DD Form 1423, which is attached to and thereby made a part of this
contract. All data delivered shall be identified by reference to the
particular specification paragraph against which it is furnished.

.3.1 Group I Technical Data Package

.3.1.1 System Drawings

The data package shall include the following:

a. System block diagram.

b. CCTV system console installation, block diagrams, and wiring
diagrams.

c. Security center CCTV equipment installation, interconnection with
console equipment, block diagrams and wiring diagrams.

d. Remote control/monitoring station installation, interconnection to
security center including block diagrams and wiring diagrams.

e. Camera wiring and installation drawings.
f. Pan/tilt mount wiring and installation drawings.

g. Interconnection with video signal transmission system, block
diagrams and wiring diagrams.

h. Surge protection device installation.

1.3.1.2 Manufacturers' Data

The data package shall include manufacturers' data for all materials and
equipment and security center equipment provided under this specification.
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1.3.1.3 System Description and Analyses

The data package shall include complete system descriptions, analyses and
calculations used in sizing the equipment required by these specifications.
Descriptions and calculations shall show how the equipment will operate as
a system to meet the performance of this specification. The data package
shall include the following:

a. Relay Server.

b. CCTV View Station.

c. Camera call-up response time.

d. System start up and shutdown operations.

e. Relay Server programming instructions.

f. Relay Server operating and maintenance instructions.

g. Manuals for CCTV equipment.

h. Data entry forms.

1.3.1.4 Software Data

The data package shall consist of descriptions of the operation and
capability of system and application software as specified.

1.3.1.5 Overall System Reliability Calculations

The data package shall include all manufacturer's reliability data and
calculations required to show compliance with the specified reliability.
The calculations shall be based on all CCTIV equipment associated with one
camera circuit and the console CCTV equipment, excluding the data
transmission media (DTM).

1.3.1.6 Certifications

All specified manufacturer's certifications shall be included with the data
package.

1.3.1.7 Omitted
1.3.2 Group II Technical Data Package

The Contractor shall verify that site conditions are in agreement with the
design package. The Contractor shall submit a report to the Government
documenting changes to the site, or conditions that affect performance of
the system to be installed. For those changes or conditions which affect
system installation or performance, provide (with the report) specification
sheets, or written functional requirements to support the findings, and a
cost estimate to correct the deficiency. The Contractor shall not correct
any deficiency without written permission from the Government.

1.3.3 Group III Technical Data Package

The Contractor shall prepare test procedures and reports for the
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predelivery test. The Contractor shall deliver the predelivery test
procedures to the Government for approval. After receipt by the Contractor
of written approval of the predelivery test procedures, the Contractor may
schedule the predelivery test. The final predelivery test report shall be
delivered after completion of the predelivery test.

.3.4 Group IV Technical Data Package

The Contractor shall prepare test procedures and reports for the
performance verification test and the endurance test. The Contractor shall
deliver the performance verification test and endurance test procedures to
the Government for approval. After receipt by the Contractor of written
approval of the test procedures, the Contractor may schedule the tests.

The contractor shall provide a report detailing the results of the field
test and a video tape as specified in paragraph "Contractor's Field
Testing." The final performance verification and endurance test report
shall be delivered after completion of the tests.

.3.4.1 Operation and Maintenance Manuals

A draft copy of the operation and maintenance manuals, as specified for the
Group V technical data package, shall be delivered to the Government prior
to beginning the performance verification test for use during site testing.

.3.4.2 Training Documentation

Lesson plans and training manuals for the training phases, including type
of training to be provided with a sample training report, and a list of
reference material, shall be delivered for approval.

.3.4.3 Data Entry

The Contractor shall enter all data needed to make the system operational.
The Contractor shall deliver the data to the Government on data entry
forms, utilizing data from the contract documents, Contractor's field
surveys, and all other pertinent information in the Contractor's possession
required for complete installation of the data base. The Contractor shall
identify and request from the Government, any additional data needed to
provide a complete and operational CCTIV system. The completed forms shall
be delivered to the Government for review and approval at least 90 days
prior to the Contractor's scheduled need date.

.3.4.4 Graphics

Where graphics are required and are to be delivered with the system, the
Contractor shall create and install all graphics needed to make the system
operational. Graphics shall have sufficient level of detail for the system
operator to assess the alarm. The Contractor shall supply hard copy, color
examples at least 8 by 10 inches in size, of each type of graphic to be
used for the completed CCTV system. The graphics examples shall be
delivered to the Government for review and approval at least 90 days prior
to the Contractor's scheduled need date.

.3.5 Group V Technical Data Package
Final copies of each of the manufacturer's commercial manuals arranged as
specified bound in hardback, loose-leaf binders, shall be delivered to the

Government within 30 days after completing the endurance test. The draft
copy used during site testing shall be updated prior to final delivery of
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the manuals. Each manual's contents shall be identified on the cover. The
manual shall include names, addresses, and telephone numbers of each
subcontractor installing equipment and systems, and nearest service
representatives for each item of equipment for each system. The manuals
shall have a table of contents and tab sheets. Tab sheets shall be placed
at the beginning of each chapter or section and at the beginning of each
appendix. The final copies delivered after completion of the endurance
test shall include all modifications made during installation, checkout,
and acceptance. The number of copies of each manual to be delivered shall
be as specified on DD Form 1423.
1.3.5.1 Functional Design Manual
The functional design manual shall identify the operational requirements
for the system and explain the theory of operation, design philosophy, and
specific functions. A description of hardware and software functions,
interfaces, and requirements shall be included for all system operating
modes.
1.3.5.2 Hardware Manual
A manual shall describe all equipment furnished, including:
a. General hardware description and specifications.
b. 1Installation and checkout procedures.
c. Equipment electrical schematics and layout drawings.
d. System schematics and wiring lists.
e. System setup procedures.
f. Manufacturer's repair parts list indicating sources of supply.
g. Interface definition.
1.3.5.3 Software Manual
The software manual shall describe the functions of all software, and shall
include all other information necessary to enable proper loading, testing
and operation, including:
a. Definitions of terms and functions.
b. Procedures for system boot-up.
c. Description of using the programs.
d. Description of required operational sequences.
e. Directory of all disk files.
f. Description of all communications protocols, including data
formats, command characters, and a sample of each type of data

transfer.

1.3.5.4 Operator's Manual
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1.

The operator's manual shall explain all procedures and instructions for
operation of the system including:

a. Relay Server including video recording capability.
b. CCTV View Station.

c. Cameras.

d. Use of the software.

e. Operator commands.

f. System start-up and shut-down procedures.

g. Recovery and restart procedures.

.3.5.5 Maintenance Manual

The maintenance manual shall describe maintenance for all equipment
including inspection, periodic preventive maintenance, fault diagnosis, and
repair or replacement of defective components.

.3.5.6 As-Built Drawings

The Contractor shall maintain a separate set of drawings, elementary
diagrams and wiring diagrams of the CCTV system to be used for as-built
drawings. This set shall be accurately kept up to date by the Contractor
with all changes and additions to the CCTV system and shall be delivered to
the Government with the final endurance test report. 1In addition to being
complete and accurate, this set of drawings shall be kept neat and shall
not be used for installation purposes. Upon completion of the final system
drawings, a representative of the Government will review the final system
work with the Contractor. If the final system work is not complete, the
Contractor will be so advised and shall complete the work as required.
Final drawings submitted with the endurance test report shall be finished
drawings on vellum, and as AutoCAD files on CD-ROM.

.4 TESTING

4.1 General

The Contractor shall perform predelivery testing, site testing, and
adjustment of the completed CCTV system. The Contractor shall provide all
personnel, equipment, instrumentation, and supplies necessary to perform
all testing. Written notification of planned testing shall be given to the
Government at least 14 days prior to the test, and in no case shall notice
be given until after the Contractor has received written approval of the
specific test procedures.

4.2 Test Procedures and Reports

Test procedures shall explain, in detail, step-by-step actions and expected
results demonstrating compliance with the requirements of the
specification. Test reports shall be used to document results of the
tests. Reports shall be delivered to the Government within 7 days after
completion of each test.

5 TRAINING
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Provide training in accordance with specification section 01735.
.6 MAINTENANCE AND SERVICE
.6.1 General Requirements

The Contractor shall provide all services required and equipment necessary
to maintain the entire CCTV system in an operational state as specified for
a period of 1 year after completion of the endurance test, and shall
provide all necessary material required for the work. Impacts on facility
operations shall be minimized when performing scheduled adjustments or
other unscheduled work.

.6.2 Description of Work

The adjustment and repair of the CCTV system includes all computer
equipment, software updates, signal transmission equipment, and video
equipment. Provide the manufacturer's required adjustments and all other
work necessary.

.6.3 Personnel

Service personnel shall be qualified to accomplish all work promptly and
satisfactorily. The Government shall be advised in writing of the name of
the designated service representative, and of any changes in personnel.

