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SECTION 26 06 00

GROUNDING AND BONDING

01/07

PART 1   GENERAL

1.1   REFERENCES

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

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C2 (1997) National Electrical Safety Code

ASTM INTERNATIONAL (ASTM)

ASTM B 1 (1995) Hard-Drawn Copper Wire

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

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 837 (1989) Permanent Connections Used in 
Substation Grounding

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014) National 
Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 83 (2014) Thermoplastic-Insulated Wires and 
Cables

UL 467 (2007) Grounding and Bonding Equipment  

1.2   SUBMITTALS

Submit the following in accordance with section 01 33 00, "Submittals 
Procedures."
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SD-02 Shop Drawings

Layout and location drawings

SD-03 Product Data

Ground rods

Grounding and bonding connectors

Grounding and bonding conductors

SD-06 Test Reports

Submit report of results of acceptance checks and tests specified 
by paragraph entitled "Field Quality Control"

Ground resistance tests

1.2.1   Layout and location drawings

Provide shop drawings showing location and size of ground rod .

1.2.2   Ground resistance tests

Upon completion and before final acceptance of the work, submit the 
measured ground resistance of each ground rod and grounding system, 
including the location of the rod and grounding system and soil conditions 
at the time the measurements were taken.

PART 2   PRODUCTS

2.1   GROUND RODS

Provide ground rods made of copper-clad steel conforming to UL 467 .  
Provide ground rods that are not less than 3/4 inch in diameter and  10 feet
 in length.

2.2   GROUNDING AND BONDING CONNECTORS

IEEE 837  UL 467  ,  pressure-type connector (bolted, compression, clamp) and 
exothermic weld.  Provide type and size of connectors required for the 
installation.

2.3   GROUNDING AND BONDING CONDUCTORS

Solid bare copper wire meeting the requirements of ASTM B 1  for sizes No. 8 
AWG and smaller and stranded bare copper wire meeting the requirements of 
ASTM B 8 , for sizes No. 6 AWG and larger.  Insulated conductors shall have 
600-volt, Type TW insulation meeting the requirements of UL 83 .

2.3.1   Flexible Jumper Cable

Welding cable, 2/0 AWG.  Provide flexible cable in areas where movement or 
vibration requires a grounding connections.
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PART 3   EXECUTION

3.1   INSTALLATION

Grounding installation shall conform to the requirements of NFPA 70  and 
ANSI C2 .

3.1.1   Ground Rod Connections

Connect ground conductor to the upper end of ground rod by exothermic weld 
or by compression connector.  Make exothermic welds strictly in accordance 
with manufacturer's written recommendations.  Welds which have puffed up of 
which show convex surfaces indicating improper cleaning, are not 
acceptable.  No mechanical connectors are required at exothermic 
weldments.  Compression connectors shall be type that uses a hydraulic 
compression tool to provide correct pressure.  Provide tools and dies 
recommended by compression connector manufacturer.  An embossing die or 
similar method shall provide visible indication that a connector has been 
fully compressed on ground wire.  

3.1.2   Grounding and Bonding

NFPA 70 .  Ground noncurrent carrying metal parts of equipment or enclosure, 
metallic raceway systems, grounding conductor in metallic and nonmetallic 
raceways,  and neutral conductor of wiring systems.  Make ground connection 
at main service equipment, and extend grounding conductor to point of 
entrance of metallic water service.  Make connection to water pipe by 
suitable ground clamp or lug connection to plugged tee.  If flange pipes 
are encountered, make connection with lug bolted to street side of flanged 
connection.  Supplement metallic water service grounding system with 
additional made electrode in compliance with NFPA 70 .  Where ground fault 
protection is employed, ensure that connection of ground and neutral does 
not interfere with correct operation of fault protection.

3.1.3   Surge Arresters

Connect grounding terminal of each arrester to ground.

3.1.4   Ground Cable Crossing Expansion Joints in Structures and Pavements

Protect from damage by means of approved devices or methods of installation 
to allow the necessary slack in the cable across the joint to permit 
movement.

3.1.5   Ground Resistance

Noncurrent-carrying metallic parts associated with electrical equipment 
shall have a maximum resistance to solid earth ground not exceeding the 
following values:

a.  Pad-mounted transformers:  5 ohms
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b.  Ground in manholes, handholes, and vaults:  5 ohms

c.  Grounded secondary distribution system neutral and 
noncurrent-carrying metal parts associated with distribution 
systems and grounds not otherwise covered:  5 ohms

When work in addition to that indicated or specified is directed in order 
to obtain the specified ground resistance, the provisions of the contract 
covering "changes" shall apply.

3.2   FIELD QUALITY CONTROL

3.2.1   Performance of Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations, NETA ATS, 
and referenced standards specified herein.  Include the following visual 
and mechanical inspections and electrical tests, performed in accordance 
with NETA ATS.

3.2.2   Grounding System

a.  Visual and mechanical inspection

(1) Inspect ground system for compliance with contract plan and 
specifications.

b.  Electrical tests

(1) Perform ground-impedance measurements utilizing the three-point 
method.

       -- End of Section --
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SECTION 26 12 19.10

THREE-PHASE PAD-MOUNTED TRANSFORMERS

04/04

PART 1   GENERAL

1.1   REFERENCES

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

ASTM INTERNATIONAL (ASTM)

ASTM A 167 (1999) Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM D 92 (2002; Rev. A) Flash and Fire Points by 
Cleveland Open Cup IP Designation: 36/84 
(89); AASHTO No.: T 48; DIN 51 376

ASTM D 97 (2002) Pour Point of Petroleum Products IP 
Designation: 15/95

ASTM D 877 (2002) Dielectric Breakdown Voltage of 
Insulating Liquids Using Disk Electrodes

ASTM D 1535 (1997) Specifying Color by the Munsell 
System

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA 712-C-98-075 (1998) Fate, Transport and Transformation 
Test Guidelines - OPPTS 835.3100- "Aerobic 
Aquatic Biodegradation"

EPA 600/4-90/027F (1993) Methods for Measuring the Acute 
Toxicity of Effluents and Receiving Waters 
to Freshwater and Marine Organisms

FM GLOBAL (FM)

FM P7825 (2003) Approval Guide

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE Std 386 (1995; R 2001) Separable Insulated 
Connection

IEEE C2 (2012; Errata 1 2012; INT 1-4 2012; Errata 
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2 2013; INT 5-7 2013; INT 8-10 2014; INT 
11 2015) National Electrical Safety Code

IEEE C12.7 (1993) Watthour Meter Sockets (IEEE)

IEEE C57.12.00 (2000) Liquid-Immersed Distribution, 
Power, and Regulating Transformers (IEEE)

IEEE C57.12.80 (2002) Terminology for Power and 
Distribution Transformers (IEEE)

IEEE C57.12.90 (1999) Test Code for Liquid-Immersed 
Distribution, Power, and Regulating 
Transformers (IEEE)

IEEE C57.13 (1993) Instrument Transformers (IEEE)

IEEE C57.98 (1993; Correction 1998) Guide for 
Transformer Impulse Tests (IEEE)

IEEE C62.11 (1999) Metal-Oxide Surge Arresters for AC 
Power Circuits (> 1 kV) (IEEE)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA C12.1 (2001) Electric Meters; Code for 
Electricity Metering

NEMA C12.10 (1997) Watthour Meters

NEMA C37.47 (2000) High Voltage Current-Limiting Type 
Distribution Class Fuses and Fuse 
Disconnecting Switches

NEMA C57.12.22 (1993; R 1998) Transformers - Pad-Mounted, 
Compartmental-Type, Self-Cooled, 
Three-Phase Distribution Transformers with 
High-Voltage Bushings, 2500 kVA and 
Smaller:  High Voltage, 34 500 GrdY /19 
920 Volts and Below; Low Voltage, 480 
Volts and Below

NEMA C57.12.26 (1993) Pad-Mounted, Compartmental-Type, 
Self-Cooled, Three-Phase Distribution 
Transformers for Use with Separable 
Insulated High-Voltage Connectors, 
High-Voltage, 34 500 Grd Y/19 920 Volts 
and Below; 2500 kVA and Smaller

NEMA C57.12.28 (1999) Pad-Mounted Equipment - Enclosure 
Integrity

NEMA C57.12.29 (1999; Errata 2000) Pad-Mounted Equipment 
- Enclosure Integrity for Coastal 
Environments

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
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Specifications for Electrical Power 
Equipment and Systems

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014) National 
Electrical Code

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT (OECD)

OECD Test 203 (1993) Fish Acute Toxicity Test

UNDERWRITERS LABORATORIES (UL)

UL 467 (2007) Grounding and Bonding Equipment

1.2   RELATED REQUIREMENTS

Section 26 00 00, "Basic Electrical Materials and Methods,"  applies to 
this section, with the additions and modifications specified herein.

1.3   SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

As an exception to this paragraph, transformers manufactured by ABB in 
Jefferson City, MO; by Cooper Power Systems in Waukesha, WI; by GE in 
Shreveport, LA; or by Howard Industries in Laurel, MS need not meet the 
submittal requirements of this contract.  Instead, the following shall be 
submitted:

a.  A certification, from the manufacturer, that the technical requirements 
of this specification shall be met.

b.  An outline drawing of the transformer with devices identified 
(paragraph entitled "Pad-Mounted Transformer Drawings", item a).

c.  ANSI nameplate data of the transformer (paragraph entitled "Pad-Mounted 
Transformer Drawings", item b).

d.  Routine and other tests (in PART 2, see paragraph entitled "Routine and 
Other Tests"), shall be conducted by the manufacturer and may be 
witnessed by the government (in Part 2, see paragraph entitled "Source 
Quality Control").  Provide transformer test schedule required by 
submittal item "SD-11 Closeout Submittals".  Provide certified copies 
of the tests.

e.  Provide acceptance test reports required by submittal item "SD-06 Test 
Reports".

f.  Provide operation and maintenance manuals required by submittal item 
"SD-10 Operation and Maintenance Data".

SD-02 Shop Drawings

Pad-mounted transformer drawings

SECTION 26 12 19.10  Page 3



Interior/Exterior Repairs at BEQ FC515 17-0011

SD-03 Product Data

Pad-mounted transformers

SD-06 Test Reports

Acceptance checks and tests

SD-07 Certificates

Transformer losses

SD-09 Manufacturer's Field Reports

Pad-mounted transformer design tests

Pad-mounted transformer routine and other tests

SD-10 Operation and Maintenance Data

Transformer(s), Data Package 5

SD-11 Closeout Submittals

Transformer test schedule

1.4   QUALITY ASSURANCE

1.4.1   Pad-Mounted Transformer Drawings

Drawings shall indicate, but not be limited to the following:

a.  An outline drawing, with front, top, and side views.

b.  ANSI nameplate data.

c.  Elementary diagrams and wiring diagrams with terminals identified of 
watthour meter and current transformers.

d.  One-line diagram, including switch(es), current transformers, meters, 
and fuses.

e.  Manufacturer's published time-current curves (on full size logarithmic 
paper) of the transformer high side fuses.

1.4.2   Transformer Losses

Submit certification from the manufacturer indicating conformance with the 
paragraph entitled "Specified Transformer Losses."

1.4.3   Transformer Product Data

Submittal shall include manufacturer's information for each component, 
device, and accessory provided with the transformer.

1.4.4   Test Results

Submit report of test results as specified by paragraph entitled "Field 
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Quality Control"

1.5   MAINTENANCE

1.5.1   Additions to Operation and Maintenance Data

In addition to requirements of Data Package 5, include the following on the 
actual transformer(s) provided:

a.  An instruction manual with pertinent items and information highlighted

b.  An outline drawing, front, top, and side views

c.  Prices for spare parts and supply list

d.  Routine and field acceptance test reports

e.  Fuse curves for primary fuses

f.  Information on watthour demand meter, CT's, and fuse block

g.  Actual nameplate diagram

h.  Date of purchase

1.5.2   Operation and Maintenance Data

Submit operation and maintenance data in accordance with Section 01 78 23, 
"Operation and Maintenance Data" and as specified herein.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be pad-mounted transformers and 
related accessories are specified in Section 33 71 02, "Underground 
Electrical Distribution", and Section 26 20 00, "Interior Distribution 
System".

2.2   THREE-PHASE PAD-MOUNTED TRANSFORMERS

NEMA C57.12.26 , NEMA C57.12.28 , NEMA C57.12.29  and as specified herein.

2.2.1   Compartments

The high- and low-voltage compartments shall be separated by steel 
isolating barriers extending the full height and depth of the compartments. 
Compartment doors:  hinged lift-off type with stop in open position and 
three-point latching.

2.2.1.1   High Voltage, Dead-Front

High-voltage compartment shall contain the incoming line, insulated 
high-voltage load-break connectors, bushing well inserts, six high-voltage 
bushing wells configured for loop feed application, load-break switch 
handle(s), access to oil-immersed fuses, dead-front surge arresters, tap 
changer handle, connector parking stands and ground pad.

a.  Insulated high-voltage load-break connectors:  IEEE Std 386 , rated 15 
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kV, 95 kV BIL.  Current rating:  200 amperes rms continuous.  Short 
time rating:  10,000 amperes rms symmetrical for a time duration of 
0.17 seconds.  Connector shall have a steel reinforced hook-stick eye, 
grounding eye, test point, and arc-quenching contact material.

b.  Bushing well inserts:  IEEE Std 386 , 200 amperes, 15 kV Class.  Provide 
a bushing well insert for each bushing well unless indicated otherwise.

c.  Load-break switch

Loop feed sectionalizer switches:  Provide three, two-position, 
oil-immersed type switches to permit closed transition loop feed and 
sectionalizing.  Each switch shall be rated at 15 kV, 95 kV BIL, with a 
continuous current rating and load-break rating of 200 amperes, and a 
make-and-latch rating of 10,000 rms amperes symmetrical.  Locate the 
switch handles in the high-voltage compartment.  Operation of switches 
shall be as follows:

            |  DESCRIPTION         |  SWITCH POSITION
  ARRANGE-  |  OF SWITCH           |  LINE A SW. | LINE B SW |  XFMR. SW
  MENT NO.  |  ARRANGEMENT         |  OPEN|CLOSE | OPEN|CLOSE|  OPEN|CLOSE
--------------------------------------------------------------------------

      1     |  Line A              |      |  X   |     |  X  |      |  X
            |  connected           |      |      |     |     |      |
            |  to Line B           |      |      |     |     |      |
            |  and both lines      |      |      |     |     |      |
            |  connected to        |      |      |     |     |      |
            |  transformer         |      |      |     |     |      |
--------------------------------------------------------------------------
      2     |  Transformer         |      |  X   |  X  |     |      |  X
            |  connected to        |      |      |     |     |      |
            |  Line A only         |      |      |     |     |      |
--------------------------------------------------------------------------
      3     |  Transformer         |  X   |      |     |  X  |      |  X
            |  connected to        |      |      |     |     |      |
            |  Line B only         |      |      |     |     |      |
--------------------------------------------------------------------------
      4     |  Transformer         |      |  X   |     |  X  |  X   |
            |  open and            |      |      |     |     |      |
            |  loop closed         |      |      |     |     |      |
--------------------------------------------------------------------------
      5     |  Transformer         |  X   |      |  X  |     |  X   |
            |  open and            |      |      |     |     |      |
            |  loop open           |      |      |     |     |      |
-------------------------------------------------------------------------

d.  Provide bayonet type, oil-immersed, expulsion fuses in series with 
oil-immersed, partial-range, current-limiting fuses.  Bayonet fuse 
links shall sense both high currents and high oil temperature in order 
to provide thermal protection to the transformer.  Coordinate 
transformer protection with expulsion fuse clearing low-current faults 
and current-limiting fuse clearing high-current faults beyond the 
interrupting rating of the expulsion fuse.  In order to eliminate or 
minimize oil spills, the bayonet fuse assembly shall include an oil 
retention valve inside the housing which closes when the fuse holder is 
removed and an external drip shield.  Warning shall be conspicuously 
displayed within the high-voltage compartment cautioning against 
removing or inserting fuses unless the load-break switch is in the open 
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position and the tank pressure has been released.

Bayonet fuse assembly:  150 kV BIL.

Oil-immersed current-limiting fuses:  NEMA C37.47 ; 50,000 rms amperes 
symmetrical interrupting rating at the system voltage specified.

e.  Surge arresters:  IEEE C62.11 , rated 9 kV, fully shielded, dead-front, 
metal-oxide-varistor, elbow type with resistance-graded gap, suitable 
for plugging into inserts.  Provide three arresters for radial feed 
circuits.

2.2.1.2   Low Voltage

Low-voltage compartment shall contain low-voltage bushings with NEMA spade 
terminals, accessories, metering, stainless steel or laser-etched anodized 
aluminum diagrammatic transformer nameplate, and ground pad.

a.  Accessories shall include drain valve with sampler device, fill plug, 
pressure relief device, liquid level gage, pressure-vacuum gage, and 
dial type thermometer with maximum temperature indicator.

b.  Metering:  NEMA C12.10 .  Provide a socket-mounted electronic 
programmable outdoor watthour meter, surface mounted flush against the 
side of the low-voltage compartment as indicated.  Meter shall either 
be programmed at the factory or shall be programmed in the field.  When 
field programming is performed, turn field programming device over to 
the Contracting Officer at completion of project.  Meter shall be 
coordinated to system requirements.

1.  Design:  Provide meter designed for use on a 3-phase, 4-wire, 
208Y/120 or 480Y/277 volt systems (as indicated on drawings) with 
3 current transformers.  Include necessary KYZ pulse initiation 
hardware for Energy Monitoring and Control System (EMCS).

2.  Coordination:  Provide meter coordinated with ratios of current 
transformers and transformer secondary voltage.

3.  Class:  20;  Form:  9S; Accuracy: +/- 1.0 percent; Finish: Class II

4.  Cover:  Polycarbonate and lockable to prevent tampering and 
unauthorized removal.

5.  Kilowatt-hour Register:  5 digit electronic programmable type

6.  Demand Register:

(a)  Provide solid state

(b)  Meter reading multiplier:

(1) Indicate multiplier on the meter face.

(c)  Demand interval length: shall be programmed for 15 minutes 
with rolling demand up to six subintervals per interval.

7.  Meter fusing: Provide a fuse block mounted in the secondary 
compartment containing one fuse per phase to protect the voltage 
input to the watthour meter.  Size fuses as recommended by the 
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meter manufacturer.

8.  Socket:  IEEE C12.7 .  Provide NEMA Type 3R, box-mounted socket 
having automatic circuit-closing bypass and having jaws compatible 
with requirements of the meter.  Cover unused hub openings with 
blank hub plates.  Paint box Munsell 7GY3.29/1.5 green to match 
the pad-mounted transformer to which the box-mounted socket is 
attached.  The Munsell color notation is specified in ASTM D 1535 .

