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SECTION 16051

CONTROL SYSTEM - REGULATING OUTLET GATES

PART 1 GENERAL
1.1 GENERAL INFORMATION

The work covered by this section of the specifications consists of
furnishing all plant, labor, equipment, appliances, and materials; and
performing all operations in connection with the installation of the
control system for the Regulating Outlet (RO) gates.

1.2 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
Drawings and Data; G

The contractor shall, in the initial submittal, transmit for
approval outline drawings of all equipment to be furnished under
this section, together with overall dimensions. Manufacturer
names, types, and descriptive data for relays, pushbutton devices,
circuit breakers, and contactors shall also be submitted. The
drawings shall show space requirements, location of terminal
blocks, and conduit entrance areas.

SD-05 Design Data
Plan of Erection; G

In addition to the submittal requirements listed in SECTION 16415

ELECTRICAL WORK, INTERIOR and prior to commencing installation,
a plan of erection shall be submitted in accordance with SECTION
01330: SUBMITTAL PROCEDURES. The plan of erection shall be
submitted for approval by the Contracting Officer, and the plan
shall include descriptions of routine and operational tests to be
performed by the Contractor. The plan of erection shall outline
each successive operation and method of procedure in detail. The
Contractor may use any special equipment, appliances, and tools
which are furnished with the equipment to facilitate erection, but
shall not use maintenance tools furnished with the equipment. All
such items used by the Contractor shall be furnished to the
Government in new condition less fair wear and tear.

SD-10 Operation and Maintenance Data
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Operation and Maintenance Manuals; G

Manuals shall be submitted which contain operating instructions,
maintenance instructions, and parts catalogs for all equipment
provided under this section of the specifications. Data shall be
bound and labeled, "Regulating Outlet Gates Operation and
Maintenance Data".

PART 2 PRODUCTS
2.1 REGULATING OUTLET GATES
2.1.1 General

RO gates, hydraulic operators, electrical controls and position indicating
equipment shall be furnished by the Contractor. The Contractor shall
design, assemble and install all equipment into a complete system.

2.1.2 Operation
2.1.2.1 General

The regulating outlet gates shall be operated by remote control at motor
control center EMCC in the control room and local control at the local
control cabinet (LCC) in the gate room.

Three gates are operated by one hydraulic control unit. Two 40-hp motors
are required to operate three gates. The control system shall be designed
to allow one gate to be operated at a time or three gates at the same time.
A selector switch shall be used to select either one gate or three gate
control. When three gate operation is selected, a separate push button
station shall be used to operate the gates. All three gates shall operate
with 1-inch maximum difference in gate position. The gate tracking shall
be accomplished by adjusting the travel speed of each gate. The speed
control shall be performed using proportional directional control valves in
the hydraulic power unit. The speed adjusting potentiometers shall be
located on the local control cabinet (LCC) in the gate room.

An additional selector switch shall be furnished on both the EMCC and LCC
to select one, both or standby pump motor operation. If one gate is
operated, the one-gate position is selected. This will allow only one pump
motor to operate. The standby position allows the operator to select the
second pump motor to equalize wear and tear on the motors during one gate
control. When three gates are operated, the three-gate position is
selected. This position allows both motors to operate.

Refer to the specification drawings for typical control schematic diagrams
for the RO gate operation.

2.1.2.2 Local Operation

Local operation shall be by controls mounted on the door of local control
cabinet (LCC). The "LOCAL-OFF-REMOTE" selector switches must be in the
"LOCAL" position. O0il pumps may then be started and stopped. Gate speed
and raising or lowering the gates is performed by adjusting potentiometers
and depressing appropriate pushbuttons. The number of gates (one or three)
to be operated is determined by selecting the number on the Selector Switch.

2.1.2.3 Remote Operation

SECTION 16051 Page 3



PRADO DAM EMBANKMENT AND OUTLET WORKS DACW09-02-B-0004

Remote operation shall be by controls on the door of Emergency Motor
Control Center (EMCC) located in the Control Room. The "LOCAL-OFF-REMOTE"
selector switch must be in the "REMOTE" position. O0il pumps may be started
or stopped. Raising or lowering the gates is performed by depressing
appropriate pushbuttons. The number of gates (one or three) to be operated
is determined by operating the Selector Switch.

2.1.2.4 Normal Operation

The RO gates shall normally be operated from remote control cabinet EMCC
located in the control room.

2.1.3 Gate Position Indication

The RO gate position indication equipment shall consist of electromagnetic
transducers coupled to the gates and digital panel meters mounted in
cabinets EMCC and LCC. The Contractor shall couple the transducers to the
hydraulic system in accordance with manufacturer recommendations.

2.1.4 Electromagnetic Transducer

The electromagnetic transducer shall be of the resolver type, 5 turn and
shall produce 4-20 ma output representing the opening of the gates in feet.
Total travel of the gates is 14 feet 9 inches. The electromagnetic
transducer shall have a NEMA 12 housing and operate from a 24 volt D.C.
power supply.

2.1.5 Digital Panel Meters

Digital panel meters shall provide 4-digit, ¥%-inch, LED, decimal readout,
4-20 ma input signal operation, isolated, 4-20 ma output and programmable
setup from switches on face of meter. The digital panel meters shall be
furnished for 120 volts A.C. operation. The digital panel meters shall be
mounted on the doors of cabinets EMCC and LCC as shown on the specification
drawings.

2.1.6 Power Supply

Each RO gate position indicating system shall be provided with a separate
power supply. The power supplies shall be solid state and of adequate size
to drive the electromagnetic transducers. Input voltage shall be 120 volts
A.C. Output voltage shall be 24 volts D.C.

2.2 LOCAL CONTROL CABINETS (LCC1l and LCC2)
2.2.1 General

The Contractor shall furnish and install one local control cabinet on each
hydraulic equipment platform as shown on the specification drawings.
Typical front panel and equipment layout is shown on the specification
drawings. The control cabinet front and interior equipment layouts shall
be submitted by the Contractor prior to fabrication for approval. The
panel layouts shall be designed using latest techniques in human factors,
engineering and ergonomics.

All incoming and outgoing cables and conductors, except transducer cables,

shall be terminated on terminal blocks. Wiring from point to point within
the cabinet shall be with single conductor switchboard wire.
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Multiconductor control cable shall be used for all wiring entering or
exiting the cabinet.

2.2.2

The

2.2.3

Construction
local control cabinets shall be constructed with the following features:

1. NEMA 12, free standing type, double-door, nominally 72 inches
high, 48 inches wide and 12-18 inches deep.

2. Rigid self-supporting, sheet steel, enclosed on rear, top, bottom
and sides.

3. Access to the interior shall be by means of hinged doors on the
front of the cabinet. Doors shall be formed type with latches and
concealed hinges of the loose-pin type and shall be provided with
neoprene gaskets.

4. Cabinet materials shall be of especially leveled sheet steel not
lighter than No. 14 United States Standard Gage. Front panel doors
shall be reinforced with No.14 United States Standard Gage Channel if
necessary to provide support for all components mounted on the door
panel.

5. Panel edges and trim edges, 1f applicable, shall be formed by
breaking edges back at 90 degrees. The outside radius of the edges
shall not exceed three-eighths of an inch.

6. No butt joints on outside surface.

7. Adequate ventilation by means of screened louvers.

8. Opening at the back for incoming and outgoing cables.

9. Brackets or cable ladders for supporting incoming and outgoing

cables alongside each row of terminal blocks.

10. Thermostat controlled cabinet heater to prevent condensation
inside the cabinet.

11. A copper grounding bus three-fourths inch wide and one quarter
inch thick and shall be drilled and tapped for No. 8-32 UNC screws at
1-inch spacing. The ground bus shall be connected to the structure
grounding system using a solid No. 4 AWG copper conductor.

Nameplates

Nameplates shall be used to identify each local control cabinet and the
equipment mounted on the doors and inside the cabinet. The nameplates
shall be engraved as shown on the specification drawings. The nameplates
shall be furnished in accordance with SECTION 16415: ELECTRICAL WORK,
INTERIOR of these specifications.

PART 3

EXECUTION

Not Applicable

-- End of Section --
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SECTION 16052

CONTROL SYSTEM - LOW FLOW OUTLET THROTTLING AND SHUT-OFF VALVES

PART 1 GENERAL
1.1 GENERAL INFORMATION

The work covered by this section of the specifications consists of
furnishing all plant, labor, equipment, appliances, and materials; and
performing all operations in connection with the installation of the Low
Flow Outlet and Shut-Off Valves.

1.2 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
Drawings and Data; G

The contractor shall, in the initial submittal, transmit for
approval outline drawings of all equipment to be furnished under
this section, together with overall dimensions. Manufacturer
names, types, and descriptive data for relays, pushbutton devices,
circuit breakers, and contactors shall also be submitted. The
drawings shall show space requirements, location of terminal
blocks, and conduit entrance areas.

SD-05 Design Data
Plan of Erection; G

In addition to the submittal requirements listed in SECTION 16415

ELECTRICAL WORK, INTERIOR and prior to commencing installation,
a plan of erection shall be submitted in accordance with SECTION
01330: SUBMITTAL PROCEDURES. The plan of erection shall be
submitted for approval by the Contracting Officer, and the plan
shall include descriptions of routine and operational tests to be
performed by the Contractor. The plan of erection shall outline
each successive operation and method of procedure in detail. The
Contractor may use any special equipment, appliances, and tools
which are furnished with the equipment to facilitate erection, but
shall not use maintenance tools furnished with the equipment. All
such items used by the Contractor shall be furnished to the
Government in new condition less fair wear and tear.

SD-10 Operation and Maintenance Data

SECTION 16052 Page 2



PRADO DAM EMBANKMENT AND OUTLET WORKS DACW09-02-B-0004

Operation and Maintenance Manuals; G

Manuals shall be submitted which contain operating instructions,
maintenance instructions, and parts catalogs for all equipment
provided under this section of the specifications. Data shall be
bound and labeled, "Low Flow Outlet Throttling and Shut-Off Valves
Operation and Maintenance Data".

PART 2 PRODUCTS

2

2

2

.1 LOW FLOW OUTLET SHUT-OFF VALVE

1.1 General

Each shut-off valve shall be provided with electric motor operators. Each
operator shall include an electric motor, limit switches, torque switches,
terminal blocks, pushbutton station, selector switch, and heater. Refer to
the specification drawings for typical control schematic diagrams for the
shut-off valve operation.

1.2 Operation

.1.2.1 Local Operation

Local operation shall be by controls on the local control cabinet (LCC).
The "LOCAL-OFF-REMOTE" selector switches must be in the "LOCAL" position.
The valve can be opened or closed by depressing the appropriate pushbuttons.

.1.2.2 Remote Operation

Remote operation shall be by controls at the Emergency Motor Control Center
(EMCC) in the control room. Controls shall be redundant to the Local
Control Cabinet (LCC). The "LOCAL-OFF-REMOTE" selector switch must be in
the "REMOTE" position.

.1.2.3 Normal Operation

The gates shall normally be operated from EMCC in the control room.

.1.3 Limit Switches

The electric motor operators shall be furnished with open and close valve
position limit switches. The limit switch contacts shall be used to
illuminate lamps on the EMCC and LCC cabinets as shown on the specification
drawings.

.2 LOW FLOW OUTLET THROTTLING VALVES

.2.1 General

Each low flow throttling valve shall be provided with electric motor
operators. Each operator shall include an electric motor, limit switches,
torque switches, pushbutton station, selector switch, position sensor and
transmitter, terminal blocks, and heater. Refer to the specification
drawings for typical control schematic diagram for the throttling valve
operation.

.2.2 Operation
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2.2.2.1 General

The throttling valves shall be operated by remote control at EMCC in the
control room and local control at the LCC in the gate room. Each
throttling valve is operated by a separate motor. Each valve operator
shall be equipped for a 4- 20 ma valve position indication. The 4-20 ma
transmitter shall be driven by a precision potentiometer.

2.2.2.2 Local Operation

Local operation shall be by controls mounted on the door of LCC. The
"LOCAL-OFF- REMOTE" selector switches must be in the "LOCAL" position.
Valves may then be opened or closed by operating the "OPEN" or "CLOSE"
pushbutton.

2.2.2.3 Remote Operation

Remote operation shall be by controls on the door of EMCC located in the
control room. The "LOCAL-OFF-REMOTE" selector switch must be in the
"REMOTE" position. Valve may then be opened or closed by operating the
"OPEN" or "CLOSE" pushbuttons.

2.2.2.4 Normal Operation

The throttling valves shall normally be operated from EMCC located in the
control room.

2.2.3 Valve Position Indication

The throttling valve position indication equipment shall consist of
precision potentiometers and 4-20 ma transmitters located in the wvalve
operator and digital panel meters mounted in cabinets EMCC and LCC. The
Contractor shall couple the precision potentiometers to the operator limit
switch gearing in accordance with manufacturer's recommendations.

2.2.4 Digital Panel Meters

Digital panel meters shall provide 4-digit, 1/2-inch, LED decimal readout,
4- 20 ma input signal operation, isolated 4-20 ma output and programmable
setup from switches on face of meter. The digital panel meter shall be
furnished for 120 volts A.C. operation. The digital panel meters shall be
mounted on the doors of cabinets EMCC and LCC as shown on the specification
drawings. The digital panel meter shall be calibrated to read 0 to 100
percent.

2.2.5 Power Supply
Each throttling valve position indicating system shall be provided with a
separate power supply. The power supplies shall be solid state and sized
to drive the position transmitter. Input voltage shall be 120 volts A.C.
Output voltage shall be suitable for operating the position transmitter.
PART 3 EXECUTION
Not Applicable

-- End of Section --
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SECTION 16264

DIESEL-GENERATOR SET, STATIONARY 15-300 KW, STANDBY APPLICATIONS

PART 1 GENERAL
1.1 REFERENCES
The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
ANSI C12.11 (1987; R 1993) Instrument Transformers for
Revenue Metering, 10 kV BIL Through 350 kV
BIL (0.6 kV NSV through 69 kV NSV)

ANSI C39.1 (1981; R 1992) Requirements for Electrical
Analog Indicating Instruments

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 53 (1999b) Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated, Welded and Seamless

ASTM A 106 (1999el) Seamless Carbon Steel Pipe for
High-Temperature Service

ASTM A 135 (1997) Electric-Resistance-Welded Steel
Pipe
ASTM A 181/A 181M (2000) Carbon Steel Forgings for

General-Purpose Piping
ASTM D 975 (1996a) Diesel Fuel Oils
ASME INTERNATIONAL (ASME)
ASME B16.3 (1998) Malleable Iron Threaded Fittings
ASME B16.5 (1996; Blé6.5a) Pipe Flanges and Flanged
Fittings NPS 1/2 thru NPS 24
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code

IEEE Std 43 (1974; R 1991) Testing Insulation
Resistance of Rotating Machinery
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MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS
INDUSTRY (MSS)

MSS SP-58 (1993) Pipe Hangers and Supports -
Materials, Design and Manufacture

MSS SP-69 (1996) Pipe Hangers and Supports -
Selection and Application

MSS SP-80 (1997) Bronze Gate, Globe, Angle and Check
Valves

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (1993) Molded Case Circuit Breakers and
Molded Case Switches

NEMA ICS 2 (1993) Industrial Control and Systems
Controllers, Contactors, and Overload
Relays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

NEMA ICS 6 (1993) Industrial Control and Systems
Enclosures

NEMA MG 1 (1998) Motors and Generators

NEMA SG 3 (1995) Power Switching Equipment

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 30 (1996; Errata TIA 96-2) Flammable and
Combustible Liquids Code

NFPA 37 (1998) Installation and Use of Stationary
Combustion Engines and Gas Turbines

NFPA 70 (1999) National Electrical Code

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

SAE ARP 892 (1965; R 1994) D-C Starter-Generator,
Engine
SAE J 537 (1996) Storage Batteries

UNDERWRITERS LABORATORIES (UL)
UL 489 (1996; Rev thru Dec 1998) Molded-Case
Circuit Breakers, Molded-Case Switches,

and Circuit-Breaker Enclosures

UL 1236 (1994; Rev thru Dec 1997) Battery Chargers
for Charging Engine-Starter Batteries

1.2 SYSTEM DESCRIPTION

Each engine-generator set shall be provided and installed complete and
totally functional, with all necessary ancillary equipment to include air
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filtration; starting system; generator controls, protection, and isolation;
instrumentation; lubrication; fuel system; cooling system; and engine
exhaust system. Each engine generator set shall satisfy the requirements
specified in the Engine Generator Parameter Schedule.
1.2.1 Engine-Generator Parameter Schedule
ENGINE GENERATOR PARAMETER SCHEDULE
Service Load 250 kW

Power Factor 0.8 lagging

Engine-Generator Application Stand-alone

Engine Cooling Type Water/ethylene glycol
Heat Exchanger Type Fin-tube

Governor Type Electronic

Governor Application Isochronous

Maximum Step Load Increase 25 percent Service Load
Transient Recovery Time 5 seconds

with Step Load Increase

Maximum Voltage Deviation 30 percent of rated voltage
with Step Load Increase

Maximum Frequency Deviation 5 percent of rated frequency
with Step Load Increase

Maximum Speed 1800 rpm
Frequency 60 Hz
Voltage 480 volts
Phases 3 Phase, Wye
Motor Starting kVA 775 kVA

Max Time To Start and be 10 seconds

Ready to Assume Load

Max Summer Indoor Temp 105 degrees F

Min Winter Indoor Temp 35 degrees F

Seismic Zone 4

Installation Elevation 500 feet above sea level

1.2.2 Output Capacity

Each generator set shall provide power equal to the sum of service load
plus the machine's efficiency loss and associated ancillary equipment
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loads. Rated output capacity shall also consider engine and/or generator
oversizing required to meet requirements in paragraph: Engine-Generator
Parameter Schedule.

1.2.3 Power Applications

Engine-generator set application shall be capable of 500 cumulative hours
of operation per year with a maximum period of continuous operation of 300
hours at output capacity.

1.3 GENERAL REQUIREMENTS
1.3.1 Engine-Generator Set

Each set shall consist of one engine, one generator, and one exciter,
mounted, assembled, and aligned on one base; and all other necessary
ancillary equipment which may be mounted separately. Sets shall be
assembled and attached to the base prior to shipping. Set components shall
be environmentally suitable for the locations shown and shall be the
manufacturer's standard product offered in catalogs for commercial or
industrial use. A generator strip heater shall be provided for moisture
control when the generator is not operating.

1.3.2 Nameplates
Each major component of this specification shall have the manufacturer's

name, type or style, model or serial number, and rating number on a plate
secured to the equipment. As a minimum, nameplates shall be provided for:

Engines Relays
Generators Day tanks
Transformers (CT & PT) Regulators
Pumps and pump motors Governors
Generator Breaker Economizers

Heat exchangers (other than base-mounted)

Where the following equipment is provided as a standard component by the
diesel-engine generator set manufacturer, the nameplate information may be
provided in the maintenance manual in lieu of nameplates.

Battery charger Heaters
Exhaust mufflers Exciters
Switchgear Silencers
Battery

1.3.3 Personnel Safety Device

Exposed moving parts, parts that produce high operating temperatures, parts
which may be electrically energized, and parts that may be a hazard to
operating personnel during normal operation shall be insulated, fully
enclosed, guarded, or fitted with other types of safety devices. The
safety devices shall be installed so that proper operation of the equipment
is not impaired.
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1

.3.4 Verification of Dimensions

Before performing work, the premises shall be visited and details of the

work verified.