.6.4 Schedule of Work

The Contractor shall perform two inspections at 6-month intervals or less.
This work shall be performed during regular working hours, Monday through
Friday, excluding legal holidays. These inspections shall include:

a. Visual checks and operational tests of the CCTV View Station
providing view and control of all functions including Pan Tilt
Zoom and Retrieval of Stored Video, Relay Server including
recording capability, UPS's, and a check of the picture quality
from each camera.

b. Run system software and correct all diagnosed problems.
c. Resolve any previous outstanding problems.
.6.5 Emergency Service

The Government will initiate service calls when the CCIV system is not
functioning properly. Qualified personnel shall be available to provide
service to the complete CCTV system. The Government shall be furnished
with a telephone number where the service supervisor can be reached at all
times. Service personnel shall be at the site within 24 hours after
receiving a request for service. The CCIV system shall be restored to
proper operating condition within 3 calendar days after receiving a request
for service.

.6.6 Operation
Performance of scheduled adjustments and repair shall verify operation of

the CCTV system as demonstrated by the applicable portions of the
performance verification test.
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.6.7 Records and Logs

The Contractor shall keep records and logs of each task, and shall organize
cumulative records for each major component, and for the complete system
chronologically. A continuous log shall be maintained for all devices.

The log shall contain calibration, repair, and programming data. Complete
logs shall be kept and shall be available for inspection on site,
demonstrating that planned and systematic adjustments and repairs have been
accomplished for the CCTV system.

.6.8 Work Requests

The Contractor shall separately record each service call request, as
received. The form shall include the serial number identifying the
component involved, its location, date and time the call was received,
nature of trouble, names of the service personnel assigned to the task,
instructions describing what has to be done, the amount and nature of the
materials to be used, the time and date work started, and the time and date
of completion. The Contractor shall deliver a record of the work performed
within 5 days after work is completed.

.6.9 System Modifications

The Contractor shall make any recommendations for system modification in
writing to the Government. No system modifications, including operating
parameters and control settings, shall be made without prior approval of
the Government. Any modifications made to the systems shall be
incorporated into the operations and maintenance manuals, and other
documentation affected.

.6.10 Software

The Contractor shall recommend all software updates to the Government for
approval. Upon Government approval, updates shall be accomplished in a
timely manner, fully coordinated with the CCTV system operators, operation
in the system verified, and shall be incorporated into the operations and
maintenance manuals, and software documentation. There shall be at least
one scheduled update near the end of the first year's warranty period, at
which time the Contractor shall install and validate the latest released
version of the manufacturer's software.

PART 2 PRODUCTS

2.

1 MATERIALS AND EQUIPMENT

All system hardware and software components shall be produced by
manufacturers regularly engaged in the production of CCTV equipment. Units
of the same type of equipment shall be products of a single manufacturer.
All material and equipment shall be new and currently in production. Each
major component of equipment shall have the manufacturer's name and
address, and the model and serial number in a conspicuous place. Equipment
located at the security center or a remote control/monitoring station shall
be rack mounted as shown. Both Television and Computing devices shall
comply with 47 CFR 15, Subpart B.

1.1 Fungus Treatment

System components located in fungus growth inductive environments shall be
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completely treated for fungus resistance. Treating materials containing a
mercury bearing fungicide shall not be used. Treating materials shall not
increase the flammability of the component or surface being treated.
Treating materials shall not cause skin irritation or other injury to
personnel handling it during fabrication, transportation, operation,
maintenance, or during the use of the finished items when used for the
purpose intended.

1.2 Soldering
All soldering shall be done in accordance with standard industry practices.
.2 ENCLOSURES

The Contractor shall provide metallic enclosures as needed for equipment
not housed in racks or supplied with a housing. The enclosures shall be as
specified or shown.

2.1 Interior

Enclosures to house equipment in an interior environment shall meet the
requirements of NEMA 250 Type 12.

2.2 Omitted
.2.3 Corrosion—-Resistant

Enclosures to house equipment in a corrosive environment shall meet the
requirements of NEMA 250 Type 4X.

.2.4 Hazardous Environment Equipment

All system electronics to be used in a hazardous environment shall be
housed in a metallic enclosure which meets the requirements of paragraph
"Hazardous Environment."

.3 TAMPER PROVISIONS

Enclosures, cabinets, housings (other than environmental camera housings),
boxes, raceways, conduits, and fittings of every description having hinged
doors or removable covers, and which contain any part of the CCTIV equipment
or power supplies, shall be provided with cover operated,
corrosion-resistant tamper switches, arranged to initiate an alarm signal
when the door or cover is moved. Tamper switches shall be mechanically
mounted to maximize the defeat time when enclosure covers are opened or
removed. The enclosure and the tamper switch shall function together to
not allow direct line of sight to any internal components and tampering
with the switch or the circuits before the switch activates. Tamper
switches shall be inaccessible until the switch is activated; have mounting
hardware concealed so that the location of the switch cannot be observed
from the exterior of the enclosure; be connected to circuits which are
under electrical supervision at all times, irrespective of the protection
mode in which the circuit is operating; shall be spring-loaded and held in
the closed position by the door cover; and shall be wired so that they
break the circuit when the door or cover is disturbed. Tamper switches on
the doors which must be opened to make routine maintenance adjustments to
the system and to service the power supplies shall be push/pull-set,
automatic reset type.

SECTION 16751 Page 10



2.

2

2.

2

3.1 Enclosure Covers

Covers of pull and junction boxes provided to facilitate installation of
the system need not be provided with tamper switches if they contain no
splices or connections, but shall be protected by tack welding or brazing
the covers in place. Zinc labels shall be affixed to such boxes indicating
they contain no connections. These labels shall not indicate that the box
is part of the security system.

.3.2 Conduit—-Enclosure Connections

All conduit-enclosure connections shall be protected by tack welding or
brazing the conduit to the enclosure. Tack welding or brazing shall be
done in addition to standard conduit-enclosure connection methods as
described in NFPA 70.

.4 OMITTED
.5 OMITTED
.6 SOLID STATE CAMERAS

.6.1 Omitted
.6.2 Omitted

.6.3 High Resolution Color Camera

Heavy-duty industrial IP addressable color cameras of the highest quality
shall be supplied. The cameras shall employ automatic Focus and Exposure
control. The Focus and Exposure control shall be precise and responsive as
the camera pans through the varying light and distances. Zoom cameras will
employ motor driven glass optics to accomplish an 18X or 25X zoom. Digital
multiplying will not exceed 4X to avoid degragation of the image. The
camera shall operate on 60 Hz AC power, and shall be capable of operating
at a voltage of 105 to 130 Volts.

.6.3.1 Camera Capability

The camera sensor shall have a 1/4 inch super HAD CCD with 18X or 25X zoom
F1.4 lens. Digital zoom shall be of 4X for 100X with optical zoom, and an
angle view of 48 degree to 2.7 degree. Shutter speed shall be 1/4 to
1/10,000 second, and sensitivity shall be 1 Lux or less. Automatic shutter
control must be available for very low light operation.

.6.3.2 Pan Tilt Unit

The camera control head shall have a direct gearing Pan Drive Mechanism.
The Pan speed shall be adjustable to 70 degrees/second. Pan resolution
shall be not less than 0.35 degrees with a pan range of 360 degrees (view
range 380 degrees). The camera control head shall have a direct gearing
Tilt Drive Mechanism. Tilt speed shall be adjustable to 50 degrees/second
with a tilt range of +45 degrees/-45 degrees or 90 degrees (down).

.6.3.3 -—=2.6.3.5 Omitted
6.4 Dome Cameras
.6.4.1 Interior Dome Camera System
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An interior dome camera system shall be provided with integral camera
installed and integrated into the dome housing. The camera shall meet the
requirements of Paragraph: High Resolution Color Camera as shown or
specified. The dome housing shall be nominally 6 inches and shall be
furnished in a wall mount as shown. The lower dome shall be tinted acrylic
and shall have a light attenuation factor of not more that 1 f-stop. The
housing shall be equipped with integral pan/tilt complete with wiring,
wiring harnesses, connectors, receiver/driver, pan/tilt control system,
pre-position cards, or any other hardware and equipment as needed to
provide a fully functional pan/tilt dome. The pan/tilt shall have heavy
duty bearings and hardened steel gears. The pan/tilt shall be permanently
lubricated. The motors shall be thermally or impedance protected against
overload damage. Pan movement shall be 360 degrees and tilt movement shall
not be less than plus and minus 90 degrees. Pan speed shall not be less
than 20 degrees per second, and tilt speed shall not be less than 10
degrees per second. There shall not be less than 64 preset positions, with
positioning speeds of at least 360 degrees per second in the automatic
mode, and not less than 120 degrees per second in the manual positioning
mode, with a positioning accuracy of plus or minus 1/2 degree. Each set of
preset position data shall include auto focus, auto iris, pan, tilt, and
zoom functions. The system shall be able to automatically scan between any
two electronically-set limits, and shall be able to operate in the "tour"
mode covering up to all presets in a user defined sequence. The dome system
shall withstand temperature ranges from minus 22 to 122 degrees F over a
humidity range of 0 to 90 percent, non-condensing, and shall be provided
with an automatic defogger and blower to minimize fog and moisture, and to
maintain proper operating environment in cold climates.