9.  Current transformers:  IEEE C57.13 .  Provide butyl-molded window 
type current transformers with 600-volt insulation, 10 kV BIL and 
mount on the low-voltage bushings.  Route current transformer 
leads in a location as remote as possible from the power 
transformer secondary cables to permit current measurements to be 
taken with hook-on-ammeters.  Provide three current transformers 
per power transformer with characteristics listed in the following 
table.

  kVA    Sec. Volt     CT Ratio    RF      Meter Acc. Class

   500    208Y/120      1200/5     1.5      0.3 thru B-0.5  
   225    480Y/277      200/5      4.0      0.3 thru B-0.1  

2.2.2   Transformer

a.  Oil-insulated, two winding, 60 hertz, 65 degrees C rise above a 30 
degrees C average ambient, self-cooled type.

b.  Transformers shall be rated 500 and 225 kVA, 95 kV BIL.

c.  Transformer voltage ratings:  12,470 Delta V - 480Y/277  V or 12,470 V 
Delta - 208Y/120 V (as indicated on drawings).

d.  Tap changer shall be externally operated, manual type for changing tap 
setting when the transformer is de-energized.  Provide four 2.5 percent 
full capacity taps, two above and two below rated primary voltage.  Tap 
changers shall clearly indicate which tap setting is in use.

e.  Minimum tested impedance shall not be less than manufacturer's typical 
design impedances.

f.  Audible sound levels shall comply with the following:

                   kVA          DECIBELS (MAX)
                   
                   225                 55
                   500                 56                  

g.  Transformer shall include lifting lugs and provisions for jacking under 
base.  The transformer base construction shall be suitable for using 
rollers or skidding in any direction.  Provide transformer top with an 
access handhole.  Transformer shall have its kVA rating conspicuously 
displayed on its enclosure.  The transformer shall have an insulated 
low-voltage neutral bushing with NEMA spade terminal, and with 
removable ground strap.

2.2.2.1   Specified Transformer Losses

No-load losses (NLL) shall be 373 and 741 watts at 20 degrees C for 225 and 
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500 kVA transformers respectively and load losses (LL) shall be 1494 and 
3017 watts at 85 degrees C for 225 and 500 kVA transformers respectively.  
The values for the specified losses shall be used for comparison with the 
losses determined during the routine tests.  If the routine test values for 
no-load losses exceed the specified no-load losses by more than 10 percent, 
or the total losses exceed the specified total losses (sum of no-load and 
load losses) by more than 6 percent, the transformer is unacceptable.

2.2.3   Insulating Liquid

a.  Less-flammable transformer liquids:  NFPA 70  and FM P7825  for 
less-flammable liquids having a fire point not less than 300 degrees C 
tested per ASTM D 92  and a dielectric strength not less than 33 kV 
tested per ASTM D 877 .  Provide identification of transformer as 
"non-PCB" and "manufacturer's name and type of fluid" on the nameplate.

The fluid shall be a biodegradable electrical insulating and cooling 
liquid classified by UL and approved by FM as "less flammable" fluids.  
The fluid shall meet the following fluid properties:

1.  Pour point:  ASTM D 97 , less than -15 degree C

2.  Aquatic biodegradation:  EPA 712-C-98-075 , 100%

3.  Trout toxicity:  OECD Test 203 , zero mortality of EPA 600/4-90/027F , 
pass.

2.2.3.1   Liquid-Filled Transformer Nameplates

Power transformers shall be provided with nameplate information in 
accordance with IEEE C57.12.00  and as modified or supplemented by this 
section.

2.2.4   Corrosion Protection

Bases and cabinets of transformers shall be corrosion resistant and shall 
be fabricated of stainless steel conforming to ASTM A 167 , Type 304 or 
304L.  Base shall include any part of pad-mounted transformer that is within
3 inches of concrete pad.  Paint bases, cabinets, and tanks Munsell 
7GY3.29/1.5 green.  Paint coating system shall comply with NEMA C57.12.28  
regardless of base, cabinet, and tank material.  The Munsell color notation 
is specified in ASTM D 1535 .

2.3   WARNING SIGNS

Provide as specified in Section 26 00 00, "Basic Electrical Materials and 
Methods."

2.4   GROUNDING AND BONDING

UL 467 .  Provide grounding and bonding as specified.

2.5   CAST-IN-PLACE CONCRETE

Concrete associated with electrical work for other than encasement of 
underground ducts shall be 4000 psi minimum 28-day compressive strength 
unless specified otherwise.  All concrete shall conform to the requirements 
of Section 03 30 50, "Cast-in-Place Concrete."
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2.6   SOURCE QUALITY CONTROL

2.6.1   Transformer Test Schedule

The Government reserves the right to witness tests.  Provide transformer 
test schedule for tests to be performed at the manufacturer's test 
facility.  Submit required test schedule and location, and notify the 
Contracting Officer 30 calendar days before scheduled test date.  Notify 
Contracting Officer 15 calendar days in advance of changes to scheduled 
date.

a.  Test Instrument Calibration

1.  The manufacturer shall have a calibration program which assures 
that all applicable test instruments are maintained within rated 
accuracy.

2.  The accuracy shall be directly traceable to the National Institute 
of Standards and Technology.

3.  Instrument calibration frequency schedule shall not exceed 12 
months for both test floor instruments and leased specialty 
equipment.

4.  Dated calibration labels shall be visible on all test equipment.

5.  Calibrating standard shall be of higher accuracy than that of the 
instrument tested.

6.  Keep up-to-date records that indicate dates and test results of 
instruments calibrated or tested.  For instruments calibrated by 
the manufacturer on a routine basis, in lieu of third party 
calibration, include the following:

(a)  Maintain up-to-date instrument calibration instructions and 
procedures for each test instrument.

(b)  Identify the third party/laboratory calibrated instrument to 
verify that calibrating standard is met.

2.6.2   Design Tests

IEEE C57.12.00 , and IEEE C57.12.90 .  Section 5.1.2 in IEEE C57.12.80  states 
that "design tests are made only on representative apparatus of basically 
the same design."  Submit design test reports (complete with test data, 
explanations, formulas, and results), in the same submittal package as the 
catalog data and drawings for each of the specified transformer(s).  Design 
tests shall have been performed prior to the award of this contract.

a.  Tests shall be certified and signed by a registered professional 
engineer.

b.  Temperature rise:  "Basically the same design" for the temperature rise 
test means a pad-mounted transformer with the same coil construction 
(such as wire wound primary and sheet wound secondary), the same kVA, 
the same cooling type (ONAN), the same temperature rise rating, and the 
same insulating liquid as the transformer specified.

c.  Lightning impulse:  "Basically the same design" for the lightning 
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impulse dielectric test means a pad-mounted transformer with the same 
BIL, the same coil construction (such as wire wound primary and sheet 
wound secondary), and a tap changer, if specified.  Design lightning 
impulse tests shall include both the primary and secondary windings of 
that transformer.

1.  IEEE C57.12.90 , paragraph 10.3 entitled "Lightning Impulse Test 
Procedures," and IEEE C57.98 .

2.  State test voltage levels.

3.  Provide photographs of oscilloscope display waveforms or plots of 
digitized waveforms with test report.

d.  Lifting and moving devices:  "Basically the same design" requirement 
for the lifting and moving devices test means a test report confirming 
that the lifting device being used is capable of handling the weight of 
the specified transformer in accordance with NEMA C57.12.22 .

e.  Pressure:  "Basically the same design" for the pressure test means a 
pad-mounted transformer with a tank volume within 30 percent of the 
tank volume of the transformer specified.

2.6.3   Routine and Other Tests

IEEE C57.12.00 .  Routine and other tests shall be performed by the 
manufacturer on each of the actual transformer(s) prepared for this project 
to ensure that the design performance is maintained in production.  Submit 
test reports, by serial number and receive approval before delivery of 
equipment to the project site.  Required tests and testing sequence shall 
be as follows:

a.  Cold resistance measurements (provide reference temperature)

b.  Phase relation

c.  Ratio

d.  No-load losses (NLL) and excitation current

e.  Load losses (LL) and impedance voltage

f.  Dielectric

1.  Impulse

(a)  State test voltage levels

(b)  Provide photographs of oscilloscope display waveforms or 
plots of digitized waveforms with test reports.  As an 
alternative, photographs of oscilloscope display waveforms or 
plots of digitized waveforms may be hand-delivered at the factory 
witness test.

2.  Applied voltage

3.  Induced voltage

g.  Leak

SECTION 26 12 19.10  Page 11



Interior/Exterior Repairs at BEQ FC515 17-0011

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2 , NFPA 70 , and to 
requirements specified herein.  Provide new equipment and materials unless 
indicated or specified otherwise.

3.2   GROUNDING

NFPA 70  and IEEE C2 , except that grounding systems shall have a resistance 
to solid earth ground not exceeding 5 ohms.

3.2.1   Grounding Electrodes

Provide driven ground rods as specified in Section 33 71 02, "Underground 
Transmission and Distribution".  Connect ground conductors to the upper end 
of ground rods by exothermic weld or compression connector.  Provide 
compression connectors at equipment end of ground conductors.

3.2.2   Pad-Mounted Transformer Grounding

Provide separate copper grounding conductors and connect them to the ground 
loop as indicated.  When work in addition to that indicated or specified is 
required to obtain the specified ground resistance, the provision of the 
contract covering "Changes" shall apply.

3.2.3   Connections

Make joints in grounding conductors and loops by exothermic weld or 
compression connector.  Exothermic welds and compression connectors shall 
be installed as specified.

3.2.4   Grounding and Bonding Equipment

UL 467 , except as indicated or specified otherwise.

3.3   TRANSFORMER GROUNDING

Provide a 4/0 bare copper-ground girdle around transformer.  Girdle shall 
be buried one foot deep and placed 3 feet laterally from the transformer 
enclosure.  Connect girdle to enclosure at two opposite places using 4/0 
copper.  Exothermically weld joints.

3.4   INSTALLATION OF EQUIPMENT AND ASSEMBLIES

Install and connect pad-mounted transformers furnished under this section 
as indicated on project drawings, the approved shop drawings, and as 
specified herein.

3.4.1   Meters and Current Transformers

NEMA C12.1 .

3.5   FOUNDATION FOR EQUIPMENT AND ASSEMBLIES

Mount transformer on concrete slab. Unless otherwise indicated, the 
concrete slab shall be precast pad with vault as shown on drawings.  
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Stub up conduits, with bushings,  2 inches into cable wells in the concrete 
pad.  Coordinate dimensions of cable wells with transformer cable training 
areas.

3.5.1   Cast-In-Place Concrete

Cast-in-place concrete work shall conform to the requirements of Section 
03 30 50, "Cast-in-Place Concrete".

3.5.2   Sealing

When the installation is complete, the Contractor shall seal all conduit 
and other entries into the equipment enclosure with an approved sealing 
compound.  Seals shall be of sufficient strength and durability to protect 
all energized live parts of the equipment from rodents, insects, or other 
foreign matter.

3.6   FIELD QUALITY CONTROL

3.6.1   Performance of Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations and include 
the following visual and mechanical inspections and electrical tests, 
performed in accordance with NETA ATS.

3.6.1.1   Pad-Mounted Transformers

a.  Visual and mechanical inspection

1.  Compare equipment nameplate information with specifications and 
approved shop drawings.

2.  Inspect physical and mechanical condition.  Check for damaged or 
cracked insulators and leaks.

3.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

4.  Verify correct liquid level in tanks.

5.  Perform specific inspections and mechanical tests as recommended 
by manufacturer.

6.  Verify correct equipment grounding.

7.  Verify the presence of transformer surge arresters.

b.  Electrical tests

1.  Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter, if applicable.

2.  Perform insulation-resistance tests.

3.  Perform turns-ratio tests.
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4.  Perform insulation power-factor/dissipation-factor tests on 
windings.

5.  Sample insulating liquid.  Sample shall be tested for:

(a)  Dielectric breakdown voltage

(b)  Acid neutralization number

(c)  Specific gravity

(d)  Interfacial tension

(e)  Color

(f)  Visual condition

(g)  Water in insulating liquid

(h)  Measure dissipation factor or power factor

6.  Perform dissolved gas analysis (DGA).

7.  Test for presence of PCB.

8.  Verify that the tap-changer is set at specified ratio.

9.  Verify proper secondary voltage phase-to-phase and 
phase-to-neutral after energization and prior to loading.

3.6.1.2   Current Transformers

a.  Visual and mechanical inspection

1.  Compare equipment nameplate data with specifications and approved 
shop drawings.

2.  Inspect physical and mechanical condition.

3.  Verify correct connection.

4.  Verify that adequate clearances exist between primary and 
secondary circuit.

5.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

6.  Verify that required grounding and shorting connections provide 
good contact.

b.  Electrical tests

1.  Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter, if applicable.

2.  Perform insulation-resistance test.
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3.  Perform a polarity test.

4.  Perform a ratio-verification test.

3.6.1.3   Watthour Meter

a.  Visual and mechanical inspection

1.  Compare equipment nameplate data with specifications and approved 
shop drawings.

2.  Inspect physical and mechanical condition.

3.  Verify tightness of electrical connections.

b.  Electrical tests

1.  Calibrate watthour meters according to manufacturer's published 
data.

2.  Verify that correct multiplier has been placed on face of meter, 
where applicable .

3.  Verify that current transformer secondary circuits are intact.

3.6.1.4   Grounding System

a.  Visual and mechanical inspection

1.  Inspect ground system for compliance with contract plans and 
specifications.

b.  Electrical tests

1.  Perform ground-impedance measurements utilizing the 
fall-of-potential method.  On systems consisting of interconnected 
ground rods, perform tests after interconnections are complete.  
On systems consisting of a single ground rod perform tests before 
any wire is connected.  Take measurements in normally dry weather, 
not less than 48 hours after rainfall.  Use a portable ground 
testing megger in accordance with manufacturer's instructions to 
test each ground or group of grounds.  The instrument shall be 
equipped with a meter reading directly in ohms or fractions 
thereof to indicate the ground value of the ground rod or 
grounding systems under test.

2.  Submit the measured ground resistance of each ground rod and 
grounding system, indicating the location of the rod and grounding 
system.  Include the test method and test setup (i.e., pin 
location) used to determine ground resistance and soil conditions 
at the time the measurements were made.

3.6.2   Follow-Up Verification

Upon completion of acceptance checks and tests, the Contractor shall show 
by demonstration in service that circuits and devices are in good operating 
condition and properly performing the intended function.  As an exception 
to requirements stated elsewhere in the contract, the Contracting Officer 
shall be given 5 working days advance notice of the dates and times of 
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checking and testing.

       -- End of Section --
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SECTION 26 20 00

INTERIOR DISTRIBUTION SYSTEM

01/07

PART 1   GENERAL

1.1   REFERENCES

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

ASTM INTERNATIONAL (ASTM)

ASTM B 1 (1995) Hard-Drawn Copper Wire

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

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

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

NEMA C80.3 (1994) Electrical Metallic Tubing - Zinc 
Coated (EMT)

NEMA FU 1 (2002) Low Voltage Cartridge Fuses

NEMA ICS 1 (2000; R 2015) Standard for Industrial 
Control and Systems: General Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Controllers, Contactors, and Overload 
Relays Rated 600 V

NEMA ICS 4 (2000) Industrial Automation Control 
Products and Systems Section Terminal 
Blocks

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA KS 1 (2001) Enclosed and Miscellaneous 
Distribution Equipment Switches (600 Volts 
Maximum)

NEMA RN 1 (2005; R 2013) Polyvinyl-Chloride (PVC) 
Externally Coated Galvanized Rigid Steel 
Conduit and Intermediate Metal Conduit
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NEMA ST 20 (1992; R 1997) Dry-Type Transformers for 
General Applications

NEMA TC 14 (2002) Filament-Wound Reinforced 
Thermosetting Resin Conduit (RTRC) and 
Fittings

NEMA TC 2 (1998) Electrical Polyvinyl Chloride (PVC) 
Tubing and Conduit

NEMA TC 3 (1999) PVC Fittings for Use with Rigid PVC 
Conduit and Tubing

NEMA WD 1 (1999) General Color Requirements for 
Wiring Devices

NEMA WD 6 (2002) Wiring Devices - Dimensional 
Specifications

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014) National 
Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1 (2000) Flexible Metal Conduit

UL 1242 (2006; Reprint Mar 2014) Standard for 
Electrical Intermediate Metal Conduit -- 
Steel

UL 1699 (1999; R 2002, Bul. 2002, 2003) Arc-Fault 
Circuit-Interrupters

UL 198E (1988; R 1988) Class R Fuses

UL 20 (2000; R 2002, Bul. 2002) General-Use Snap 
Switches

UL 360 (1996; R 2001, Bul. 2002) Liquid-Tight 
Flexible Steel Conduit

UL 467 (2007) Grounding and Bonding Equipment

UL 486A (1997; R 2001, Bul. 2002, 2003) Wire 
Connectors and Soldering Lugs for Use with 
Copper Conductors

UL 486B (1997; R 2001, Bul. 2002, 2003) Wire 
Connectors for Use with Aluminum Conductors

UL 486C (2000; R 2002) Splicing Wire Connectors

UL 489 (2013; Reprint Mar 2014) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures
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UL 498 (2001; R 2002) Attachment Plugs and 
Receptacles

UL 50 (2007; Reprint Apr 2012) Enclosures for 
Electrical Equipment, Non-environmental 
Considerations

UL 506 (2008; Reprint Oct 2013) Specialty 
Transformers

UL 508 (1999; R 2002, Bul. 2003) Industrial 
Control Equipment

UL 510 (2005; Reprint Jul 2013) Polyvinyl 
Chloride, Polyethylene and Rubber 
Insulating Tape

UL 514A (2013) Metallic Outlet Boxes

UL 514B (2012; Reprint Nov 2014) Conduit, Tubing 
and Cable Fittings

UL 514C (2014; Reprint Dec 2014) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 6 (2007; Reprint Nov 2014) Electrical Rigid 
Metal Conduit-Steel

UL 651 (2011; Reprint May 2014) Standard for 
Schedule 40 and 80 Rigid PVC Conduit and 
Fittings

UL 67 (1993; R 2002) Panelboards

UL 797 (2000; Bul. 2002) Electrical Metallic 
Tubing

UL 83 (2014) Thermoplastic-Insulated Wires and 
Cables

UL 869A (1998; Bul. 2002) Reference Standard for 
Service Equipment

UL 943 (1993; R 2002, Bul. 2002) Ground-Fault 
Circuit-Interrupters

 1.2   RELATED REQUIREMENTS

Section 26 00 00, "Basic Electrical Materials and Methods," applies to this 
section with additions and modifications specified herein.