The Contracting Officer shall be advised in writing of any

discrepancies before performing any work.

.3.5 Conformance to Codes and Standards

Where equipment is specified to conform to requirements of any code or
standard such as UL, the design, fabrication and installation shall conform

to the code.

.3.6 Vibration Isolation

The engine-generator set shall be provided with vibration-isolation in
accordance with the manufacturer's standard recommendation. Where the
vibration-isolation system does not secure the base to the structure floor
or unit foundation, seismic restraints shall be provided in accordance with
the seismic zone specified.

.4 SUBMITTALS

Government approval is required for submittals with a "G" designation;

submittals not

having a "G" designation are for information only. When

used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop

Drawings

Layout and Shop Drawings; G

a.

Base-mounted equipment, complete with base and attachments

including anchor bolt template and recommended clearances for
maintenance and operation.

b. Starting system.

c. Fuel system.

d. Cooling system.

e. Exhaust system.

f. Electric wiring of relays, breakers, programmable
controllers, and switches including single line and wiring
diagrams.

g. Lubrication system, including piping, pumps, strainers,

filters, heat exchangers for lube oil and turbocharger cooling,
electric heater, controls and wiring.

h. Location, type, and description of vibration isolation
devices.

i. The safety system, including wiring schematics.

j. One-line schematic and wiring diagrams of the generator,

exciter, regulator, governor, and all instrumentation.
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k. Panel layouts.

1. Mounting and support for each panel and major piece of
electrical equipment.

m. Engine-generator set rigging points and lifting instructions.
As-Built Drawings; G
Drawings which accurately depict the as-built configuration of
the installation, upon acceptance of the diesel-generator set
installation.
SD-03 Product Data

Equipment Performance; G

Calculations of the engine and generator output power
capability, including efficiency and parasitic load data.

Generator Data; G

Each generator KW rating and short circuit capacity (both
symmetric and asymmetric) .

Power Factor Capability Curve; G

Generator capability curve showing generator kVA output (kW vs.
kvar) for both leading and lagging power factors ranging from 0 to
1.0.
Torsional Vibration; G

Calculations which demonstrate that no damaging or dangerous
torsional vibrations will occur when the prime mover is connected
to the generator.
Alarm Setpoints; G

The magnitude of monitored values which define alarm or action
setpoints, and the tolerance (plus and/or minus) at which the
device activates the alarm or action.

Cooling Equipment and Performance; G

a. The maximum and minimum allowable inlet temperatures of the
coolant fluid.

b. The maximum allowable temperature rise in the coolant fluid
through the engine.

c. The minimum allowable inlet fuel temperature.
Manufacturer's Catalog Data
Manufacturer's standard catalog data describing and depicting

each engine-generator set and all ancillary equipment in
sufficient detail to demonstrate specification compliance.
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Vibration Isolation

Vibration isolation system performance data for the range of
frequencies generated by the engine-generator set during operation
from no load to full load and the maximum vibration transmitted to
the floor. Description of seismic qualification of the
engine-generator mounting, base, and vibration isolation.

Posted Data; G

Posted data including wiring and control diagrams showing the
key mechanical and electrical control elements, and a diagrammatic
layout of the system. Diagrams shall be weatherproof, laminated
in plastic, framed, and posted where directed.

Instructions; G

Instructions including: the manufacturer's pre-start checklist
and precautions; startup procedures for test mode, manual-start
mode, and automatic-start mode, (as applicable); running checks,
procedures, and precautions; and shutdown procedures, checks, and
precautions. Instructions shall include procedures for
interrelated equipment (such as heat recovery systems,
co-generation, load-shedding, and automatic transfer switches).
Instructions shall be weatherproof, laminated in plastic, framed,
and posted where directed.

Component Manufacturer

Statement showing that each component manufacturer has a minimum
of 3 years experience in the manufacture, assembly and sale of
components used with stationary diesel-engine generator sets for
commercial and industrial use.

Manufacturer/Assembler

Statement showing that the engine-generator set
manufacturer/assembler has a minimum of 3 years experience in the
manufacture, assembly and sale of stationary diesel
engine-generator sets for commercial and industrial use.
Welder Qualification

A letter listing the welder qualifying procedures for each
welder, complete with supporting data such as test procedures
used, what was tested to, and a list of the names of all welders
and their gqualifications symbols.
Installation Procedures

A complete copy of the manufacturer's installation procedures.
A detailed description of the manufacturer's recommended break-in
procedure.

Listing of Product Installations
A list of five similar engine-generator set installations. Each

set used as a basis for the durability and reliability
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certification shall be identified in the list. The list shall
give the name of installations, completion dates, and name,
mailing address, and telephone number of a current point of
contact.

SD-06 Test Reports
Onsite Test; G

a. A letter giving notice of the proposed dates of all onsite
inspections and tests at least 14 days prior to beginning tests.

b. A detailed description of the Contractor's proposed
procedures for onsite tests including the test including the test
plan and a listing of equipment necessary to perform the tests.

c. Six copies of the onsite test data described below in 8-1/2
x 11 inch 3-ring binders with a separate section for each test.
Sections shall be separated by dividers with tabs. Data plots
shall be full size 8-1/2 x 11 inches minimum), showing all grid
lines, with full resolution.

(1) A description of the procedures for onsite tests.
(2) A list of equipment used, with calibration certifications.

(3) A copy of measurements taken, with required plots and
graphs.

(4) The date of testing.
(5) The parameters verified.
(6) The condition specified for the parameter.
(7) The test results, signed and dated.
(8) A description of all adjustments made.
SD-07 Certificates
Reliability and Durability

Documentation which cites engines and generators in similar
service to demonstrate compliance with the requirements of this
specification. Certification does not exclude annual technological
improvements made by a manufacturer in the basic standard model
set on which experience was obtained, provided parts
interchangeability has not been substantially affected and the
current standard model meets all the performance requirements of
this specification. For each different set, 2 like sets shall
have performed satisfactorily in a stationary power application,
independent and separate from the physical location of the
manufacturer's and assembler's facilities, for a minimum of 2
consecutive years without any failure to start, including periodic
exercise. The certification shall state that for the set proposed
to meet this specification, there were no failures resulting in
downtime for repairs in excess of 72 hours or any failure due to
overheating during 2 consecutive years of service. Like sets are
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of the same model, speed, bore, stroke, number and configuration
of cylinders, and output power rating. Like generators are of the
same model, speed, pitch, cooling, exciter, voltage regulator and
output power rating.

Emissions; G

A certification from the engine manufacturer stating that the
engine exhaust emissions meet federal, state, and local
regulations and restrictions specified.

Site Visit; G

A site visit letter stating the date the site was visited and
listing discrepancies found.

Flywheel Balance; G

Manufacturer's certification that the flywheel has been
statically and dynamically balanced and is capable of being
rotated at 125% of rated speed without vibration or damage.

Standards Compliance; G

A letter stating that where materials or equipment are specified
to comply with requirements of UL, or other standards, written
proof of such compliance has been obtained. The label or listing
of the specified agency, or a written certificate from an
approved, nationally recognized testing organization equipped to
perform such services, stating that the items have been tested and
conform to the requirements and testing methods of the specified
agency are acceptable as proof.

Factory Tests; G

A certification that each engine generator set passed the
factory tests and inspections and a list of the test and
inspections.
Functional Facilities

A letter certifying that all facilities are complete and
functional, that each system is fully functional, and that each
item of equipment is complete, free from damage, adjusted, and
ready for beneficial use.

Cooling System

Certification that the engine-generator set and cooling system
function properly in the ambient temperatures specified.

SD-10 Operation and Maintenance Data

Operation Manual; G
Maintenance Manual; G

Operation and maintenance manuals shall be prepared as stated in
the paragraph: OPERATION AND MAINTENANCE MANUALS
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1

1.

.5 STORAGE AND INSTALLATION

The Contractor shall properly protect material and equipment in accordance
with the manufacturers recommended storage procedures, before, during, and
after installation. Stored items shall be protected from the weather and

contamination. During installation, piping and similar openings shall be

capped to keep out dirt and other foreign matter.

.6 OPERATION AND MAINTENANCE MANUALS

The operation and maintenance manuals shall be submitted and approved prior
to commencing onsite tests.

.6.1 Operation Manual

Three copies of the operation manual in 8-1/2 x 11 inch three-ring binders
shall be provided. Sections shall be separated by heavy plastic dividers
with tabs which identify the material in the section. Drawings shall be
folded blue lines, with the title block visible, and placed in 8-1/2 x 11
inch plastic pockets with reinforced holes. The manual shall include:

a. Step-by-step procedures for system startup, operation, and
shutdown;

b. Drawings, diagrams, and single-line schematics to illustrate and
define the electrical, mechanical, and hydraulic systems with
their controls, alarms, and safety systems;

c. Procedures for interface and interaction with related systems to
include automatic transfer switches. The operation manual shall
be submitted and approved prior to commencing onsite tests.

.6.2 Maintenance Manual

Three copies of the maintenance manual containing the information described
below in 8-1/2 x 11 inch three-ring binders shall be provided. Each
section shall be separated by a heavy plastic divider with tabs. Drawings
shall be folded, with the title block visible, and placed in plastic
pockets with reinforced holes.

a. Procedures for each routine maintenance item.

a. Procedures for troubleshooting.

a. Factory-service, take-down overhaul, and repair service manuals,
with parts lists.

b. The manufacturer's recommended maintenance schedule.
c. A component list which includes the manufacturer's name, address,
type or style, model or serial number, rating, and catalog number

for the major components listed in paragraph: GENERAL REQUIREMENTS.

d. A list of spare parts for each piece of equipment and a complete
list of materials and supplies needed for operation.

7 SPECIAL TOOLS AND FILTERS

Two sets of special tools and two sets of filters required for maintenance
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shall be provided. Special tools are those that only the manufacturer
provides, for special purposes, or to reach otherwise inaccessible parts.
One handset shall be provided for each electronic governor when required to
indicate and/or change governor response settings. Two complete sets of
filters shall be supplied in a suitable storage box. these filters shall
be in addition to filters replaced after testing.

PART 2 PRODUCTS

2.1 MATERIALS AND EQUIPMENT
Materials and equipment shall be as specified.

2.1.1 Circuit Breakers, Low Voltage
NEMA AB 1, UL 489, and NEMA SG 3.

2.1.2 Filter Elements (Fuel-oil, Lubricating-oil, and Combustion-air)
Manufacturer's standard.

2.1.3 Instrument Transformers
ANST Cl2.11.

2.1.4 Pi-pe (Sleeves, Fuel/Lube-o0il, Compressed-Air, Coolant and Exhaust)

ASTM A 53, ASTM A 106 or ASTM A 135, steel pipe. Pipe smaller than 2 inches
shall be Schedule 80. Pipe 2 inches and larger shall be Schedule 40.

2.1.5 Pipe Flanges and Fittings

a. Pipe Flanges and Flanged Fittings: ASTM A 181/A 181M, Class 60,
or ASME B16.5, Grade 1, Class 150.

c. Threaded Fittings: ASME B16.3, Class 150.
d. Valves: MSS SP-80, Class 150.
e. Gaskets: Manufacturers Standard.

2.1.6 Thermometer for 0il or Water Service

Flush-mounted dial with range to suit the service encountered, standard
with the manufacturer.

2.1.7 Pipe Hangers

MSS SP-58 and MSS SP-69.
2.1.8 Electrical Enclosures
2.1.8.1 General

NEMA ICS 6.
2.1.9 Pressure Gauges

Manufacturer's Standard.
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2.1.10 Electric Motors

Electric motors shall conform to the requirements of NEMA MG 1. Motors
shall have sealed ball bearings, a maximum speed of 1800 rpm and integral
automatic or manual reset thermal overload protectors. Motors used indoors
shall have drip proof frames. AC motors larger than 1/2 Hp shall be of
the squirrel cage induction type for standard voltage of 460 volts, 60 Hz
three phase power. AC motors 1/2 Hp or smaller, shall be for standard
voltage 115 volts, 60 Hz.

2.1.11 Motor Controllers

Motor controllers and starters shall conform to the requirements of NFPA 70
and NEMA ICS 2.

2.2 ENGINE

Each engine shall operate on No. 2-D diesel conforming to ASTM D 975, shall
be designed for stationary applications and shall be complete with
ancilliaries. The engine shall be a standard production model described in
the manufacturer's catalog. The engine shall be naturally aspirated,
scavenged, supercharged or turbocharged. The engine shall be two- or
four-stroke-cycle and compression-ignition type. The engine shall be
vertical inline, V-, or opposed-piston type, with a solid cast block or
individually cast cylinders. The engine shall have a minimum of two
cylinders. Opposed-piston type engines shall have no less than four
cylinders. Each block shall have a coolant drain port. Each engine shall
be equipped with an overspeed sensor.

2.3 FUEL SYSTEM

The fuel system for each engine generator set shall conform to the
requirements of NFPA 30 and NFPA 37 and contain the following elements.

2.3.1 Pumps

2.3.1.1 Main Pump
Each engine shall be provided with an engine driven pump. The pump shall
supply fuel at a minimum rate of 200 percent of the expected fuel
consumption at 110 percent of full rated output capacity.

2.3.1.2 Auxiliary Fuel Pump
Auxiliary fuel pumps shall be provided to maintain the required engine fuel
pressure in the main fuel header on the engine. The auxiliary pump shall
be driven by a dc electric motor powered by the starting batteries. The
auxiliary pump shall be automatically actuated by a pressure detecting
device.

2.3.2 Filter
A minimum of one full flow fuel filter shall be provided for each engine.
The filter shall be readily accessible and capable of being changed without
disconnecting the piping or disturbing other components. The filter shall

have inlet and outlet connections plainly marked.

2.3.3 Relief/Bypass Valve
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A relief/bypass valve shall be provided to regulate pressure in the fuel
supply line, return excess fuel to a return line, and prevent the build-up
of excessive pressure in the fuel system.

2.3.4 Day Tank

Each engine shall be provided with a separate self-supporting day tank.
Each day tank shall be provided with connections for fuel supply line, fuel
return line, fuel overflow line, local fuel fill port, gauge, vent line,
drain line, and float switch assembly for control. A fuel return line
cooler shall be provided as recommended by the manufacturer and assembler.
The temperature of the fuel returning to the day tank shall be below the
flash point of the fuel. A temperature sensing device shall be installed
in the fuel supply line. Each engine-generator set provided with
weatherproof enclosures shall have its day tank mounted within the
enclosure. The fuel fill line shall be accessible without opening the
enclosure.

2.3.4.1 Capacity, Standby

Each day tank shall have capacity to supply fuel to the engine for an
uninterrupted 24-hour period at 100% rated load without being refilled,
plus any fuel which may be returned to the main fuel storage tank. The
calculation of the capacity of each day tank shall incorporate the
requirement to stop the supply of fuel into the day tank at 90% of the
ultimate volume of the tank.

2.3.4.2 Drain Line
Each day tank drain line shall be accessible and equipped with a shutoff
valve. Self supporting day tanks shall be arranged to allow drainage into
a 12 inch tall bucket.

2.3.4.3 Local Fuel Fill

Each local fuel fill port on the day tank shall be provided with a screw-on
cap.

2.3.4.4 Fuel Level Controls

a. Each day tank shall have a float-switch-assembly to perform the
following functions:

(1) Start the supply of fuel into the day tank when the fuel
level is at the "Low" level mark, 75% of the rated tank capacity.

(2) Stop the supply of fuel into the day tank when the fuel level
is at 90% of the rated tank capacity.

(3) Activate the "Overfill Fuel Level" alarm at 95% of the rated
tank volume.

(4) Activate the "Low Fuel Level" alarm at 70% of the rated tank
Capacity.

(5) Activate the automatic fuel supply shut-off valve located on

the £fill line of the day tank and shut down the fuel pump which
supplies fuel to the day tank at 95% of the rated tank volume.
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The flow of fuel shall be stopped before any fuel can be forced
into the fuel overflow line.

2.3.4.5 Arrangement

Integral day tanks may allow gravity flow into the engine. Gravity flow
tanks shall be provided with an internal or external valve located as near
as possible to the shell of the tank. The valve shall close when the
engine is not operating. Integral day tanks shall be provided with any
necessary pumps to supply fuel to the engine as recommended by the
generator set manufacturer. The overflow connection and the fuel supply
line for integral day tanks which do not rely upon gravity flow shall be
arranged so that the highest possible fuel level is below the fuel
injectors. Each self-supporting day tank shall either be arranged so that
the fuel level in the day tank remains above the suction port of the engine
driven fuel pump or be provided with a transfer pump to provide fuel to the
engine driven pump. The overflow connection and fuel supply line shall be
arranged so that the highest possible fuel level is below the fuel
injectors. The fuel supply line from the day tank to the manufacturer's
standard engine connection shall be welded pipe.

2.4 LUBRICATION

Each engine shall have a separate lube-o0il system conforming to NFPA 30 and
NFPA 37. Each system shall be pressurized by engine-driven oil pumps.

Each system shall be furnished with a relief valve for oil pressure
regulation and a dip-stick for oil level indications. The crankcase shall
be vented in accordance with the manufacturer's recommendation except that
it shall not be vented to the engine exhaust system. Crankcase breathers,
if provided on engines installed in buildings or enclosures, shall be piped
to vent to the outside. The system shall be readily accessible for service
such as draining, refilling, etc. Each system shall permit addition of oil
and have oil-level indication with the set operating. The system shall
utilize an oil cooler as recommended by the engine manufacturer.

2.4.1 Filter

One full-flow filter shall be provided for each pump. The filter shall be
readily accessible and capable of being changed without disconnecting the
piping or disturbing other components. The filter shall have inlet and
outlet connections plainly marked.

2.4.2 Lube-0il Sensors

Each engine shall be equipped with lube-o0il temperature and pressure
sensors. Temperature sensors shall provide signals for pre-high and high
lube o0il indication and alarms. Pressure sensors shall be located
downstream of the filters and provide signals for required indication and
alarms.

2.5 COOLING

Each engine cooling system shall operate automatically while the engine is
running. Each cooling system shall be sized for the maximum summer indoor
design temperature and site elevation. Water-cooled system coolant shall
use a combination of water and ethylene-glycol sufficient for freeze
protection at the minimum winter outdoor temperature specified. The
maximum temperature rise of the coolant across the engine shall be no more
than that recommended and submitted in accordance with paragraph:
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2

SUBMITTALS.

.5.1 Coolant Pumps

Coolant pumps shall be the centrifugal type. Each engine shall have an
engine-driven primary pump. Secondary pumps shall be electric motor driven
and have automatic controllers.

.5.2 Heat Exchanger

Each heat exchanger shall be of a size and capacity to limit the maximum
allowable temperature rise in the coolant across the engine to that
recommended and submitted in accordance with paragraph: SUBMITTALS for the
maximum summer outdoor design temperature and site elevation. Each heat
exchanger shall be corrosion resistant, suitable for service in ambient
conditions of application.

.5.2.1 Fin-Tube-Type Heat Exchanger (Radiator)

Heat exchanger may be factory coated with corrosive resistant film
providing that corrosion measures are taken to restore the heat rejection
capability of the radiator to the initial design requirement via
oversizing, or other compensating methods. Internal surfaces shall be
compatible with liquid fluid coolant used. Materials and coolant are
subject to approval by the Contracting Officer. Heat exchangers shall be
pressure type incorporating a pressure valve, vacuum valve and a cap. Caps
shall be designed for pressure relief prior to removal. Each heat
exchanger and the entire cooling system shall be capable of withstanding a
minimum pressure of 7 psi. Each heat exchanger shall be protected with a
strong grille or screen guard. Each heat exchanger shall have at least two
tapped holes. One tapped hole in the heat exchanger shall be equipped with
a drain cock, the rest shall be plugged.