.6.4.2 Omitted

.7 CAMERA LENSES

Camera lenses shall be all glass with coated optics. The lens mount shall
be a C or CS mount, compatible with the cameras selected. The lens shall
be supplied with the camera, and shall have a maximum f-stop opening of
f/1.4 or the maximum available for the focal length specified. The lens
shall be equipped with an auto-iris mechanism unless otherwise specified.
Lenses having auto iris, manual iris, or zoom and focus functions shall be
supplied with connectors, wiring, receiver/drivers, and controls as needed
to operate the lens functions. Lenses shall have sufficient circle of
illumination to cover the image sensor evenly. Lenses shall not be used on
a camera with an image format larger than the lens is designed to cover.
Lens focal lengths shall be as shown or specified in the manufacturer's
lens selection tables.

.8 CAMERA HOUSINGS AND MOUNTS

The camera and lens shall be enclosed in a tamper resistant housing as
specified below. Any ancillary housing mounting hardware needed to install
the housing at the camera location shall be provided as part of the
housing. The camera and lens contained in a camera housing shall be
installed on a camera support as shown. Any ancillary mounting hardware
needed to install the support and to install the camera on the support
shall be provided as part of the support. The camera support shall be
capable of supporting the equipment to be mounted on it including vibration
loading normally encountered at the site.

8.1 Omitted
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.8.2 Indoor Camera Housing

The housing shall be designed to provide a tamper resistant enclosure for
indoor camera operation. The housing shall be equipped with tamper proof
latches, and shall be supplied with the proper mounting brackets for the
specified camera and lens. The housing and appurtenances shall be a color
that does not conflict with the building interior color scheme.

.8.3 Interior Mount

The camera mount shall be suitable for either wall or ceiling mounting and
shall have an adjustable head for mounting the camera. The wall mount and
head shall be constructed of aluminum or steel with a corrosion-resistant
finish. The head shall be adjustable for 360 degrees of pan, and not less
than 90 degrees of tilt.

.8.4 -—-2.8.9 Omitted
.9 CCTV VIEW STATION
.9.1 Video System

The video system shall provide view and control of all video functions
including Pan Tilt Zoom and Retieval of Stored Video from the CCTV view
station.

.9.2 Connectivity and Control

The system will support camera and view station connectivity using copper
or fiber connections. Viewing and video control must be limited to
designated view station located in the Chemical building control room, with
the capability of an automatic insertion of video and into other
apllications upon alarm or manual call. Multiple camera views on any of
these view positions must be configurable such that any number of camera
can be dispalyed on any the flat panel monitor. The view from an alarmed
camera shall automatically increase in size or center as desired.

.9.3 Flat Panel Color Monitor

The flat panel color monitor shall have a high resolution 17 inch Liquid
Crystal Display (LCD) measured diagonally.

.9.4 Omitted
.9.5 Controls

Camera pan-tilt functions shall be controllable by clicking on the video
screen or on still panoramic images that are generated automatically by the
system. Interfaces shall be available for auxiliary equipment such as
laser detectors, seismic sensors that generate latitude/longitude or X-Y
coordinates, or angle distance positions shall cause the appropriate
cameras to automatically pan—-tilt-zoom and deliver live and stored video
upon any definable event. Preset views with settable zoom levels shall be
controlable by security devices, schedules, or sequential view touring.
Focus shall be automatic or settable on preset views. Automatic snapshots
and stored video capabilities must be part of the base system and be
accessible remotely via password on PC browsers. Video storage shall be
controllable by security events. Security devices shall be connectable
directly to the cameras or to the Relay Server. Viewers shall be able to
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conveniently access large numbers of cameras via dedicated PC and each of
the cameras and their features, eg video storage, presets, etc, shall be
configurable and operable via browser. Multi-layered passwords and
bandwidth management capability must be included. The Video cameras shall
produce very high quality color images regardless of light conditions and
zoom level. The cameras shall be capable of producing high quality images
in very low light conditions. The system shall support cameras suitable for
invisible IR illumination, and zero light thermal imaging cameras

2.9.6 Omitted
2.10 RELAY SERVER

The video system shall not require video switches, multiplexers and other
video hardware. The system will employ a software based Relay Server to
manage the multiple cameras and support the various functions and features.

The system must be linearly scaleable from one camera to hundreds with no
degradation of performance.

2.10.1 Relay Server Software

The Relay Server is a software based camera manager that provides a single
IP access to all of the cameras on the system. The Relay Server shall be
located in the Dalecarlia Pump Station Control Room and wired to dedicated
CCTV View Station by using copper/fiber connections where all camera
viewing and control shall be accomplished. The Relay Server will connect
the viewer through to the appropriate camera/s.

2.10.2 Point and Click Navigation

The system shall provide the ability to click on any spot on the video
and/or on any of three, still panoramas to center the camera with high
accuracy and with no slippage over time or use cycles, even when the camera
is at high zoom.

2.10.3 Pre-set Camera Views

Up to 10 user-defined preset views for each camera must be available. The
camera must be able to return to the preset views repeatedly with high
accuracy and no slippage over time or use cycles, even when the camera is
zoomed fully. The preset views shall be accessible and controllable via
contact closures, or by a simple script in the Relay Server. The Preset
View function must be capable of "touring" with settable durations, and
capable of taking time stamped "snapshots" or storing video clips
automatically at each preset view position.

2.10.3.1 Omitted

2.10.3.2 Omitted

2.10.4 Panoramas
The Relay Server software shall cause the video cameras to provide up to
three, 360 degree Panoramic Views per camera. Clicking on any point in any
of the panoramas shall navigate the camera accurately to that spot even at
high zoom levels. The software shall provide easy, one click generation of

new panoramas

2.10.5 Snapshots
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The server software shall include Snapshot capability. A single click will
capture, time stamp and store a snapshot. The snapshot capability shall be
controllable via simple scripts so that snapshots can be captured upon
Alarms or other Events. It must be simple to print, e-mail or archive
snapshots.

.10.6 Storage and Retrieval

The Relay Server shall provide for the continuous storage of video for each
of the video cameras. Each camera's stored video configuration must be
independent and include the ability to store at a selectable frame rate and
for a settable duration. The Relay Server must be able save the stored
video segments upon alarm or manual call. The Relay Server must be able to
retrieve the video segments and play them in fast, slow, normal, and stop
motion.

.10.7 Bandwidth Manager

The Relay Server shall include the capability to limit Bandwidth
Consumption on a per—camera bases as well as providing control of viewer
bandwidth consumption. Bandwidth consumption must be dynamically
controlled and be adjustable remotely via browser via password.

.10.8 Password Protection

All functions of the video system shall be protected by three levels of
password access.

.10.9 Relay Server Interface

Interfaces will be provided to enable the incorporation of any or all of
the video functions into other applications. This makes it possible to
rapidly distribute and coordinate responses to security events.

.11 WIRE AND CABLE

The Contractor shall provide all copper and fiber connections. All wire
and cable components shall be able to withstand the environment the wire or
cable is installed in for a minimum of 25 years.

L1101 CCTV Relay Server Wiring

A dedicated single mode fiber optic cable shall be used to connect the
Relay Server to the CCTIV View Ststion.

.11.2 Low Voltage Control Wiring

Power supply to CCTV cameras and twisted pair for video signal wiring shall
run on separate conduits from the CCTV Relay Server.

.11.3 Omitted

.12 PREDELIVERY TESTING

1201 General

The Contractor shall assemble the test CCTV system as specified, and

perform tests to demonstrate that the performance of the system complies
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with the contract requirements in accordance with the approved predelivery
test procedures. The tests shall take place during regular daytime working
hours on weekdays. Model numbers of equipment tested shall be identical to
those to be delivered to the site. Original copies of all data produced
during predelivery testing, including results of each test procedure, shall
be delivered to the Government at the conclusion of predelivery testing
prior to Government approval of the test. The test report shall be
arranged so that all commands, stimuli, and responses are correlated to
allow logical interpretation.

.12.2 Test Setup

The Contractor shall provide the equipment needed for the test setup and
shall configure it to provide alarm actuated camera call-up and alarm
recording as required to emulate the installed system. The test setup
shall consist of at least 4 complete camera circuits. The alarm signal
input to the CCTV test setup shall be by the same method that is used in
the installed system. The video switcher shall be capable of switching any
camera to any monitor and any combination of cameras to any combination of
monitors. The minimum test setup shall include:

a. Four video cameras and lenses, including dome cameras if required
for the installed system.

b. CCTV View Station, and control and applications software.
c. CCTV Relay Server.