1.3   SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
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Panelboards

Transformers

SD-03 Product Data

Receptacles

Circuit breakers

Switches

Transformers

Enclosed circuit breakers

Motor controllers

Manual motor starters

SD-06 Test Reports

600-volt wiring test

Grounding system test

Transformer tests

Ground-fault receptacle test

SD-07 Certificates

Fuses

SD-09 Manufacturer's Field Reports

Transformer factory tests

SD-10 Operation and Maintenance Data

Electrical Systems, Data Package 5

Submit operation and maintenance data in accordance with Section 
01 78 23, "Operation and Maintenance Data" and as specified herein.

1.4   QUALITY ASSURANCE

1.4.1   Fuses

Submit coordination data as specified in article entitled, "FUSES" of this 
section.
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1.5   MAINTENANCE

1.5.1   Electrical Systems

Submit operation and maintenance manuals for electrical systems that 
provide basic data relating to the design, operation, and maintenance of 
the electrical distribution system for the building.  This shall include:

a.  Single line diagram of the "as-built" building electrical system.

b.  Schematic diagram of electrical control system (other than HVAC, 
covered elsewhere).

c.  Manufacturers' operating and maintenance manuals on active 
electrical equipment.

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 .

2.2.2   Rigid Nonmetallic Conduit

PVC Type EPC-40,  in accordance with NEMA TC 2, UL 651 , or fiberglass 
conduit, in accordance with NEMA TC 14 .

2.2.3   Intermediate Metal Conduit (IMC)

UL 1242 , zinc-coated steel only.

2.2.4   Electrical, Zinc-Coated Steel Metallic Tubing (EMT)

UL 797 , NEMA C80.3 .

2.2.5   Plastic-Coated Rigid Steel and IMC Conduit

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

2.2.6   Flexible Metal Conduit

UL 1 .

2.2.6.1   Liquid-Tight Flexible Metal Conduit, Steel

UL 360 .
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2.2.7   Fittings for Metal Conduit, EMT, and Flexible Metal Conduit

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

2.2.7.1   Fittings for Rigid Metal Conduit and IMC

Threaded-type.  Split couplings unacceptable.

2.2.7.2   Fittings for EMT

Steel compression type.

2.2.8   Fittings for Rigid Nonmetallic Conduit

NEMA TC 3, UL 514B .

2.3   OUTLET BOXES AND COVERS

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

2.4   WIRES AND CABLES

Wires and cables shall meet applicable requirements of NFPA 70  and UL for 
type of insulation, jacket, and conductor specified or indicated.  Wires 
and cables manufactured more than 12 months prior to date of delivery to 
site shall not be used.

2.4.1   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. 

2.4.1.1   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.

2.4.2   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
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(3)  Phase C - blue

b.  480/277 volt, three-phase

(1)  Phase A - brown

(2)  Phase B - orange

(3)  Phase C - yellow

2.4.3   Insulation

Unless specified or indicated otherwise or required by NFPA 70 , power and 
lighting 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 .  Where lighting fixtures require 90-degree Centigrade (C) 
conductors, provide only conductors with 90-degree C insulation or better.

2.4.4   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.

2.5   SPLICES AND TERMINATION COMPONENTS

UL 486A  and UL 486B , as applicable, 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.

2.6   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.  
Plates on finished walls shall be nylon or lexan, minimum 0.03 inch wall 
thickness.  Plates shall be same color as receptacle or toggle switch with 
which they are mounted.    Screws shall be machine-type with countersunk 
heads in color to match finish of plate.  Sectional type device plates will 
not be permitted.  Plates installed in wet locations shall be gasketed and 
UL listed for "wet locations."

2.7   SWITCHES

2.7.1   Toggle Switches

NEMA WD 1,  UL 20 , single polethree-way, and , totally enclosed with bodies 
of thermoplastic and/or thermoset plastic and mounting strap with grounding 
screw.  Handles shall be white  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.
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2.7.2   Disconnect Switches

NEMA KS 1.  Provide heavy duty-type 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 enclosure as indicated per NEMA ICS 6 .

2.8   RECEPTACLES

UL 498 , hard use, heavy-duty, grounding-type.  Ratings and configurations 
shall be as indicated.  Bodies shall be of white 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.

2.8.1   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."

2.8.2   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) leads.

2.8.3   Dryer Receptacles

NEMA 14-30 configuration, rated 30 amperes, 125/250 volts. 

2.9   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.  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" 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).   Type directories and mount in holder 
behind transparent protective covering.  Panelboards shall be listed and 
labeled for their intended use.

2.9.1   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 
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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.  Buses are to be constructed 
of hard drawn copper of 98 percent conductivity.

2.9.2   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.

2.9.2.1   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.

2.9.2.2   Circuit Breakers for HVAC Equipment

Circuit breakers for HVAC equipment having motors (group or individual) 
shall be marked for use with HACR type and UL listed as HACR type.

2.9.2.3   Arc-Fault Circuit-Interrupters

UL 489 , UL 1699  and NFPA 70 .  Molded case circuit breaker shall be rated as 
indicated. Provide with "push-to-test" button.

2.10   ENCLOSED CIRCUIT BREAKERS

UL 489 .  Individual molded case circuit breakers with voltage and 
continuous current ratings, number of poles, overload trip setting, and 
short circuit current interrupting rating as indicated.  Enclosure type as 
indicated. 

2.11   FUSES

NEMA FU 1.  Provide complete set of fuses for each fusible switch .  
Time-current characteristics curves of fuses serving motors or connected in 
series with circuit breakers  shall be coordinated for proper operation. 
Submit coordination data for approval.  Fuses shall have voltage rating not 
less than circuit voltage.

2.11.1   Cartridge Fuses, Current Limiting Type (Class R)

UL 198E , Class RK-5time-delay type.  Associated fuseholders shall be Class 
R only.

2.12   TRANSFORMERS

NEMA ST 20 , general purpose, dry-type, self-cooled, ventilated .  Provide 
transformers in NEMA 1 enclosure.  Transformer shall have 220 degrees C 
insulation system for transformers 15 kVA and greater with temperature rise 
not exceeding 80 degrees C under full-rated load in maximum ambient of 40 
degrees C.  Transformer of 80 degrees C temperature rise shall be capable 
of carrying continuously 130 percent of nameplate kVA without exceeding 
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insulation rating.

2.13   MOTOR CONTROLLERS

UL 508 , NEMA ICS 1 , and NEMA ICS 2 .  Controllers shall have thermal 
overload protection in each phase and shall have one spare normally open 
and one spare normally closed auxiliary contact.  Magnetic-type motor 
controllers shall have undervoltage protection when used with 
momentary-contact pushbutton stations or switches and shall have 
undervoltage release when used with maintained-contact pushbutton stations 
or switches.  When used with pressure, float, or similar automatic-type or 
maintained-contact switch, controller shall have hand/off/automatic 
selector switch.  Connections to selector switch shall be such that only 
normal automatic regulatory control devices are bypassed when switch is in 
"hand" position.  Safety control devices, such as low and high pressure 
cutouts, high temperature cutouts, and motor overload protective devices, 
shall be connected in motor control circuit in "hand" and "automatic" 
positions.  Control circuit connections to hand/off/automatic selector 
switch or to more than one automatic regulatory control device shall be 
made in accordance with indicated or manufacturer's approved wiring 
diagram.  For each motor not in sight of controller or where controller 
disconnecting means is not in sight of motor location and driven machinery 
location, controller disconnecting means shall be capable of being locked 
in open position.  As an alternative, provide a manually operated, 
lockable, nonfused switch which disconnects motor from supply source within 
sight of motor.  Overload protective devices shall provide adequate 
protection to motor windings; be thermal inverse-time-limit type; and 
include manual reset-type pushbutton on outside of motor controller case.  
Cover of combination motor controller and manual switch or circuit breaker 
shall be interlocked with operating handle of switch or circuit breaker so 
that cover cannot be opened unless handle of switch or circuit breaker is 
in "off" position.  

2.13.1   Control Circuits

Control circuits shall have maximum voltage of 120 volts derived from 
control transformer in same enclosure.  Transformers shall conform to UL 506 , 
as applicable.  Transformers, other than transformers in bridge circuits, 
shall have primaries wound for voltage available and secondaries wound for 
correct control circuit voltage.  Size transformers so that 80 percent of 
rated capacity equals connected load.  Provide disconnect switch on primary 
side.  Provide fuses in each ungrounded primary feeder.  One secondary lead 
shall be fused; other shall be grounded.  

2.13.2   Enclosures for Motor Controllers

NEMA ICS 6 .

2.13.3   Terminal Blocks

NEMA ICS 4 .

2.14   MANUAL MOTOR STARTERS (MOTOR RATED SWITCHES)

Singlepole designed for surface mounting with overload protection .

2.15   GROUNDING AND BONDING EQUIPMENT

UL 467 .  Ground rods shall be  copper-clad steel, with minimum diameter of 
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3/4 in and minimum length of 10 f.

2.16   NAMEPLATES

Provide as specified in Section 26 00 00, "Basic Electrical Materials and 
Methods."

2.17   FIRESTOPPING MATERIALS

Provide firestopping around electrical penetrations.

2.18   SOURCE QUALITY CONTROL

2.18.1   Transformer Factory Tests

Submittal shall include routine NEMA ST 20  transformer test results on each 
transformer and also contain the results of NEMA "design" and "prototype" 
tests that were made on transformers electrically and mechanically equal to 
those specified.

PART 3   EXECUTION

3.1   INSTALLATION

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

3.1.1   Underground Service

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

3.1.2   Service Entrance Identification

Service entrance disconnect devices, switches, and enclosures shall be 
labeled and identified as such.

3.1.2.1   Labels

Wherever work results in service entrance disconnect devices in more than 
one enclosure, as permitted by NFPA 70 , each enclosure, new and existing, 
shall be labeled as one of several enclosures containing service entrance 
disconnect devices.  Label, at minimum, shall indicate number of service 
disconnect devices housed by enclosure and shall indicate total number of 
enclosures that contain service disconnect devices.  Provide laminated 
plastic labels conforming to paragraph entitled "Nameplates."  Use 
lettering of at least 0.25 in in height, and engrave on black-on-white 
matte finish.  Service entrance disconnect devices in more than one 
enclosure, shall be provided only as permitted by NFPA 70 .

3.1.3   Wiring Methods

Provide insulated conductors installed in rigid steel conduit, IMC, rigid 
nonmetallic conduit, or EMT, 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 in in diameter for low voltage lighting and power circuits.  Conduit 
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which penetrates fire-rated walls, fire-rated partitions, or fire-rated 
floors shall be firestopped.

3.1.3.1   Restrictions Applicable to EMT

a.  Do not install underground.

b.  Do not encase in concrete, mortar, grout, or other cementitious 
materials.

c.  Do not use in areas subject to severe physical damage including 
but not limited to equipment rooms where moving or replacing 
equipment could physically damage the EMT.

d.  Do not use in hazardous areas.

e.  Do not use outdoors.

f.  Do not use in fire pump rooms.

3.1.3.2   Restrictions Applicable to Nonmetallic Conduit

a.  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 
magazines, and other such areas.

(2)  Do not use in penetrating fire-rated walls or partitions, or 
fire-rated floors.

(3)  Do not use above grade, except where allowed in this section 
for rising through floor slab or indicated otherwise.

3.1.3.3   Restrictions Applicable to Flexible Conduit

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

3.1.3.4   Service Entrance Conduit, Underground

PVC, Type-EPC 40.  Underground portion shall be encased in minimum of 3 in 
of concrete and shall be installed minimum 18 in below slab or grade.

3.1.3.5   Underground Conduit Other Than Service Entrance

Type EPC-40.

3.1.4   Conduit Installation

Unless indicated otherwise, conceal conduit under floor slabs and within 
finished walls, ceilings, and floors.  Keep conduit minimum  6 in 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.
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3.1.4.1   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 in in reinforced concrete beams or to depth 
of more than 3/4 in in concrete joints shall not cut main reinforcing 
bars.  Fill unused holes.  In 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.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.  

3.1.4.2   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.

3.1.4.3   Pull Wire

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

3.1.4.4   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.  Install bushings on ends of 
conduits, and provide insulating type where required by NFPA 70 .

3.1.4.5   Flexible Connections

Provide flexible steel conduit between 3 and 6 ft in length for recessed 
and semirecessed 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 in 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.

3.1.5   Cable Tray Installation

Install and ground per NFPA 70 , Article 318.  Install 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
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 6 ft 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.  Terminate cable 
trays 10 in from both sides of smoke and fire partitions.  Conductors run 
through smoke and fire partitions shall be installed in 4 in rigid steel 
conduits with grounding bushings, extending 12 in beyond each side of 
partitions.  Seal conduit on both ends to maintain smoke and fire ratings 
of partitions.  Penetrations shall be firestopped.  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.

3.1.6   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,  and when 
specifically indicated.  Boxes in other locations shall be sheet steel.  
Each box shall have volume required by NFPA 70  for number of conductors 
enclosed in box.  Boxes for mounting lighting fixtures shall be minimum 4 in
 square, or octagonal, except that smaller boxes may be installed as 
required by fixture configurations, as approved. 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.  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.  

3.1.6.1   Boxes

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

3.1.6.2   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.

3.1.7   Mounting Heights

Mount panelboards, enclosed circuit breakers, motor controller and 
disconnecting switches so height of operating handle at its highest 
position is maximum 78 in above floor.  Mount lighting switches 48 in above 
finished floor, receptacles 18 in above finished floor unless otherwise 
indicated, and other devicesas indicated.
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3.1.8   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.  
For conductors No. 4 AWG and larger diameter, color coding shall be by 
plastic-coated, self-sticking markers; colored nylon cable ties and plates; 
or heat shrink-type sleeves..

3.1.9   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.

3.1.10   Covers and Device Plates

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 in.  Use of 
sectional-type device plates are not permitted.  Provide gasket for plates 
installed in wet locations.

3.1.11   Electrical Penetrations

Seal openings around electrical penetrations through fire resistance-rated 
walls, partitions, floors, or ceilings.

3.1.12   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, and neutral conductor of 
wiring systems. 

3.1.12.1   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.

3.1.13   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.

3.1.14   Repair of Existing Work

Repair of existing work, demolition, and modification of existing 
electrical distribution systems shall be performed as follows:
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3.1.14.1   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.

3.1.14.2   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.

3.1.14.3   Removal of Existing Electrical Distribution System

Removal of existing electrical distribution system equipment shall include 
equipment's associated wiring, including conductors, cables, exposed 
conduit, surface metal raceways, boxes, and fittings, back to equipment's 
power source as indicated.

3.2   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.

3.2.1   Devices Subject to Manual Operation

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

3.2.2   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.

3.2.3   Transformer Tests

Perform the standard, not optional, tests in accordance with the Inspection 
and Test Procedures for transformers, dry type, air-cooled, 600 volt and 
below; as specified in NETA ATS.  Measure primary and secondary voltages 
for proper tap settings.  Tests need not be performed by a recognized 
independent testing firm or independent electrical consulting firm.

3.2.4   Ground-Fault Receptacle Test

Test ground-fault receptacles with a "load" (such as a plug in light) to 
verify that the "line" and "load" leads are not reversed.

3.2.5   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 
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to Contracting Officer, and indicate location of rods as well as resistance 
and soil conditions at time measurements were made.

       -- End of Section --
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 SECTION 26 29 23

VARIABLE FREQUENCY DRIVE SYSTEMS UNDER 600 VOLTS
04/06

PART 1   GENERAL

1.1   REFERENCES

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

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 519 (2014) Recommended Practices and 
Requirements for Harmonic Control in 
Electrical Power Systems

IEEE C62.41.1 (2002; R 2008) Guide on the Surges 
Environment in Low-Voltage (1000 V and 
Less) AC Power Circuits

IEEE C62.41.2 (2002) Recommended Practice on 
Characterization of Surges in Low-Voltage 
(1000 V and Less) AC Power Circuits

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (2000; R 2015) Standard for Industrial 
Control and Systems: General Requirements

NEMA ICS 3.1 (2009; R 2014) Guide for the Application, 
Handling, Storage, Installation and 
Maintenance of Medium-Voltage AC 
Contactors, Controllers and Control Centers

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA ICS 7 (2014) Adjustable-Speed Drives

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014) National 
Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-461 (2015; Rev G) Requirements for the Control 
of Electromagnetic Interference 
Characteristics of Subsystems and Equipment
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U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 489 (2013; Reprint Mar 2014) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 508C (2002; Reprint Nov 2010) Power Conversion 
Equipment

1.2   RELATED REQUIREMENTS

Section 26 00 00 BASIC ELECTRICAL MATERIALS AND METHODS, and Section 
26 20 00 INTERIOR DISTRIBUTION SYSTEM apply to this section with additions 
and modifications specified herein.

1.3   SYSTEM DESCRIPTION

1.3.1   Performance Requirements

1.3.1.1   Electromagnetic Interference Suppression

Computing devices, as defined by 47 CFR 15 , MIL-STD-461  rules and 
regulations, shall be certified to comply with the requirements for class A 
computing devices and labeled as set forth in part 15.

1.3.1.2   Electromechanical and Electrical Components

Electrical and electromechanical components of the Variable Frequency Drive 
(VFD) shall not cause  electromagnetic interference to adjacent electrical 
or electromechanical equipment while in operation.

1.3.2   Electrical Requirements

1.3.2.1   Power Line Surge Protection

IEEE C62.41.1  and IEEE C62.41.2 , IEEE 519  Control panel shall have surge  
protection, included within the panel to protect the unit from damaging 
transient voltage surges.  Surge arrestor shall be mounted near the 
incoming power source and properly wired to all three phases and ground.  
Fuses shall not be used for surge protection.

1.3.2.2   Sensor and Control Wiring Surge Protection

I/O functions as specified shall be protected against surges induced on 
control and sensor wiring installed outdoors and as shown.  The inputs and 
outputs shall be tested in both normal mode and common mode using the 
following two waveforms:

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

b.  An 8 microsecond by 20 microsecond waveform with a peak voltage of 1000 
volts and a peak current of 500 amperes.
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1.4   SUBMITTALS

Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Schematic diagrams

Interconnecting diagrams

Installation drawings

  Submit drawings for government approval prior to equipment 
construction or integration.  Modifications to original drawings 
made during installation shall be immediately recorded for 
inclusion into the as-built drawings.

SD-03 Product Data

Variable frequency drives

Wires and cables

Equipment schedule

  Include data indicating compatibility with motors being driven.