.5.3 Ductwork

Ductwork shall be as specified in Section 16375 except that a flexible
connection shall be used to connect the duct to the diesel engine radiator.
Material for the connection shall be wire-reinforced glass. The
connection shall be rendered practically airtight.

.5.4 Temperature Sensors

Each engine shall be equipped with coolant temperature sensors.
Temperature sensors shall provide signals for pre-high and high indication
and alarms.

.6 SOUND LIMITATIONS

The limits listed are applicable only as referenced in this specification.
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Frequency Band Maximum Acceptable
(Hz) Sound Level
(Decibels)
Industrial
20-75 87
75-150 77
150-300 70
300-600 64
600-1,200 61l
1,200-2,400 60
2,400-4,800 60
4,800-10 kHz 62

2.7 ATR INTAKE EQUIPMENT

Filters and silencers shall be provided in locations that are convenient
for servicing. The silencer shall be of the high-frequency filter type,
located in the air intake system as recommended by the engine manufacturer.

Silencer shall be capable of reducing the noise level at the air intake to
a point below the maximum acceptable levels specified in paragraph: SOUND
LIMITATIONS. A combined filter-silencer unit meeting requirements for the
separate filter and silencer items may be provided. Expansion elements in
ailr-intake lines shall be rubber.

2.8 EXHAUST SYSTEM

The system shall be separate and complete for each engine. Piping shall be
supported so as to minimize vibration. Where a V-type engine is provided,
a V-type connector with necessary flexible sections and hardware shall
connect the engine exhaust outlets.

2.8.1 Flexible Sections and Expansion Joints

A flexible section at each engine and an expansion joint at each muffler
shall be provided. Flexible sections and expansion joints shall have
flanged connections. Flexible sections shall be made of convoluted
seamless tube without joints or packing. Expansion joints shall be the
bellows type. Expansion and flexible elements shall be stainless steel
suitable for diesel-engine exhaust gas at 1000 degrees F. Expansion and
flexible elements shall be capable of absorbing vibration from the engine
and compensation for thermal expansion and contraction.

2.8.2 Exhaust Muffler

A chamber type exhaust muffler shall be provided. The muffler shall be
constructed of welded steel and designed for inside horizontal mounting.
Eyebolts, lugs, flanges, or other items shall be provided as necessary for
support in the location and position indicated. Pressure drop through the
muffler shall not exceed the recommendations of the engine manufacturer.
Outside mufflers shall be zinc coated or painted with high temperature 400
degrees F resisting paint. The muffler and exhaust piping together shall
reduce the noise level to less than the maximum acceptable level listed for
sound limitations in paragraph: SOUND LIMITATIONS, at a distance of 75 feet
from the end of the exhaust piping directly along the path of discharge
for horizontal discharged exhausts; or at a radius of 75 feet from the
muffler/discharge piping, at 45 degrees apart in all directions, for
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vertically discharged exhausts, with the engine-generator set operating at
100 percent of the rated output capacity. The muffler shall have a drain
valve, nipple, and cap at the low-point of the muffler.

2.8.3 Exhaust Piping

Horizontal sections of exhaust piping shall be sloped downward away from
the engine to a condensate trap and drain valve. Changes in direction
shall be long-radius. Exhaust piping, mufflers and silencers installed
inside any building shall be insulated in accordance with paragraph:
THERMAL INSULATION and covered to protect personnel. Vertical exhaust
piping shall be provided with a hinged, gravity operated, self-closing,
rain cover.

2.9 EMISSIONS

The finished installation shall comply with Federal, state, and local
regulations and restrictions regarding the limits of emissions.

2.10 STARTING SYSTEM
2.10.1 Controls

An engine start-stop switch shall be provided with functions including:
manual-automatic-run/start, manual-start/run, manual stop, off/reset.
Start-stop logic shall be provided for adjustable cycle cranking and cool
down operation. The logic shall be arranged for manual starting and fully
automatic starting in accordance with paragraph: AUTOMATIC ENGINE-GENERATOR
SET SYSTEM OPERATION. Electrical starting systems shall be provided with
an adjustable cranking limit device to limit cranking periods from 8 second
up to the maximum duration.

2.10.2 Capacity

The starting system shall be of sufficient capacity, at the maximum indoor
summer temperature specified to crank the engine without damage or
overheating. The system shall be capable of providing a minimum of three
cranking periods with 8-second intervals between cranks. Each cranking
period shall have a maximum duration of 8 seconds.

2.10.3 Functional Requirements

An electrical starting system shall be provided to operate on a 24 volt dc
system utilizing a negative circuit ground. Starting motors shall be in
accordance with SAE ARP 892.

2.10.4 Battery

A starting battery system shall be provided and shall include the battery,
battery rack, intercell connectors, and spacers. The battery shall be in
accordance with SAE J 537. Critical system components (rack, protection,
etc.) shall be sized to withstand the seismic acceleration forces of the
zonespecified. The battery shall be nickel-cadmium type, with sufficient
capacity, at the minimum indoor winter temperature specified to provide the
specified cranking periods.

2.10.5 Battery Charger

A current-limiting battery charger, conforming to UL 1236, shall be
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provided and shall automatically recharge the batteries. The charger shall
be capable of an equalize charging rate for recharging fully depleted
batteries within 24 hours and a float charge rate for maintaining the
batteries in prime starting condition. An ammeter shall be provided to
indicate charging rate. A timer shall be provided for the equalize
charging rate setting.

2.10.6 Starting Aids
2.10.6.1 Jacket-Coolant Heaters

A thermostatically controlled electric heater shall be mounted in the
engine coolant jacketing to automatically maintain the coolant within plus
or minus 3 degrees of the control temperature. The heater shall operate
independently of engine operation so that starting times are minimized.
The control temperature shall be the temperature recommended by the engine
manufacturer to meet the starting time specified.

2.11 GOVERNOR
2.11.1 Isochronous Governors

Isochronous governors shall maintain the midpoint of the frequency
bandwidth at the same value for steady-state loads over the range of zero
to 100 percent of rated output capacity.

2.11.2 Droop Governors

Droop governors shall maintain the midpoint of the frequency bandwidth
linearly for steady-state loads over the range of zero to 100 percent of
rated output capacity, with 3 percent droop.

2.12 GENERATOR

Each generator shall be of the synchronous type, one or two bearing,
conforming to NEMA MG 1, equipped with winding terminal housings in
accordance with NEMA MG 1, equipped with an amortisseur winding, and
directly connected to the engine. Insulation shall be Class H. Generator
design shall protect against mechanical, electrical and thermal damage due
to vibration, 25 percent overspeeds, or voltages and temperatures at a
rated output capacity of 100 percent. Generator ancillary equipment shall
meet the short circuit requirements of NEMA MG 1. Frames shall be the
drip-proof type. A generator field discharge resistor shall be provided if
required by the generator manufacturer.

2.12.1 Current Balance

At 100 percent rated load, and load impedance equal for each of the three
phases, the permissible current difference between any two phases shall not
exceed 2 percent of the largest current on either of the two phases.

2.12.2 Voltage Balance

At any balanced load between 75 and 100 percent of rated load, the
difference in line-to-neutral voltage among the three phases shall not
exceed 1 percent of the average line-to-neutral voltage. For a
single-phase load condition, consisting of 25 percent load at unity power
factor placed between any phase and neutral with no load on the other two
phases, the maximum simultaneous difference in line-to-neutral voltage
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between the phases shall not exceed 3 percent of rated line to neutral
voltage. The single-phase load requirement shall be valid utilizing normal
exciter and regulator control. The interpretation of the 25 percent load
for single phase load conditions means 25 percent of rated current at rated
phase voltage and unity power factor.

2.12.3 Waveform

The deviation factor of the line-to-line voltage at zero load and at
balanced full rated load at 0.8 power factor shall not exceed 10%. The RMS
of all harmonics shall be less than 5.0% and that of any one harmonic less
than 3.0% at full rated load.

2.13 EXCITER

The generator exciter shall be of the brushless type. Semiconductor
rectifiers shall have a minimum safety factor of 300% for peak inverse
voltage and forward current ratings for all operating conditions, including
110% generator output at 104 degrees F ambient. The exciter and regulator
in combination shall maintain generator-output voltage within the limits
specified. The exciter shall maintain output current at the level and
duration required to trip the generator breaker (IEEE Device 52) under
fault conditions.

2.14 VOLTAGE REGULATOR

Each generator shall be provided with a solid-state voltage regulator,
separate from the exciter. Regulator shall be configured for safe manual
adjustment of the engine generator voltage output without special tools,
during operation from 90 to 110% of the rated voltage. Regulation drift
shall not exceed plus or minus 0.5% for an ambient temperature change of
36 degrees F.

2.14.1 Steady State Performance

The voltage regulator shall have a maximum droop of 3% of rated voltage
over a load range from 0 to 100% of rated output capacity and automatically
maintain the generator output voltage within the specified operational
bandwidth.

2.14.2 Regulator Bandwidth

Regulators shall have an operational bandwidth of plus or minus 1 percent
of rated voltage.

2.15 GENERATOR PROTECTION

Short circuit and overload protection for the generator shall be provided.
The generator circuit breaker (IEEE Device 52) ratings shall be consistent
with the generator rated voltage and frequency, with continuous, short
circuit and interrupting current ratings to match the generator capacity.
The manufacturer shall determine the short circuit current interrupting
rating of the breaker. The breaker shall be engine generator base mounted
by the engine-generator set manufacturer. Molded case breakers shall be
provided with shunt trip. Surge protection shall be provided for each
phase of the generator, to be mounted at the generator terminals.

2.15.1 Devices
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Switches, circuit breakers, switchgear, fuses, relays, and other protective
devices shall be as specified in Section 16475 COORDINATED POWER SYSTEM
PROTECTION.

2.16 SAFETY SYSTEM

Devices, wiring, remote panels, local panels, etc., shall be provided and
installed as a complete system to automatically activate the appropriate
signals and initiate the appropriate actions. The safety system shall be
provided with a self-test method to verify its operability. Alarm signals
shall have manual acknowledgement and reset devices. The alarm signal
systems shall reactivate for new signals after acknowledgment is given to
any signal. The systems shall be configured so that loss of any monitoring
device shall be dealt with as an alarm on that system element.

2.17 PANELS

Each panel shall be of the type necessary to provide specified functions.
Panels shall be mounted on the engine generator set base by vibration/shock
absorbing type mountings as shown. Instruments shall be mounted flush or
semiflush. Convenient access to the back of instruments shall be provided
to facilitate maintenance. Instruments shall be calibrated using
recognized industry calibration standards. Each panel shall be provided
with a panel identification plate which clearly identifies the panel
function as indicated. Each instrument and device on the panel shall be
provided with a plate which clearly identifies the device and its function
as indicated. Panels except the remote alarm panel can be combined into a
single panel.

2.17.1 Enclosures

Enclosures shall be designed for the application and environment,
conforming to NEMA ICS 6, and provided with locking mechanisms which are
keyed alike.

2.17.2 Analog

Analog electrical indicating instruments shall be true RMS indicatingin
accordance with ANSI C39.1 with semiflush mounting. Switchgear, and
control-room panel-mounted instruments shall have 250 degree scales with an
accuracy of not less than 1 percent. Unit-mounted instruments shall be the
manufacturer's standard with an accuracy of not less than 2 percent. The
instrument's operating temperature range shall be minus 20 to plus 65
degrees C. Distorted generator output voltage waveform of a crest factor
less than 5 shall not affect metering accuracy for phase voltages, hertz
and amps.

2.17.3 Electronic

Electronic indicating instruments shall be true RMS indicating, 100 percent
solid state, microprocessor controlled to provide all specified functions.
Control, logic, and function devices shall be compatible as a system,
sealed, dust and water tight, and shall utilize modular components with
metal housings and digital instrumentation. An interface module shall be
provided to decode serial link data from the electronic panel and translate
alarm, fault and status conditions to set of relay contacts. Instrument
accuracy shall be not less than 2 percent for unit mounted devices and 1
percent for control room, panel mounted devices, throughout a temperature
range of minus 20 to plus 65 degrees C. Data display shall utilize LED or
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back 1lit LCD. Additionally, the display shall provide indication of cycle
programming and diagnostic codes for troubleshooting. Numeral height shall
be 1/2 inch.

2.17.4 Parameter Display

Indication or readouts of the lubricating-oil pressure, ac voltmeter, ac
ammeter, frequency meter, and coolant temperature.

2.17.5 Alarm Panel

The panel shall contain the following functions:

Function/Device Alarm/Action

Red emergency stop (pushbutton or switch) Shutdown
Day tank overfill limit indication Problem
(95 percent volume) (shutdown of pump

supplying day tank)

Engine overspeed indication Shutdown
(110 percent of rated speed)

High-lube-o0il temperature indication Shutdown
(temperature as submitted)

Low-lube-o0il pressure indication Shutdown
(pressure as submitted)

High coolant temperature indication Shutdown
(temperature as submitted)

Pre-low lube-oil pressure indication Problem
(110 percent of low lube o0il pressure)

Pre-high coolant temperature indication Problem
( 10 degrees F
lower than coolant outlet shutdown temperature)

Pre-high lube-o0il temperature indication Problem
( 10 degrees F

before shutdown)

Day tank low fuel limit indication Problem
(70 percent volume remaining)

Failure to start within specified time indication Problem
2.17.5.1 Audible Alarm
The audible alarm signal shall sound at a frequency of 70 Hz at a volume of
75 dB at 10 feet. The sound shall be continuously activated upon alarm and
silenced upon acknowledgement. Audible alarm devices shall be located as

shown.

2.17.5.2 Visual Signal
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The visual alarm signal shall be a panel light. The light shall be off in
non-alarm status, flashing in alarm status, and change to continuously 1lit
upon acknowledgment. For automatic shutdown, panel lights shall maintain
alarm condition status to indicate the cause of failure. Visual signals
shall not reset until the cause of the alarm has been cleared and/or
restored to normal condition. Shutdown alarms shall be red, other alarms
shall be amber.

2.17.5.3 Alarms and Action Logic

a. Shutdown: Simultaneous activation of the audible signal,
activation of the visual signals, stopping the engine, and opening
the generator circuit breakers shall be accomplished.
b. Problem: Activation of the visual signal shall be accomplished.

2.17.5.4 Time-Delay on Alarms
For startup of the engine-generator set, time-delay devices shall be
installed to bypass the low-lubricating oil pressure alarm, and the coolant
fluid outlet temperature alarm during cranking. The lube-o0il time-delay
device shall return its alarm to normal status after the engine starts.
The coolant time-delay device shall return its alarm normal status 5
minutes after the engine starts.

2.17.6 Remote Alarm Panel
A remote alarm panel shall be 100 percent redundant to the Alarm Panel.

2.17.7 Engine Panel

The panel shall be as specified in paragraph: PANELS and shall contain the
following items:

a. Engine temperature display (coolant or cylinder).
b. Lubricating-oil pressure indicator.

c. Lubricating-oil temperature display.

d. Run time meter.

e. Engine manual-start/run, manual-stop, manual—automatic—start/stop,
off/reset switches.

f. Start attempt light indicator.
2.17.8 Generator Panel
The panel shall contain the following items:

a. Voltmeter, ac, 3-phase, with 4-position selector switch for the
generator output.

b. Ammeter, ac, 3-phase, with 4-position selector switch.

c. Frequency meter, with a range of 90 to 110 percent of rated
frequency. Vibrating-reed type meters shall not be used.
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d. Voltage regulator control.
e. Wattmeter.
2.17.9 Exerciser

A programmable timing device or sequential controller shall be provided to
start, operate, and automatically stop the engine generator set to permit
periodic operation for a preset period of time at preset intervals.
Running periods shall be adjustable from 1 to 60 minutes, including the
engine cool down period, and factory set at 5 minutes. The design of the
system exerciser shall include the following provisions:

a. Manual activation switch.

b. Manual reset switch. Reset switch shall terminate the run period
and activate control logic to return system loads to the normal or
preferred source, and to shut down the engine generator set after
the cool down period.

c. Coordination with the automatic transfer switch controls and logic
so that the system loads are returned to the normal or preferred
source upon manual reset, and upon loss of engine generator set
output voltage, if the normal or preferred source is available.

2.18 SURGE PROTECTION

Electrical and electronic components shall be protected from, or designed
to withstand the effects of surges from switching and lightning.

2.19 AUTOMATIC ENGINE-GENERATOR-SET SYSTEM OPERATION
Fully automatic operation shall be provided for the following operations:
engine-generator set starting and source transfer upon loss of normal
source; retransfer upon restoration of the normal source; sequential
starting; and stopping of each engine-generator set after cool down.
Devices shall automatically reset after termination of their function.

2.19.1 Automatic Transfer Switch

Automatic transfer switches shall be in accordance with Section 16410
AUTOMATIC TRANSFER AND BY-PASS/ISOLATION SWITCHES.

2.19.2 Monitoring and Transfer
Devices shall be provided to monitor voltage and frequency for the normal
power source and each engine generator set, and control transfer from the
normal source and retransfer upon restoration of the normal source.
Functions, actuation, and time delays shall be as described in Section 16410
AUTOMATIC TRANSFER AND BY-PASS/ISOLATION SWITCHES.

2.20 MANUAL ENGINE-GENERATOR SET SYSTEM OPERATION

Complete facilities shall be provided for manual starting and testing of
each set without load, loading and unloading of each set.

2.21 BASE

The base shall be constructed of steel. The base shall be designed to
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rigidly support the engine-generator set, ensure permanent alignment of all
rotating parts, be arranged to provide easy access to allow changing of
lube-o0il, and ensure that alignment will be maintained during shipping and
normal operation. The base shall permit skidding in any direction during
installation and shall be provided with suitable holes for foundation
bolts. The base shall also withstand and mitigate the effects of
synchronous vibration of the engine and generator, and shall be provided
with suitable holes for anchor bolts 5/8 inch diameter holes for anchor
bolts and jacking screws for leveling.

2.22 THERMAL INSULATION

Thermal insulation shall be as specified in Section 15080 THERMAL
INSULATION FOR MECHANICAL SYSTEMS.

2.23 PAINTING AND FINISHING

The engine-generator set shall be cleaned, primed and painted in accordance
with the manufacturer's standard color and practice.

2.24 FACTORY INSPECTION AND TESTS

Factory inspection and tests shall be performed on each engine-generator
set proposed to meet this specification section. Inspections shall be
completed and necessary repairs made prior to testing. Inspectors shall
look for leaks, looseness, defects in components, and proper assembly.