Any ancillary equipment associated with a camera circuit such as, UPS,
surge protectors or other in-line video devices.

e. Cabling for all components.

PART 3 EXECUTION

3.

3.

1 INSTALLATION

The Contractor shall install all system components including Government
furnished equipment, and appurtenances in accordance with the
manufacturer's instructions, IEEE C2 and as shown, and shall furnish all
necessary connectors, terminators, interconnections, services, and
adjustments required for a complete and operable system. Raceways shall be
furnished and installed as specified in Section 16402 INTERIOR DISTRIBUTION
SYSTEM. DTM shall not be pulled into conduits or placed in raceways,
compartments, outlet boxes, junction boxes, or similar fittings with other
building wiring. All other electrical work shall be as specified in the
above sections including grounding to preclude ground loops, noise, and
surges from adversely affecting system operation.

1.1 Current Site Conditions

The Contractor shall visit the site and verify that site conditions are in
agreement with the design package. The Contractor shall report all changes
to the site or conditions that will affect performance of the system to the
Government in a report as defined in paragraph Group II Technical Data
Package. The Contractor shall not take any corrective action without
written permission from the Government.

1.2 Omitted
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3.

3

1.3 Enclosure Penetrations

All enclosure penetrations shall be from the bottom unless the system
design requires penetrations from other directions. Penetrations of
interior enclosures involving transitions of conduit from interior to
exterior, and all penetrations on exterior enclosures shall be sealed with
rubber silicone sealant to preclude the entry of water. The conduit riser
shall terminate in a hot-dipped galvanized metal cable terminator. The
terminator shall be filled with an approved sealant as recommended by the
cable manufacturer, and in such a manner that the cable is not damaged.

.1.4 Cold Galvanizing

All field welds and brazing on factory galvanized boxes, enclosures, and
conduits shall be coated with a cold galvanized paint containing at least
95 percent zinc by weight.

.1.5 Interconnection of CCTV Equipment

The system will support camera and view station connectivity using copper
or fiber connections.

.1.6 Cameras

The Contractor shall install the cameras with the proper focal length lens
as indicated for each zone; connect power and signal lines to the camera;
set cameras with fixed iris lenses to the proper f-stop to give full video
level; aim camera to give field of view as needed to cover the alarm zone;
focus the lens to give a sharp picture over the entire field of view; and
synchronize all cameras so the picture does not roll on the monitor when
cameras are selected. Dome cameras shall have all preset positions defined
and installed.

1.7 View Station

The Contractor shall install the view station as shown and specified;
connect all signals as shown and specified; connect the view station to AC
power; and load all software as specified and required for an operational
CCTV system configured for the site requirements, including data bases,
operational parameters, and system, command, and application programs;
provide the original and 2 backup copies for all accepted software upon
successful completion of the endurance test; and program the video
annotation for each camera.

.1.8 Relay Server

The Contractor shall install the Relay Server as shown and according to
manufacturer's instructions; connect all subassemblies as specified by the
manufacturer and as shown; connect video signals as shown and specified;
terminate video inputs as required; connect alarm signal inputs and outputs
as shown and specified; connect control signal inputs and outputs for
ancillary equipment or secondary control/monitoring sites as specified by
the manufacturer and as shown; connect the relay server CPU to AC power.

1.9 Omitted

.1.10 Omitted
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3.1.11 Camera Housings and Mounts

The Contractor shall install the camera housings and mounts as specified by
the manufacturer and as shown, provide mounting hardware sized
appropriately to secure each camera, housing and mount with maximum
vibration loading encountered at the site; provide electrical and signal
transmission cabling to the mount location as specified on the drawings and
connect signal lines and AC power to mount interfaces.

3.2 SYSTEM STARTUP

The Contractor shall not apply power to the CCTV system until the following
items have been completed:

a. CCTIV system equipment items have been set up in accordance with
manufacturer's instructions.

b. A visual inspection of the CCTV system has been conducted to
ensure that defective equipment items have not been installed and
that there are no loose connections.

c. System wiring has been tested and verified as correctly connected
as indicated.

d. All system grounding and transient protection systems have been
verified as properly installed and connected as indicated.

e. Power supplies to be connected to the CCTV system have been
verified as the correct voltage, phasing, and frequency as
indicated.

f. Satisfaction of the above requirements shall not relieve the
Contractor of responsibility for incorrect installation, defective
equipment items, or collateral damage as a result of Contractor
work/equipment.

3.3 SUPPLEMENTAL CONTRACTOR QUALITY CONTROL

The following requirements supplement the contractor quality control
requirements specified elsewhere in the contract. The contractor shall
provide the services of technical representatives who are thoroughly
familiar with all components and installation procedures of the installed
IDS; and are approved by the Contracting Officer. These representatives
will be present on the job site during the preparatory and initial phases
of quality control to provide technical assistance. These representatives
shall also be available on an as needed basis to provide assistance with
follow—up phases of quality control. These technical representatives shall
participate in the testing and validation of the system and shall provide
certification that their respective system portions meet its contractual
requirements.

3.4 SITE TESTING

3.4.1 General
The Contractor shall provide all personnel, equipment, instrumentation, and
supplies necessary to perform all site testing. The Government will

witness all performance verification and endurance testing. Written
permission shall be obtained from the Government before proceeding with the
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next phase of testing. Original copies of all data produced during
performance verification and endurance testing shall be turned over to the
Government at the conclusion of each phase of testing prior to Government
approval of the test.

4.2 Contractor's Field Testing

The Contractor shall calibrate and test all equipment, verify DTM
operation, place the integrated system in service, and test the integrated
system. Ground rods installed by the Contractor shall be tested as
specified in IEEE Std 142. The Contractor shall deliver a report
describing results of functional tests, diagnostics, and calibrations
including written certification to the Government that the installed
complete system has been calibrated, tested, and is ready to begin
performance verification testing. The report shall also include a copy of
the approved performance verification test procedure. In addition, the
Contractor shall make a master Digital Video Recording (DVR) showing
typical day and night views of each camera in the system and shall deliver
the Digital Video Recording (DVR) with the report. Note any objects in the
field of view that might produce highlights that could cause camera
blinding. Note any objects in the field of view or anomalies in the
terrain which may cause blind spots. Note if a camera cannot be aimed to
cover the zone. Note night assessment capabilities and whether lights
cause blooming or picture degradation. If any of the above conditions or
other conditions exist that cause picture degradation or interfere with the
camera field of view, the Contractor shall inform the Contracting Officer.
The DVD shall be recorded using the Digital Video Recorder installed as
part of the CCTV system. If a recorder is not part of the CCTV system, the
Contractor shall provide the recording in Video Home System (VHS) format.
The Contractor shall provide the Government with the original DVD or tape
as part of the documentation of the system and shall submit a letter
certifying that the CCTV system is ready for performance verification
testing. The field testing shall as a minimum include:

a. Verification that the video transmission system and any signal or
control cabling have been installed, tested, and approved as
specified.

b. When the system includes remote control/monitoring stations or
remote switch panels, verification that the remote devices are
functional, communicate with the security center, and perform all
functions as specified.

c. Verification that the Relay Server is fully functional and that
the Relay Server/View Station softwares has been programmed as
needed for the site configuration.

d. Verification that Relay Server and View Station softwares are
functioning correctly. All software functions shall be exercised.

Operation of all electrical and mechanical switcher controls and
verification that the control performs the designed function.

f. Verification that all video sources and video outputs provide a
full bandwidth signal at all video inputs.

g. Verification that all video signals are terminated properly.

h. Verification that all cameras are aimed and focused properly. The
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Contractor shall conduct a walk test of the area covered by each
camera to verify the field of view.

i. Verification that all cameras are synchronized and that the
picture does not roll when cameras are switched.

J. When pan/tilt mounts are used in the system, verification that the
limit stops have been set correctly. Verification of all controls
for pan/tilt or zoom mechanisms are operative and that the
controls perform the desired function. If preposition controls
are used, verification that all home positions have been set
correctly, and have been tested for auto home function and correct
home position.

k. When dome camera mounts are used in the system, verify that all
preset positions are correct and that the dome also operates
correctly in a manual control mode.

The Contractor shall deliver a report describing results of functional
tests, diagnostics, and calibrations including written certification to the
Government that the installed complete system has been calibrated, tested,
and is ready to begin performance verification testing. The report shall
also include a copy of the approved performance verification test procedure.