SD-06 Test Reports

VFD Test

Performance Verification Tests

Endurance Test

SD-08 Manufacturer's Instructions

Installation instructions

SD-09 Manufacturer's Field Reports

VFD Factory Test Plan

Factory test results

SD-10 Operation and Maintenance Data

Variable frequency drives, Data Package 4

  Submit in accordance with Section 01 78 23 OPERATION AND 
MAINTENANCE DATA.  Provide service and maintenance information 
including preventive maintenance, assembly, and disassembly 
procedures.  Include electrical drawings from electrical general 
sections.  Submit additional information necessary to provide 
complete operation, repair, and maintenance information, detailed 
to the smallest replaceable unit.  Include copies of as-built 
submittals.  Provide routine preventative maintenance 
instructions, and equipment required.  Provide instructions on how 
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to modify program settings, and modify the control program.  
Provide instructions on drive adjustment, trouble-shooting, and 
configuration.  Provide instructions on process tuning and system 
calibration.

1.5   QUALITY ASSURANCE

1.5.1   Schematic Diagrams

Show circuits and device elements for each replaceable module.  Schematic 
diagrams of printed circuit boards are permitted to group functional 
assemblies as devices, provided that sufficient information is provided for 
government maintenance personnel to verify proper operation of the 
functional assemblies.

1.5.2   Interconnecting Diagrams

Show interconnections between equipment assemblies, and external 
interfaces, including power and signal conductors.  Include for enclosures 
and external devices.

1.5.3   Installation Drawings

Show floor plan of each site, with V.F.D.'s and motors indicated.  Indicate 
ventilation requirements, adequate clearances, and cable routes.

1.5.4   Equipment Schedule

Provide schedule of equipment supplied. Schedule shall provide a cross 
reference between manufacturer data and identifiers indicated in shop 
drawings.  Schedule shall include the total quantity of each item of 
equipment supplied.  For complete assemblies, such as VFD's, provide the 
serial numbers of each assembly, and a sub-schedule of components within 
the assembly.  Provide recommended spare parts listing for each assembly or 
component.

1.5.5   Installation instructions

Provide installation instructions issued by the manufacturer of the 
equipment, including notes and recommendations, prior to shipment to the 
site.  Provide operation instructions prior to acceptance testing.

1.5.6   Factory Test Results

Document test results and submit to government within 7 working days after 
completion of test.

1.6   DELIVERY AND STORAGE

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

1.7   WARRANTY

The complete system shall be warranted by the manufacturer for a period of 
one year, or the contracted period of any extended warrantee agreed upon by 
the contractor and the Government, after successful completion of the 
acceptance test.  Any component failing to perform its function as 
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specified and documented shall be repaired or replaced by the contractor at 
no additional cost to the Government.  Items repaired or replaced shall be 
warranted for an additional period of at least one year from the date that 
it becomes functional again, as specified in the FAR CLAUSE 52.246-21.

1.8   MAINTENANCE

1.8.1   Spare Parts

Manufacturers provide spare parts in accordance with recommended spare 
parts list.

1.8.2   Maintenance Support

During the warranty period, the Contractor shall provide on-site, on-call 
maintenance services by Contractor's personnel on the following basis:  The 
service shall be on a per-call basis with 36 hour response.  Contractor 
shall support the maintenance of all hardware and software of the system.  
Various personnel of different expertise shall be sent on-site depending on 
the nature of the maintenance service required.  Costs shall include 
travel, local transportation, living expenses, and labor rates of the 
service personnel while responding to the service request.  The provisions 
of this Section are not in lieu of, nor relieve the Contractor of, warranty 
responsibilities covered in this specification.  Should the result of the 
service request be the uncovering of a system defect covered under the 
warranty provisions, all costs for the call, including the labor necessary 
to identify the defect, shall be borne by the Contractor.

PART 2   PRODUCTS

2.1   VARIABLE FREQUENCY DRIVES (VFD)

Provide frequency drive to control the speed of induction motor(s).  The 
VFD shall include the following minimum functions, features and ratings.

a.  Input circuit breaker per UL 489  with a minimum of 10,000 amps 
symmetrical interrupting capacity and door interlocked external 
operator.

b.  A converter stage per UL 508C  shall change fixed voltage, fixed 
frequency, ac line power to a fixed dc voltage. The converter shall 
utilize a full wave bridge design incorporating diode rectifiers. 
Silicon Controlled Rectifiers (SCR) are not acceptable.  The converter 
shall be insensitive to three phase rotation of the ac line and shall 
not cause displacement power factor of less than .95 lagging under any 
speed and load condition.

c.  An inverter stage shall change fixed dc voltage to variable frequency, 
variable voltage, ac for application to a standard NEMA design B 
squirrel cage motor.  The inverter shall be switched in a manner to 
produce a sine coded pulse width modulated (PWM) output waveform.

d.  The VFD shall be capable of supplying 120 percent of rated full load 
current for one minute at maximum ambient temperature.

e.  The VFD shall be designed to operate from a 208 volt, plus or minus 10 
percent, three phase, 60 Hz supply, and control motors with a 
corresponding voltage rating.
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f.  Acceleration and deceleration time shall be independently adjustable 
from one second to 60 seconds.

g.  Adjustable full-time current limiting shall limit the current to a 
preset value which shall not exceed 120 percent of the controller rated 
current.  The current limiting action shall maintain the V/Hz ratio 
constant so that variable torque can be maintained.  Short time 
starting override shall allow starting current to reach 175 percent of 
controller rated current to maximum starting torque.

h.  The controllers shall be capable of producing an output frequency over 
the range of 3 Hz to 60 Hz (20 to one speed range), without low speed 
cogging.  Over frequency protection shall be included such that a 
failure in the controller electronic circuitry shall not cause 
frequency to exceed 110 percent of the maximum controller output 
frequency selected.

i.  Minimum and maximum output frequency shall be adjustable over the 
following ranges:  1) Minimum frequency 3 Hz to 50 percent of maximum 
selected frequency; 2) Maximum frequency 40 Hz to 60 Hz.

j.  The controller efficiency at any speed shall not be less than 96 
percent.

k.  The controllers shall be capable of being restarted into a motor 
coasting in the forward direction without tripping.

l.  Protection of power semiconductor components shall be accomplished 
without the use of fast acting semiconductor output fuses.  Subjecting 
the controllers to any of the following conditions shall not result in 
component failure or the need for fuse replacement:

1.  Short circuit at controller output

2.  Ground fault at controller output

3.  Open circuit at controller output

4.  Input undervoltage

5.  Input overvoltage

6.  Loss of input phase

7.  AC line switching transients

8.  Instantaneous overload

9.  Sustained overload exceeding 115 percent of controller rated 
current

10.  Over temperature

11.  Phase reversal 

m.  Solid state motor overload protection shall be included such that 
current exceeding an adjustable threshold shall activate a 60 second 
timing circuit.  Should current remain above the threshold continuously 
for the timing period, the controller will automatically shut down.
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n.  A slip compensation circuit shall be included which will sense changing 
motor load conditions and adjust output frequency to provide speed 
regulation of NEMA B motors to within plus or minus 0.5 percent of 
maximum speed without the necessity of a tachometer generator.

o.  The VFD shall be factory set for manual restart after the first 
protective circuit trip for malfunction (overcurrent,undervoltage, 
overvoltage or overtemperature) or an interruption of power.  The VFD 
shall be capable of being set for automatic restart after a selected 
time delay. If the drive faults again within a specified time period 
(adjustable 0-60 seconds), a manual restart will be required.

p.  The VFD shall include external fault reset capability.  All the 
necessary logic to accept an external fault reset contact shall be 
included.

q.  Provide critical speed lockout circuitry to prevent operating at 
frequencies with critical harmonics that cause resonant vibrations. The 
VFD shall have a minimum of three user selectable bandwidths.

r.  Provide the following operator control and monitoring devices mounted 
on the front panel of the VFD:

1.  Manual speed potentiometer.

2.  Hand-Off-Auto ( HOA ) switch.

3.  Power on light.

4.  Drive run power light.

5.  Local display.

s.  Provide properly sized NEMA rated by-pass and isolation contactors to 
enable operation of motor in the event of VFD failure. Mechanical and 
electrical interlocks shall be installed between the by-pass and 
isolation contactors.  Provide a selector switch and transfer delay 
timer.

2.2   ENCLOSURES

Provide equipment enclosures conforming to NEMA 250, NEMA ICS 7 , NEMA ICS 6 .

2.3   WIRES AND CABLES

All wires and cables shall conform to NEMA 250, NEMA ICS 7 , NFPA 70 .

2.4   NAMEPLATES

Nameplates external to NEMA enclosures shall conform with the requirements 
of Section 26 00 00 BASIC ELECTRICAL MATERIALS AND METHODS.  Nameplates 
internal to enclosures shall be manufacturer's standard, with the exception 
that they must be permanent.
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2.5   SOURCE QUALITY CONTROL

2.5.1   VFD Factory Test Plan

To ensure quality, each VFD shall be subject to a series of in-plant 
quality control inspections before approval for shipment from the 
manufacturer's facilities.  Provide test plans and test reports.

PART 3   EXECUTION

3.1   INSTALLATION

Per NEMA ICS 3.1 , install equipment in accordance with the approved 
manufacturer's printed installation drawings, instructions,  wiring 
diagrams, and as indicated on project drawings and the approved shop 
drawings.  A field representative of the drive manufacturer shall supervise 
the installation of all equipment, and wiring.

3.2   FIELD QUALITY CONTROL

Specified products shall be tested as a system for conformance to 
specification requirements prior to scheduling the acceptance tests.  
Contractor shall conduct performance verification tests in the presence of 
Government representative, observing and documenting complete compliance of 
the system to the specifications.  Contractor shall submit a signed copy of 
the test results, certifying proper system operation before scheduling 
tests.

3.2.1   VFD Test

A proposed test plan shall be submitted to the contracting officer at least 
28 calendar days prior to proposed testing for approval.  The tests shall 
conform to NEMA ICS 1 , NEMA ICS 7 , and all manufacturer's safety 
regulations.  The Government reserves the right to witness all tests and 
review any documentation.  The  contractor shall inform the Government at 
least 14 working days prior to the dates of testing.  Contractor shall 
provide video tapes, if available, of all training provided to the 
Government for subsequent use in training new personnel.  All training 
aids, texts, and expendable support material for a self-sufficient 
presentation shall be provided, the amount of which to be determined by the 
contracting officer.

3.2.2   Performance Verification Tests

"Performance Verification Test" plan shall provide the step by step 
procedure required to establish formal verification of the performance of 
the VFD.  Compliance with the specification requirements shall be verified 
by inspections, review of critical data, demonstrations, and tests.  The 
Government reserves the right to witness all tests, review data, and 
request other such additional inspections and repeat tests as necessary to 
ensure that the system and provided services conform to the stated 
requirements.  The contractor shall inform the Government 14 calendar days 
prior to the date the test is to be conducted.

3.2.3   Endurance Test

Immediately upon completion of the performance verification test, the 
endurance test shall commence.  The system shall be operated at varying 
rates for not less than 192 consecutive hours, at an average effectiveness 
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level of .9998, to demonstrate proper functioning of the complete PCS.  
Continue the test on a day-to-day basis until performance standard is met.  
During the endurance test, the contractor shall not be allowed in the 
building.  The system shall respond as designed.

3.3   DEMONSTRATION

3.3.1   Training

Coordinate training requirements with the Contracting Officer.

3.3.1.1   Instructions to Government Personnel

Provide the services of competent instructors who will give full 
instruction to designated personnel in operation, maintenance, calibration, 
configuration, and programming of the complete control system.  Orient the 
training specifically to the system installed.  Instructors shall be 
thoroughly familiar with the subject matter they are to teach.  The 
Government personnel designated to attend the training will have a high 
school education or equivalent.  The number of training days of instruction 
furnished shall be as specified.  A training day is defined as eight hours 
of instruction, including two 15-minute breaks and excluding lunch time; 
Monday through Friday.  Provide a training manual for each student at each 
training phase which describes in detail the material included in each 
training program.  Provide one additional copy for archiving.  Provide 
equipment and materials required for classroom training.  Provide a list of 
additional related courses, and offers, noting any courses recommended.  
List each training course individually by name, including duration, 
approximate cost per person, and location of course.  Unused copies of 
training manuals shall be turned over to the Government at the end of last 
training session.

3.3.1.2   Operating Personnel Training Program

Provide one 2 hour training session at the site at a time and place 
mutually agreeable between the Contractor and the Government.  Provide 
session to train 4 operation personnel in the functional operations of the 
system and the procedures that personnel will follow in system operation.  
This training shall include:

a.  System overview

b.  General theory of operation

c.  System operation

d.  Alarm formats

e.  Failure recovery procedures

f.  Troubleshooting

3.3.1.3   Engineering/Maintenance Personnel Training

Accomplish the training program as specified.  Training shall be conducted 
on site at a location designated by the Government.  Provide a one day 
training session to train 4 engineering personnel in the functional 
operations of the system.  This training shall include:
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a.  System overview

b.  General theory of operation

c.  System operation

d.  System configuration

e.  Alarm formats

f.  Failure recovery procedures

g.  Troubleshooting and repair

h.  Maintenance and calibration

i.  System programming and configuration

        -- End of Section --
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SECTION 26 51 00

INTERIOR LIGHTING

04/04

PART 1   GENERAL

1.1   REFERENCES

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

ASTM INTERNATIONAL (ASTM)

ASTM A 580/A 580M (1998) Stainless Steel Wire

ASTM A 641/A 641M (1998) Zinc-Coated (Galvanized) Carbon 
Steel Wire

ILLUMINATING ENGINEERING SOCIETY OF NORTH AMERICA (IES)

IES HB-10 (2011) IES Lighting Handbook

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

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

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA C78.81 (2001) Electric Lamps - Double-capped 
Fluorescent Lamps

NEMA C78.901 (2001) Electric Lamps - Single Base 
Fluorescent Lamps

NEMA C82.11 (2002) High-Frequency Fluorescent Lamp 
Ballasts

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Controllers, Contactors, and Overload 
Relays Rated 600 V

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA LL 1 (1997; R 2002) Procedures for Linear 
Fluorescent Lamp Sample Preparation and 
the TCLP

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014) National 
Electrical Code
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NFPA 101 (2015; ERTA 2015) Life Safety Code

UNDERWRITERS LABORATORIES (UL)

UL 773 (1995; R 2002, Bul. 2002) Plug-In, Locking 
Type Photocontrols for Use with Area 
Lighting

UL 773A (1995; R 1999) Nonindustrial Photoelectric 
Switches for Lighting Control

UL 924 (1995; R 2001, Bul. 2001 and 2002) 
Emergency Lighting and Power Equipment

UL 935 (2001; Bul. 2001) Fluorescent-Lamp Ballasts

UL 1598 (2000; Bul. 2001 and 2002) Luminaires

1.2   RELATED REQUIREMENTS

Section 26 00 00, "Basic Electrical Materials and Methods," applies to this 
section, with the additions and modifications specified herein.  Materials 
not considered to be lighting equipment or lighting fixture accessories are 
specified in Section 26 51 00, "Interior Distribution System."  Lighting 
fixtures and accessories mounted on exterior surfaces of buildings are 
specified in this section.

1.3   DEFINITIONS

1.3.1   Average Life

Time after which 50 percent will have failed and 50 percent will have 
survived under normal conditions.

1.3.2   Total Harmonic Distortion (THD)

The root mean square (RMS) of all the harmonic components divided by the 
total fundamental current.

1.4   SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

Data, drawings, and reports shall employ the terminology, classifications, 
and methods prescribed by the IES HB-10 , as applicable, for the lighting 
system specified.

SD-03 Product Data

Fluorescent lighting fixtures

Fluorescent electronic ballasts

Fluorescent lamps

Lighting contactor
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Time switch

Photocell switch

Exit signs

Emergency lighting equipment

Occupancy sensors

SD-06 Test Reports

Operating test

Submit test results as stated in paragraph entitled "Field Quality 
Control."

SD-10 Operation and Maintenance Data

Lighting Control System, Data Package 5

Submit operation and maintenance data in accordance with Section 
01 78 23, "Operation and Maintenance Data" and as specified 
herein, showing all control modules, control zones, occupancy 
sensors, light fixtures, and all interconnecting control wire, 
conduit, and associated hardware.

Electronic Ballast Warranty

1.5   QUALITY ASSURANCE

1.5.1   Fluorescent Electronic Ballasts

Submit ballast catalog data as required in the paragraph entitled 
"Fluorescent Lamp Electronic Ballasts" contained herein.  As an option, 
submit the fluorescent fixture manufacturer's electronic ballast 
specification information in lieu of the actual ballast manufacturer's 
catalog data.  This information shall include published specifications and 
sketches, which covers the information required by the paragraph entitled 
"Fluorescent Lamp Electronic Ballasts" herein.  This information may be 
supplemented by catalog data if required, and shall contain a list of 
vendors with vendor part numbers.

1.5.2   Lighting Control System

Submit operation and maintenance manuals for lighting control systems that 
provide basic data relating to the design, operation, and maintenance of 
the lighting control system for the building.  This shall include:

a.  Schematic diagram of the lighting control system.

b.  Manufacturers' operating and maintenance manuals on active lighting 
control equipment.  Lighting control equipment shall include, if 
indicated:  occupancy sensors, power packs, dimming ballasts, and light 
level sensors.

1.6   ELECTRONIC BALLAST WARRANTY

Furnish the electronic ballast manufacturer's warranty.  The warranty 
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period shall not be less than 5 years from the date of manufacture of the 
electronic ballast.  Ballast assembly in the lighting fixture, 
transportation, and on-site storage shall not exceed 12 months, thereby 
permitting 4 years of the ballast 5 year warranty to be in service and 
energized.  The warranty shall state that the malfunctioning ballast shall 
be exchanged by the manufacturer and promptly shipped to the using 
Government facility.  The replacement ballast shall be identical to, or an 
improvement upon, the original design of the malfunctioning ballast.

PART 2   PRODUCTS

2.1   FLUORESCENT LIGHTING FIXTURES

UL 1598 .  Fluorescent fixtures shall have electronic ballasts unless 
specifically indicated otherwise.