2.24.1 Factory Tests

The following tests shall be performed on each engine-generator set (except
where the component manufacturer's production tests are noted as
acceptable) . The load power factor for the tests shall be 0.80 power
factor. Manufacturer's standard test instruments may be used as approved
by the Contracting Officer. 1In the following tests where measurements are
to be recorded after stabilization of an engine-generator set parameter
(voltage, frequency, current, temperature, etc.), stabilization is
considered to have occurred when measurements are maintained within the
specified bandwidths or tolerances, for a minimum of four consecutive
readings.

a. Start-and-Stop Test. Record: the starting time; engine
manufacturer's after-starting checks and inspections; readings of
gauges and instruments; and the time to stop after activation of
the manual emergency stop switch. The set shall operate for 5
minutes at rated voltage and frequency and no load prior to
activation of the manual emergency stop switch.

b. The engine generator-set shall be operated: at 50 percent of
Service Load for at least 15 minutes; 75 percent of Service Load
for at least 15 minutes; 100 percent of Service Load for at least
30 minutes. Readings of gauges and instruments shall be checked
after each load change.

c. Insulation Resistance for Stator and Exciter (Generator
manufacturers production line test is acceptable). Performance
criteria: NEMA MG 1, 22.51; using a method listed in IEEE Std 43;
minimum resistance of 1 megohm, plus 1 megohm per 1000 volts of
rated voltage for armature and field.
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d. Generator manufacturer's production line test is acceptable.

e. Overspeed Protective Device Test. The engine overspeed protective
device and alarm shall be tested by adjustment of the governor to
increase engine speed past the overspeed limit. The RPM at which
the engine shuts down shall be recorded.

f. Voltage Regulator Range Test. Perform and record engine
manufacturer's recommended prestarting checks and inspections.
Start the engine, make and record engine manufacturer's
after-starting checks and inspections during a reasonable warm-up
period. For the following steps, record the output line-line and
line-neutral voltages and frequency after performing each step
instruction (after stabilization of voltage and frequency) .

(1) Apply load in steps no larger than the Maximum Step Load
Increase to load the engine-generator set to 100 percent of
Service Load. Adjust voltage and frequency to rated voltage and
frequency. No further adjustments to any set control for the
remainder of this test except the control panel voltage adjust
device.

(2) Remove load.

(3) While operating at 0 percent of Service Load, adjust the
voltage regulator to 110 percent of rated voltage.

(4) Increase load from 0 to 100 percent of Service Load.

(5) Decrease load from 100 percent to 0 percent of Service Load.
(6) While operating at 0 percent of Service Load, adjust the
voltage regulator to the maximum attainable voltage or to a value
prior to actuation of the over-voltage protective device.

(7) Increase load from 0 to 100 percent of Service Load.

(8) Decrease load from 100 to 0 percent of Service Load.

(9) While operating at 0 percent of Service Load, adjust the
voltage regulator to 90 percent of rated voltage.

(10) Increase load from 0 to 100 percent of Service Load.

(11) Adjust the voltage regulator to the minimum attainable value
or the wvalue just prior to activation of the undervoltage
protection device.

(12) Decrease the load to 0 percent of Service Load.

(13) With the data recorded while the voltage regulator setpoint

was at 110 percent rated voltage, calculate the percent voltage
droop with the following equation.

(No-Load Volts) - (Service-Load volts)
Voltage Droop % = --------------- - oo oo x 100
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(Service-Load Volts)

(14) Repeat the above calculation for the data recorded for the
voltage regulator setpoint of 90 percent rated voltage, and for
the maximum and minimum attainable voltage levels.

g. Governor Adjustment Range Test. Perform and record engine
manufacturer's recommended prestarting checks and inspections.
Start the engine, make and record engine manufacturer's
after-starting checks and inspections during a reasonable warm-up
period. For the following steps, record the output line-line and
line-neutral voltages and frequency after performing each step
instruction (after stabilization of voltage and frequency) .
Operate for approximately 2 minutes at each step.

(1) Make initial adjustments to the load, voltage and frequency
to obtain rated values. No further adjustments may be made to any
set control for the remainder of this test except the control
panel frequency adjust device.

(2) While operating at rated voltage and 0 percent of Service
Load, adjust the governor to 90 percent of rated frequency or just
above the underfrequency trip setpoint.

(3) Increase load to 100 percent of Service Load in steps equal
to the maximum step load increase.

(4) Decrease load from 100 to 0 percent of Service Load. Adjust
the governor control to just below the engine overspeed trip
setpoint.

(5) Apply 100 percent of Service Load in steps equal to the
maximum step load increase and operate for approximately 2 minutes
at each step.

(6) With the data recorded while the governor setpoint was at 90

percent rated frequency, calculate the percent frequency
regulation with the following equation.

(No-Load Hertz) - (Service Load Hertz)
Frequency Droop % = --------------- - - oo oo — oo — oo x 100

(Service-Load Hertz)

(7) Repeat the above calculation using the data recorded with the
governor control at just below the engine overspeed trip setpoint.

PART 3 EXECUTION

3

.1 GENERAL

Installation shall provide clear space for operation and maintenance in
accordance with NFPA 70 and IEEE C2. Installation of pipe, duct, conduit,
and ancillary equipment shall be configured to facilitate easy removal and
replacement of major components and parts of the engine-generator set.
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3

.2 PIPING INSTALLATION

2.1 General

Piping shall be welded. Connections at valves shall be flanged.
Connections at equipment shall be flanged except that connections to the
diesel engine may be threaded if the diesel-engine manufacturer's standard
connection is threaded. Except as otherwise specified, flanged fittings
shall be utilized to allow for complete dismantling and removal of each
piping system from the facility without disconnecting or removing any
portion of any other system's equipment or piping. Connections to all
equipment shall be made with flexible connectors. Pipes extending through
the roof shall be properly flashed. Piping shall be installed clear of
windows, doors, and openings to permit thermal expansion and contraction
without damage to joints or hangers, and with a 1/2 inch drain valve at
each low point.

2.2 Supports

Hangers, inserts, and supports shall be of sufficient size to accommodate
any insulation and shall conform to MSS SP-58 and MSS SP-69. Supports
shall be spaced not more than 7 feet on center for pipes 2 inches in
diameter or less, not more than 12 feet on center for pipes larger than 2
inches but no larger than 4 inches, and not more than 17 feet on center
for pipes larger than 4 inches in diameter. Supports shall be provided at
pipe bends or change of direction.

.2.2.1 Ceiling and Roof

Exhaust piping shall be supported with appropriately sized type 41 single
pipe roll and threaded rods; all other piping shall be supported with
appropriately sized type 1 clevis and threaded rods.

.2.2.2 Wall

Wall supports for pipe shall be made by suspending the pipe from
appropriately sized type 33 brackets with the appropriate ceiling and roof
pipe supports.

.2.3 Flanged Joints

Flanges shall be 125 pound type, drilled, and of the proper size and
configuration to match equipment and diesel-engine connections. Gaskets
shall be factory cut in one piece 1/16 inch thick.

.2.4 Cleaning

After fabrication and before assembly, piping interiors shall be manually
wiped clean of all debris.

.2.5 Pipe Sleeves

Pipes passing through construction such as ceilings, floors, or walls shall
be fitted with sleeves. Each sleeve shall extend through and be securely
fastened in its respective structure and shall be cut flush with each
surface. The structure shall be built tightly to the sleeve. The inside
diameter of each sleeve shall be 1/2 inch, and where pipes pass through
combustible materials, 1 inch larger than the outside diameter of the
passing pipe or pipe covering.
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.3 ELECTRICAL INSTALLATION

Electrical installation shall comply with NFPA 70, IEEE C2, and Section
16415 ELECTRICAL WORK, INTERIOR.

.3.1 Vibration Isolation

Flexible fittings shall be provided for all conduit, cable trays, and
raceways attached to engine-generator sets.

.4 ONSITE INSPECTION AND TESTS

4.1 Test Conditions

.4.1.1 Data

Measurements shall be made and recorded of parameters necessary to verify
that each set meets specified parameters. If the results of any test step
are not satisfactory, adjustments or replacements shall be made and the
step repeated until satisfactory results are obtained. Unless otherwise
indicated, data shall be taken during engine-generator set operation and
recorded in 15 minute intervals and shall include: readings of
engine-generator set meters and gauges for electrical and power parameters;
0oil pressure; ambient temperature; and engine temperatures available from
meters and gauges supplied as permanent equipment on the engine-generator
set. In the following tests where measurements are to be recorded after
stabilization of an engine-generator set parameter (voltage, frequency,
current, temperature, etc.), stabilization is considered to have occurred
when measurements are maintained within the specified bandwidths or
tolerances, for a minimum of four consecutive readings.

.4.1.2 Contractor Supplied Items

The Contractor shall provide all equipment and supplies required for
inspections and tests including fuel, test instruments, and loadbanks at
the specified power factors.

.4.1.3 Instruments

Readings of panel gauges, meters, displays, and instruments, provided under
this specification shall be verified during test runs by test instruments
of precision and accuracy greater than the tested items. Test instrument
accuracy shall be at least as follows: current, 1.5%; voltage, 1.5%; real
power, 1.5%; reactive power, 1.5%; power factor, 3%; frequency, 0.5%. Test
instruments shall be calibrated by a recognized standards laboratory within
30 days prior to testing.

.4.1.4 Sequence

The sequence of testing shall be as specified in the approved testing plan
unless variance in authorized by the Contracting Officer. Field testing
shall be performed in the presence of the Contracting Officer. Tests may
be scheduled and sequenced in order to optimize run-time periods; however
the following general order of testing shall be followed: Construction
Tests; Inspections; Safety run Tests; and Performance Tests.

4.2 Construction Tests
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Individual component and equipment functional tests for fuel piping,
coolant piping, and lubricating-oil piping, electrical circuit continuity,
insulation resistance, circuit protective devices, and equipment not
provided by the engine-generator set manufacturer shall be performed prior
to connection to the engine-generator set.

3.4.2.1 Piping Test

a. Lube-o0il and fuel-oil piping shall be flushed with the same type
of fluid intended to flow through the piping, until the outflowing
fluid has no obvious sediment or emulsion.

b. Piping which is external to the engine generator set shall be
pressure tested with air pressure at 150% of the maximum
anticipated working pressure, but in no case less than 150 psig,
for a period of 2 hours to prove the piping has no leaks. If
piping is to be insulated, the test shall be performed before the
insulation is applied.

3.4.2.2 Electrical Equipment Tests

a. Insulation integrity tests shall be performed for cables
connecting the generator breaker to the automatic transfer switch
in accordance with Section 16375, ELECTRICAL DISTRIBUTION SYSTEM,
UNDERGROUND.

b. Ground-Resistance Tests shall be performed in accordance with
Section 16375, ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND.

d. Circuit breakers shall be examined and tested in accordance with
manufacturer's published instructions for functional testing.

3.4.3 Inspections

The following inspections shall be performed jointly by the Contracting
Officer and the Contractor, after complete installation of each
engine-generator set and its associated equipment, and prior to startup of
the engine-generator set. Checks applicable to the installation shall be
performed. The results of those which are physical inspections (I) shall
be documented by the Contractor and submitted in accordance with paragraph:
SUBMITTALS. The Contractor shall present manufacturer's data for the
inspections designated (D) at the time of inspection. Inspections shall
verify that equipment type, features, accessibility, installation and
condition are in accordance with the contract specification.
Manufacturer's statements shall certify provision of features which cannot
be verified visually.

Drive belts. (I)

Governor type and features. (I)
Engine timing mark. (I)
Starting motor. (I)

Starting aids. (I)

Coolant type and concentration. (D)
Radiator drains. (I)

Block coolant drains. (I)

9. Coolant fill level. (I)

10. Coolant line connections. (I)
11. Coolant hoses. (I)

12. Combustion air filter. (I)

0 JO0O Ul WNhR
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13. Intake air silencer. (I)

14. Lube oil type. (D)

15. Lube o0il drain. (I)

16. Lube-o0il filter. (I)

17. Lube-o0il-fill level. (I)

18. Lube-o0il line connections. (I)
19. Lube-o0il lines. (I)

20. Fuel type. (D)

21. Fuel-level. (I)

22. Fuel-line connections. (I)

23. Fuel lines. (I)

24. Fuel filter. (I)

25. Access for maintenance. (I)
26. Voltage regulator. (I)

27. Battery-charger connections. (I)

28. Wiring & terminations. (I)
29. Instrumentation. (I)
30. Hazards to personnel. (I)

31. Base. (I)

32. Nameplates. (I)

33. Paint. (I)

34. Exhaust system. (I)

35. Access provided to controls. (I)

36. Enclosure. (I)

37. Engine & generator mounting bolts (proper application). (I)

3.4.4 Safety Run Tests

a. Perform and record engine manufacturer's recommended prestarting
checks and inspections.

b. Start the engine, record the starting time, make and record engine
manufacturer's after-starting checks and inspections during a
reasonable warm-up period.

c. Activate the manual emergency stop switch and verify that the
engine stops.

d. Remove the high and pre-high lubricating oil temperature sensing
elements from the engine and temporarily install temperature gauge
in their normal locations on the engine (required for safety, not
for recorded data). Where necessary, provide temporary wiring
harness to connect the sensing elements to their permanent
electrical leads.

e. Start the engine, record the starting time, make and record engine
manufacturer's after-starting checks and inspections and operate
the engine generator-set at no load until the output voltage and
frequency stabilize. Monitor the temporarily installed
temperature gauges. If temperature reading exceeds the value for
an alarm condition, activate the manual emergency stop switch.

f. Immerse the elements in a vessel containing controlled-temperature
hot o0il and record the temperature at which the pre-high alarm
activates and the temperature at which the engine shuts down.
Remove the temporary temperature gauges and reinstall the
temperature sensors on the engine.

g. Remove the high and pre-high coolant temperature sensing elements
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from the engine and temporarily seal their normal location on the
engine and temporarily install temperature gauges in their normal
locations on the engine (required for safety, not for recorded
data). Where necessary provide temporary wiring harness to
connect the sensing elements to their permanent electrical leads.

h. Start the engine, record the starting time, make and record engine
manufacturer's after-starting checks and inspections and operate
the engine generator-set at no load until the output voltage and
frequency stabilize.

i. Immerse the elements in a vessel containing controlled-temperature
hot o0il and record the temperature at which the pre-high alarm
activates and the temperature at which the engine shuts down.
Remove the temporary temperature gauges and reinstall the
temperature sensors on the engine.

j. Start the engine, record the starting time, make and record engine
manufacturer's after-starting checks and inspections during a
reasonable warm-up period.

k. Operate the engine generator-set for at least 30 minutes at 100
percent of service load.

1. Verify proper operation of the governor and voltage regulator.
m. Verify proper operation and setpoints of gauges and instruments.
n. Verify proper operation of ancillary equipment.

o. Manually adjust the governor to increase engine speed past the
overspeed limit. Record the RPM at which the engine shuts down.

p. Start the engine, record the starting time, make and record engine
manufacturer's after-starting checks and inspections and operate
the engine generator-set for at least 15 minutes at 75 percent of
rated load.

g. Manually fill the day tank to a level above the overfill limit.
Record the level at which the overfill alarm sounds. Verify
shutdown of the fuel transfer pump. Drain the day tank down below
the overfill limit.

r. Shut down the engine. Remove the time-delay low lube oil pressure
alarm bypass and try to start the engine. Record the results.

s. Attach a manifold to the engine o0il system that contains a shutoff
valve in series with a connection for the engine's oil pressure
sensor followed by an oil pressure gauge ending with a bleed
valve. The engine's oil pressure sensor shall be moved from the
engine to the manifold and its normal location on the engine
temporarily sealed. The manifold shutoff valve shall be open and
bleed valve closed.

t. Start the engine, record the starting time, make and record all
engine manufacturer's after-starting checks and inspections and
operate the engine generator-set for at least 15 minutes at 75
percent of service load.
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u. Close the manifold shutoff valve. Slowly allow the pressure in
the manifold to bleed off through the bleed valve while watching
the pressure gauge. Record the pressure at which the engine shuts
down. Catch oil spillage from the bleed valve in a container.

Add the o0il from the container back to the engine, remove the
manifold, and reinstall the engine's oil pressure sensor on the
engine.

v. Start the engine, record the starting time, make and record all
engine manufacturer's after-starting checks and inspections and
operate the engine generator-set for at least 15 minutes at 100%
of service load. Record the maximum sound level in each frequency
band at a distance of 75 feet from the end of the exhaust and air
piping directly along the path of discharge for horizontally
discharged exhausts; or at a radius of 75 feet from the engine at
45 degrees apart in all directions for vertically discharged
exhausts.

w. Manually drain off fuel slowly from the day tank to empty it to
below the low fuel level limit and record the level at which the
audible alarm sounds. Add fuel back to the day tank to fill it
above low level alarm limits.

X. Manually adjust the governor to speed up the engine to a level
beyond the over frequency alarm setpoint and record the frequency
when the audible alarm sounds. Manually adjust the governor to
slow down the engine to a level below the under frequency alarm
setpoint and record the frequency when the audible alarm sounds.
Return the speed to the rated value. Shut down the
engine-generator set.

.4.5 Performance Tests

.4.5.1 Continuous Engine Load Run Test

The engine-generator set and ancillary systems shall be tested at service
load to: demonstrate durability; verify that heat of extended operation
does not adversely affect or cause failure in any part of the system; and
check all parts of the system. If the engine load run test is interrupted
for any reason, the entire test shall be repeated. The engine load run
test shall be accomplished principally during daylight hours, with an
average ambient temperature of 100 degrees F.. Data taken at 15 minutes
intervals shall include the following:

a. Electrical: Output amperes, voltage, real and reactive power, power

factor, frequency.

b. Pressure: Lube-oil.

c. Temperature: Coolant.
Lube-oil.
Ambient.
(1) Perform and record engine manufacturer's recommended
prestarting checks and inspections. Include as a minimum checking

of coolant fluid, fuel, and lube-o0il levels.

(2) Start the engine; make and record engine manufacturer's
after-starting checks and inspections during a reasonable warm-up
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period.

(3) Operate the engine generator-set for at least 2 hours at 75
percent of service load.

(4) Increase load to 100%0f service load and operate the engine
generator-set for at least 2 hours.

(5) Remove load from the engine-generator set.
3.4.5.2 Load Acceptance Test

Engine manufacturer's recommended prestarting checks and inspections shall
be performed and recorded. The engine shall be started, and engine
manufacturer's after-starting checks and inspections made and recorded
during a reasonable warm-up period. For the following steps, the output
line-line and line-neutral voltages and frequency shall be recorded after
performing each step instruction (after stabilization of voltage and
frequency) .

a. Apply load in steps no larger than the Maximum Step Load Increase
to load the engine-generator set to 100 of Service Load.

b. Verify that the engine-generator set responds to the load addition
and that the output voltage returns to and stabilizes within the
rated bandwidths.

3.4.6 Automatic Operation Tests for Stand-Alone Operation

The automatic loading system shall be tested to demonstrate automatic
starting, and loading and unloading of each engine-generator set. The
loads for this test shall utilize the actual loads to be served, and the
loading sequence shall be the indicated sequence. A voltage and frequency
stability and transient response test shall be performed for each load
change. Data taken shall include the following:

a. Ambient temperature (at 15 minute intervals).

b. Generator output current (before and after load changes).

c Generator output voltage (before and after load changes) .

d. Generator output frequency (before and after load changes.)
1. Initiate loss of the primary power source.
2. Verify starting of the engine generator set and function of
the automatic transfer switch. Record the time to start and
assume load (voltage and frequency measurements are required on
the load terminals of the automatic transfer switch). Verify
stabilization of voltage and frequency within specified bandwidths.
3. Verify that the automatic loading system sequences load on to
the system as indicated. Verify stabilization of voltage and
frequency within specified bandwidths after each load change.
4. Restore the primary power source and monitor transfer from the

alternate power source to the primary power source. Verify
operation and time delay settings for the automatic transfer
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switch. Verify stabilization of voltage and frequency of the
primary system. Verify stabilization of the engine-generator set
voltage and frequency at no load.