.4.3 Performance Verification Test

The Contractor shall demonstrate that the completed CCIV system complies
with the contract requirements. Using approved test procedures, all
physical and functional requirements of the project shall be demonstrated
and shown. The performance verification test, as specified, shall not be
started until receipt by the Contractor of written permission from the
Government, based on the Contractor's written report. This shall include
certification of successful completion of Contractor Field Testing as
specified in paragraph "Contractor's Field Testing," and upon successful
completion of training as specified. If the CCIV system is being installed
in conjunction with an ESS, the CCTV performance verification test shall be
run simultaneously with the ESS performance verification test. The
Government may terminate testing at any time when the system fails to
perform as specified. Upon termination of testing by the Government or by
the Contractor, the Contractor shall commence an assessment period as
described for Endurance Testing Phase II. Upon successful completion of
the performance verification test, the Contractor shall deliver test
reports and other documentation as specified to the Government prior to
commencing the endurance test.

4.4 Endurance Test

a. The Contractor shall demonstrate the specified requirements of the
completed system. The endurance test shall be conducted in phases
as specified. The endurance test shall not be started until the
Government notifies the Contractor, in writing, that the
performance verification test is satisfactorily completed,
training as specified has been completed, and correction of all
outstanding deficiencies has been satisfactorily completed. If
the CCTV system is being installed in conjunction with an ESS, the
CCTV performance verification test shall be run simultaneously
with the ESS performance verification test. The Contractor shall
provide one operator to operate the system 24 hours per day,
including weekends and holidays, during Phase I and Phase III
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endurance testing, in addition to any government personnel that
may be made available. The Government may terminate testing at
any time the system fails to perform as specified. Upon
termination of testing by the Government or by the Contractor, the
Contractor shall commence an assessment period as described for
Phase II. During the last day of the test the Contractor shall
verify the operation of each camera. Upon successful completion
of the endurance test, the Contractor shall deliver test reports
and other documentation as specified to the Government prior to
acceptance of the system.

Phase I (Testing): The test shall be conducted 24 hours per day
for 5 consecutive calendar days, including holidays, and the
system shall operate as specified. The Contractor shall make no
repairs during this phase of testing unless authorized by the
Government in writing. If the system experiences no failures
during Phase I testing, the Contractor may proceed directly to
Phase III testing after receipt by the Contractor of written
permission from the Government.

Phase II (Assessment): After the conclusion of Phase I, the
Contractor shall identify all failures, determine causes of all
failures, repair all failures, and deliver a written report to the
Government. The report shall explain in detail the nature of each
failure, corrective action taken, results of tests performed, and
shall recommend the point at which testing should be resumed.
After delivering the written report, the Contractor shall convene
a test review meeting at the job site to present the results and
recommendations to the Government. The meeting shall not be
scheduled earlier than 5 business days after receipt of the report
by the Government. As a part of this test review meeting, the
Contractor shall demonstrate that all failures have been corrected
by performing appropriate portions of the performance verification
test. Based on the Contractor's report and the test review
meeting, the Government will determine the restart date, or may
require that Phase I be repeated. If the retest is completed
without any failures, the Contractor may proceed directly to Phase
III testing after receipt by the Contractor of written permission
from the Government.

Phase III (Testing): The test shall be conducted 24 hours per day
for 15 consecutive calendar days, including holidays, and the
system shall operate as specified. The Contractor shall make no
repairs during this phase of testing unless authorized by the
Government in writing.

Phase IV (Assessment): After the conclusion of Phase III, the
Contractor shall identify all failures, determine causes of all
failures, repair all failures, and deliver a written report to the
Government. The report shall explain in detail the nature of each
failure, corrective action taken, results of tests performed, and
shall recommend the point at which testing should be resumed.
After delivering the written report, the Contractor shall convene
a test review meeting at the Jjob site to present the results and
recommendations to the Government. The meeting shall not be
scheduled earlier than 5 business days after receipt of the report
by the Government. As a part of this test review meeting, the
Contractor shall demonstrate that all failures have been corrected
by repeating appropriate portions of the performance verification
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on the Contractor's report and the test review
Government will determine the restart date, and may
Phase III be repeated. The Contractor shall not
required retesting until after receipt of written

by Government. After the conclusion of any retesting

which the Government may require, the Phase IV assessment shall be
repeated as if Phase III had just been completed.

Exclusions:

The Contractor will not be held responsible for

failures resulting from a

n outage of the main power supply in excess of the capability of
any backup power source, provided that the automatic initiation of
all backup sources was accomplished.

-— End of Section —--
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SECTION 16768A

FIBER OPTIC DATA HIGHWAY NETWORK
08/94

PART 1 GENERAL

1.

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 basic
designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
IEEE C2 (1997) National Electrical Safety Code

IEEE C62.41 (1991; R 1995) Surge Voltages in
Low-Voltage AC Power Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NEFPA 70 (1999) National Electrical Code
UNDERWRITERS LABORATORIES (UL)
UL 910 (1998) Test for Flame-Propagation and
Smoke-Density Values for Electrical and

Optical-Fiber Cables Used in Spaces
Transporting Environmental Air

.2 SYSTEM DESCRIPTION

2.1 General

a. Provide and test a fiber optic data highway network for use with the
plant-wide instrumentation system.

b. The system shall include fiber optic cables and accessories for a
plant-wide network between buildings as indicated.

c. Provide new innerduct for all new fiber optic data highway network.
d. Provide all new conduit (interduct) for new fiber optic data highway
network.

e. Provide all fiber optic cabinets with patch panels and required
accessories.

f. Provide all fiber optic data highway trunk cables.

g. Terminate fiber optic data highway trunk cables in fiber optic

cabinets at patch panels.

h. Test all fiber optic data highway trunk cables.

2.2 Environmental Requirements
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a. Equipment and cable to be utilized indoors shall be rated for
continuous operation under ambient environmental conditions of 0 to 50
degrees C 35 to 120 degrees F dry bulb and 10 to 95 percent relative
humidity, noncondensing.

b. Equipment shall be rated for continuous operation under the ambient
environmental temperature, pressure, humidity, and vibration conditions
specified or normally encountered for the installed location.

c. Fiber optic cable for outdoor installation shall be rated for Minus 40
to plus 80 degrees C. minus 40 to plus 176 degrees F.

.2.3 Hazardous Environment

System components located in fire or explosion hazard areas shall be rated
and installed according to Chapter 5 of NFPA 70 and as shown.

.2.4 Electrical Requirements

The equipment shall operate from a voltage source as shown, plus or minus
10 percent, and 60 Hz, plus or minus 2 percent.

.2.5 Input Line Surge Protection

Inputs and outputs shall be protected against surges induced on wiring
including wiring installed outdoors. Communications equipment shall be
protected against surges induced on any communications circuit. Cables and
conductors (except fiber optics which serve as communications circuits from
consoles to field equipment) and between field equipment, shall have surge
protection circuits installed at each end. Protection shall be furnished
at equipment, and additional triple electrode gas surge protectors rated
for the application on each wire line circuit shall be installed within 3
feet of the building cable entrance. Fuses shall not be used for surge
protection. The inputs and outputs shall be tested in both normal mode and
common mode using the following two waveforms:

a. A 10 microsecond rise time by 1000 microsecond pulse width
waveform with a peak voltage of 1500 volts and a peak current of
60 amperes.

b. An 8 microsecond rise time by 20 microsecond pulse width waveform
with a peak voltage of 1000 volts and a peak current of 500
amperes.

.2.6 Power Line Surge Protection

Equipment connected to ac circuits shall be protected from power line
surges. Equipment shall meet the requirements of IEEE C62.41. Fuses shall
not be used for surge protection.

.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 01330 SUBMITTAL PROCEDURES:

SECTION 16768A Page 2



SD-02 Shop Drawings

Fiber Optic Cable; G AE
Installation; G AE

Detail drawings, including a complete list of equipment and material,
including manufacturer's descriptive and technical literature, performance
charts and curves, catalog cuts, and installation instructions. Detail
drawings shall contain complete wiring and schematic diagrams and any other
details required to demonstrate that the system has been coordinated and
will properly function with its associated systems. Drawings shall show
proposed layout and anchorage of equipment and appurtenances, and equipment
relationship to other parts of the work including clearance for maintenance
and operations. System drawings shall show final configuration, including
location, type and termination of inside fiber optics and showing the
location, duct and innerduct arrangement, or fiber assignment of outside
plant. The ac power consumption and heat dissipation shall be shown under
both normal and maximum operating conditions.

SD-03 Product Data
Fiber Optic Cable; G AE
Spare Parts; G WA

Data list of spare parts, tools, and test equipment for each different
item of material and equipment specified, after approval of detail
drawings not later than one (1) month prior to the data of beneficial
occupancy. The data shall include a list of parts and supplies, with
current unit prices and source of supply, and a list of the parts
recommended by the manufacturer to be replaced after a year of service.

SD-08 Manufacturer's Instructions; G WA
Where installation procedures, or any part thereof, are required to be

in accordance with the recommendations of the manufacturer of the
material being installed, printed copies of these recommendations shall

be submitted prior to installation. 1Installation of the item will not
be allowed to proceed until the recommendations are received and
approved.