2.1.1   Fluorescent Lamp Electronic Ballasts

The electronic ballast shall as a minimum meet the following 
characteristics:

a.  Ballast shall comply with UL 935 , NEMA C82.11 , and NFPA 70  unless 
specified otherwise.  Ballast shall provide transient immunity as 
recommended by IEEE C62.41 .  Ballast shall be designed for the wattage 
of the lamps used in the indicated application.  Ballasts shall be 
designed to operate on the voltage system to which they are connected.

b.  Power factor shall be 0.95 (minimum).

c.  Ballast shall operate at a frequency of 20,000 Hertz (minimum).  
Ballast shall be compatible with and not cause interference with the 
operation of occupancy sensors or other infrared control systems.  
Provide ballasts operating at or above 40,000 Hertz where available.

d.  Ballast shall have light regulation of plus or minus 10 percent lumen 
output with a plus or minus 10 percent input voltage regulation.  
Ballast shall have 10 percent flicker (maximum) using any compatible 
lamp.

e.  Ballast shall be UL listed Class P with a sound rating of "A."

f.  Ballast shall have circuit diagrams and lamp connections displayed on 
the ballast.

g.  Ballasts shall be instant start unless otherwise indicated.  Ballasts 
shall be programmed start where indicated.  Instant start ballasts 
shall operate lamps in a parallel circuit configuration that permits 
the operation of remaining lamps if one or more lamps fail or are 
removed.  Programmed start ballasts may operate lamps in a series 
circuit configuration.  Provide series/parallel wiring for programmed 
start ballasts where available.

h.  Ballasts for compact fluorescent fixtures shall be programmed start.

i.  Ballasts for T-5 and smaller lamps shall have end-of-life protection 
circuits as required by NEMA C78.81  and NEMA C78.901  as applicable.

j.  Ballast shall be capable of starting and maintaining operation at a 
minimum of 0 degrees F unless otherwise indicated.
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k.  Electronic ballast shall have a full replacement warranty of 5 years 
from date of manufacture as specified in paragraph entitled "Electronic 
Ballast Warranty" herein.

2.1.1.1   T-8 Lamp Ballast

a.  Total harmonic distortion (THD):  Shall be 20 percent (maximum).

b.  Input wattage.

1.  62 watts (maximum) when operating two F32T8 lamps

2.  92 watts (maximum) when operating three F32T8 lamp

2.1.1.2   F17T8 Lamp Ballast

a.  Total harmonic distortion (THD):  Shall be 25 percent (maximum).

b.  Input wattage:

1.  34 watts (maximum) when operating two F17T8 lamps.

2.1.1.3   T-5 Long Twin Tube Lamp Ballast

a.  Total harmonic distortion (THD):  Shall not be greater than 25 percent 
when operating one lamp, 15 percent when operating two lamps, and 20 
percent when operating three lamps.

b.  Input wattage:

1.  45 watts (maximum) when operating one F40 T-5 lamp

2.  74 watts (maximum) when operating two F40 T-5 lamps

3.  105 watts (maximum) when operating three F40 T-5 lamps

2.1.2   Fluorescent Lamps

a.  T-8 rapid startlow mercury lamps shall be rated 32 watts (maximum), 
2800 initial lumens (minimum), CRI of 75 (minimum), color temperature 
of 3500 K, and an average rated life of 20,000 hours.  Low mercury 
lamps shall have passed the EPA Toxicity Characteristic Leachate 
Procedure (TCLP) for mercury by using the lamp sample preparation 
procedure described in NEMA LL 1 .

b.  T-8 rapid start lamp, 17 watt (maximum), nominal length of 24 inches, 
1300 initial lumens, CRI of 75 (minimum), color temperature of 3500 K , 
and an average rated life of 20,000 hours.

c.  Compact fluorescent lamps shall be:  CRI 80, minimum, 3500 K , 10,000 
hours average rated life, and as follows:

1.  T-4, twin tube, rated as indicated.

2.  T-4, double twin tube, rated as indicated.

Average rated life is based on 3 hours operating per start.
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2.1.3   Compact Fluorescent Fixtures

Compact fluorescent fixtures shall be manufactured specifically for compact 
fluorescent lamps with ballasts integral to the fixture.  Providing 
assemblies designed to retrofit incandescent fixtures is prohibited except 
when specifically indicated for renovation of existing fixtures.  Fixtures 
shall use lamps as indicated.

2.2   LIGHTING CONTACTOR

NEMA ICS 2 , mechanically held contactor.  Contacts shall be rated 120 
volts, 20 amperes, and 2 poles.  Coils shall be rated 120 volts.  Provide 
in NEMA 1 enclosure conforming to NEMA ICS 6 .  Contactor shall have silver 
alloy double-break contacts .  Provide contactor with hand-off-automatic 
selector switch.

2.3   TIME SWITCH

Astronomic dial type or electronic type, arranged to turn "ON" at sunset 
and turn "OFF" at predetermined time between 8:30 p.m. and 2:30 a.m. or 
sunrise, automatically changing the settings each day in accordance with 
seasonal changes of sunset and sunrise.  Provide switch rated 120 volts, 
having automatically wound spring mechanism or capacitor, to maintain 
accurate time for a minimum of 15 hours following power failure.  Provide 
time switch with a manual on-off bypass switch.  Housing for the time 
switch shall be surface-mounted, NEMA 1enclosure conforming to NEMA ICS 6 .

2.4   PHOTOCELL SWITCH

UL 773  or UL 773A , hermetically sealed cadmium-sulfide or silicon diode 
type cell rated 120 volts ac, 60 Hz with  single pole double-throw (SPDT) 
contacts for control of mechanically held contactors, rated 1000W.  Switch 
shall turn on at or below 3 footcandles and off at 2 to 10 footcandles.  A 
time delay shall prevent accidental switching from transient light 
sources.  Provide switch:

a.  In a cast weatherproof aluminum housing with adjustable window slide, 
rated 1800 VA, minimum.

2.5   EXIT SIGNS

UL 924 , NFPA 70 , and NFPA 101 .  Exit signs shall be self-powered type.

2.5.1   Self-Powered LED Type Exit Signs (Battery Backup)

Provide with automatic power failure device, test switch, pilot light, 
integral self-testing module and fully automatic high/low trickle charger 
in a self-contained power pack.  Battery shall be sealed electrolyte type, 
shall operate unattended, and require no maintenance, including no 
additional water, for a period of not less than 5 years.  LED exit sign 
shall have emergency run time of 1 1/2 hours (minimum).  The light emitting 
diodes shall have rated lamp life of 70,000 hours (minimum).

2.5.2   Remote-Powered Exit Signs

Provide remote ac/dc exit signs with provisions for wiring to external ac 
and dc power sources.  Provide signs with a minimum of two ac lamps for 
normal illumination and a minimum of two dc lamps for emergency lighting.
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2.6   EMERGENCY LIGHTING EQUIPMENT

UL 924 , NFPA 70 , and NFPA 101 .  Provide lamps in wattage indicated.  

2.6.1   Emergency Lighting Unit

Provide as indicated.  2.7   OCCUPANCY SENSORS

UL listed.  Occupancy sensors and power packs shall be designed to operate 
on the voltage indicated.  Sensors and power packs shall have circuitry 
that only allows load switching at or near zero current crossing of supply 
voltage.  Occupancy sensor mounting as indicated.  Sensor shall have an LED 
occupant detection indicator.  Sensor shall have adjustable sensitivity and 
adjustable delayed-off time range of 5 minutes to 15 minutes, minimum.  
Wall mounted sensors shall be ivory, ceiling mounted sensors shall be 
white.  Ceiling mounted sensors shall have 360 degree coverage unless 
otherwise indicated.

a.  Ultrasonic/Infrared Combination Sensor

Occupancy detection to turn lights on requires both ultrasonic and 
infrared sensor detection.  Lights shall remain on if either the 
ultrasonic or infrared sensor detects movement.  Infrared sensor shall 
have lens selected for indicated usage and daylight filter to prevent 
short wavelength infrared interference.  Ultrasonic sensor frequency 
shall be crystal controlled.

2.8   SUPPORT HANGERS FOR LIGHTING FIXTURES IN SUSPENDED CEILINGS

2.8.1   Wires

ASTM A 641/A 641M , galvanized regular coating, soft temper,  0.1055  inches 
in diameter (12 gage).

2.8.2   Wires, for Humid Spaces

ASTM A 580/A 580M , composition 302 or 304, annealed stainless steel  0.1055 
inches in diameter (12 gage).

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Lamps

Lamps of the type, wattage, and voltage rating indicated shall be delivered 
to the project in the original cartons and installed just prior to project 
completion.  Lamps installed and used for working light during construction 
shall be replaced prior to turnover to the Government if more than 15 
percent of their rated life has been used.  Lamps shall be tested for 
proper operation prior to turn-over and shall be replaced if necessary with 
new lamps from the original manufacturer.  Provide 10 percent spare lamps 
of each type from the original manufacturer.

3.1.2   Lighting Fixtures

Set lighting fixtures plumb, square, and level with ceiling and walls, in 
alignment with adjacent lighting fixtures, and secure in accordance with 
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manufacturers' directions and approved drawings.  Installation shall meet 
requirements of NFPA 70 .  Mounting heights specified or indicated shall be 
to the bottom of fixture for ceiling-mounted fixtures and to center of 
fixture for wall-mounted fixtures.  Obtain approval of the exact mounting 
for lighting fixtures on the job before commencing installation and, where 
applicable, after coordinating with the type, style, and pattern of the 
ceiling being installed.  Recessed and semi-recessed fixtures shall be 
independently supported from the building structure by a minimum of four 
wires per fixture and located near each corner of each fixture.  Ceiling 
grid clips are not allowed as an alternative to independently supported 
light fixtures.  Round fixtures or fixtures smaller in size than the 
ceiling grid shall be independently supported from the building structure 
by a minimum of four wires per fixture spaced approximately equidistant 
around the fixture.  Do not support fixtures by ceiling acoustical panels.  
Where fixtures of sizes less than the ceiling grid are indicated to be 
centered in the acoustical panel, support such fixtures independently and 
provide at least two 3/4 inch metal channels spanning, and secured to, the 
ceiling tees for centering and aligning the fixture.  Provide wires for 
lighting fixture support in this section.  Lighting fixtures installed in 
suspended ceilings shall also comply with the requirements of Section 
09 51 00, "Acoustical Ceilings."

3.1.3   Exit Signs and Emergency Lighting Units

Wire exit signs and emergency lighting units ahead of the switch to the 
normal lighting circuit located in the same room or area.

3.1.4   Photocell Switch Aiming

Aim switch according to manufacturer's recommendations.

3.1.5   Occupancy Sensor

Provide quantity of sensor units indicated as a minimum.  Provide 
additional units to give full coverage over controlled area.  Full coverage 
shall provide hand and arm motion detection for office and administration 
type areas and walking motion for industrial areas, warehouses, storage 
rooms and hallways.  Locate the sensor(s) as indicated and in accordance 
with the manufacturer's recommendations to maximize energy savings and to 
avoid nuisance activation and deactivation due to sudden temperature or 
airflow changes and usage.  Set sensor "on" duration to 15 minutes.

3.2   FIELD QUALITY CONTROL

Upon completion of installation, conduct an operating test to show that 
equipment operates in accordance with requirements of this section.

3.2.1   Occupancy Sensor

Test sensors for proper operation.  Observe for light control over entire 
area being covered.

       -- End of Section --
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SECTION 27 10 00

BUILDING TELECOMMUNICATIONS CABLING SYSTEM
08/15

PART 1   GENERAL

1.1   REFERENCES

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

ASTM INTERNATIONAL (ASTM)

ASTM D709 (2013) Laminated Thermosetting Materials

ELECTRONIC COMPONENTS ASSOCIATION (ECA)

ECA EIA/ECA 310 (2005) Cabinets, Racks, Panels, and 
Associated Equipment

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-83-596 (2011) Indoor Optical Fiber Cables

ICEA S-90-661 (2012) Category 3, 5, & 5e Individually 
Unshielded Twisted Pair Indoor Cables for 
Use in General Purpose and LAN 
Communications Wiring Systems Technical 
Requirements

NATIONAL ELECTRICAL CONTRACTORS ASSOCIATION (NECA)

NECA/BICSI 568 (2006) Standard for Installing Building 
Telecommunications Cabling

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI/NEMA WC 66 (2013) Performance Standard for Category 6 
and Category 7 100 Ohm Shielded and 
Unshielded Twisted Pairs

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014) National 
Electrical Code

SECTION 27 10 00  Page 1



Interior/Exterior Repairs at BEQ FC515 17-0011

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-1152 (2009) Requirements for Field Test 
Instruments and Measurements for Balanced 
Twisted-Pair Cabling

TIA-455-21 (1988a; R 2012) FOTP-21 - Mating 
Durability of Fiber Optic Interconnecting 
Devices

TIA-492AAAA (2009b) 62.5-um Core Diameter/125-um 
Cladding Diameter Class 1a Graded-Index 
Multimode Optical Fibers

TIA-526-14 (2010b) OFSTP-14A Optical Power Loss 
Measurements of Installed Multimode Fiber 
Cable Plant

TIA-526-7 (2002; R 2008) OFSTP-7 Measurement of 
Optical Power Loss of Installed 
Single-Mode Fiber Cable Plant

TIA-568-C.0 (2009; Add 1 2010; Add 2 2012) Generic 
Telecommunications Cabling for Customer 
Premises

TIA-568-C.1 (2009; Add 2 2011; Add 1 2012) Commercial 
Building Telecommunications Cabling 
Standard

TIA-568-C.2 (2009; Errata 2010) Balanced Twisted-Pair 
Telecommunications Cabling and Components 
Standards

TIA-568-C.3 (2008; Add 1 2011) Optical Fiber Cabling 
Components Standard

TIA-569 (2012c; Addendum 1 2013; Errata 2013) 
Commercial Building Standard for 
Telecommunications Pathways and Spaces

TIA-570 (2012c) Residential Telecommunications 
Infrastructure Standard

TIA-606 (2012b) Administration Standard for the 
Telecommunications Infrastructure

TIA-607 (2011b) Generic Telecommunications Bonding 
and Grounding (Earthing) for Customer 
Premises

TIA/EIA-598 (2005c) Optical Fiber Cable Color Coding

TIA/EIA-604-2 (2004b; R 2014) FOCIS 2 Fiber Optic 
Connector Intermateability Standard
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U.S. FEDERAL COMMUNICATIONS COMMISSION (FCC)

FCC Part 68 Connection of Terminal Equipment to the 
Telephone Network (47 CFR 68)

UNDERWRITERS LABORATORIES (UL)

UL 1286 (2008; Reprint Sep 2013) Office Furnishings

UL 1666 (2007; Reprint Jun 2012) Test for Flame 
Propagation Height of Electrical and 
Optical-Fiber Cables Installed Vertically 
in Shafts

UL 1863 (2004; Reprint Nov 2012) Communication 
Circuit Accessories

UL 444 (2008; Reprint Apr 2010) Communications 
Cables

UL 467 (2007) Grounding and Bonding Equipment

UL 50 (2007; Reprint Apr 2012) Enclosures for 
Electrical Equipment, Non-environmental 
Considerations

UL 514C (2014; Reprint Dec 2014) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 969 (1995; Reprint Sep 2014) Standard for 
Marking and Labeling Systems

1.2   RELATED REQUIREMENTS

Section 01 33 00 SUBMITTAL PROCEDURES; Section QUALITY CONTROL; Section  
26 00 00, BASIC ELECTRICAL MATERIALS AND METHODS; Section 26 20 00 INTERIOR 
DISTRIBUTION SYSTEM; and Section 33 82 00 TELECOMMUNICATIONS, OUTSIDE PLANT 
(OSP), apply to this section with additions and modifications specified 
herein.

Contact Camp Lejeune Base Telephone for special requirements on classified 
service, unofficial service, under slab cabling, using water block, and any 
item not covered in this document.

Buildings with Special Network Requirements such as Secured Internet 
Protocol, Classified networks, American Warrior Network, Charter cable, 
MCCS.org, Boingo, and Naval Blue Network may require additional guidance 
outside this specification. Secured areas or secured networks in 
non-secured areas may require Protected Distribution System which is also 
outside this specification. Classified networks may require shielded 
twisted pair and has separation requirements outside this specification. In 
these cases contact Telecommunications Support Division G-6 MCIEAST-MCB 
CAMLEJ for guidance at (910) 451-9439 or (910) 451-4760.

Contact AHJ for special requirements on classified service,
unofficial service, under slab cabling, using water block, and any item not
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covered in this document.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in this specification shall be as defined in TIA-568-C.1 , TIA-568-C.2 , 
TIA-568-C.3 , TIA-569 , TIA-606  and IEEE 100  and herein.

1.3.1   Main Distribution Frame (MDF)

A physical structure at a central location for terminating permanent 
backbone cables to interconnect with service provider (SP) equipment at the 
activity minimum point of presence. The MDF generally includes vendor 
specific components to support voice and data circuits, building surge 
protector assemblies, main cross connect blocks, equipment support frames, 
and fire rated plywood backboard. Depending upon local site conditions, the 
MDF and BDF may be the same space.

1.3.2   Building Distribution Frame (BDF)

A structure with terminations for connecting backbone, campus, and 
horizontal cabling. The BDF generally includes a cross connect, equipment 
support frame or lockable terminal cabinet, cable supports, and fire rated 
plywood backboard. The BDF shall include building protector assemblies when 
used for campus backbone or SP cabling.

1.3.3   Intermediate Distribution Frame (IDF)

An intermediate termination point for horizontal wiring and 
crossconnections within telecommunications rooms. Shall be connected to MDF 
with both fiber and copper. Secure Internet Protocol (SIPR) vault or 
cabinet is considered an IDF.

1.3.4   Communications Room

An enclosed space for communications equipment, terminations, and 
crossconnect wiring for horizontal cabling.

1.3.5   Campus Distributor (CD)

A distributor from which the campus backbone cabling emanates. 
(International expression for main cross-connect (MC) also known as central 
office or Area Distribution Node.)

1.3.6   Building Distributor (BD)

A distributor in which the building backbone (customer owned outside plant) 
cables terminate and at which connections to the campus backbone cables may 
be made.  (International expression for intermediate cross-connect (IC).)

1.3.7   Floor Distributor (FD)

A distributor used to connect horizontal cable and cabling subsystems or 
equipment.  (International expression for horizontal cross-connect (HC).)
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1.3.8   Entrance Facility (EF) (can be same as communications room)

An entrance to the building for both private and public network service 
cables (including wireless) including the entrance point at the building 
wall and continuing to the communications room.

1.3.9   Equipment Room (ER) (can be same as communications room)

An environmentally controlled centralized space for telecommunications 
equipment that serves the occupants of a building.  Equipment housed 
therein is considered distinct from a telecommunications room because of 
the nature of its complexity.

1.3.10   Open Cable

Cabling that is not run enclosed in a raceway as defined by NFPA 70 .  This 
refers to cabling that is "open" to the space in which the cable has been 
installed and is therefore exposed to the environmental conditions 
associated with that space, such as wire basket tray, cable tray, J-hooks, 
D-rings,or bridal rings.