5. Monitor the cool down period for the engine. Record the
ambient temperature, coolant temperature, and time from system

transfer until engine shutdown.

6. Verify resetting of controls to normal.

4.7 Final Inspection

The pre-test inspection shall be performed and corrective actions taken.
The unit shall be operated a minimum of 1 hour to demonstrate effectiveness
of corrective actions.

.5 MANUFACTURER'S FIELD SERVICE

.5.1 Onsite Training

The Contractor shall conduct training course for operating staff as
designated by the Contracting Officer. The training period shall consist
of a total 4 hours of normal working time and shall start after the system
is functionally completed but prior to final acceptance. The course
instructions shall cover pertinent points involved in operating, starting,
stopping, servicing the equipment, as well as all major elements of the
operation and maintenance manuals. Additionally, the course instructions
shall demonstrate all routine maintenance operations such as oil change,
oil filter change, and air filter change.

.5.2 Manufacturer's Representative

The engine generator-set manufacturer shall furnish a qualified
representative to supervise the installation of the engine generator-set,
assist in the performance of the onsite tests, and instruct personnel as to
the operational and maintenance features of the equipment.

.6 ACCEPTANCE

Final acceptance of the engine-generator set will not be given until the
Contractor has successfully completed all tests and after all defects in
installation material or operation have been corrected.

-- End of Section --
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SECTION 16375

ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND

PART 1 GENERAL

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

designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSTI Cl2.1 (1995) Code for Electricity Metering

ANSI Cl2.4 (1984; R 1996) Mechanical Demand Registers
ANSI C12.10 (1997) Electromechanical Watthour Meters
ANST Cl1l2.11 (1987; R 1993) Instrument Transformers for

Revenue Metering, 10 kV BIL Through 350 kV
BIL (0.6 kV NSV through 69 kV NSV)

ANST C80.1 (1995) Rigid Steel Conduit - Zinc Coated

ANSTI C119.1 (1986) Sealed Insulated Underground
Connector Systems Rated 600 Volts

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM A 48 (1994a) Gray Iron Castings

ASTM A 123/A 123M (2000) Zinc (Hot-Dip Galvanized) Coatings
on Iron and Steel Products

ASTM A 153/A 153M (1998) Zinc-Coating (Hot-Dip) on Iron and
Steel Hardware

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM C 478 (1997) Precast Reinforced Concrete Manhole
Sections

ASTM D 1654 (1992) Evaluation of Painted or Coated
Specimens Subjected to Corrosive
Environments

FACTORY MUTUAL ENGINEERING AND RESEARCH (FM)
FM P7825a (1998) Approval Guide Fire Protection

FEDERAL SPECIFICATIONS (FS)
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FS RR-F-621 (Rev E) Frames, Covers, Gratings, Steps,
Sump and Catch Basin, Manhole

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code
IEEE ANSI/IEEE C57.13 (1993) Instrument Transformers
IEEE Std 81 (1983) Guide for Measuring Earth

Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System
(Part 1)

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

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (1993) Molded Case Circuit Breakers and
Molded Case Switches

NEMA FB 1 (1993) Fittings, Cast Metal Boxes and
Conduit Bodies for Conduit and Cable
Assemblies

NEMA SG 3 (1995) Power Switching Equipment

NEMA TC 5 (1990) Corrugated Polyolefin Coilable

Plastic Utilities Duct

NEMA TC 6 (1990) PVC and ABS Plastic Utilities Duct
for Underground Installation

NEMA TC 7 (1990) Smooth-Wall Coilable Polyethylene
Electrical Plastic Duct

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code
UNDERWRITERS LABORATORIES (UL)

UL 6 (1997) Rigid Metal Conduit

UL 467 (1993; Rev thru Apr 1999) Grounding and
Bonding Equipment

UL 486A (1997; Rev thru Dec 1998) Wire Connectors
and Soldering Lugs for Use with Copper
Conductors

UL 486B (1997; Rev Jun 1997) Wire Connectors for

Use with Aluminum Conductors
UL 489 (1996; Rev thru Dec 1998) Molded-Case

Circuit Breakers, Molded-Case Switches,
and Circuit-Breaker Enclosures
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UL 510 (1994; Rev thru Apr 1998) Polyvinyl
Chloride, Polyethylene, and Rubber
Insulating Tape

UL 514A (1996; Rev Jul 1998) Metallic Outlet Boxes

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and
80 Rigid PVC Conduit

UL 1242 (1996; Rev Mar 1998) Intermediate Metal
Conduit

1.2 GENERAL REQUIREMENTS
1.2.1 Terminology

Terminology used in this specification is as defined in IEEE Std 100.
1.2.2 Service Conditions

Items provided under this section shall be specifically suitable for the
following service conditions:

a. Altitude: 500 feet
b. Ambient Temperature: 40 degrees C.
c. Frequency: 60 Hz.
d. Ventilation: Yes.
e. Seismic Zone: 4.
f. Humidity Control: Yes.
g. Corrosive Areas: Yes.
1.3 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:
SD-02 Shop Drawings
Electrical Distribution System; G
Detail drawings consisting of equipment drawings, illustrations,
schedules, instructions, diagrams manufacturers standard
installation drawings and other information necessary to define
the installation and enable the Government to check conformity
with the requirements of the contract drawings.
If departures from the contract drawings are deemed necessary by

the Contractor, complete details of such departures shall be
included with the detail drawings. Approved departures shall be
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made at no additional cost to the Government.

Detail drawings shall show how components are assembled,
function together and how they will be installed on the project.
Data and drawings for component parts of an item or system shall
be coordinated and submitted as a unit. Data and drawings shall
be coordinated and included in a single submission. Multiple
submissions for the same equipment or system are not acceptable
except where prior approval has been obtained from the Contracting
Officer. 1In such cases, a list of data to be submitted later
shall be included with the first submission. Detail drawings
shall consist of the following:

a. Detail drawings showing physical arrangement, construction
details, connections, finishes, materials used in fabrication,
provisions for conduit or busway entrance, access requirements for
installation and maintenance, physical size, electrical
characteristics, foundation and support details, and equipment
weight. Drawings shall be drawn to scale and/or dimensioned. All
optional items shall be clearly identified as included or excluded.

b. Internal wiring diagrams of equipment showing wiring as
actually provided for this project. External wiring connections
shall be clearly identified.

As-Built Drawings; G

The as-built drawings shall be a record of the construction as
installed. The drawings shall include the information shown on
the contract drawings as well as deviations, modifications, and
changes from the contract drawings, however minor. The as-built
drawings shall be a full sized set of prints marked to reflect
deviations, modifications, and changes. The as-built drawings
shall be complete and show the location, size, dimensions, part
identification, and other information. Additional sheets may be
added. The as-built drawings shall be jointly inspected for
accuracy and completeness by the Contractor's quality control
representative and by the Contracting Officer prior to the
submission of each monthly pay estimate. Upon completion of the
work, the Contractor shall provide three full sized sets of the
marked prints to the Contracting Officer for approval. If upon
review, the as-built drawings are found to contain errors and/or
omissions, they will be returned to the Contractor for correction.

The Contractor shall correct and return the as-built drawings to
the Contracting Officer for approval within 10 calendar days from
the time the drawings are returned to the Contractor.

SD-03 Product Data
Short-Circuit and Protective Devices Coordination Studies; G

Studies which demonstrate that the equipment selected and system
constructed meet the contract requirements for equipment ratings,
coordination, and protection. The studies shall include a
complete single-line diagram of the power system covered by this
specification; a short circuit study including the maximum and
minimum values of short circuit currents at major buses extended
down to system buses where currents are equal to 10,000 amperes
symmetrical; fully coordinated composite time-current
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characteristic curves including recommended ratings and settings
of all protective devices in tabulated form; and associated
calculations to demonstrate that the power system protection will
be selectively coordinated by the use of devices or equipment
submitted. Situations where system coordination is not achievable
due to device limitations shall be noted. The studies shall be
performed by a registered professional engineer with demonstrated
experience in power system coordination in the last three years.
The Contractor shall provide a list of references complete with
points of contact, addresses and telephone numbers. The selection
of the engineer is subject to the approval of the Contracting
Officer.

Manufacturer's Catalog Data; G

Catalog cuts, brochures, circulars, specifications, product
data, and printed information in sufficient detail and scope to
verify compliance with the requirements of the contract documents.

Material, Equipment, and Fixture Lists; G

A complete itemized listing of equipment and materials proposed
for incorporation into the work. Each entry shall include an item
number, the quantity of items proposed, and the name of the
manufacturer of each such item.

SD-06 Test Reports
Factory Tests; G

Certified factory test reports shall be submitted when the
manufacturer performs routine factory tests, including tests
required by standards listed in paragraph: REFERENCES. Results of
factory tests performed shall be certified by the manufacturer, or
an approved testing laboratory, and submitted within 7 days
following successful completion of the tests. The manufacturer's
pass-fail criteria for tests specified in paragraph: FIELD TESTING
shall be included.

Field Testing; G

A proposed field test plan, 30 days prior to testing the
installed system. No field test shall be performed until the test
plan is approved. The test plan shall consist of complete field
test procedures including tests to be performed, test equipment
required, and tolerance limits.
Test Reports; G

Six copies of the information described below in 8-1/2 by 11 inch
binders having a minimum of three rings, including a separate
section for each test. Sections shall be separated by heavy
plastic dividers with tabs.

a. A list of equipment used, with calibration certifications.

b. A copy of measurements taken.

c. The dates of testing.
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d. The equipment and values to be verified.
e. The condition specified for the test.
f. The test results, signed and dated.
g. A description of adjustments made.
Cable Installation Reports; G

Six copies of the information described below in 8-1/2 by 11 inch
binders having a minimum of three rings from which material may
readily be removed and replaced, including a separate section for
each cable pull. Sections shall be separated by heavy plastic
dividers with tabs, with all data sheets signed and dated by the
person supervising the pull.

a. Site layout drawing with cable pulls numerically identified.

b. A list of equipment used, with calibration certifications.
The manufacturer and quantity of lubricant used on pull.

c. The cable manufacturer and type of cable.

d. The dates of cable pulls, time of day, and ambient
temperature.

e. The length of cable pull and calculated cable pulling
tensions.

f. The actual cable pulling tensions encountered during pull.
SD-07 Certificates
Materials and Equipment; G

Where materials or equipment are specified to conform to the
standards of the Underwriters Laboratories (UL) or to be
constructed or tested, or both, in accordance with the standards
of the American National Standards Institute (ANSI), the Institute
of Electrical and Electronics Engineers (IEEE), or the National
Electrical Manufacturers Association (NEMA), the Contractor shall
submit proof that the items provided conform to such requirements.

The label of, or listing by, UL will be acceptable as evidence
that the items conform. Either a certification or a published
catalog specification data statement, to the effect that the item
is in accordance with the referenced ANSI or IEEE standard, will
be acceptable as evidence that the item conforms. A similar
certification or published catalog specification data statement to
the effect that the item is in accordance with the referenced NEMA
standard, by a company listed as a member company of NEMA, will be
acceptable as evidence that the item conforms. In lieu of such
certification or published data, the Contractor may submit a
certificate from a recognized testing agency equipped and
competent to perform such services, stating that the items have
been tested and that they conform to the requirements listed,
including methods of testing of the specified agencies.

Compliance with above-named requirements does not relieve the
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1.

Contractor from compliance with any other requirements of the
specifications.

Cable Installer Qualifications; G

The Contractor shall provide at least one onsite person in a
supervisory position with a documentable level of competency and
experience to supervise all cable pulling operations. A resume
shall be provided showing the cable installers' experience in the
last three years, including a list of references complete with
points of contact, addresses and telephone numbers.

SD-10 Operation and Maintenance Data
Electrical Distribution System; G

Six copies of operation and maintenance manuals, within 7
calendar days following the completion of tests and including
assembly, installation, operation and maintenance instructions,
spare parts data which provides supplier name, current cost,
catalog order number, and a recommended list of spare parts to be
stocked. Manuals shall also include data outlining detailed
procedures for system startup and operation, and a troubleshooting
guide which lists possible operational problems and corrective
action to be taken. A brief description of all equipment, basic
operating features, and routine maintenance requirements shall
also be included. Documents shall be bound in a binder marked or
identified on the spine and front cover. A table of contents page
shall be included and marked with pertinent contract information

and contents of the manual. Tabs shall be provided to separate
different types of documents, such as catalog ordering
information, drawings, instructions, and spare parts data. Index

sheets shall be provided for each section of the manual when
warranted by the quantity of documents included under separate
tabs or dividers.

Three additional copies of the instructions manual shall be
provided within 30 calendar days following the manuals.

4 DELIVERY, STORAGE, AND HANDLING

Devices and equipment shall be visually inspected by the Contractor when
received and prior to acceptance from conveyance. Stored items shall be
protected from the environment in accordance with the manufacturer's
published instructions. Damaged items shall be replaced.

.5 EXTRA MATERIALS

One additional spare fuse or fuse element for each furnished fuse or fuse
element shall be delivered to the contracting officer when the electrical
system is accepted. Two complete sets of all special tools required for
maintenance shall be provided, complete with a suitable tool box. Special
tools are those that only the manufacturer provides, for special purposes
(to access compartments, or operate, adjust, or maintain special parts).

PART 2 PRODUCTS

2

.1 STANDARD PRODUCT
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Material and equipment shall be the standard product of a manufacturer
regularly engaged in the manufacture of the product and shall essentially
duplicate items that have been in satisfactory use for at least 2 years
prior to bid opening. Items of the same classification shall be identical
including equipment, assemblies, parts, and components.

2.2 NAMEPLATES
2.2.1 General

Each major component of this specification shall have the manufacturer's
name, address, type or style, model or serial number, and catalog number on
a nameplate securely attached to the equipment. Nameplates shall be made
of noncorrosive metal. Equipment containing liquid dielectrics shall have
the type of dielectric on the nameplate. Sectionalizer switch nameplates
shall have a schematic with all switch positions shown and labeled. 2As a
minimum, nameplates shall be provided for transformers, circuit breakers,
meters, switches, and switchgear.

2.3 CORROSION PROTECTION
2.3.1 Aluminum Materials

Aluminum shall not be used.
2.3.2 Ferrous Metal Materials
2.3.2.1 Hardware

Ferrous metal hardware shall be hot-dip galvanized in accordance with ASTM
A 153/A 153M and ASTM A 123/A 123M.

2.3.2.2 Equipment

Equipment and component items, including but not limited to transformer
stations and ferrous metal luminaries not hot-dip galvanized or porcelain
enamel finished, shall be provided with corrosion-resistant finishes which
shall withstand 120 hours of exposure to the salt spray test specified in
ASTM B 117 without loss of paint or release of adhesion of the paint primer
coat to the metal surface in excess of 1/16 inch from the test mark. The
scribed test mark and test evaluation shall be in accordance with ASTM D
1654 with a rating of not less than 7 in accordance with TABLE 1,
(procedure A). Cut edges or otherwise damaged surfaces of hot-dip
galvanized sheet steel or mill galvanized sheet steel shall be coated with
a zinc rich paint conforming to the manufacturer's standard.

2.3.3 Finishing
Painting required for surfaces not otherwise specified and finish painting
of items only primed at the factory shall be as specified in Section 09900
PAINTING, GENERAL.

2.4 CABLES

2.4.1 Low-Voltage Cables

Cables shall be rated 600 volts and shall conform to the requirements of
NFPA 70.
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2.4.1.1 Conductor Material
Underground cables shall be of soft drawn copper conductor material.
2.4.1.2 In Duct

Cables shall be single-conductor cable, Type THWN or XHHW in accordance
with NFPA 70. Cables in factory-installed, coilable-plastic-duct
assemblies shall conform to NEMA TC 5 or NEMA TC 7.

2.5 CABLE JOINTS, TERMINATIONS, AND CONNECTORS
2.5.1 Low-Voltage Cable Splices

Low-voltage cable splices and terminations shall be rated at not less than
600 Volts. Splices in conductors No. 10 AWG and smaller shall be made with
an insulated, solderless, pressure type connector, conforming to the
applicable requirements of UL 486A. Splices in conductors No. 8 AWG and
larger shall be made with noninsulated, solderless, pressure type
connector, conforming to the applicable requirements of UL 486A and UL 486B.
Splices shall then be covered with an insulation and jacket material
equivalent to the conductor insulation and jacket. Splices below grade or
in wet locations shall be sealed type conforming to ANSI C119.1 or shall be
waterproofed by a sealant-filled, thick wall, heat shrinkable,
thermosetting tubing or by pouring a thermosetting resin into a mold that
surrounds the joined conductors.

2.6 CONDUIT AND DUCTS

Duct lines shall be concrete-encased, thin-wall type for duct lines between
manholes and for other medium-voltage lines.

2.6.1 Metallic Conduit

Intermediate metal conduit shall comply with UL 1242. Rigid galvanized
steel conduit shall comply with UL 6 and ANSI C80.1. Metallic conduit
fittings and outlets shall comply with UL 514A and NEMA FB 1.

2.6.2 Nonmetallic Ducts
2.6.2.1 Concrete Encased Ducts

UL 651 Schedule 40 or NEMA TC 6 Type EB.
2.6.3 Conduit Sealing Compound

Compounds for sealing ducts and conduit shall have a putty-like consistency
workable with the hands at temperatures as low as 35 degrees F, shall
neither slump at a temperature of 300 degrees F, nor harden materially when
exposed to the air. Compounds shall adhere to clean surfaces of fiber or
plastic ducts; metallic conduits or conduit coatings; concrete, masonry, oOr
lead; any cable sheaths, jackets, covers, or insulation materials; and the
common metals. Compounds shall form a seal without dissolving, noticeably
changing characteristics, or removing any of the ingredients. Compounds
shall have no injurious effect upon the hands of workmen or upon materials.

2.7 MANHOLES, HANDHOLES, AND PULLBOXES

Manholes, handholes, and pullboxes shall be as indicated. Precast-concrete
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manholes shall have the required strength established by ASTM C 478.

Frames and covers shall be made of gray cast iron and a machine-finished
seat shall be provided to ensure a matching joint between frame and cover.
In paved areas, frames and covers in vehicular traffic areas shall be rated
for wheel loads in accordance with FS RR-F-621. Cast iron shall comply
with ASTM A 48, Class 30B, minimum. Handholes for low voltage cables
installed in parking lots, sidewalks, and turfed areas shall be fabricated
from an aggregate consisting of sand and with continuous woven glass
strands having an overall compressive strength of at least 10,000 psi and a
flexural strength of at least 5,000 psi. Pullbox and handhole covers in
sidewalks, and turfed areas shall be of the same material as the box.
Concrete pullboxes shall consist of precast reinforced concrete boxes,
extensions, bases, and covers.

2.8 METERING AND PROTECTIVE DEVICES
2.8.1 Circuit Breakers, Low-Voltage

Low-voltage circuit breakers shall comply with NEMA SG 3 for power, and
NEMA AB 1 and UL 489 for molded-case.

2.8.2 Instrument Transformers

Instrument transformers shall comply with ANSI C12.11 for 0.6 kV insulation
class with a primary rating suitable for the rated voltage and current of
the secondary main bus of the transformer station on which the instrument
transformer is installed.