SD-06 Test Reports
Test Procedures and Reports; G WA

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 completion and testing of the
installed system.

Testing; G WA
Test plans shall define tests required to ensure that the system meets
technical, operational, and performance specifications. The test plan
shall define milestones for the tests, equipment, personnel,
facilities, and supplies required. The test plans shall identify the

capabilities and functions to be tested.

SD-07 Certificates
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Fiber Optic Cable; G WA

Manufacturer's certificate indicating compliance with transmission and
reliability requirements. Where equipment or materials are specified
to conform to the standards or publications and requirements of CFR,
ANSI, NFPA, EIA, or UL, certificates attesting that the items furnished
under this section of the specification conform to the specified
requirements.

SD-10 Operation and Maintenance Data
Training Course; G WA

Provide six copies of Training Course outlining the step-by-step
procedures required for system; troubleshooting, repair, preventative
maintenance and calibration. A video describing operating and
maintenance instructions may be included.

1.3.1 Warranty

For a period of one year from the date of system acceptance, Contractor
(General Contractor) warrants that all replacement equipment, materials,
parts or defects in materials and workmanship. Within three days of
notification Contractor (General Contractor) shall remove and replace all
replacement equipment, materials, parts or components found to be defective
within said one year period. Such removal and reinstallation shall be at
no additional cost to WA.

PART 2 PRODUCTS

2.1 MANUFACTURERS:

a. Chromatic Technologies, Inc., Franklin, MA.
b. Belden (Cooper Industries), Richmond, IN.
c. Siecor Corp., Hickory, NC.

d. AT&T Network Systems, Norcross, GA.

e. Or an acceptable equivalent product.

2.2 FIBER OPTIC CABLE:
2.2.1 General

Provide multi-mode, buffered, optical glass fiber cores compatible with LED
based transmission systems. Maximum attenuation losses shall be 3.4 dB/km
or less at a wavelength of 850 nm and 1.0 dB/km or less at a wavelength of
1300 nm. Minimum bandwidth shall be 200 MHZ-km at 850 nm and 500 MHZ-km at
1300 nm. Fiber core size shall be 62.5 micron unless otherwise directed by
Section 13300 supplier. All plastic fiber core construction shall not be
acceptable.

2.2.1.1 Fiber Optic Non-Breakout Cable

Heavy duty, tight buffer construction with additional strength members, and
a oil, water, and chemical resistant, UV stabilized, flame retardant, PVC
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outer jacket, UL listed OFNR. Fiber cladding shall be 125 micron and fiber
buffer shall be 900 micron.

Cable specifications

a. Fiber Count: Minimum 12, or greater when required by the system.
b. Installation Load: 100 lbs (minimum)

c. Long Term Application Load: 14 lbs (minimum)

d. Minimum Crush Resistance: 80 lbs/inch

e. Operating Temperature: 14 to 122 degrees F

2.2.1.2 Aerial Cable

The optical fibers shall be surrounded by a tube buffer, shall be contained
in a channel or otherwise loosely packaged to provide clearance between the
fibers and inside of the container, and shall be extruded from a material
having a coefficient of friction sufficiently low to allow the fiber free
movement .

a. The cable outer jacket shall be medium density polyethylene
material containing at least 2.6 percent carbon black with only
black pigment added for additional coloring.

b. Tensile strength: Cables shall withstand an installation tensile
load of not less than 608 pounds and not less than 135 pounds
continuous tensile load.

c. Impact and Crush resistance: The cables shall withstand an impact
of 1.71bs/in as a minimum, and shall have a crush resistance of
317 pounds per square inch as a minimum.

2.2.1.3 Duct Cable

The optical fibers shall be surrounded by a tube buffer, shall be contained
in a channel or otherwise loosely packaged to provide clearance between the
fibers and inside of the container, and shall be extruded from a material
having a coefficient of friction sufficiently low to allow the fiber free
movement .

a. The cable outer jacket shall be medium density polyethylene
material with orange pigment added for ease of identification.

b. Tensile strength: Cables shall withstand an installation tensile
load of not less than 608 pounds and not less than 135 pounds
continuous tensile load.

c. Impact and Crush resistance: The cables shall withstand an impact
of 1.71bs/in as a minimum, and shall have a crush resistance of
317 pounds per square inch as a minimum.

2.2.1.4 Direct Burial Cable
The optical fibers shall be surrounded by a tube buffer, shall be contained

in a channel or otherwise loosely packaged to provide clearance between the
fibers and inside of the container, and shall be extruded from a material
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2.

having a coefficient of friction sufficiently low to allow the fiber free
movement .

a.

.2.1.6

The cable outer jacket shall be medium density polyethylene
material containing at least 2.6 percent carbon black with only
black pigment added for additional coloring.

Tensile strength: Cables shall withstand an installation tensile
load of not less than 608 pounds and not less than 135 pounds
continuous tensile load.

Impact and Crush resistance: The cables shall withstand an impact
of 1.71bs/in as a minimum, and shall have a crush resistance of
317 pounds per square inch as a minimum.

Direct burial cable shall be protected with plastic coated steel
armor. The plastic coated steel armor shall be applied
longitudinally directly over an inner Jjacket and have an overlap
of 0.20 inch minimum.

Interior Cable

Loose buffer tube cable construction shall be such that the
optical fibers shall be surrounded by a tube buffer, shall be
contained in a channel or otherwise loosely packaged to provide
clearance between the fibers and the inside of the container to
allow for thermal expansions without constraining the fiber. The
protective container shall be extruded from a material having a
coefficient of friction sufficiently low to allow the fiber free
movement. The cable outer jacket shall be flame retardant
polyvinyl chloride (PVC) or fluorocopolymer (FCP), which complies
with NFPA 70 for OFNP applications. Tensile strength, impact
resistance, and crush resistance shall not exceed manufacturers
recommendations.

Tight buffer tube cable construction shall be extrusion of plastic
over each cladded fiber, with an outer jacket of flame retardant
PVC or FCP, which complies with NFPA 70 for OFNR requirements for
riser cables and vertical shaft installations. Optical fibers
shall be covered in near contact with an extrusion tube and shall
have an intermediate soft buffer to allow for the thermal
expansions and minor pressures. Tensile strength, impact
resistance, and crush resistance shall not exceed manufacturers
recommendations.

Plenum Rated Cables: Cable to be installed inside plenums shall
additionally meet the requirements of UL 910.

Pigtail Cables

Cable used for connections to equipment shall be flexible fiber pigtail
cables having the same physical and operational characteristics as the
parent cable. The cable jacket shall be flame retardant PVC or FCP, which
complies with NFPA 70 for OFNP applications. Maximum dB loss for pigtail
cable shall be 3.5 dB/km at 850 nanometers, and 1.0 dB/km at 1330
nanometers.

3 INNERDUCT
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2.

2.

2.

2.

3.1 Manufacturers: Carlon, Innerduct, Ipecine or approved equal.

3.2 Features

Multi-cell conducting system designed for fiber optic cabling and
telecommunications.

System shall include:

a. Outerduct complete with innerducts preinstalled.

b. Innerduct identification system.

c. Gasketing that allows watertight assembly and disassembly of
outer and innerducts for direct buried and encased
installations.

d. Couplings, access hole terminators, innerduct seals for both

empty and cabled ducts, and fixed and flexible bends.

Outerduct (the conduit that goes outside the innerduct):

a. Industry standard 4-inch (100 mm) duct with integral bell end.
b. Material: PVC Schedule 40.
c. Marking: Indicates proper innerduct orientation and alignment.
d. Length: 20-feet (6 m) lay.
Innerduct:
a. Size and count: 1 1/4-inch (30 mm); 4-each.
b. Material: Smoothwall PVC.
c. Lubrication: Prelubricated with atomized silicone lubricant.

4 THERMAL CONNECTORS

4.1 Manufacturers:

3M Telecom Systems Group, Austin, Texas.

AMP, Inc., Harrisburg, PA.

AT&T Network Systems, Norcross, GA.

A.P.D., Inc., Brooklyn, CT.

Or acceptable equivalent product.

4.2 Connectors:
Type ST compatible design with ceramic ferrule and strain relief boot. The
epoxy used to attach connectors to the individual fibers shall be a heat

cure type featuring an accelerated cure cycle and color change upon cure
completion.
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Insertion loss (typical): 0.5 dB.
Durability (mating cycles): 1000 (minimum)
Repeatability: Less than 0.2 dB.
Operating Temperature: -40 to +176 degrees F
2.5 PATCH PANELS
2.5.1 Manufacturers
Siecor Corp., Hickory, NC
3M Telecom Systems, Group, Austin, TX.
AT&T Network Systems, Norcross, GA.
Or acceptable equivalent product.
2.5.2 Patch Panels

Function: Provides industry-standard rack mounting system for the
interface between the fiber optic backbone and equipment cables.