1.3.11   Open Office

A floor space division provided by furniture, moveable partitions, or other 
means instead of by building walls, normally over 100 square feet.

1.3.12   Pathway

A physical infrastructure utilized for the placement and routing of 
communications cabling.

1.4   SYSTEM DESCRIPTION

The building telecommunications cabling and pathway system shall include 
permanently installed backbone and horizontal cabling, horizontal and 
backbone pathways, service entrance facilities, work area pathways, 
telecommunications outlet assemblies, conduit, raceway, and hardware for 
splicing, terminating, and interconnecting cabling necessary to transport 
telephone data, and other communications systems (including LAN A/V, 
intercom, PA, CATV, CCTV, and WiFi) between equipment items in a 
building.   The horizontal system shall be wired in a star topology from 
the communications work area to the floor distributor/IDF or building 
distributor/MDF or campus distributor or communications room at the center 
or hub of the star.  The backbone cabling and pathway system includes 
intrabuilding and interbuilding interconnecting cabling, pathway, and 
terminal hardware.  The intrabuilding backbone provides connectivity from 
the floor distributors to the building distributors or to the campus 
distributor and from the building distributors to the campus distributor as 
required.  The backbone system shall be wired in a star topology with the 
campus distributor (Area Distribution Node) at the center or hub of the 
star.  The interbuilding backbone system provides connectivity between the 
campus distributors and is specified in Section 33 82 00 TELECOMMUNICATIONS 
OUTSIDE PLANT (OSP).  Provide telecommunications pathway systems referenced 
herein as specified in Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM.  The 
telecommunications contractor must coordinate with MCB CL Base Telephone 
concerning access to and configuration of telecommunications spaces.  The 
telecommunications contractor may be required to coordinate work effort 
within the telecommunications spaces with MCB CL Base Telephone.
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1.5   SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Telecommunications drawings

Telecommunications Space Drawings

In addition to Section 01 33 00 SUBMITTAL PROCEDURES, provide shop 
drawings in accordance with paragraph SHOP DRAWINGS.

SD-03 Product Data

Communications cabling (backbone and horizontal)

Patch panels

Telecommunications outlet/connector assemblies

Equipment support frame

 Connector blocks

Building Protector Assemblies  

Submittals shall include the manufacturer's name, trade name, 
place of manufacture, and catalog model or number.  Include 
performance and characteristic curves.  Submittals shall also 
include applicable federal, military, industry, and technical 
society publication references.  Should manufacturer's data 
require supplemental information for clarification, the 
supplemental information shall be submitted as specified in 
paragraph REGULATORY REQUIREMENTS and as required in Section 
01 33 00 SUBMITTAL PROCEDURES.

SD-06 Test Reports

Communications cabling testing

  SD-07 Certificates

Communications Contractor Qualifications

Key Personnel Qualifications

Manufacturer Qualifications

Test plan

SD-09 Manufacturer's Field Reports

Factory reel tests

SD-10 Operation and Maintenance Data

Communications cabling and pathway system Data Package 5

SECTION 27 10 00  Page 6



Interior/Exterior Repairs at BEQ FC515 17-0011

 SD-11 Closeout Submittals

Record Documentation

1.5.1   ADDITIONAL SUBMITTAL REQUIREMENTS 

All submittals of material, equipment and design must be approved by the 
Telecommunications Support Division (TSD) prior to installing any 
telecommunications wiring and equipment.

1.6   QUALITY ASSURANCE

1.6.1   Shop Drawings

In exception to Section 01 33 00 SUBMITTAL PROCEDURES, submitted plan 
drawings shall be a minimum of 11 by 17 inches in size using a minimum 
scale of 1/8 inch per foot.  Include wiring diagrams and installation 
details of equipment indicating proposed location, layout and arrangement, 
control panels, accessories, piping, ductwork, and other items that must be 
shown to ensure a coordinated installation.  Wiring diagrams shall identify 
circuit terminals and indicate the internal wiring for each item of 
equipment and the interconnection between each item of equipment.  Drawings 
shall indicate adequate clearance for operation, maintenance, and 
replacement of operating equipment devices.  Submittals shall include the 
nameplate data, size, and capacity.  Submittals shall also include 
applicable federal, military, industry, and technical society publication 
references.

1.6.1.1   Telecommunications Drawings

Provide registered communications distribution designer (RCDD) approved, 
drawings in accordance with TIA-606 .  The identifier for each termination 
and cable shall appear on the drawings.  Drawings shall depict final 
communications installed wiring system infrastructure in accordance with 
TIA-606 .  The drawings should provide details required to prove that the 
distribution system shall properly support connectivity from the EF 
communications and ER communications, CD's, BD's, and FD's to the 
communications work area outlets.  Provide a plastic laminated schematic of 
the as-installed communications cable system showing cabling, CD's, BD's, 
FD's, and the EF and ER for communications keyed to floor plans by room 
number.  Mount the laminated schematic in the EF communications space as 
directed by the Contracting Officer.  The following drawings shall be 
provided as a minimum:

a.  T1 - Layout of complete building per floor - Building Area/Serving Zone 
Boundaries, Backbone Systems, and Horizontal Pathways.  Layout of 
complete building per floor. The drawing indicates location of building 
areas, serving zones, vertical backbone diagrams, communications rooms, 
access points, pathways, grounding system, and other systems that need 
to be viewed from the complete building perspective.

b.  T2 - Serving Zones/Building Area Drawings - Drop Locations and Cable 
Identification (ID’S).  Shows a building area or serving zone.  These 
drawings show drop locations, communications rooms, access points and 
detail call outs for common equipment rooms and other congested areas.

c.  T4 - Typical Detail Drawings - Faceplate Labeling, Firestopping, 
Americans with Disabilities Act (ADA), Safety, Department of 
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Transportation (DOT).  Detailed drawings of symbols and typicals such 
as faceplate labeling, faceplate types, faceplate population 
installation procedures, detail racking, and raceways.

1.6.1.2   Telecommunications Space Drawings

Provide T3 drawings in accordance with TIA-606  that include 
telecommunications rooms plan views, pathway layout (cable tray, racks, 
ladder-racks, etc.), mechanical/electrical layout, and cabinet, rack, 
backboard, and wall elevations.  Drawings shall show layout of applicable 
equipment including incoming cable stub or connector blocks, building 
protector assembly, outgoing cable connector blocks, patch panels and 
equipment spaces and cabinet/racks.  Drawings shall include a complete list 
of equipment and material, equipment rack details, proposed layout and 
anchorage of equipment and appurtenances, and equipment relationship to 
other parts of the work including clearance for maintenance and operation.  
Drawings may also be an enlargement of a congested area of T1 or T2 
drawings.

1.6.2   Communications Contractor Qualifications

Work under this section shall be performed by and the equipment shall be 
provided by the approved communications contractor and key personnel.  
Qualifications shall be provided for:  the communications system 
contractor, the communications system installer, and the supervisor (if 
different from the installer).  A minimum of 30 days prior to installation, 
submit documentation of the experience of the communications contractor and 
of the key personnel.

1.6.2.1   Communications Contractor

The communications contractor shall be a firm which is regularly and 
professionally engaged in the business of the applications, installation, 
and testing of the specified communications systems and equipment.  The 
communications contractor shall demonstrate experience in providing 
successful communications systems within the past 3 years of similar scope 
and size.  Submit documentation for a minimum of three and a maximum of 
five successful communication system installations for the communications 
contractor.  Also IAW Section on QC Specialists; a Telecommunications 
Systems QC Specialists may be required on site, full time with 10 years 
minimum experience in telecom installation and experience, specialist shall 
be very familiar with Division 27, 28, 33 concerning communications systems 
work and installation. 

1.6.2.2   Key Personnel

Provide key personnel who are regularly and professionally engaged in the 
business of the application, installation and testing of the specified 
communications systems and equipment.  There may be one key person or more 
key persons proposed for this solicitation depending upon how many of the 
key roles each has successfully provided.  Each of the key personnel shall 
demonstrate experience in providing successful communications systems 
within the past 3 years.

Supervisors and installers assigned to the installation of this system or 
any of its components shall be Building Industry Consulting Services 
International (BICSI) Registered Cabling Installers, Technician Level.  
Submit documentation of current BICSI certification for each of the key 
personnel.
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In lieu of BICSI certification, supervisors and installers assigned to the 
installation of this system or any of its components shall have a minimum 
of 3 years experience in the installation of the specified copper and fiber 
optic cable and components.  They shall have factory or factory approved 
certification from each equipment manufacturer indicating that they are 
qualified to install and test the provided products.  Submit documentation 
for a minimum of three and a maximum of five successful communication 
system installations for each of the key personnel.  Documentation for each 
key person shall include at least two successful system installations 
provided that are equivalent in system size and in construction complexity 
to the communications system proposed for this solicitation.  Include 
specific experience in installing and testing communications systems and 
provide the names and locations of at least two project installations 
successfully completed using optical fiber and copper communications 
cabling systems.  All of the existing communications system installations 
offered by the key persons as successful experience shall have been in 
successful full-time service for at least 18 months prior to the issuance 
date for this solicitation.  Provide the name and role of the key person, 
the title, location, and completed installation date of the referenced 
project, the referenced project owner point of contact information 
including name, organization, title, and telephone number, and generally, 
the referenced project description including system size and construction 
complexity.

Indicate that all key persons are currently employed by the communications 
contractor, or have a commitment to the communications contractor to work 
on this project.  All key persons shall be employed by the communications 
contractor at the date of issuance of this solicitation, or if not, have a 
commitment to the communications contractor to work on this project by the 
date that the bid was due to the Contracting Officer.

Note that only the key personnel approved by the Contracting Officer in the 
successful proposal shall do work on this solicitation's communications 
system.  Key personnel shall function in the same roles in this contract, 
as they functioned in the offered successful experience.  Any substitutions 
for the communications contractor's key personnel requires approval from 
the Contracting Officer.

1.6.2.3   Minimum Manufacturer Qualifications

Cabling, equipment and hardware manufacturers shall have a minimum of 3 
years experience in the manufacturing, assembly, and factory testing of 
components which comply with TIA-568-C.1 , TIA-568-C.2  and TIA-568-C.3 .

1.6.3   Test Plan

Provide a complete and detailed test plan for the communications cabling 
system including a complete list of test equipment for the components and 
accessories for each cable type specified, 60 days prior to the proposed 
test date.  Include procedures for certification, validation, sample 
report, and testing.

1.6.4   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
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similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.6.5   Standard Products

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

1.6.5.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.6.5.2   Material and Equipment Manufacturing Date

Products manufactured more than 1 year prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.7   DELIVERY AND STORAGE

Provide protection from weather, moisture, extreme heat and cold, dirt, 
dust, and other contaminants for communications cabling and equipment 
placed in storage.

1.8   ENVIRONMENTAL REQUIREMENTS

Connecting hardware shall be rated for operation under ambient conditions of
 32 to 140 degrees F and in the range of 0 to 95 percent relative humidity, 
noncondensing.

Provide HVAC tied into building system or separate that will maintain 
continuous cooling environmental control (24 hours per day, 365 days per 
year).  If emergency power is available, it shall be connecting to the 
dedicated power and considered on the HVAC system.   

1.9   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.
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1.10   MAINTENANCE

1.10.1   Operation and Maintenance Manuals

Commercial off the shelf manuals shall be furnished for operation, 
installation, configuration, and maintenance of products provided as a part 
of the communications cabling and pathway system, Data Package 5.  Submit 
operations and maintenance data in accordance with Section 01 78 23 
OPERATION AND MAINTENANCE DATA and as specified herein not later than 2 
months prior to the date of beneficial occupancy.  In addition to 
requirements of Data Package 5, include the requirements of paragraphs 
TELECOMMUNICATIONS DRAWINGS, TELECOMMUNICATIONS SPACE DRAWINGS, and RECORD 
DOCUMENTATION.  Ensure that these drawings and documents depict the 
as-built configuration. 

1.10.2   Record Documentation

Provide T5 drawings including documentation on cables and termination 
hardware in accordance with TIA-606 .  T5 drawings shall include schedules 
to show information for cut-overs and cable plant management, patch panel 
layouts and cover plate assignments, cross-connect information and 
connecting terminal layout as a minimum.  T5 drawings shall be provided in 
hard copy and soft copy (PDF) and AutoCAD 2012 format on CD/CDRW.  Provide 
the following T5 drawing documentation as a minimum:

a.  Cables - A record of installed cable shall be provided in accordance 
with TIA-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 in accordance 
with TIA-606 .  Include manufacture date of cable with submittal.

b.  Termination Hardware - A record of installed patch panels, 
cross-connect points, distribution frames, terminating block 
arrangements and type, and outlets shall be provided in accordance with 
TIA-606 .  Documentation shall include the required data fields as a 
minimum in accordance with TIA-606 .

PART 2   PRODUCTS

2.1   COMPONENTS

Components shall be UL or third party certified.  Where equipment or 
materials are specified to conform to industry and technical society 
reference standards of the organizations, submit proof of such compliance.  
The label or listing by the specified organization will be acceptable 
evidence of compliance.  In lieu of the label or listing, submit a 
certificate from an independent testing organization, competent to perform 
testing, and approved by the Contracting Officer.  The certificate shall 
state that the item has been tested in accordance with the specified 
organization's test methods and that the item complies with the specified 
organization's reference standard.  Provide a complete system of 
telecommunications cabling and pathway components using star topology.  
Provide support structures and pathways, complete with outlets, cables, 
connecting hardware and telecommunications cabinets/racks.  Cabling and 
interconnecting hardware and components for telecommunications systems 
shall be UL listed or third party independent testing laboratory certified, 
and shall comply with NFPA 70  and conform to the requirements specified 
herein.
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2.2   COMMUNICATIONS PATHWAY

Provide telecommunications pathways in accordance with TIA-569  and as 
specified in Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM.  Provide system 
furniture pathways in accordance with UL 1286 .  

2.2.1   Pathways Aboard Camp Lejeune Greater Area, Including MCAS New River

Pathway shall be conduit, cable tray, or modular access flooring that 
provides protection for cabling. Under floor duct, free laying and wire way 
shall not be used. Cantilever-type center hung tray or Poke-Thru devices 
shall not be used. J-hooks/ D-rings / bridal rings  and other open face 
type cable pathways are not authorized except in minor renovations or to 
continue like existing system. Provide grounding and bonding as required by 
TIA J-STD-607-A.  Cable tray wiring shall comply with NFPA 70.  All 
conduits entering the communications room should be grouped and 
consolidated, conduits can be “Home Run” or stubbed to cable tray, all 
shall have bonding bushing / plastic insert, and shall extend down from the 
ceiling 3 to 4 inches to ladder rack or onto the backboard, and will be 
bonded to the TMGB or TGB by a minimum number 6 green sheathed stranded 
conductors.  All penetrations will be sealed in accordance with code 
(fire-stopping). A minimum of two 3 inch conduits overhead will be 
installed between the main communications room and other communication 
rooms (IDFs).   

2.2.2   Work area Pathways

Comply with TIA-569 , except minimum 1 1/4 inch diameter conduit will be 
used.  System furniture pathways shall comply with UL 1286 .  Horizontal 
cabling for open offices shall comply with TIA TSB-75. In system furniture 
that blocks access to or is distant from the communications wall outlets: 
each system furniture desk/cubical shall be equipped with system furniture 
communications outlets that are plugged into the communications wall 
outlets. All ports should be extended into the furniture. 

2.2.3   Pull Boxes

Construct of galvanized sheet steel with screw-fastened covers.  Minimum 
size of boxes shall be not less than 5 inches wide by 5 inches in length by 
2 7/8 inches deep for individual 1 1/4 inch diameter conduit; minimum size 
of boxes shall be not less than 12"W x 48"L x 5"D for 3" conduit, 15"W x 
60"L x 8"D for 4" conduit per TIA-569. Provide pull boxes where length of 
conduit exceeds 100 feet or where there are more than two 90 degree bends, 
or equivalent.  Align conduit ends on opposite sides of pull boxes as in a 
pull through, do not turn or change direction in pull boxes. Provide pull 
boxes in straight lengths of conduit. Electrical pull points, LC, LB, condo 
lets are not authorized.  

2.3   COMMUNICATIONS OUTLET BOXES

Communications outlet boxes should be placed in all work areas and any area 
that can be converted to work areas; so any furniture package configuration 
will have a connection with a 6’ base cord. Good practice is 6” to the left 
or right of the out side edge of electrical outlet box in workable office 
areas or any area that could be converted into workable office area such as 
a large storage closet; also any conference room should have one floor and 
one ceiling box. Boxes shall be standard type 5 inches square by 2 7/8 
inches deep for CAT6 with 1 1/4 inch diameter side knock-outs, with a 
single gang plaster ring. Mount flush in finished walls at height indicated 
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by drawings.  Outlet boxes for wall-mounted telephones shall be 2 by 4 by 2 
1/8 inches deep with 1 CAT6 cable terminated in a standard CAT6 wall phone 
plate; mounted at ADA required height.  Outlet boxes for work counter area 
shall be mounted at a height 48 inches above finished floor. Outlet boxes 
installed for CCTV and CATV should also contain 2 CAT 6 cables. Outlet 
boxes installed in floor for classrooms or open spaces shall be 
communications floor boxes large enough to support a surge of users with 
proper cable protection and ports that are not parallel to the floor. Floor 
boxes and under slab cabling should not be used on the first floor in wet 
areas. Tele electric poles or furniture managed pathways fed from above the 
wet area should be used. Multi-user Telecommunications Outlet Assembly i.e. 
Multimedia Outlet Assemblies (MUTOA) should be placed where best suited for 
the furniture used in open office spaces.

2.4   COMMUNICATIONS CABLING

Cabling shall be UL listed for the application and shall comply with 
TIA-568-C.0 , TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3  and NFPA 70 .  Provide a 
labeling system in accordance with the manufacture and local AHJ guidance 
for cabling as required by TIA-606  and UL 969 .  Confirm labeling is 
compatible with Base Telephone requirements.  Ship cable on reels or in 
boxes bearing manufacture date for for unshielded/shielded twisted pair 
(UTP/STP) in accordance with ICEA S-90-661  and optical fiber cables in 
accordance with ICEA S-83-596  for all cable used on this project.  Cabling 
manufactured more than 12 months prior to date of installation shall not be 
used.