2.8.3 Watthour Meters

Watthour meters shall conform to ANSI Cl2.1 and ANSI C12.10, except that
numbered terminal wiring sequence and case size may be the manufacturer's
standard. Watthour meters shall be of the drawout switchboard type having
a 30 minute, cumulative form, demand register meeting ANSI Cl2.4 and
provided with not less than 2-1/2 stators. Watthour demand meters shall
have factory-installed electronic pulse initiators meeting the requirements
of ANSTI Cl12.1. Pulse initiators shall be solid-state devices incorporating
light-emitting diodes, phototransistors, and power transistors, except that
mercury-wetted output contacts are acceptable. Initiators shall be totally
contained within watthour demand meter enclosures, shall be capable of
operating up to speeds of 500 pulses per minute with no false pulses, and
shall require no field adjustments. Initiators shall be calibrated for a
pulse rate output of 1 pulse per 1/4 disc revolution of the associated
meter and shall be compatible with the indicated equipment.

2.9 GROUNDING AND BONDING

2.9.1 Driven Ground Rods
Ground rods shall be copper-clad steel conforming to UL 467 not less than
3/4 inch in diameter by 10 feet in length. Sectional type rods may be
used.

2.9.2 Grounding Conductors
Grounding conductors shall be bare, except where installed in conduit with
associated phase conductors. Insulated conductors shall be of the same

material as phase conductors and green color-coded, except that conductors
shall be rated no more than 600 volts. Aluminum is not acceptable.
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.10 CONCRETE AND REINFORCEMENT

Concrete work shall have minimum 3000 psi compressive strength and conform
to the requirements of Section 03305 CONCRETE. Concrete reinforcing shall
be as specified in Section 03200 CONCRETE REINFORCEMENT.

.11 CABLE FIREPROOFING SYSTEMS

Cable fireproofing systems shall be listed in FM P7825a as a
fire-protective coating or tape approved for grouped electrical conductors
and shall be suitable for application on the type of medium-voltage cables
provided. After being fully cured, materials shall be suitable for use
where exposed to oil, water, gases, salt water, sewage, and fungus and
shall not damage cable jackets or insulation. Asbestos materials are not
acceptable.

.11.1 Fireproof Coating

Cable fireproofing coatings shall be compounded of water-based
thermoplastic resins, flame-retardant chemicals, and inorganic
noncombustible fibers and shall be suitable for the application methods
used. Coatings applied on bundled cables shall have a derating factor of
less than 5 percent, and a dielectric strength of 95 volts per mil minimum
after curing.

.11.2 Fireproofing Tape

Fireproofing tape shall be at least 2 inches wide and shall be a flexible,
conformable, polymeric, elastomer tape designed specifically for
fireproofing cables.

.11.3 Plastic Tape

Preapplication plastic tape shall be pressure sensitive, 10 mil thick,
conforming to UL 510.

.12 FACTORY TESTS

Factory tests shall be performed, as follows, in accordance with the
applicable publications and with other requirements of these
specifications. The Contracting Officer shall be notified at least 10 days
before the equipment is ready for testing. The Contracting Officer
reserves the right to witness the tests.

a. Instrument Current Transformers: Manufacturer's standard tests in
accordance with IEEE ANSI/IEEE C57.13.

PART 3 EXECUTION

3

.1 GENERAL INSTALLATION REQUIREMENTS

Equipment and devices shall be installed and energized in accordance with
the manufacturer's published instructions. Steel conduits installed
underground shall be installed and protected from corrosion in conformance
with the requirements of Section 16415 ELECTRICAL WORK, INTERIOR. Except
as covered herein, excavation, trenching, and backfilling shall conform to
the requirements of Section 02316 EXCAVATION, TRENCHING, AND BACKFILLING
FOR UTILITIES SYSTEMS. Concrete work shall conform to the requirements of
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Section 03305 CONCRETE.

1.1 Conformance to Codes

The installation shall comply with the requirements and recommendations of
NFPA 70 and IEEE C2 as applicable.

.1.2 Verification of Dimensions

The Contractor shall become familiar with details of the work, shall verify
dimensions in the field, and shall advise the Contracting Officer of any
discrepancy before performing any work.

.2 CABLE AND BUSWAY INSTALLATION

The Contractor shall obtain from the manufacturer an installation manual or
set of instructions which addresses such aspects as cable construction,
insulation type, cable diameter, bending radius, cable temperature,
lubricants, coefficient of friction, conduit cleaning, storage procedures,
moisture seals, testing for and purging moisture, etc. The Contractor
shall then prepare a checklist of significant requirements which shall be
submitted along with the manufacturers instructions in accordance with
SUBMITTALS.

.2.1 Cable Installation Plan and Procedure

Cable shall be installed strictly in accordance with the cable
manufacturer's recommendations. Each circuit shall be identified by means
of a fiber, laminated plastic, or non-ferrous metal tags, or approved

equal, in each manhole, handhole, junction box, and each terminal. Each
tag shall contain the following information; cable type, conductor size,
circuit number, circuit voltage, cable destination and phase identification.

.2.1.1 Cable Inspection

The cable reel shall be inspected for correct storage positions, signs of
physical damage, and broken end seals. If end seal is broken, moisture
shall be removed from cable in accordance with the cable manufacturer's
recommendations.

.2.1.2 Duct Cleaning

Duct shall be cleaned with an assembly that consists of a flexible mandrel
(manufacturers standard product in lengths recommended for the specific
size and type of duct) that is 1/4 inch less than inside diameter of duct,
2 wire brushes, and a rag. The cleaning assembly shall be pulled through
conduit a minimum of 2 times or until less than a volume of 8 cubic inches
of debris is expelled from the duct.

.2.1.3 Duct Lubrication

The cable lubricant shall be compatible with the cable jacket for cable
that is being installed. Application of lubricant shall be in accordance
with lubricant manufacturer's recommendations.

.2.1.4 Cable Installation

The Contractor shall provide a cable feeding truck and a cable pulling
winch as required. The Contractor shall provide a pulling grip or pulling
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eye in accordance with cable manufacturer's recommendations. The pulling

grip or pulling eye apparatus shall be attached to polypropylene or manilla

rope followed by lubricant front end packs and then by power cables. A

dynamometer shall be used to monitor pulling tension. Pulling tension

shall not exceed cable manufacturer's recommendations. The Contractor

shall not allow cables to cross over while cables are being fed into duct.
For cable installation in cold weather, cables shall be kept at 50 degrees F
temperature for at least 24 hours before installation.

.2.1.5 Cable Installation Plan

The Contractor shall submit a cable installation plan for all cable pulls
in accordance with the detail drawings portion of paragraph: SUBMITTALS.
Cable installation plan shall include:

a. Site layout drawing with cable pulls identified in numeric order
of expected pulling sequence and direction of cable pull.

b. List of cable installation equipment.
c. Lubricant manufacturer's application instructions.

d. Procedure for resealing cable ends to prevent moisture from
entering cable.

e. Cable pulling tension calculations of all cable pulls.
f. Cable percentage conduit fill.
g. Cable sidewall thrust pressure.

h. Cable minimum bend radius and minimum diameter of pulling wheels
used.

i. Cable jam ratio.

j. Maximum allowable pulling tension on each different type and size
of conductor.

k. Maximum allowable pulling tension on pulling device.

.2.2 Duct Line

Low-voltage cables shall be installed in duct lines where indicated. Cable
splices in low-voltage cables shall be made in manholes and handholes only,
except as otherwise noted. Neutral and grounding conductors shall be
installed in the same duct with their associated phase conductors.

.2.3 Electric Manholes

Cables shall be routed around the interior walls and securely supported
from walls on cables racks. Cable routing shall minimize cable crossover,
provide access space for maintenance and installation of additional cables,
and maintain cable separation in accordance with IEEE C2.

.3 DUCT LINES

.3.1 Requirements
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Numbers and sizes of ducts shall be as indicated. Duct lines shall be laid
with a minimum slope of 4 inches per 100 feet. Depending on the contour of
the finished grade, the high-point may be at a terminal, a manhole, a
handhole, or between manholes or handholes. Short-radius manufactured
90-degree duct bends may be used only for pole or equipment risers, unless
specifically indicated as acceptable. The minimum manufactured bend radius
shall be 18 inches for ducts of less than 3 inch diameter, and 36 inches
for ducts 3 inches or greater in diameter. Otherwise, long sweep bends
having a minimum radius of 25 feet shall be used for a change of direction
of more than 5 degrees, either horizontally or vertically. Both curved and
straight sections may be used to form long sweep bends, but the maximum
curve used shall be 30 degrees and manufactured bends shall be used. Ducts
shall be provided with end bells whenever duct lines terminate in manholes
or handholes.

3.3.2 Treatment

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be made with proper tools
and match factory tapers. A coupling recommended by the duct manufacturer
shall be used whenever an existing duct is connected to a duct of different
material or shape. Ducts shall be stored to avoid warping and
deterioration with ends sufficiently plugged to prevent entry of any water
or solid substances. Ducts shall be thoroughly cleaned before being laid.
Plastic ducts shall be stored on a flat surface and protected from the
direct rays of the sun.

3.3.3 Concrete Encasement

Ducts requiring concrete encasements shall comply with NFPA 70, except that
electrical duct bank configurations for ducts 6 inches in diameter shall be
determined by calculation and as shown on the drawings. The separation
between adjacent electric power and communication ducts shall conform to
IEEE C2. Duct line encasements shall be monolithic construction. Where a
connection is made to a previously poured encasement, the new encasement
shall be well bonded or doweled to the existing encasement. The Contractor
shall submit proposed bonding method for approval in accordance with the
detail drawing portion of paragraph: SUBMITTALS. At any point, except
railroad and airfield crossings, tops of concrete encasements shall be not
less than the cover requirements listed in NFPA 70. At railroad and
airfield crossings, duct lines shall be encased with concrete and
reinforced as indicated to withstand specified surface loadings. Tops of
concrete encasements shall be not less than 5 feet below tops of rails or
airfield paving unless otherwise indicated. Where ducts are jacked under
existing pavement, rigid steel conduit will be installed because of its
strength. To protect the corrosion-resistant conduit coating, predrilling
or installing conduit inside a larger iron pipe sleeve (jack-and-sleeve) is
required. For crossings of existing railroads and airfield pavements
greater than 50 feet in length, the predrilling method or the
jack-and-sleeve method will be used. Separators or spacing blocks shall be
made of steel, concrete, plastic, or a combination of these materials
placed not farther apart than 4 feet on centers. Ducts shall be securely
anchored to prevent movement during the placement of concrete and joints
shall be staggered at least 6 inches vertically.

3.3.4 Installation of Couplings

Joints in each type of duct shall be made up in accordance with the
manufacturer's recommendations for the particular type of duct and coupling
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selected and as approved.
3.3.5 Duct Line Markers

Duct line markers shall be provided at the ends of long duct line stubouts
or for other ducts whose locations are indeterminate because of duct
curvature or terminations at completely below-grade structures. In
addition to markers, a 5 mil brightly colored plastic tape, not less than 3
inches in width and suitably inscribed at not more than 10 feet on centers
with a continuous metallic backing and a corrosion-resistant 1 mil metallic
foil core to permit easy location of the duct line, shall be placed
approximately 12 inches below finished grade levels of such lines.

3.4 MANHOLES, HANDHOLES, AND PULLBOXES
3.4.1 General

Manholes shall be constructed approximately where shown. The exact
location of each manhole shall be determined after careful consideration
has been given to the location of other utilities, grading, and paving.
The location of each manhole shall be approved by the Contracting Officer
before construction of the manhole is started. Manholes shall be the type
noted on the drawings and shall be constructed in accordance with the
applicable details as indicated. Top, walls, and bottom shall consist of
reinforced concrete. Walls and bottom shall be of monolithic concrete
construction. The Contractor may at his option utilize monolithically
constructed precast-concrete manholes having the required strength and
inside dimensions as required by the drawings or specifications. In paved
areas, frames and covers for manhole and handhole entrances in vehicular
traffic areas shall be flush with the finished surface of the paving. 1In
unpaved areas, the top of manhole covers shall be approximately 1/2 inch
above the finished grade. Where existing grades that are higher than
finished grades are encountered, concrete assemblies designed for the
purpose shall be installed to elevate temporarily the manhole cover to
existing grade level. Where duct lines enter manholes, the sections of
duct may be either cast in the concrete or may enter the manhole through a
square or rectangular opening of suitable dimensions provided in the
manhole walls. Where openings are provided for the entrance of duct lines,
the space between ducts and between ducts and manhole walls shall be
caulked tight with lead wool or approved equal. A cast metal grille-type
sump frame and cover shall be installed over the manhole sump. A
cable-pulling iron shall be installed in the wall opposite each duct line
entrance.

3.4.2 Electric Manholes

Cables shall be securely supported from walls by hot-dip galvanized cable
racks with a plastic coating over the galvanizing and equipped with
adjustable hooks and insulators. The number of cable racks indicated shall
be installed in each manhole and not less than 2 spare hooks shall be
installed on each cable rack. Insulators shall be made of high-glazed
porcelain. Insulators will not be required on spare hooks.

3.4.3 Communications Manholes
The number of hot-dip galvanized cable racks with a plastic coating over
the galvanizing indicated shall be installed in each telephone manhole.

Each cable rack shall be provided with 2 cable hooks. Cables for the
telephone and communication systems will be installed by others.
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3.4.4 Handholes

Handholes shall be located approximately as shown. Handholes shall be of
the type noted on the drawings and shall be constructed in accordance with
the details shown.

3.4.5 Pullboxes

Pullbox tops shall be flush with sidewalks or curbs or placed 1/2 inch
above surrounding grades when remote from curbed roadways or sidewalks.
Covers shall be marked "Low-Voltage" and provided with 2 lifting eyes and 2
hold-down bolts. Each box shall have a suitable opening for a ground rod.
Conduit, cable, ground rod entrances, and unused openings shall be sealed
with mortar.

3.4.6 Ground Rods

A ground rod shall be installed at the manholes, handholes and pullboxes.
Ground rods shall be driven into the earth before the manhole floor is
poured so that approximately 4 inches of the ground rod will extend above
the manhole floor. When precast concrete manholes are used, the top of the
ground rod may be below the manhole floor and a No. 1/0 AWG ground
conductor brought into the manhole through a watertight sleeve in the
manhole wall.

3.5 PAD-MOUNTED EQUIPMENT INSTALLATION

Pad-mounted equipment, shall be installed on concrete pads in accordance
with the manufacturer's published, standard installation drawings and
procedures, except that they shall be modified to meet the requirements of
this document. Units shall be installed so that they do not damage
equipment or scratch painted or coated surfaces. After installation,
surfaces shall be inspected and scratches touched up with a paint or
coating provided by the manufacturer especially for this purpose.

3.5.1 Concrete Pads
3.5.1.1 Construction

Concrete pads for pad-mounted electrical equipment shall be
poured-in-place. Pads shall be constructed as indicated, except that exact
pad dimensions and mounting details are equipment specific and are the
responsibility of the Contractor. Tops of concrete pads shall be level and
shall project 4 inches above finished floor and sloped to drain. Edges of
concrete pads shall have 3/4 inch chamfer. Conduits for primary,
secondary, and grounding conductors shall be set in place prior to
placement of concrete pads. Where grounding electrode conductors are
installed through concrete pads, PVC conduit sleeves shall be installed
through the concrete to provide physical protection. To facilitate cable
installation and termination, the concrete pad shall be provided with a
rectangular hole below the primary and secondary compartments, sized in
accordance with the manufacturer's recommended dimensions. Upon completion
of equipment installation the rectangular hole shall be filled with masonry
grout.

3.5.1.2 Concrete and Reinforcement

Concrete work shall comply with the requirements of Section 03305 CONCRETE.
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Concrete pad reinforcement shall be in accordance with Section 03200
CONCRETE REINFORCEMENT.

3.5.1.3 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 CONNECTIONS TO BUILDINGS

Cables shall be extended into the various buildings as indicated, and shall
be connected to the first applicable termination point in each building.
Interfacing with building interior conduit systems shall be at conduit
stubouts terminating 5 feet outside of a building and 2 feet below finished
grade as specified and provided under Section 16415 ELECTRICAL WORK,
INTERIOR. After installation of cables, conduits shall be sealed with
caulking compound to prevent entrance of moisture or gases into buildings.

3.7 GROUNDING

A ground consisting of the indicated configuration of bare copper
conductors and driven ground rods shall be installed around pad-mounted
equipment as shown. Equipment frames of metal-enclosed equipment, and
other noncurrent-carrying metal parts, such as cable shields, cable sheaths
and armor, and metallic conduit shall be grounded. At least 2 connections
shall be provided from a transformer and a switchboard ground bus, to the
ground mat. Metallic frames and covers of handholes and pull boxes shall
be grounded by use of a braided, copper ground strap with equivalent
ampacity of No. 6 AWG.

3.7.1 Grounding Electrodes

Grounding electrodes shall be installed as shown on the drawings and as
follows:

a. Driven rod electrodes - Unless otherwise indicated, ground rods
shall be driven into the earth until the tops of the rods are
approximately 1 foot below finished grade.

b. Additional electrodes - When the required ground resistance is not
met, additional electrodes shall be provided interconnected with
grounding conductors to achieve the specified ground resistance.
The additional electrodes will be up to three, 10 feet rods spaced
a minimum of 3 feet apart. In high ground resistance, UL listed
chemically charged ground rods may be used. If the resultant
resistance exceeds 25 ohms measured not less than 48 hours after
rainfall, the Contracting Officer shall be notified immediately.

3.7.2 Grounding and Bonding Connections

Connections above grade shall be made by the fusion-welding process or with
bolted solderless connectors, in compliance with UL 467, and those below
grade shall be made by a fusion-welding process. Where grounding
conductors are connected to aluminum-composition conductors, specially
treated or lined copper-to-aluminum connectors suitable for this purpose
shall be used.
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.7.3 Grounding and Bonding Conductors

Grounding and bonding conductors include conductors used to bond
transformer enclosures and equipment frames to the grounding electrode
system. Grounding and bonding conductors shall be sized as shown, and
located to provide maximum physical protection. Bends greater than 45
degrees in ground conductors are not permitted. Routing of ground
conductors through concrete shall be avoided. When concrete penetration is
necessary, nonmetallic conduit shall be cast flush with the points of
concrete entrance and exit so as to provide an opening for the ground
conductor, and the opening shall be sealed with a suitable compound after
installation.

.8 FIELD TESTING

.8.1 General

Field testing shall be performed in the presence of the Contracting
Officer. The Contractor shall notify the Contracting Officer 30 days prior
to conducting tests. The Contractor shall furnish all materials, labor,
and equipment necessary to conduct field tests. The Contractor shall
perform all tests and inspections recommended by the manufacturer unless
specifically waived by the Contracting Officer. The Contractor shall
maintain a written record of all tests which includes date, test performed,
personnel involved, devices tested, serial number and name of test
equipment, and test results. Field test reports shall be signed and dated
by the Contractor.

.8.2 Safety

The Contractor shall provide and use safety devices such as rubber gloves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equipment which
are damaged due to improper test procedures or handling.

.8.3 Ground-Resistance Tests

The resistance of each grounding electrode system shall be measured using
the fall-of-potential method defined in IEEE Std 81. Ground resistance
measurements shall be made before the electrical distribution system is
energized and shall be made in normally dry conditions not less than 48
hours after the last rainfall. Resistance measurements of separate
grounding electrode systems shall be made before the systems are bonded
together below grade. The combined resistance of separate systems may be
used to meet the required resistance, but the specified number of
electrodes must still be provided.

a. Single rod electrode - 25 ohms.