Provides a secure place to terminate fiber optic cables. Panels
shall be suitable for multimode system operation at 800 and 1300
nanometers.

Features:

a. Accommodates up to 576 fiber terminations.

b. Accepts connector module housing and splice housing within the

same rack.

c. Coil Former: Former to wind slack cable around, which
provides controlled long-radius bends.

d. Jumper routing and storage: Organization guides designed into
the frame, storage and routing shelf within the rack.

e. Connector: Provide 120 percent additional connection space
for expansion and building usage.

f. Foot and End Caps: Included in final assembled unit.

g. Ancillaries: Jumper troughs and covers, cable tie brackets.
Enclosures installed indoors shall meet the requirements of NEMA.
Enclosures installed outdoors shall meet the requirements of NEMA 4X.
Enclosures and fittings of every description having hinged doors or
removable covers, and which contain any part of the FO circuits or power
supplies, shall be provided with cover-operated, corrosion-resistant tamper
switches, arranged to initiate an alarm signal when the door or cover is
moved. Tamper switches shall be mechanically mounted to maximize the

defeat time when enclosure covers are opened or removed. The enclosure and
the tamper switch shall function together to not allow direct line of sight
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to any internal components and tampering with the switch or the circuits
before the switch activates. Tamper switches shall be inaccessible until
the switch is activated; have mounting hardware concealed so that the
location of the switch cannot be observed from the exterior of the
enclosure; be connected to circuits which are under electrical supervision
at all times, irrespective of the protection mode in which the circuit is
operating; shall be spring-loaded and held in the closed position by the
door cover; and shall be wired so that they break the circuit when the door
or cover is disturbed. Tamper switches on the doors which must be opened
to make routine maintenance adjustments to the system and to service the
power supplies shall be push/pull-set, automatic reset type. Covers of
pull and junction boxes provided to facilitate installation of the system
need not be provided with tamper switches if they contain no splices or
connections, but shall be protected by security screws or tack welding to
hold the covers in place. Zinc labels shall be affixed to such boxes
indicating they contain no connections. These labels shall not indicate
that the box is part of a security system. Any damage to the enclosure or
its cover's surface protection shall be cleaned and repaired using the same
type of surface protection as the original enclosure.

.6 SPLICE CLOSURES

.6.1 Manufacturers

Siecor Corp., Hickory, NC.

3M Telecom Systems, Group, Austin, TX

AT&T Network Systems, Norcross, GA

Or acceptable equivalent product.

.6.2 Splice Closures:

Constructed of thermoplastic, suitable for "butt" or "through" cable entry,
moisture tight sealing arrangement, removable splice tray organizer, splice
trays for mechanical splices, suitable for multimode system operation at
800 and 1300 nanometers, grounding lugs or equivalent for grounding cable
armor.

.7 JUMPER CABLES

In accordance with requirements of TIA-568-A 12.5.

Fiber Characteristics: In accordance with fiber optic cable.

Tube Configuration:

a. Individual tubes.

b. Protected with Kevlar strength members and enclosed in
thermoplastic jacket.

.8 SPARE PARTS
Provide in accordance with Section 01730 and as specified.

Furnish two (2) spare connectors for each type used.
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PART 3 EXECUTION

3.

1 GENERAL

Provide all material, equipment, and labor to install the fiber optic
cables as indicated and as specified.

Installation shall be in accordance with the National Electrical Code and
all local codes.

.2 INSTALLATION

Install cables in accordance with Manufacturer's Instructions.

Install multi-fiber cables in underground ducts. Rod and swab out ducts
prior to installing cables.

Install non-breakout cables in the conduit systems provided inside
buildings and structures.

Install cable directly from shipping reels. Ensure that cable is not:
a. Dented, nicked, or kinked.
b. Subjected to pull stress greater, or bend radius less,

than manufacturer's specification.

c. Subjected to treatment which may damage fiber strands during
installation.

2.1 Aerial Cable

Except as otherwise specified, poles and associated aerial hardware for an
overhead FO cable system shall be installed as specified in Division 16
Electrical and as shown.

a. A messenger cable system to support aerial cables shall be
furnished. The messenger system shall be capable of withstanding a minimum
of 4500 pounds of tension, including appurtenances, guys, and hardware.
Messenger cables shall be galvanized zinc coated steel or aluminum clad
steel.

b. The messenger cables shall be grounded at dead ends, at the entrance
to each facility, and at intervals not exceeding 1000 feet. New grounding
conductors and electrodes shall be provided at each ground connection.

c. Aerial FO cables shall meet the horizontal, vertical and climbing
space clearances prescribed in IEEE C2 and those of the installation.

d. Transitions from aerial cable to underground cable shall be as
specified in Division 16 Electrical.

e. Splices in aerial cable shall be within 3 feet of a pole and placed
inside a watertight enclosure. Drip loops shall be formed at the cable
entrance to the enclosure. Lashing clamps shall be placed within 12 inches
of the enclosure.

f. Loops shall be formed in the aerial cables at points of connection
and at poles to prevent damage from thermal stress and wind loading. The
communications cable shall be protected from chafing and physical damage
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with the use of spiral cut tubing and PVC tape, or plastic sleeves. The
ground clearance of installed cabling shall be as shown.

g. Cable shall be run vertically and when possible shall use gravity to
assist in cable pulling. Cable shall be pulled from top of run to bottom
of run. Cable shall be hand pull if possible. If machine assistance is
required, tension shall be monitored using dynamometers or load-cell
instruments and shall not exceed specified cable tension limits. After
installation, the vertical tension on the cable shall be relieved at
maximum intervals of 100 feet using a split support grip.

h. Lashing wire shall be wound tightly around both the communication
cable and the messenger cable by machine methods. The lashing wire shall
have a minimum of 1 turn per 14 linear inches and not less than the number
of turns per unit length that is recommended by the cable manufacturer for
the distance between cable support points and the combined ice and wind
loading and extreme wind loading shown or normally encountered loading for
the installed location. Lashing clamps shall be placed at all poles and
splices.

i. The ice and wind loading conditions to be encountered at this
installation are as follows:

a. combined ice and wind loading:
(1) radial thickness of ice 0.50 inches
(2) horizontal wind pressure 5 psf
(3) temperature 15

2.2 Exterior Underground Cable

Except as otherwise specified, conduits, ducts, and manholes for
underground FO cable system shall be installed as specified in Division 16
Electrical and as shown.

a. Minimum burial depth for cable shall be 30 inches,but not less than
the depth of the frost line. Burial depth specified shall take precedence
over any requirements specified elsewhere.

b. Where direct burial cable will pass under sidewalks, roads, or
other paved areas and no existing conduits or duct banks are available, the
cable shall be placed in a 4 inch inner duct. Conduit may be installed by
jacking or trenching, as approved.

c. Buried cables shall be placed below a plastic warning tape buried in
the same trench or slot. The tape shall be 12 inches above the cable. The
warning tape shall be continuously imprinted with the words "WARNING -
COMMUNICATIONS CABLE BELOW" at not more than 48 inch intervals. The
plastic tape shall be acid and alkali resistant polyethylene film, 3 inches
wide with a minimum thickness of 0.004 inch. Tape shall have a minimum
strength of 1750 pounds per square inch lengthwise and 1500 pounds per
square inch crosswise.

d. Transitions from underground cable to aerial cable shall be as
specified in Division 16 Electrical and as shown.

e. For cables installed in ducts and conduit, a cable lubricant
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compatible with the cable sheathing material shall be used on all cables
pulled. Pulling fixtures shall be attached to the cable strength members.
If indirect attachments are used, the grip diameter and length shall be
matched to the cable diameter and characteristics. If an indirect
attachment is used on cables having only central strength members, the
pulling forces shall be reduced to ensure that the fibers are not damaged
from forces being transmitted to the strength member. During pulling the
cable pull line tension shall be continuously monitored using dynamometers
or load-cell instruments, and shall not exceed the maximum tension
specified by the cable manufacturer. The mechanical stress placed upon the
cable during installation shall be such that the cable is not twisted or
stretched. A cable feeder guide shall be used between the cable reel and
the face of the duct or conduit to protect the cable and guide it into the
duct or conduit as it is unspooled from the reel. As the cable is
unspooled from the reel, it shall be inspected for jacket defects or
damage. The cable shall not be kinked or crushed and the minimum bend
radius of the cable shall not be exceeded during installation. Cable shall
be hand fed and guided through each manhole and additional lubricant shall
be applied at all intermediate manholes. When practicable, the center
pulling technique shall be used to lower pulling tension. That is, the
cable shall be pulled from the center point of the cable run towards the
end termination points. The method may require the cable to be pulled in
successive pulls. If the cable is pulled out of a Jjunction box or manhole
the cable shall be protected from dirt and moisture by laying the cable on
a ground covering.