2.4.1   Backbone Cabling

2.4.1.1   Backbone Copper

Copper backbone cable shall be solid conductor,  24 AWG, 100 ohm, 25 to 
100-pair, Category 3, UTP, in accordance with ICEA S-90-661 , TIA-568-C.1 , 
TIA-568-C.2  and UL 444 , formed into 25 pair binder groups covered with a 
gray thermoplastic jacket and overall metallic shield if required for 
additional protection.  A minimum of two conductor twists per foot is 
required.    Cable shall be imprinted with manufacturers name or 
identifier, flammability rating, gauge of conductor, transmission 
performance rating (category designation) at regular length marking 
intervals in accordance with ICEA S-90-661  .  Sufficient pair count CAT 3/5 
riser (25, 50, 100, 200..) and two 4 pair 24 AWG Category 6 riser (CMR) 
rated cable will be installed between the MDF and each of the IDF's.  
Provide plenum (CMP), riser (CMR), or  general purpose (CM or 
CMG)communications rated cabling in accordance with NFPA 70 .  Voice riser 
shall be terminated on suitable insulation displacement contact cross 
connect blocks and two CAT6 in the patch panels last position.  
Substitution of a higher rated cable shall be permitted in accordance with 
NFPA 70 .  Any backbone copper run in under slab conduit shall be rated for 
outdoor use in accordance with AHJ and have lightning protection at both 
ends.

2.4.1.2   Backbone Optical Fiber

Provide in accordance with ICEA S-83-596 , TIA-568-C.3 , UL 1666  and NFPA 70 .  
Cable shall be imprinted with fiber count, fiber type and aggregate length 
at regular intervals not to exceed 40 inches.

Provide the number of strands indicated, (but not less than 12 strands of 
each single and multi modebetween the main telecommunication room and each 
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of the other communication rooms or secure racks), of single-mode(OS1), 
tight buffered fiber optic cable.

Provide the number of strands indicated, (but not less than 12 strands 
between the main communication room and each of the other communications 
rooms and secure racks), of tight buffered fiber optic multimode, 
62.5/125-um diameter(OM1) cable, conforming to TIA-492AAAA .

Provide plenum (OFNP), riser (OFNR), or general purpose (OFN or OFNG) rated 
non-conductive, fiber optic cable in accordance with NFPA 70 .  Substitution 
of a higher rated cable shall be permitted in accordance with NFPA 70 . The 
cable cordage jacket, fiber, unit, and group color shall be in accordance 
with TIA/EIA-598 .

2.4.2   Horizontal Cabling

Provide horizontal cable in compliance with NFPA 70  and performance 
characteristics in accordance with TIA-568-C.1 .

2.4.2.1   Horizontal Copper

Provide a minimum of four horizontal copper cables to each work area outlet 
(faceplate), UTP, 100 ohm in accordance with TIA-568-C.2 , UL 444 , 
ANSI/NEMA WC 66 , ICEA S-90-661  .  Provide four each individually twisted 
pair, minimum size 24 AWG conductors, Category 6 or 6A, with a green 
thermoplastic jacket for odd ports and a green thermoplastic jacket for 
even ports (unclassified service as color and cable type will be different 
for classified services).  Cable shall be imprinted with manufacturers name 
or identifier, flammability rating, gauge of conductor, transmission 
performance rating (category designation) and length marking at regular 
intervals in accordance with ICEA S-90-661 .  Provide plenum (CMP), riser 
(CMR), or general purpose (CM or CMG) communications rated cabling in 
accordance with NFPA 70 .  Substitution of a higher rated cable shall be 
permitted in accordance with NFPA 70 . Cables installed in conduit within 
and under slabs are not recommend but can be used if approved by local AHJ 
and shall be UL listed and labeled for wet locations in accordance with 
NFPA 70 .  Contact AHJ for special requirements on classified service, 
unofficial service, under slab cabling, using water block, and any item not 
covered in this document.

2.4.2.2   Horizontal Optical Fiber

Provide optical fiber horizontal cable in accordance with ICEA S-83-596 and 
TIA-568-C.3 .  Cable shall be tight buffered, multimode, 62.5.125-um 
diameter, OM1, single-mode, 8/125-um diameter, OS1.  Cable shall be 
imprinted with manufacturer, flammability rating and fiber count at regular 
intervals not to exceed 40 inches.  

Provide plenum (OFNP), riser (OFNR), or general purpose (OFN or OFNG) rated 
non-conductive, fiber optic cable in accordance with NFPA 70 .  Substitution 
of a higher rated cable shall be permitted in accordance with NFPA 70 .Cables 
installed in conduit within and under slabs be UL listed and labeled for 
wet locations in accordance with NFPA 70 .  The cable jacket shall be of 
single jacket construction  with color coding of cordage jacket, fiber, 
unit, and group in accordance with TIA/EIA-598 .
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2.4.3   Work Area Cabling

2.4.3.1   Work Area Copper

Provide work area copper cable in accordance with TIA-568-C.2 , with a green 
on odd numbered and green on even numbered thermoplastic jacket.  

Communications CAT6 twisted pair shall have a minimum of 6 inch slack cable 
loosely coiled into the communications outlet boxes.  Minimum 
manufacturer's bend radius for each type of cable shall not be exceeded. 
All communications work area outlet boxes should have 4 cables to a double 
gang box  (no rough in or future use allowed).

2.4.3.2   Work Area Optical Fiber

Provide optical work area cable in accordance with TIA-568-C.3 .

2.5   TELECOMMUNICATIONS SPACES

Provide connecting hardware and termination equipment in the communications 
entrance facility and communication equipment rooms to facilitate 
installation as shown on design drawings for terminating and 
cross-connecting permanent cabling.  Space shall be a minimum  8' x 10' 
unless a local waiver is provided by the AHJ (authority having 
jurisdiction) which is the Telecommunications Support Division (TSD) aboard 
Camp Lejeune.  Communications room could be much larger depending on 
building size, usable square footage served, and customer requirements. 
Communications rooms shall be centrally located unless multiple rooms are 
used.  Access to Rooms shall be from a common area such as a hallway / open 
office door and door shall swing out.  Additional/ Multiple communications 
rooms are required if the usable floor space to be served exceeds 10,000 
square feet, or the cable length between the horizontal cross-connect and 
the communications outlet, including slack and vertical distance, exceeds 
295 feet.  Multiple communications rooms and IDFs shall be connected by a 
minimum of two 3 inch conduits overhead, if under slab it is considered 
Outside Plant 3 way 4” shall be used per see 33 82 00. The minimum clear 
height in the room shall be 2.4 m (8 ft) without obstructions. The height 
between the finished floor and the lowest point of the ceiling should be a 
minimum of 3 m (10 ft) to accommodate overhead pathways. The flooring shall 
be sealed concrete to reduce dust and static electricity; no carpet or 
tile.  Two separate dedicated 20 amp electrical outlet will be installed 
for each communications equipment rack needed.  Dedicated outlets and 
conduits shall be installed on the longest farthest wall from the door, 
same wall as the communications backboard. There should not be an 
electrical panel within the communications room unless it serves only the 
room.  The room requires a lockable door keyed or key padded to restrict 
access to MCIEAST-MCB G-6 personnel only. Room shall not have any windows 
or skylights.  At least one wall, where the point of presence is, should be 
covered with fire rated plywood backboard for mounting equipment; 
additional boards may be needed for mounting additional equipment.  Light, 
as measured within the communications room, should be a minimum of 500 lx 
(50 foot-candles). Lighting design should seek to minimize shadows within 
the telecommunications room (minimum two light fixtures). Equipment not 
related to the support of the communications room (e.g., piping, ductwork, 
pneumatic tubing) shall not be installed in, pass through, or enter the 
telecommunications room.  Provide telecommunications interconnecting 
hardware color coding in accordance with TIA-606 .

SECTION 27 10 00  Page 15



Interior/Exterior Repairs at BEQ FC515 17-0011

2.5.1   Backboards

Provide void-free, interior grade A-C plywood 3/4 inch thick 4 feet wide by 
8 feet high as indicated.  Backboards shall be fire rated by manufacturing 
process. Fire stamp shall be clearly visible.  Backboards shall be provided 
on a minimum of two adjacent walls and anywhere mounting is needed in the 
telecommunication spaces.

2.5.2   Equipment Support Frame

Provide in accordance with ECA EIA/ECA 310  and UL 50 .  Steel construction 
shall be treated to resist corrosion.

a.  Bracket, wall mounted, (for buildings with very low jack/pair count and 
no secured electronic equipment requirement), 8 gauge aluminum.  
Provide hinged bracket compatible with 19 inches panel mounting and 
must be in a secured communications room.

b.  Racks, wall or floor mounted modular type, 16 gauge steel construction, 
minimum, treated to resist corrosion.  Provide rack with vertical and 
horizontal cable management channels, top and bottom cable troughs, 
grounding lug and a surge protected power strip with 6 duplex 20 amp 
receptacles.  Racks shall be enough to support all telephone / data 
equipment required plus 25 percent spare and shall have a maximum of 7’ 
height.  Rack shall be compatible with 19 inches panel mounting and 
must be in a secured communications room.  Recommend SIEMON’s RS3-07-S 
or equivalent approved by AHJ.

c.  Cabinets, freestanding modular type, 16 gauge steel or 11 gauge 
aluminum construction , minimum, treated to resist corrosion.  Cabinet 
shall have removable and lockable side panels, front and rear doors, 
and have adjustable feet for leveling.  All cabinets shall be keyed to 
current TSD key and large enough to support all telephone / data 
equipment required in the building plus 25% for future expansion.  
Recommend CPI or equivalent approved by AHJ. Dedicated electrical 
outlets should be installed within the cabinet. A backboard for 
mounting equipment is still needed when a cabinet is installed.  
Cabinet shall be vented in the roof and rear door.  Cabinet shall have 
cable access in the roof and base and be compatible with 19 inches 
panel mounting.  Provide cabinet with grounding bar, mounted 550 CFM 
fan with filter and a surge protected power strip with 6 duplex 20 amp 
receptacles.

d.  Cabinets, wall-mounted modular type, 16 gauge steel or 11 gauge 
aluminum construction, minimum, treated to resist corrosion.  Cabinet 
shall have lockable front and rear doors, louvered side panels, 250 CFM 
mounted fan, ground lug, and top and bottom cable access.  Cabinets 
shall be no smaller than 24"W X 48"H X 30"D shall be keyed to current 
TSD key and large enough to support all telephone / data equipment 
required in the building plus 25% for future expansion.  Recommend CPI 
or equivalent approved by AHJ. Dedicated electrical outlets should be 
installed within the cabinet.  A backboard for mounting equipment is 
still needed when a cabinet is installed.  Cabinet shall be compatible 
with 19 inches panel mounting.  All cabinets shall be keyed alike. A 
surge protected power strip with 6 duplex 20 amp receptacles shall be 
provided within the cabinet.
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2.5.3   Connector Blocks

Provide insulation displacement connector (IDC) Type 110 for Category 6 
systems.  Provide blocks for the number of horizontal and backbone cables 
terminated on the block plus 25 percent spare.  For Camp Lejeune greater 
area; Recommend Krone blocks' 6652-1-880-10 or equivalent approved by AHJ, 
for Category 5 and higher systems.  Provide blocks for the number of 
backbone cables terminated on the block plus 25 percent spare. Also provide 
sufficient blocks for cross connects for all IDFs.  Blocks shall be mounted 
on an 89D style bracket on rack or in cabinet.

2.5.4   Building Protector Assemblies

Building protector assembly are required on all OSP cables and shall have 
710 type connector blocks for connection to the exterior cable at full 
capacity. M150-66 type IDC for connection to the voice cross connect 
blocks. 110 type IDC is not approved on building protector assembly. For 
Central office a R399 type central office protector shall be used.   

2.5.5   Cable Guides

Provide cable guides specifically manufactured for the purpose of routing 
cables, wires and patch cords horizontally and vertically on 19 inches 
equipment racks, cabinets, and telecommunications backboards.  Cable guides 
of ring or bracket type devices mounted on rack, cabinet, panels, and 
backboard for horizontal cable management and individually mounted for 
vertical cable management.  Mount cable guides with screws and/or nuts and 
lock washers, cable guides are not to be used outside of the communications 
room.

2.5.6   Patch Panels

Provide ports for the number of horizontal and backbone cables terminated 
on the panel plus 25 percent spare.  Provide pre-connectorized ST type 
optical fiber and CAT 6 copper patch cords for patch panels.  Provide patch 
cords, as complete assemblies, with matching connectors as specified.  
Provide fiber optic patch cables with crossover orientation in accordance 
with TIA-568-C.3 .  Patch cords shall meet minimum performance requirements 
specified in TIA-568-C.1 , TIA-568-C.2  and TIA-568-C.3  for cables, cable 
length and hardware specified.

2.5.6.1   Modular to 110 Block Patch Panel

Provide in accordance with TIA-568-C.1  and TIA-568-C.2 .  Panels shall be 
third party verified and shall comply with EIA/TIACategory 6/6A 
requirements.  Panel shall be constructed of 0.09 inches minimum aluminum 
and shall be cabinet/ rack mounted and compatible with an ECA EIA/ECA 310  
19 inches equipment rack.  Panel shall provide 48 non-keyed, 8-pin 
dualmodular (8P8C) ports, wired to T568A.  Patch panels shall terminate the 
building cabling on Type 110 IDCs and shall utilize a printed circuit board 
interface.  C6-C6-Recommend Siemon's CT Couplers, CT-F-XX or equivalent 
approved by AHJ.  The rear of each panel shall have incoming cable 
strain-relief and routing guides; DO NOT USE ZIP TIES.  Panels shall have 
each port factory numbered and be equipped with laminated plastic 
nameplates above each port.

2.5.6.2   Fiber Optic Patch Panel

Provide panel for maintenance and cross-connecting of optical fiber 
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cables.  Panel shall be constructed of 16 or 18 gauge steel or 11 gauge 
aluminum minimum and shall be cabinet/ rack mounted and compatible with a 
ECA EIA/ECA 310  19 inches equipment rack.  Each panel shall provide 
multimode / single-mode adapters as required in ST format (majority of Camp 
Lejeune is ST type) in accordance with TIA/EIA-604-2  with metallic 
alignment sleeves.  Provide dust cover for unused adapters.  The rear of 
each panel shall have a cable management tray a minimum of 8 inches deep 
with removable cover, incoming cable strain-relief and routing guides.  
Panels shall have each adapter factory numbered and be equipped with 
laminated plastic nameplates above each adapter.

2.5.7   Optical Fiber Distribution Panel 

Cabinet/ Rack mounted optical fiber distribution panel (OFDP) shall be 
constructed in accordance with ECA EIA/ECA 310  utilizing 16 or 18 gauge 
steel or 11 gauge aluminum minimum.  Panel shall be divided into two 
sections, distribution and user.  Distribution section shall have strain 
relief, routing guides, splice tray and shall be lockable, user section 
shall have a cover for patch cord protection.  Each panel shall provide 
multimode and single-mode adapters as required.  Provide adapters as ST 
with metallic is the standard for Camp Lejeune alignment sleeves.  Provide 
dust covers for adapters.  Provide patch cords as specified in the 
paragraph PATCH PANELS.

2.6   TELECOMMUNICATIONS OUTLET/CONNECTOR ASSEMBLIES

2.6.1   Outlet/Connector Copper

Outlet/connectors shall comply with FCC Part 68 , TIA-568-C.1 , and 
TIA-568-C.2 .  UTP outlet/connectors shall be UL 1863  listed, non-keyed, 
8-pin modular, dual molded 8P8C, constructed of high impact rated 
thermoplastic housing and shall be third party verified and shall comply 
with TIA-568-C.2  Category 6 requirements.  Recommend SIEMON's CT couplers, 
CT-F-C6-C6-xx or equivalent approved by AHJ , of indicated color (normally 
ivory or white at work area and black in communications room) should match 
electrical face plate color and type.  Outlet/connectors provided for UTP 
cabling shall meet or exceed the requirements for the cable provided.  
Outlet/connectors shall be terminated using a Type 110 IDC PC board 
connector, color-coded for both T568A and T568B wiring.  Each 
outlet/connector shall be wired T568A.  UTP outlet/connectors shall comply 
with TIA-568-C.2  for 750 mating cycles.  UTP outlet/connectors installed in 
outdoor or marine environments shall be jell-filled type containing an 
anti-corrosive, memory retaining compound.

2.6.2   Optical Fiber Adapters(Couplers)

Provide optical fiber adapters suitable for ST in accordance with 
TIA/EIA-604-2  with metallic alignment sleeves as indicated.  Provide dust 
cover for adapters.  Optical fiber adapters shall comply with TIA-455-21  
for 500 mating cycles.

2.6.3   Optical Fiber Connectors 

Provide in accordance with TIA-455-21 .  Optical fiber connectors shall be 
ST in accordance with TIA/EIA-604-2  with metallic ferrule, epoxy less crimp 
style compatible with 62.5/125 multimode and 8/125 single-mode fiber.  The 
connectors shall provide a maximum attenuation of 0.3 dB at 850/ 1300 and 
1310/ 1550 nm with less than a 0.2 dB change after 500 mating cycles.
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2.6.4   Cover Plates

Telecommunications cover plates shall comply with UL 514C , and TIA-568-C.1 , 
TIA-568-C.2 , TIA-568-C.3 ; flush or oversized design constructed of high 
impact thermoplastic material ivory, white in color to match color of 
receptacle switch cover plates specified in Section 26 20 00 INTERIOR 
DISTRIBUTION SYSTEM, color may be different for classified networks Red and 
Grey.  Provide labeling in accordance with the paragraph LABELING in this 
section.  Additionally, it shall be labeled as to its function with a green 
computer icon on all even ports and a green phone icon on all the odd ports.

2.7   MULTI-USER TELECOMMUNICATIONS OUTLET ASSEMBLY (MUTOA)

Provide MUTOA(s) in accordance with TIA-568-C.1 .

2.8   TERMINAL CABINETS

Construct of zinc-coated sheet steel, 36 by 24 by 6 inches deep, as 
indicated.  Trim shall be fitted with hinged door and locking latch.  Doors 
shall be maximum size openings to box interiors.  Boxes shall be provided 
with 5/8 inch backboard with two-coat varnish finish.  Match trim, 
hardware, doors, and finishes with panelboards.  Provide label and 
identification systems for telecommunications wiring and components 
consistent with TIA-606 .

2.9   GROUNDING AND BONDING PRODUCTS

Provide in accordance with UL 467 , TIA-607 , and NFPA 70 .  Components shall 
be identified as required by TIA-606 .  Provide ground rods, bonding 
conductors, and grounding busbars  as specified in Section 26 20 00 
INTERIOR DISTRIBUTION SYSTEM.  The preferred ground for the Telephone Main 
Grounding Bus (TMGB) bar will be to the Main electrical Distribution Panel 
(MDP) bus bar and building steel.  In most cases; a #6 AWG bonding 
conductor is recommended for telecommunications. All grounding and bonding 
conductors within the Telecommunications room will be green sheathed copper 
conductor, stranded, and labeled as suitable for use as such and tagged "DO 
NOT REMOVE".  All grounding and bonding conductors running out of or side 
of the Telecommunications room should be protected in conduit or attached 
to the outside of the cable tray and sized according to references.  The 
minimum size of the TMGB shall be no smaller than 4" by 10" by 1/4 inch 
thick; bus bar should be factory made and factory drilled -not fabricated 
or drilled onsite. All bonding and grounding terminations shall be 
irreversible and secured with a double hole crimp termination. Do not 
exceed minimum bend radius on bonding and grounding conductors.