.8.4 Low-Voltage Cable Test

Low-voltage cable, complete with splices, shall be tested for insulation
resistance after the cables are installed, in their final configuration,
ready for connection to the equipment, and prior to energization. The test
voltage shall be 500 volts dc, applied for one minute between each
conductor and ground and between all possible combinations conductors in
the same trench, duct, or cable, with all other conductors in the same
trench, duct, or conduit. The minimum value of insulation shall be:
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R in megohms = (rated voltage in kV + 1) x 1000/ (length of cable in feet

Each cable failing this test shall be repaired or replaced. The repaired
cable shall be retested until failures have been eliminated.

3.8.5 Circuit Breaker Tests

The following field tests shall be performed on circuit breakers.
Pass-fail criteria shall be in accordance with the circuit breaker
manufacturer's specifications.

a. Insulation resistance test phase-to-phase.

b. Insulation resistance test phase-to-ground.

c. Closed breaker contact resistance test.

d. Power factor test.

e. Manual and electrical operation of the breaker.
3.8.6 Pre-Energization Services

Calibration, testing, adjustment, and placing into service of the
installation shall be accomplished by a manufacturer's product field
service engineer or independent testing company with a minimum of 2 years
of current product experience. The following services shall be performed
on the equipment listed below. These services shall be performed
subsequent to testing but prior to the initial energization. The equipment
shall be inspected to ensure that installation is in compliance with the
recommendations of the manufacturer and as shown on the detail drawings.
Terminations of conductors at major equipment shall be inspected to ensure
the adequacy of connections. Bare and insulated conductors between such
terminations shall be inspected to detect possible damage during
installation. If factory tests were not performed on completed assemblies,
tests shall be performed after the installation of completed assemblies.
Components shall be inspected for damage caused during installation or
shipment to ensure packaging materials have been removed. Components
capable of being both manually and electrically operated shall be operated
manually prior to the first electrical operation. Components capable of
being calibrated, adjusted, and tested shall be calibrated, adjusted, and
tested in accordance with the instructions of the equipment manufacturer.
Items for which such services shall be provided, but are not limited to,
are the following:

c. Panelboards
d. Switchboards
g. Switches
3.8.7 Operating Tests
After the installation is completed, and at such times as the Contracting

Officer may direct, the Contractor shall conduct operating tests for
approval. The equipment shall be demonstrated to operate in accordance
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with the requirements herein. An operating test report shall be submitted
in accordance with paragraph: SUBMITTALS.

3.9 ACCEPTANCE

Final acceptance of the facility will not be given until the Contractor has
successfully completed all tests and after all defects in installation,
material or operation have been corrected.

-- End of Section --
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SECTION 16410

AUTOMATIC TRANSFER SWITCH AND BY-PASS/ISOLATION SWITCH

PART 1 GENERAL
1.1 REFERENCES
The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
IEEE C37.90.1 (1989; R 1991) IEEE Standard Surge
Withstanding Capability (SWC) Tests for
Protective Relays and Relay Systems
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
NEMA ICS 1 (1993) Industrial Controls and Systems
NEMA ICS 2 (1993) Industrial Control and Systems
Controllers, Contactors, and Overload
Relays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

NEMA ICS 4 (1993) Industrial Control and Systems
Terminal Blocks

NEMA ICS 6 (1993) Industrial Control and Systems
Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

NFPA 110 (1999) Emergency and Standby Power Systems
UNDERWRITERS LABORATORIES (UL)

UL 1008 (1996; Rev Sep 1997) Transfer Switch
Equipment

1.2 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:
SD-02 Shop Drawings

Switches; G
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A one-line diagram of ATS and BP/IS assembly and elementary, or
schematic, and wiring diagram of the unit. An interface equipment
connection diagram showing all conduit and wiring between the ATS
and BP/IS and all other related equipment. Device and nameplate
numbers and item numbers shown on the list of equipment and
material shall appear on drawings wherever the item of equipment
or material appears. The one-line diagram shall show interlocking
provisions and cautionary notes, if any. Operating instructions
shall be shown on the one-line diagram or separately, at the
discretion of the Contractor. The manufacturer's approved
operating instructions for the ATS shall be laminated in plastic
and permanently secured to the cabinet where the operator can see
them. The one-line and elementary or schematic diagram shall be
laminated in plastic and permanently secured to the inside of the
front enclosure door. Operating instructions for BP/IS shall be
located as required by UL 1008 Unless otherwise approved, the
one-line and elementary or schematic diagrams shall appear on the
same drawing.

SD-03 Product Data

Material; G
Equipment; G

A complete list of equipment and material proposed, containing
an adequate description of each separate item of equipment or
material recommended.

SD-06 Test Reports
Tests; G

Certified factory and field test reports, within 14 days
following completion of tests. Reports shall be certified and
dated and shall demonstrate that tests were successfully completed
prior to shipment of equipment.

SD-07 Certificates

Equipment; G
Material; G

Evidence of a UL listing, or conformance with applicable NEMA
standards. Certificates of compliance will be accepted as proof
of compliance when equipment or materials are required to conform
to UL standards or to be manufactured and/or tested by NEMA
standards. Such certificates are not required if manufacturer's
published data, submitted and approved, reflect a UL listing or
conformance with applicable publications of NEMA. Proof of the
listing by UL and conformance with the applicable publications, of
NEMA do not relieve the Contractor of compliance with other
provisions of these specifications.

Switching Equipment; G
Proof of listing by UL sufficient to demonstrate that the ATS

and BP/IS conform to the specified requirements except as
otherwise specified. Modification to a former UL listed ATS and
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1.

1

BP/IS model shall require written UL approval of the modification.
A copy of the written UL approval for modifications shall be
included with the certified test reports specified. In lieu of
the proof of listing by UL, the Contractor may have identical
tests required by UL 1008 and by NEMA ICS 2 performed by a
nationally recognized independent testing laboratory. UL and NEMA
or other certified test reports shall be included to demonstrate
the sequence of laboratory testing and that the overload,
endurance, and temperature rise tests were conducted in that
specific sequence of tests. The certified test reports shall show
the date, times and duration of the overload, endurance, and
temperature tests, and that the unit under test was not
de-energized during the test sequence. Other tests shall be
conducted in the sequence shown in paragraph: TESTING unless
otherwise justified and approved. Certified test reports shall
also be included to demonstrate compliance with the withstand
rating specified or shown, and shall be accompanied by
oscillographic traces of phase current and line-to-line and
line-to-neutral voltages. These traces shall demonstrate that the
main and neutral contacts did not separate and were not damaged
during the withstand test. The certified test reports from the
testing laboratory shall be signed by the person performing the
test and an authorized representative of the testing laboratory.
The report shall verify that the ATS and BP/IS were tested in
accordance with procedures described in UL 1008, or as otherwise
specified and are of the same model number and ampacity as the
switches specified. The test report shall verify that the tested
unit passed all tests without modification or repair during a test
period of not more than 90 days.

SD-10 Operation and Maintenance Data
Switching Equipment; G

Six complete copies of operating manual outlining the
step-by-step procedures required for system startup, operation and
shutdown. The manuals shall include the manufacturer's name,
model number, service manual, parts list, and brief description of
all equipment and basic operating features. The manufacturer's
spare parts data shall be included in the instruction manuals and
correlated with the respective item of equipment included as a
component part of the switch assembly. Spare parts data shall
include the recommended spare parts published by the manufacturer
of the equipment. The source of supply and the current cost of
recommended spare parts shall be indicated. Six complete copies
of maintenance manual listing routine maintenance, possible
breakdowns, repairs and troubleshooting guide. The manuals shall
include simplified wiring and control diagrams for the system as
installed.

3 GENERAL REQUIREMENTS

.3.1 Standard Product

Material and equipment shall be standard products of a manufacturer
regularly engaged in manufacturing the products and shall essentially
duplicate items that have been in satisfactory use for at least 2 years
prior to bid opening. The experience use shall include applications in
similar circumstances and of same design and rating as the switches
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specified. Equipment shall be capable of being serviced by a
manufacturer-authorized and trained organization that is, in the
Contracting Officer's opinion, reasonably convenient to the site.

.3.2 Nameplate

Nameplate shall be made of corrosion-resistant material with not less than
1/4 inch tall raised or engraved characters. Nameplate shall be mounted to
front of enclosure and shall comply with nameplate requirements of NEMA ICS
2.

.4 SERVICE CONDITIONS

ATS shall be suitable for prolonged performance under following service
conditions:

a. Altitude: 500 feet above mean sea level.
c. Temperature: up to 40 degrees C.

d. Seigmic Zone: 4.

PART 2 PRODUCTS

2

.1 AUTOMATIC TRANSFER SWITCH (ATS)

ATS shall be the electrically-operated type that is mechanically held in
both operating positions. ATS shall be suitable for use in standby systems
described in NFPA 70. ATS shall be UL listed unless the Contractor retains
a nationally recognized independent testing laboratory to conduct tests as
specified in paragraph: SUBMITTALS, and test reports are approved as being
equivalent of test results and certified test reports as those determined
and reported by UL. ATS shall be the electrically-operated contactor type
which shall be manufactured and tested in accordance with applicable
requirements of IEEE C37.90.1, , NEMA ICS 1, NEMA ICS 2, and UL 1008. ATS
shall also conform to NFPA 110 except that the ATS shall not be equipped
with either overload or fault current protective devices. ATS shall be
designed and manufactured to prevent stops in an intermediate or neutral
position during transfer by the use of electrical actuators and
stored-energy mechanisms. ATS designed and manufactured to effect
transfers by a walking-beam or a similar device to engage handles of
circuit breakers to accomplish transfer between power sources are
unacceptable. Each pole of the doublethrow ATS shall have separate
contacts of a nonwelding type with switch contacts installed to permit
viewing of the contacts without disassembly of the ATS or removal of the
entire contact enclosure, or component parts of the ATS. ATS shall be
rated for continuous duty at the continuous current rating specified. All
rating data shall be shown on detail drawings, and shall equal or exceed
those specified. Switches shall be fully compatible and approved for use
with BP/IS specified. Switches shall be adequately rated for the
application indicated, and shall have the following characteristics:

a. Voltage: 480 volts ac.
b. Number of Phases: Three.
c. Number of Wires: Four.

d. Frequency: 60 Hz.
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2

e. Number of Switched Poles: Four.
f. Type of Load: Total system load shown.

g. Continuous Phase or Main Current Rating: Equal to or exceed the
rating shown but, in no case, less than 125 percent of the full
load rating of the emergency power source 400 amperes.

h. ATS and BP/IS Withstand Rating (Fault Current Availability
Rating) : Rated to withstand an available fault or short-circuit
current of 25,000 amperes, RMS symmetrical, at a power factor
between 0.0 and approximately 0.20, for a duration of 10 cycles at
a maximum voltage of 480 ac.

i. ©Nonwelding of Contacts: Rated for nonwelding of contacts when
used with the feeder overcurrent devices indicated on the drawings
and with the available fault current specified herein.

h. Main and Neutral Contacts: Contacts shall have a silver
composition and shall be protected by approved arcing contacts.
Neutral contacts shall have same continuous current rating as main
or phase contacts.

1.1 Override Time Delay

Time delay to override monitored source deviation shall be adjustable from
0.5 to 6 seconds and factory set at 1 second. The device shall detect and
respond to a sustained voltage drop of 30 percent of nominal voltage
between any two of the normal supply conductors and initiate transfer
action to the emergency source and start the engine-driven generator set
after the set time period. The pickup voltage shall be adjustable between
72 and 100 percent of nominal and factory set 90 percent. The dropout
voltage shall be adjustable from 78 to 98 percent of the pickup value, and
factory set at 70 percent of nominal voltage.

1.2 Transfer Time Delay

Time delay before transfer to the emergency power source shall be
adjustable from 0 to 1 minute and factory set at 1 minute. The device
shall monitor frequency and voltage of the emergency power source and
transfer when frequency and voltage are stabilized at or above 90 percent
of rated values. Pickup voltage shall be adjustable from 85 to 100 percent
of nominal and factory set at 90 percent. Pickup frequency shall be
adjustable from 90 to 100 percent of nominal and factory set at 90 percent.

.1.3 Return Time Delay

Time delay before return transfer to the normal power source shall be
adjustable from 0 to 5 minutes and factory set at 5 minutes. Time delay
shall be automatically defeated upon loss or sustained undervoltage of the
emergency power source, provided that the normal supply has been restored.

.1.4 Auxiliary Contacts

Two normally open and two normally closed auxiliary switches shall operate
when the transfer switch is connected to the normal power source, and two
normally open and two normally closed switches shall operate when the
transfer switch is connected to the emergency power source.
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2.1.5 Supplemental Features
ATS shall be furnished with the following:

a. Engine start contact.
b. Alternate source monitor.
c. Test switch.
d. Close differential protection.
e. Time delay bypass switch.
f. Manual return-to-normal switch.

g. Motor starter control. Undervoltage and timing relays, including
any auxiliary relays required, shall be installed in the ATS
enclosure to provide an adequate number and type of properly rated
contacts to control the operation of remote motor controllers or
starters shown. Devices and wiring in and external to the ATS
shall cause motors to be de-energized for an adjustable period of
time before the operation of the ATS in either direction and,
subsequently, to cause motors connected to the ATS load bus to be
energized at time intervals shown. The timing range shall be
approximately from 1 to 15 seconds and factory set at 5 seconds.

2.1.6 Operator

A manual operator, conforming to the applicable provisions of UL 1008,
shall be provided to permit manual operation of the ATS without opening the
ATS enclosure, and incorporate features to prevent operation by other than
authorized and qualified personnel. The ATS shall be designed for use of
the manual operator under no load conditions in the usual instances, but
with the capability of operation under load conditions when necessary.

2.1.7 Green Indicating Light

A green indicating light shall supervise the normal power source and shall
have a nameplate engraved NORMAL.

2.1.8 Red Indicating Light

A red indicating light shall supervise the emergency power source and shall
have a nameplate engraved EMERGENCY.

2.2 BY-PASS/ISOLATION SWITCH (BP/IS)
2.2.1 Design

Switch shall permit load by-pass to either the emergency source of power
and complete isolation of the associated ATS; independent of the operating
position of the ATS. BP/IS shall not have overload or fault current
protective devices. The BP/IS and the associated ATS shall be the products
of the same manufacturer and shall be completely interconnected and tested
at the factory and at the project site, as specified. The BP/IS shall be
manufactured, listed and tested in accordance with paragraph: AUTOMATIC
TRANSFER SWITCH (ATS) and shall have electrical ratings that exceed or
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equal comparable ratings specified for the ATS. Switch design and
construction shall prevent stops in an intermediate or neutral position
during operations, but shall permit load by-pass and transfer switch
isolation in no more than two manual operations which can be performed by
one person in 5 seconds or less. The transfer speed shall be independent
of the operation speed of the switch handles. The BP/IS operation shall be
accomplished without disconnecting switch load terminal conductors. The
isolation handle positions shall be marked with engraved plates, or other
approved means, to indicate the position or operating condition of the
associated ATS, as follows:

a. Closed: The closed position shall indicate that the ATS is closed
in one of the two operating positions.

b. Test: The test position shall indicate that the functional
operation of the transfer switch can be tested without service
interruption. In the test position, and in the open position, the
BP/IS shall be capable of functioning as a manual transfer switch
to permit loads to be transferred to either power source.

c. Open: The open position shall indicate that the transfer switch
is isolated from the load and both power sources, and can be
removed from the enclosure if required for maintenance or repairs.

2.2.2 Switch Construction

Bypass/isolation switch shall be constructed for convenient removal of
parts from front of switch enclosure without removal of other parts or
disconnection of external power conductors. Contacts shall be as specified
for associated ATS, including provisions for inspection of contacts without
disassembly of BP/IS or removal of entire contact enclosure. To facilitate
maintenance, manufacturer shall provide instructions for determination of
contact integrity. BP/IS and associated ATS shall be interconnected with
suitably sized copper bus bars silver-plated at each connection point, and
braced to withstand magnetic and thermal forces created at WCR specified
for associated ATS. The BP/IS and the associated ATS shall be
interconnected in the same manner.

2.3 ENCLOSURE

ATS and accessories shall be in a free-standing, floor-mounted and
unventilated NEMA ICS 6, Type I, smooth sheet metal enclosure constructed
in accordance with UL 1008. Intake vent shall be screened and filtered.
Exhaust vents shall be screened. Gauge of the metal shall be not less than
No. 14. Doors shall have suitable hinges, locking handle latch, and
gasketed jambs. Enclosure shall be equipped with at least two approved
size and type of grounding lugs for the purpose of grounding the enclosure
using No. 4 AWG copper conductors to the facility ground system. Factory
wiring within the enclosure and the Contractor's field wiring terminating
within the enclosure shall comply with NFPA 70. If wiring is not color
coded, wires shall be permanently tagged near the terminal at each end with
the wire number shown on approved detail drawings. Terminal blocks shall
conform to NEMA ICS 4. Terminal facilities shall be suitably arranged for
entrance of external conductors from the top of the enclosure or from the
top and bottom, as shown. Main switch terminals, including the neutral
terminal, shall be of the pressure type and suitable for the termination of
the external copper conductors shown.

2.3.1 Construction
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Enclosure shall be constructed for convenient removal and replacement of
contacts, coils, springs and control devices from the front without the
disconnection of external power conductors or the removal or disassembly of
major components. Enclosure housing for ATS and BP/IS shall be constructed
to protect personnel from energized components of the BP/IS during
maintenance of the ATS.

2.3.2 Finishing

Painting required for surfaces not otherwise specified and finish painting
of items only primed at the factory shall be as specified in Section 09900
PAINTING, GENERAL.

2.4 TESTING
2.4.1 Laboratory Testing

Testing shall be completed on the ATS and BP/IS to be supplied under these
specifications, or shall have been completed on a previous, randomly
selected standard production ATS and BP/IS unit having the same model
number and capacity as the ATS and BP/IS specified. Overload, endurance
and temperature tests shall be conducted in that sequence and within the
shortest practicable period of time on the same ATS and BP/IS without
de-energization of that ATS and BP/IS under test. The test sequence for
the ATS and BP/IS listed below shall be followed. No deviation will be
granted that is less stringent. Approval will not be granted to deviate
from the overload, endurance and temperature test sequence.

a. General

b. Normal Operation

c. Overvoltage

d. Undervoltage

e. Overload

f. Endurance

g. Temperature rise

h. Dielectric Voltage - Withstand

i. Contact Opening

J. Dielectric Voltage - Withstand (Repeated)
k. Withstand

1. Instrumentation and Calibration of High Capacity Circuits
m. Closings

J. Dielectric Voltage - Withstand (Repeated)
o. Strength of Insulating Base and Support
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2.4.2 Factory Testing

In addition to other factory tests, each completely assembled ATS and BP/IS
unit shall be subjected to dielectric and operational tests.

2.4.2.1 Dielectric Tests

Tests shall be performed in accordance with NEMA ICS 1. Wiring of each
control panel shall be subjected to voltage surge tests as stipulated in
IEEE C37.90.1. Impulse withstand rating tests shall be performed
accordance with the requirements of NEMA ICS 1.

2.4.2.2 Operational Tests

Tests shall be performed and shall demonstrate that the operational
sequence of the ATS and BP/IS unit conforms to the requirements of the
specifications with regard to operating transfer time, voltage, frequency,
and timing intervals.

PART 3 EXECUTION
3.1 INSTALLATION

ATS and BP/IS shall be installed as shown and in accordance with approved
manufacturer's instructions.