2.3 Service Loops
Each fiber optic cable shall have service loops of not less than 9.8 feet
in length at each end. The service loops shall be housed in a service loop
enclosure.
2.4 Metallic Sheath Grounding
Fiber optic cable with metallic sheath routed in the trench with a power
cable shall have the metallic sheath grounded at the cable termination
points.
.2.5 Conduit

Install fiber optic cable directly in conduit/innerduct

in accordance with manufacturer's printed instructions.

Terminate all innerducts in conduit with fabricated termination

kits.
2.6 Identification

Identify each cable on both ends and in all manholes and pull points it
goes through.

2.7 Sequencing:

Provide cables in accordance with sequencing requirements.

.2.8 Sealing:

Seal cables into innerducts to stop ingress of water and grit with

expansion plugs or ductseal. Seal empty innerducts immediately after
installation. Seal gaps between innerducts and conduits with sealing
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compound such as 3M ductseal.
2.9 Manholes:

a. Provide supports for cables at maximum 300-millimeter centers along
sides of manholes.

b. Provide a minimum 4-foot coil of spare fiber in each manhole
throughout the cable length.

Provide breakout kits, splice closures, patch panels, pigtails, and Jjumpers
as required and as indicated to install a complete data highway
communications network as indicated. Patch panels shall be wall mounted
plumb and level. Splice closures shall be installed in pullboxes.

Splices: Splices shall be made only where indicated. Provide adequate
put-up lengths on cable reels to make termination-to-termination runs
without splices. Where splices are indicated provide mechanical splices
with attenuation losses of 0.3 dB or less. Make splices watertight and
provide mechanical protection equal to the cable jacket, or better.

Support cables in riser conduits at intervals as required by the National
Electrical Code.

Installation tools and materials shall be provided by the cable
manufacturer.

The polishing process of terminal connectors shall be a two stage wet
process using 3.0 micron lapping film for an initial polish followed by 0.3
micron lapping film for the final polish.

.3 IDENTIFICATION
Label each termination point.

Tag each cable in junction boxes, manholes, and handholes. Provide
permanent nylon/plastic tie-wrap type tags with waterproof markings.

.4 CABLE TERMINATIONS
Terminate cables in accordance with TIA-568-A.

Fan out fibers to allow flexibility and ease of installations for future
expansion at connection points. Provide a metal or high density plastic
fan-out collar to relieve the stress on the individual fibers. To protect
the individual fibers, provide sleeves from the fan-out collar to the
terminal point. Terminate all fibers in each cable with a suitable
connector as specified below.

Fiber connectors shall be bayonet-type with "twist-lock" mounting for quick

an secure installation. Connectors shall be pull-proof with a durable
ceramic tip to protect the fibers from damage during installation and
frequent rearrangements. "Push-pull" couplings are unacceptable. Provide

a sample of the connector to the engineer for inspection and approval prior
to installation.

Provide all equipment, mounting kits and consumable materials required for
a proper installation as defined by the manufacturer.
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FEach individual cable shall be clearly and uniquely identified. At a
terminal cabinet or backboard provide a type written directory listing the
cable, identification code and type of signal. The directory shall be
mounted within the termination cabinet or on the backboard and protected by
a clear plastic cover.

Provide a minimum of 20 feet of neatly coiled, slack fiber optic cable at
each terminal cabinet or backboard for flexibility.

.5 ENCLOSURE AND CONDUIT-ENCLOSURE CONNECTIONS

Termination enclosures shall be sized to accommodate the FO equipment to be
installed. Sizing shall include sufficient space for service loops to be
provided and to accommodate a neat, workmanlike layout of equipment and the
bend radii of fibers and cables terminated inside the enclosure.

Enclosure penetrations shall be from the bottom and shall be sealed with
rubber silicone sealant to preclude the entry of water. Conduits rising
from underground shall be internally sealed.

Conduit-enclosure connections shall be protected by tack welding or brazing
the conduit to the enclosure. Tack welding or brazing shall be done in
addition to standard conduit-enclosure connection methods as described in
NFPA 70. Any damage to the enclosure or its cover's surface protection
shall be cleaned and repaired using the same type of surface protection as
the original enclosure.

.6 PHYSICAL CHECKOUT

.6.1 General Procedures:

a. Conduct physical checkout of the fiber optic data highway network.
b. Physical checkout shall be performed prior to functional testing.
.6.2 Check Procedures:

a. Verify that fiber optic cables reels have been off-loaded from truck

carefully and not damaged.
b. Verify that cable construction is the type specified.

c. Verify that fiber optic patch panels have been installed plumb and
level at locations indicated.

d. Verify that fiber optic splice closures have been installed at\
locations indicated.

e. Verify that optical fiber connections or terminations within patch
panels and splice closures are in accordance with cable manufacturer's
printed recommendations.

.7 TEST PROCEDURES AND REPORTS

7.1 Conduct the following field tests after cable installation:

Visually, inspect terminal connectors for out of round condition and
surface defects such as micro-chips and cracks using a 100X (minimum)
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inspection microscope.
7.2 Cable Testing

Provide equipment, instrumentation, and supplies necessary to perform
testing. Engineer and Owner shall have the option to witness and
participate actively in on-site tests.

a. Notify Engineer and Owner at least 3 days prior to testing.
Perform all tests and inspections as required by NETA, paragraph 7.25.

Post-Installation Testing: Demonstrate that all fibers in each cable meet
requirements of TIA-568-A, Annex H, as modified here:

a. Maximum attenuation as specified.
b. Measure attenuation in both directions, not in one direction only.

Replace all cables that do not meet attenuation standards and redo tests
until cable meets requirements and at no additional cost to the Owner.

7.3 Test Reports

Provide test results saved within the field-test instrument shall be
transferred into a Windows TM-based database utility that allows for the
maintenance, inspection and archiving of the test records.

Provide the test results documentation for inspection by the WA and COR
during the installation period and shall be transmitted to the COR within 5
working days of completion of tests.

Provide paper copy and database for the complete project, including
twisted-pair copper cabling links, if applicable, shall be stored and
delivered on CD-ROM prior to final acceptance. This CD-ROM shall include
the software tools required to view, inspect, and print any selection of
the test reports.

The detailed test results documentation data is to be provided in an
electronic database for each tested optical fiber and shall contain the
following information.

a. The identification of the WA site as specified by the end-user.

b. The name of the test limit selected to execute the stored test
results.

c. The name of the personnel performing the test.

d. The data and time the test results were saved in the memory of the
tester.

e. The manufacturer, model and serial number of the field-test
instrument.

f. The version of the test software and the version of the test limit

database held within the test instrument.

g. The fiber identification number.
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h. The length for each optical fiber.

i. Test results to include OLTS attenuation link and channel
measurements at 850 nm and 1300 nm for multimode cabling, and at 1310 nm
and 1550 nm for singlemode cabling and the margin (difference between the
measured attenuation and the test limit value).

J. Test results shall be submitted to include OTDR link and channel
traces and event tables at 850 nm and 1300 nm for multimode cabling and at
1310 nm and 1550 nm for singlemode cabling.

k. The length for each optical fiber calculated by the OTDR.

1. The overall Pass/Fail evaluation of the link-under-test for OLTS
and OTDR measurements.

m. A picture or image of each fiber end-face.
n. A pass/fail status of the end-face based upon visual inspection.
Record copy and as-built drawings

Provide record copy drawing as part of final acceptance on CD-ROM. Record
copy drawings at the end of the project shall be in CAD format and include
notations reflecting the as built conditions of any additions to or
variation from the drawings provided such as, but not limited to cable
paths and termination point. CAD drawings are to incorporate test data
imported from the test instruments.

The as-built drawings shall include, but are not limited to block diagrams,
frame and cable labeling, cable termination points, equipment room layouts
and frame installation details. The as-built shall include all field
changes made up to construction completion:

a. Field directed changes to pull schedule.

b. Field directed changes to cross connect and patching schedule.
c. Horizontal cable routing changes.

d. Backbone cable routing or location changes.

e. Associated detail drawings.

.8 TRAINING

The Contractor shall conduct a training course for designated personnel in
the maintenance of the FO system. The training shall be oriented to the
specific system being installed under this specification. The Contractor
shall furnish training materials and supplies.

The system maintenance course shall be taught at the project site after
completion of the endurance test for a period of 1 training day. A maximum
of five personnel designated by WA shall attend the course. A training day
shall be 8 hours of classroom or lab instruction, including two 15 minute
breaks and excluding lunchtime during the daytime shift in effect at the
facility. Training shall include:
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a. Physical layout of the system and each piece of hardware.

b. Troubleshooting and diagnostics procedures.

c. Repair instructions.

d. Preventative maintenance procedures and schedules.

e. Calibration procedures. Upon completion of this course, the
students shall be fully proficient in the maintenance of the
system.

3.9 CONTRACT CLOSEQOUT
Provide in accordance with Section 01700.

—— End of Section —-
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