2.10   FIRESTOPPING MATERIAL

Provide as specified in Section 07 84 00 FIRESTOPPING.

2.11   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.
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2.12   FIELD FABRICATED NAMEPLATES

ASTM D709.  Provide laminated plastic nameplates for each equipment 
enclosure, relay, switch, and device; as specified 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 
inches thick, white with black center core.  Surface shall be matte 
finish.  Corners shall be square.  Accurately align lettering and engrave 
into the core.  Minimum size of nameplates shall be one by 2.5 inches.  
Lettering shall be a minimum of 0.25 inches high normal block style.

2.13   TESTS, INSPECTIONS, AND VERIFICATIONS

2.13.1   Factory Reel Tests

Provide documentation of the testing and verification actions taken by 
manufacturer to confirm compliance with TIA-568-C.1 , TIA-568-C.2 , 
TIA-568-C.3 , TIA-526-7  for single mode optical fiber, and TIA-526-14  for 
multimode optical fiber cables.

PART 3   EXECUTION

3.1   INSTALLATION

Install communications cabling and pathway systems, including the 
horizontal and backbone cable, pathway systems, communications 
outlet/connector assemblies, and associated hardware in accordance with 
NECA/BICSI 568 , TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3 , TIA-569 , NFPA 70 , 
manufacture instructions, current industry best practices, and UL standards 
as applicable.  Provide cabling in a star topology network.  Provide 
residential cabling  in a star wiring architecture from the distribution 
device as required by TIA-570 .  Pathways and outlet boxes shall be 
installed as specified in this document and Section 26 20 00 INTERIOR 
DISTRIBUTION SYSTEM.  Standard type 5” x 5” x 2 7/8” square box with a 
single gang plaster ring shall be used except in concrete or concrete 
masonry units where a standard 4” and 11/16” square or a floor box will be 
used.  Mount flush in finished walls at height indicated by drawings.  
Depth of boxes shall be large enough to allow manufacturer's recommended 
conductor bend radii normally 2 7/8”.  Install communications cabling with 
copper media in accordance with the following criteria to avoid potential 
electromagnetic interference between power and communications equipment.  
The interference ceiling shall not exceed 3.0 volts per meter measured over 
the usable bandwidth of the communications cabling (normal minimum 
clearance distances of 4 feet from motors, generators, frequency 
converters, transformers, x-ray equipment or uninterrupted power system, 
300 mm (12 in) from power conduits and cable systems, 125 mm (5 inches) 
from fluorescent or high frequency lighting system fixtures.  Cabling shall 
be run with horizontal and vertical cable guides in telecommunications 
spaces with terminating hardware and interconnection equipment.

3.1.1   Cabling

Install UTP/STP, and optical fiber telecommunications cabling system as 
detailed in TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3 , and TIA-570  for 
residential cabling.  Screw terminals shall not be used except where 
specifically indicated on plans.  Use an approved insulation displacement 
connection (IDC) tool kit for copper cable terminations.  Do not untwist 
Category 6 UTP cables more than ½” (12 mm) from the point of termination to 
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maintain cable geometry.  Provide service loop on each end of the cable, 
minimum 10’ (3 meters) in the telecommunications room, 6” (150mm) in or 
close to the work area outlet for UTP.  Do not exceed manufacturers' cable 
pull tensions for copper and optical fiber cables.  Provide a device to 
monitor cable pull tensions.  Do not exceed 25 pounds pull tension for four 
pair copper cables.  Do not chafe or damage outer jacket materials.  Use 
only lubricants approved by cable manufacturer.  Do not over cinch cables, 
or crush cables with staples.  Only hook and loop fasteners are allowed on 
Category 6 / 6A cable and optical fiber cable.  DO NOT USE ZIP TIES.  For 
UTP cable, bend radii shall not be less than four times the cable 
diameter.  Cables shall be terminated; no cable shall contain unterminated 
elements (See NEC abandoned cabling).  Cables shall not be spliced.  Label 
cabling in accordance with paragraph LABELING in this section.

3.1.1.1   Open Cable

Use only where specifically indicated on plans for use in cable trays, or 
below raised floors in approved pathway (cable free laid on floor is not 
authorized).  Install in accordance with TIA-568-C.1 , TIA-568-C.2 ,  and 
TIA-568-C.3 .  Do not exceed cable pull tensions recommended by the 
manufacturer.  Copper cable not in a wire way or pathway 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 shall be maintained when such placement 
cannot be avoided.

Plenum cable shall be used where open cables are routed through plenum 
areas.  Cable routed exposed under raised floors shall be plenum rated.  
Plenum cables shall comply with flammability plenum requirements of NFPA 70 .  
Install cabling after the flooring system has been installed in raised 
floor areas.  Cable 6 feet long shall be neatly coiled not less than 12 
inches in diameter below each feed point in raised floor areas.

3.1.1.2   Backbone Cable

a.  Copper Backbone Cable.  Install intrabuilding backbone copper cable, in 
minimum 2-way 3 inch conduit or larger indicated pathways, between the 
campus distributor, located in the communications entrance facility or 
room, the building distributors and the floor distributors located in 
communications rooms and communications equipment rooms as indicated on 
drawings.

b.  Optical fiber Backbone Cable.  Install intrabuilding backbone optical 
fiber in indicated pathways (normal in in one of multiple interducts  
installed in conduit so as to maximize pathways).  Do not exceed 
manufacturer's recommended bending radii and pull tension.  Prepare 
cable for pulling by cutting outer jacket 10 inches leaving strength 
members exposed for approximately 10 inches.  Twist strength members 
together and attach to pulling eye.  Vertical cable support intervals 
shall be in accordance with manufacturer's recommendations.

3.1.1.3   Horizontal Cabling

Install horizontal cabling as indicated in the spec and on drawings  Do not 
untwist Category 6 UTP cables more than one half inch from the point of 
termination to maintain cable geometry.  Provide slack cable in the form of 
a figure eight or large service loop on each end of the cable (prevent 
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inductance caused by small coils), 10 feet in the telecommunications room, 
and 6 inches in the work area outlet.

3.1.2   Pathway Installations

Provide in accordance with TIA-569  and NFPA 70 , except that 1 1/4 inch 
diameter conduit from cable tray or telecommunication room backboard to 
each work area outlet is required.  Provide building pathway as specified 
in the spec and Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM.

Conceal conduit within finished walls, ceilings, and floors (not in wet 
areas).  Keep conduit minimum 12 inches away from parallel runs of 
electrical power equipment, flues, steam, light ballast, and 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 is visible after completion of project.  Run conduits in 
crawl spaces as if exposed.  Install no more than two 90 degree bends for a 
single horizontal cable run. All bends/turns in conduits will be in 
straight runs of conduit; a pull box shall be installed after every 180 
degrees of bends or 100’; in no case will a turn be made within a pull 
box.  The minimum size for a pull box for a single 1¼” conduit will be 5" 
long by 5" wide by 2 7/8" deep, and for a 3” conduit 30”W x 54”L x9”D. All 
conduits should contain a bushing at the end to protect the cable from 
damage and required bonding. Pull points, LC, LB, condo lets, and 
consolidation points are not authorized. 

Under floor cabling, under floor duct, and conduit under floor slabs should 
be avoided in the Camp Lejeune Greater area due to wet area close to 
coastal waters.

3.1.3   Service Entrance Conduit, Overhead

Provide service entrance overhead as specified in this spec and Section 
26 20 00 INTERIOR DISTRIBUTION SYSTEMS.  

Ensure entrance fitting or weather head is sized to ensure min bend radius 
for largest cable is maintained. 

3.1.4   Service Entrance Conduit, Underground

Provide service entrance underground as specified in this spec and Section 
26 20 00 INTERIOR DISTRIBUTION SYSTEM.  

Underground portion shall be encased in minimum of 3 inches of concrete 
extending from the building entrance to OSP demarcation point and shall be 
a minimum of 18 inches below slab or grade. Location of entrance conduit in 
communications room should be to the left of the longest furthest wall from 
the door.

3.1.5   Cable Tray Installation

Install cable tray as specified in this spec and Section 26 20 00 INTERIOR 
DISTRIBUTION SYSTEM.  Only CMP and OFNP type cable shall be installed in a 
plenum.

A continuous stranded bonding conductor shall be run on the outside along 
the tray tapped to each section to ensure bonding. Remove all sharps from 
cable tray and pathways. Ensure bonding is on the pathway so as not to 
obstruct horizontal cabling.
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3.1.6   Work Area Outlets

3.1.6.1   Terminations

Terminate UTP cable in accordance with TIA-568-C.1 , TIA-568-C.2  and wiring 
configuration as specified.  Terminate fiber optic cables in accordance 
with TIA-568-C.3   

All work areas will contain a minimum of two communications face plates. 
Any work area larger than 80 sq feet will require additional face plates to 
service any work location in the room within 6 feet of a faceplate. This 
also applies to any area that could be converted to work space in the 
future. Recommend a communications outlet box be placed 6” to the left or 
right of every electrical outlet box in workable office areas or any area 
that could be converted into workable office area such as a storage closet; 
All work area face plates will contain four category 6 jacks terminated 
with T568A configuration unless otherwise approved by AHJ.

3.1.6.2   Cover Plates

As a minimum, each outlet/connector shall be labeled as to its function and 
a unique number to identify cable link in accordance with the paragraph 
LABELING in this section.  (For secured networks contact AHJ as shielded 
twisted pair and color coded face plates may be necessary).

3.1.6.3   Cables

Unshielded/shielded twisted pair and fiber optic cables shall have a 
minimum of 6 inches of slack cable loosely coiled into the communications 
outlet boxes or in cable tray as close as possible to outlet box.  Minimum 
manufacturer's bend radius for each type of cable shall not be exceeded.

3.1.6.4   Pull Cords

Pull cords shall be installed in conduit serving communications outlets 
that do not have cable installed (this is not normal as all outlets should 
be cabled).

3.1.6.5   Multi-User Telecommunications Outlet Assembly (MUTOA)

Run horizontal cable in the ceiling and terminate each cable on a MUTOA in 
each individual zone.  MUTOAs shall not be located in ceiling spaces, or 
any obstructed area.  MUTOAs shall not be installed in furniture unless 
that unit of furniture is permanently secured to the building structure.  
MUTOAs shall be located in an open work area so that each furniture cluster 
is served by at least one MUTOA.  The MUTOA shall be limited to serving a 
maximum of six work areas.  Maximum work area cable length requirements 
shall also be taken into account.  MUTOAs must be labeled to include the 
maximum length of work area cables.  MUTOA labeling is in addition to the 
labeling described in TIA-606 , or other applicable cabling administration 
standards.  Work area cables extending from the MUTOA to the work area 
device must also be uniquely identified and labeled.

3.1.7   Communications Space Termination

Install termination hardware required for Category 6 and optical fiber 
system.  An manufacture approved insulation displacement tool shall be used 
for terminating copper cable to insulation displacement connectors.
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3.1.7.1   Connector Blocks

Connector blocks shall be cabinet/rack mounted, as approved by the AHJ, in 
orderly rows and columns.  Adequate vertical and horizontal wire routing 
areas shall be provided between groups of blocks.  Install in accordance 
with industry standard wire routing guides in accordance with TIA-569 .

3.1.7.2   Patch Panels

Patch panels shall be mounted in equipment cabinets/racks with sufficient 
ports to accommodate the installed cable plant plus 25 percent spares.

a.  Copper cable entering a patch panel shall be secured to the panel with 
hook and loop ties and as recommended by the manufacturer to prevent 
movement of the cable.

b.  Fiber Optic Patch Panel.  Fiber optic cable loop shall be 3 feet in 
length 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.

3.1.7.3   Equipment Support Frames

Install in accordance with TIA-569 :

a.  Bracket, wall mounted.  Mount bracket to plywood backboard in 
accordance with manufacturer's recommendations.  Mount so height of 
highest panel does not exceed 78 inches above floor.  Mount so there is 
sufficient space remaining on backboard to mount lightning protection, 
bonding, and cable managers or install additional backboards.

b.  Racks, floor mounted modular type.  Permanently anchor rack to the 
floor in accordance with manufacturer's recommendations.  Install 
sections of ladder rack anchored to telephone rack/ cabinet and at 
least two walls.

c.  Cabinets, freestanding modular type.  Permanently anchor to the
floor in accordance with manufacturer's recommendations.  When cabinets 
are connected together, remove adjoining side panels for cable routing 
between cabinets.  Mount rack mounted fan in cabinet.  Install sections 
of ladder rack anchored to telephone rack/ cabinet and at least two 
walls.

d.  Cabinets, wall-mounted modular type.  Mount cabinet to plywood 
backboard in accordance with manufacturer's recommendations.  Mount 
cabinet so height of highest panel does not exceed 78 inches above 
floor.  Mount so there is sufficient space remaining on backboard to 
mount lightning protection, bonding, and cable managers or install 
additional backboards.

3.1.8   Electrical Penetrations

Seal openings around electrical penetrations through fire resistance-rated 
wall, partitions, floors, or ceilings as specified in Section 07 84 00 
FIRESTOPPING.
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3.1.9   Grounding and Bonding

Provide in accordance with TIA-607 , NFPA 70  and as specified in this spec 
and Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM except only two hole 
compression lugs will be accepted.

3.2   LABELING

3.2.1   Labels

Provide labeling in accordance with TIA-606  except jacks will be numbered 
in a logical, sequential, clockwise numbering system from 1 to X with a 
closet designator. Example would be 145 C 146, would be the 145th & 146th 
jacks from the C comm. room. All labels shall be numbered with 
manufacture's labeling system (not fabricated) and be equipped with 
laminated plastic cover. All terminations that are not to work area outlets 
should be in the last patch panel locations and labeled accordingly i.e. 
DDC, FACP, Elevator, Wall phones, or Wireless access points.

3.2.2   Cable

Cables shall be labeled using color labels on both ends with identifiers in 
accordance with TIA-606 .

3.2.3   Termination Hardware

Workstation outlets and patch panel connections shall be labeled using 
manufacturing labeling system, color coded labels with identifiers in 
accordance with this spec and TIA-606 .  Coordinate with Base Telephone.

3.3   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Painting shall be 
as specified in Section 09 90 00 PAINTS AND COATINGS.

3.3.1   Painting Backboards

Camp Lejeune no longer paints backboards as fire rated plywood is available 
manufactured fire retardant backboard shall be used, so as not to increase 
flame spread and smoke density and must be appropriately labeled.  Label 
and fire rating stamp must be visible.

3.4   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.5   TESTING

3.5.1   Communications Cabling Testing

Perform communications cabling inspection, verification, and performance 
tests in accordance with TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3  and AHJ 
local.  Test equipment shall conform to TIA-1152 .  Perform optical fiber 
field inspection tests via attenuation measurements on factory reels and 
provide results along with manufacturer certification for factory reel 
tests.  Remove failed cable reels from project site upon attenuation test 
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failure.

3.5.1.1   Inspection

Visually inspect all communications cabling jacket materials for UL or 
third party certification markings.  Inspect cabling terminations in 
communications rooms and at workstations to confirm color code for T568A 
pin assignments, and inspect cabling connections to confirm compliance with 
TIA-568-C.1 , TIA-568-C.2 ,  TIA-568-C.3 , and TIA-570  for residential 
cabling.  Visually confirm Category 6, marking of outlets, cover plates, 
outlet/connectors, cable physical damage, and patch panels.

3.5.1.2   Verification Tests

Backbone copper cabling shall be tested for DC loop resistance, shorts, 
opens, intermittent faults, and polarity between conductors, and between 
conductors and shield, if cable has overall shield.  Test operation of 
shorting bars in connection blocks.  Test cables after all terminations are 
complete but prior to being cross-connected.

For multimode optical fiber, perform optical fiber end-to-end attenuation 
tests in accordance with TIA-568-C.3  and TIA-526-14  using Method A with 
power meter and light source for optical fiber validate / troubleshoot 
failures with Method B.  For single-mode optical fiber of sufficient 
distance (normally OSP), perform optical fiber end-to-end attenuation tests 
in accordance with TIA-568-C.3  and TIA-526-7  using Method B, OTDR for 
single-mode optical fiber.  Perform verification acceptance tests.

3.5.1.3   Performance Tests

Provide summary in .pdf (hard and soft copy) detailed tester results in 
test format .flw (soft copy only), and fiber power meter/OTDR reports 
(summary hard copy and detailed soft copy).  All Test reports should have a 
building or project number on it.  The final QC and certification of 
installation will be performed by TSD after the contractor has provided 
passing and acceptable results on all test and as-built drawings showing 
all communications outlets telecommunications outlets and their numbers to 
include any empty conduit or ports coiled in overhead for future use and 
all building automated system ports such as DDC, Elevator, FACP, or WAPs.  
Test results that are a marginal may not be accepted.  Also fiber tests 
that pass the link budget but exceed tolerance on any connector or splice 
are considered a failure.  All discrepancies need to be repaired and 
retested.

Perform testing for each outlet and MUTOA as follows:

 a.  Perform Category 6 link tests in accordance with TIA-568-C.1  and 
TIA-568-C.2 .  Tests shall include wire map, length, insertion loss, 
NEXT, PSNEXT, ELFEXT, PSELFEXT, return loss, propagation delay, and 
delay skew.

b.  Optical fiber Links.  Perform optical fiber end-to-end link tests in 
accordance with TIA-568-C.3 .

3.5.1.4   Final Verification Tests

Perform verification tests for all copper and optical fiber systems after 
the complete communications cabling and workstation outlet/connectors are 
installed.
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a.  Voice Tests.  These tests assume that dial tone service has been 
installed (normally only done for FACP, Elevator, or emergency 
phones).  Connect to the network interface device at the demarcation 
point.  Go off-hook and listen and receive a dial tone.  If a test 
number is available, make and receive a local, long distance, and DSN 
telephone call.

b.  Data Tests.  These tests assume the Information Technology Staff has a 
network installed and are available to assist with testing (normally 
this is only done for VTC, CCTV).  Connect to the network interface 
device at the demarcation point.  Log onto the network to ensure proper 
connection to the network.

       -- End of Section --
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