3.2 OPERATIONAL TESTING

Following completion of the installation of the ATS and BP/IS. The
Contractor shall perform operational tests in accordance with the written
instructions of the manufacturer after having made proper adjustments and
settings to demonstrate that the ATS functions satisfactorily and as
specified. The Contractor shall advise the Contracting Officer not less
than 5 work days prior to the scheduled date or dates for operational
testing, and shall provide certified field test reports to the Contracting
Officer within 2 calendar weeks following successful completion of the
operational tests. The test reports shall describe all adjustments and
settings made and all operational tests performed.

-- End of Section --
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SECTION 16415

ELECTRICAL WORK, INTERIOR

PART 1 GENERAL

1

.1 REFERENCES

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

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANST Cl12.1 (1995) Code for Electricity Metering

ANSI Cl2.4 (1984; R 1996) Mechanical Demand Registers
ANSI C12.10 (1997) Electromechanical Watthour Meters
ANSI C12.11 (1987; R 1993) Instrument Transformers for

Revenue Metering, 10 kV BIL Through 350 kV
BIL (0.6 kV NSV through 69 kV NSV)

ANSI C39.1 (1981; R 1992) Requirements for Electrical
Analog Indicating Instruments

ANSTI (C82.4 (1992) Ballasts for
High-Intensity-Discharge and Low-Pressure
Sodium Lamps (Multiple-Supply Type)
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 709 (1992; R 1997) Laminated Thermosetting
Materials

CODE OF FEDERAL REGULATIONS (CFR)

47 CFR 18 Industrial, Scientific, and Medical
Equipment

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C57.13 (1993) Instrument Transformers
IEEE C57.98 (1993) Guide for Transformer Impulse Tests
IEEE C62.41 (1991; R 1995) Surge Voltages in

Low-Voltage AC Power Circuits

IEEE Std 81 (1983) Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System
(Part 1)
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

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

NEMA AB 1 (1993) Molded Case Circuit Breakers and
Molded Case Switches

NEMA BU 1 (1994) Busways

NEMA FU 1 (1986) Low Voltage Cartridge Fuses
NEMA ICS 1 (1993) Industrial Controls and Systems
NEMA ICS 2 (1993) Industrial Control and Systems

Controllers, Contactors, and Overload
Relays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

NEMA ICS 3 (1993) Industrial Control and Systems
Factory Built Assemblies

NEMA ICS 6 (1993) Industrial Control and Systems
Enclosures

NEMA MG 1 (1998) Motors and Generators

NEMA MG 10 (1994) Energy Management Guide for

Selection and Use of Polyphase Motors

NEMA OS 1 (1996) Sheet-Steel Outlet Boxes, Device
Boxes, Covers, and Box Supports

NEMA PB 1 (1995) Panelboards

NEMA PB 2 (1995) Deadfront Distribution Switchboards
NEMA PE 5 (1996) Utility Type Battery Chargers

NEMA RN 1 (1989) Polyvinyl-Chloride (PVC) Externally

Coated Galvanized Rigid Steel Conduit and
Intermediate Metal Conduit

NEMA ST 20 (1992) Dry-Type Transformers for General
Applications

NEMA TC 2 (1990) Electrical Polyvinyl Chloride (PVC)
Tubing (EPT) and Conduit (EPC-40 and
EPC-80)

NEMA WD 1 (1983; R 1989) General Requirements for

Wiring Devices

NEMA WD 6 (1988) Wiring Devices - Dimensional
Requirements

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
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NFPA 70 (1999) National Electrical Code
NFPA 101 (1997; Errata 97-1; TIA 97-1) Life Safety
Code

UNDERWRITERS LABORATORIES (UL)

UL 1 (1993; Rev thru Jan 1995) Flexible Metal
Conduit

UL 4 (1996) Armored Cable

UL 5 (1996) Surface Metal Raceways and Fittings

UL 6 (1997) Rigid Metal Conduit

UL 20 (1995; Rev thru Oct 1998) General-Use Snap
Switches

UL 44 (1997; Rev Mar 1999) Thermoset-Insulated

Wires and Cables

UL 50 (1995; Rev thru Oct 1997) Enclosures for
Electrical Equipment

UL 67 (1993; Rev thru Nov 1995) Panelboards

UL 83 (1998) Thermoplastic-Insulated Wires and
Cables

UL 94 (1996; Rev thru Jul 1998) Tests for

Flammability of Plastic Materials for
Parts in Devices and Appliances

UL 98 (1994; R thru Jun 1998) Enclosed and
Dead-Front Switches

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

UL 360 (1996; Rev thru Oct 1997) Liquid-Tight
Flexible Steel Conduit

UL 467 (1993; Rev thru Apr 1999) Grounding and
Bonding Equipment

UL 486A (1997; Rev thru Dec 1998) Wire Connectors
and Soldering Lugs for Use with Copper
Conductors

UL 486C (1997; Rev thru Aug 1998) Splicing Wire
Connectors

UL 489 (1996; Rev thru Dec 1998) Molded-Case

Circuit Breakers, Molded-Case Switches,
and Circuit-Breaker Enclosures

UL 498 (1996; Rev thru Sep 1998) Attachment Plugs
and Receptacles
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UL 508 (1999) Industrial Control Equipment

UL 510 (1994; Rev thru Apr 1998) Polyvinyl
Chloride, Polyethylene, and Rubber
Insulating Tape

UL 512 (1993; R Dec 1995) Fuseholders
UL 514A (1996; Rev Jul 1998) Metallic Outlet Boxes
UL 514B (1997; Rev Oct 1998) Fittings for Cable

and Conduit

UL 542 (1994; Rev thru Jul 1998) Lampholders,
Starters, and Starter Holders for
Fluorescent Lamps

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and
80 Rigid PVC Conduit

UL 651A (1995; Rev thru Apr 1998) Type EB and A
Rigid PVC Conduit and HDPE Conduit

UL 797 (1993; Rev thru Mar 1997) Electrical
Metallic Tubing

UL 817 (1994; Rev thru Jul 1998) Cord Sets and
Power-Supply Cords

UL 845 (1995; Rev Feb 1996) Motor Control Centers

UL 857 (1994; Rev thru May 1999) Busways and
Associated Fittings

UL 869A (1998) Reference Standard for Service
Equipment
UL 877 (1993; Rev thru May 1997) Circuit Breakers

and Circuit-Breaker Enclosures for Use in
Hazardous (Clasgssified) Locations

UL 891 (1994; Rev thru Jan 1995) Dead-Front
Switchboards

UL 916 (1998) Energy Management Equipment

UL 924 (1995; Rev thru Oct 97) Emergency Lighting

and Power Equipment

UL 935 (1995; Rev thru Oct 1998)Fluorescent-Lamp
Ballasts
UL 943 (1993; Rev thru May 1998)Ground-Fault

Circuit-Interrupters
UL 1004 (1994; Rev thru Dec 1997) Electric Motors

UL 1029 (1994; Rev thru Dec 1997)
High-Intensity-Discharge Lamp Ballasts
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UL 1236 (1994; Rev thru Dec 1997) Battery Chargers
for Charging Engine-Starter Batteries

UL 1242 (1996; Rev Mar 1998) Intermediate Metal
Conduit
UL 1570 (1995; Rev thru Jun 1997) Fluorescent

Lighting Fixtures

UL 1572 (1995; Rev thru Jun 1997) High Intensity
Discharge Lighting Fixtures

UL 1660 (1994; Rev Apr 1998) Liquid-Tight Flexible
Nonmetallic Conduit

1.2 GENERAL
1.2.1 Rules

The installation shall conform to the requirements of NFPA 70 and NFPA 101,
unless more stringent requirements are indicated or shown.

1.2.2 Coordination

The drawings indicate the extent and the general location and arrangement
of equipment, conduit, and wiring. The Contractor shall become familiar
with all details of the work and verify all dimensions in the field so that
the outlets and equipment shall be properly located and readily accessible.
Lighting fixtures, outlets, and other equipment and materials shall be
located to avoid interference with mechanical or structural features;
otherwise, lighting fixtures shall be symmetrically located according to
the room arrangement when uniform illumination is required, or
asymmetrically located to suit conditions fixed by design and shown.
Raceways, junction and outlet boxes, and lighting fixtures shall not be
supported from sheet metal roof decks. If any conflicts occur
necessitating departures from the drawings, details of and reasons for
departures shall be submitted and approved prior to implementing any
change. The Electrical Contractor shall coordinate the electrical work
with HVAC and electrical drawings and provide all power related wiring even
if they are not shown on electrical drawings.

1.2.3 Special Environments
1.2.3.1 Weatherproof Locations

Wiring, Fixtures, and equipment in designated locations shall conform to
NFPA 70 requirements for installation in damp or wet locations.

1.2.4 Standard Products
Material and equipment shall be a standard product of a manufacturer
regularly engaged in the manufacture of the product and shall essentially
duplicate items that have been in satisfactory use for at least 2 years
prior to bid opening.

1.2.5 Nameplates

1.2.5.1 Identification Nameplates
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Major items of electrical equipment and major components shall be
permanently marked with an identification name to identify the equipment by
type or function and specific unit number as indicated. Designation of
motors shall coincide with their designation in the motor control center or
panel. TUnless otherwise specified, identification nameplates shall be made
of laminated plastic in accordance with ASTM D 709 with black outer layers
and a white core. Edges shall be chamfered. Plates shall be fastened with
black-finished round-head drive screws, except motors, or approved
nonadhesive metal fasteners. When the nameplate is to be installed on an
irregular-shaped object, the Contractor shall devise an approved support
suitable for the application and ensure the proper installation of the
supports and nameplates. In all instances, the nameplate shall be
installed in a conspicuous location. At the option of the Contractor, the
equipment manufacturer's standard embossed nameplate material with black
paint-filled letters may be furnished in lieu of laminated plastic. The
front of each panelboard, motor control center, switchgear, and switchboard
shall have a nameplate to indicate the phase letter, corresponding color
and arrangement of the phase conductors. The following equipment, as a
minimum, shall be provided with identification nameplates:

Minimum 1/4 inch Minimum 1/8 inch
High Letters High Letters

Panelboards Control Power Transformers

Starters Control Devices

Safety Switches Instrument Transformers

Motor Control Centers

Transformers

Equipment Enclosures

Switchgear

Switchboards

Motors

Each panel, section, or unit in motor control centers, switchgear or
similar assemblies shall be provided with a nameplate in addition to
nameplates listed above, which shall be provided for individual
compartments in the respective assembly, including nameplates which
identify "future," "spare," and "dedicated" or "equipped spaces."

1.2.6 As-Built Drawings

Following the project completion or turnover, within 30 days the Contractor
shall furnish 2 sets of as-built drawings to the Contracting Officer.

1.3 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:
SD-02 Shop Drawings
Interior Electrical Equipment; G.
Detail drawings for all materials and equipment specified. Detail

drawings shall consist of a complete list of equipment and
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materials, including manufacturer's descriptive and technical
data; catalog cuts; and any special installation instructions that
may be required. Drawings shall show applicable schematic
diagrams; equipment layout and anchorage, conduit, anchorage, and
support. Power system coordination study, short-circuit analysis
or study, fault-impedance diagrams, and load flow analysis or
study shall be included and shall be in accordance with paragraph
Section 16475 COORDINATED POWER SYSTEM PROTECTION. Telephone
system drawings showing actual layout, including locations, type
any gauge of cables, and terminal assignment of wiring, after
installation.

SD-07 Certificates
Materials and Equipment; G.

The label or listing of the Underwriters Laboratories, Inc.,
will be accepted as evidence that the materials or equipment
conform to the applicable standards of that agency. In lieu of
this label or listing, a statement from a nationally recognized,
adequately equipped testing agency indicating that the items have
been tested in accordance with required procedures and that the
materials and equipment comply with all contract requirements will
be accepted. However, materials and equipment installed in
hazardous locations must bear the UL label unless the data
submitted from other testing agency is specifically approved in
writing by the Contracting Officer. Materials and equipment will
be approved based on the manufacturer's published data.

For other than equipment and materials specified to conform to
UL publications, a manufacturer's statement indicating complete
compliance with the applicable standard of the American Society
for Testing and Materials, National Electrical Manufacturers
Association, or other commercial standard, is acceptable.
Telephone Installer; G

Qualifications of the telephone installer.

1.4 WORKMANSHIP

Materials and equipment shall be installed in accordance with NFPA 70,
recommendations of the manufacturer, and as shown.

PART 2 PRODUCTS

Products shall conform to the respective publications and other
requirements specified below. Materials and equipment not listed below
shall be as specified elsewhere in this section. Items of the same
classification shall be identical including equipment, assemblies, parts,
and components.

2.1 BUSWAYS

UL 857. Busses shall be copper. Enclosures shall be steel. Short-circuit
ratings, except as indicated, shall be in accordance with NEMA BU 1.

2.2 CABLES AND WIRES
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Conductors in cables shall be copper. Cables shall be single-conductor
type, unless otherwise indicated. Cables and wires shall conform to UL 44
for rubber-insulated type; UL 83 for the thermoplastic-insulated type.

2.2.1 Armored Cable

UL 4; NFPA 70, Type MC with interlocked armor. Cable shall be impervious
to water and listed as suitable for use in wet locations and direct burial.

2.2.2 Grounding Cables
Grounding cables shall be bare or shall have green low-voltage insulation.
2.2.3 Cord Sets and Power-Supply Cords
UL 817.
2.2.4 Telephone Cables
ICEA S-80-576
2.2.5 Telephone Backboards

Backboards shall be 5/8 inch plywood having a two-coat insulating varnish
finish.

2.3 CHARGERS, BATTERY

NEMA PE 5 UL 1236. Battery chargers shall be general purpose, continuous
current output, with solid state rectifiers. Means shall be provided to
regulate and to adjust the dc output voltage. Chargers shall have
continuous current ratings of 10 to 15 percent higher than battery current
outputs based upon an 8-hour discharge.

2.4 CIRCUIT BREAKERS

Circuit breakers shall have voltage, current and interrupting ratings as
indicated. Fully rated circuit breakers shall provided to obtain the
specified interrupting rating. Fully rated circuit breakers by UL shall be
provided as indicated, for specific pieces of distribution equipment, to
obtain the specified interrupting rating.

2.4.1 MOLDED-CASE CIRCUIT BREAKERS

Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489and UL 877
for circuit breakers.

a. Molded-Case Circuit Breakers: Single-pole breakers shall be full
module size; two poles shall not be installed in a single module.
Multipole breakers shall be of the common-trip type having a
single operating handle, but for sizes of 100 amperes or less may
consist of single-pole breakers permanently factory assembled into
a multipole unit having an internal, mechanical, nontamperable
common-trip mechanism and external handle ties. Breakers
coordinated with current-limiting fuses shall have a combined
interrupting capacity of 100,000 symmetrical amperes. All poles
of associated breakers shall open if any fuse blows.

b. Insulated-Case, Systems-Type Circuit Breakers: Breakers shall
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have continuous, short time withstand, and interrupting current
ratings and frame sizes as indicated. Breakers shall have
adjustable short time ground fault solid state trip elements as
indicated. Breakers shall be stored energy, electrically operated

type.

2.5 MOTOR SHORT-CIRCUIT PROTECTOR (MSCP)
Motor short-circuit protectors shall conform to UL 508 and shall be
provided as shown. Protectors shall be used only as part of a combination
motor controller which provides coordinated motor branch-circuit overload
and short-circuit protection, and shall be rated in accordance with the
requirements of NFPA 70.

2.5.1 Construction
Motor short-circuit protector bodies shall be constructed of high
temperature, dimensionally stable, long life, nonhygroscopic materials.
Protectors shall fit special MSCP mounting clips and shall not be
interchangeable with any commercially available fuses. All ratings shall
be clearly visible.

2.5.2 Ratings

Voltage ratings shall be not less than the applicable circuit voltage.
MSCP shall provide 100,000 amperes interrupting capacity rating.

2.6 CONDUIT AND TUBING
2.6.1 Electrical, Zinc-Coated Steel Metallic Tubing (EMT)
UL 797
2.6.2 Flexible Conduit, Steel and Plastic
General-purpose type, UL 1; liquid tight, UL 360, and UL 1660.
2.6.3 Intermediate Metal Conduit
UL 1242.
2.6.4 PVC Coated Rigid Steel Conduit
NEMA RN 1.
2.6.5 Rigid Metal Conduit
UL 6.
2.6.6 Rigid Plastic Conduit
NEMA TC 2, UL 651 and UL 651A.
2.6.7 Surface Metal Electrical Raceways and Fittings
UL 5.

2.7 CONDUIT AND DEVICE BOXES AND FITTINGS
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2.7.1 Boxes, Metallic Outlet
NEMA OS 1 and UL 514A.
2.7.2 Boxes, Switch (Enclosed), Surface-Mounted
UL 98.
2.7.3 Fittings for Conduit and Outlet Boxes
UL 514B.
2.7.4 Fittings, PVC, for Use with Rigid PVC Conduit and Tubing
UL 514B.
2.8 CONNECTORS, WIRE PRESSURE
2.8.1 For Use With Copper Conductors
UL 486A.
2.9 ELECTRICAL GROUNDING AND BONDING EQUIPMENT
UL 467.
2.9.1 Ground Rods
Ground rods shall be of copper-clad steel conforming to UL 467 not less
than 3/4 inch in diameter by 10 feet in length of the sectional type driven
full length into the earth.

2.9.2 Ground Bus

The ground bus shall be bare conductor or flat copper in one piece, if
practicable.

2.10 ENCLOSURES
NEMA ICS 6 or NEMA 250 unless otherwise specified.
2.10.1 Cabinets and Boxes

Cabinets and boxes with volume greater than 100 cubic inches shall be in
accordance with UL 50, hot-dip, zinc-coated, if sheet steel.

2.10.2 Circuit Breaker Enclosures
UL 489.

2.11 LIGHTING FIXTURES, LAMPS, BALLASTS, EMERGENCY EQUIPMENT, CONTROLS AND
ACCESSORIES

Standard Drawing 40-06-04 sheets referenced hereinafter and enclosed as an
integral part of these specifications, additional fixtures shown on
contract drawings. Fixtures, accessories and components, including
ballasts, lampholders, lamps, starters and starter holders, shall conform
to industry standards specified below.
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2.11.1 F

UL 924.

2.11.2 F

ixture, Auxiliary or Emergency

luorescent

Fixture: UL 1570. Fixtures shall be plainly marked for proper
lamp and ballast type to identify lamp diameter, wattage, color
and start type. Marking shall be readily visible to service
personnel, but not visible from normal viewing angles.

Ballasts:

(1) Electronic Ballast. Electronic ballasts shall consist of a
rectifier, high frequency inverter, and power control and
regulation circuitry. The ballasts shall be UL listed, Class P,
with a Class A sound rating and shall contain no PCBs. Ballasts
shall meet 47 CFR 18 for electromagnetic interference and shall
not interfere with the operation of other electrical equipment.
Design shall withstand line transients per IEEE C62.41, Category
A. TUnless otherwise indicated, the minimum number of ballasts
shall be used to serve each individual fixture, using one, two,
three or four lamp ballasts. A single ballast may be used to
serve multiple fixtures if they are continuous mounted, factory
manufactured for that installation with an integral wireway and
are identically controlled.

Light output regulation shall be +/- 10%.

Voltage input regulation shall be +/- 10%.

Lamp current crest factor shall be no more than 1.7.

Ballast factor shall be not less than 85% nor more than 100%,
unless otherwise indicated.

A 60 Hz filter shall be provided. Flicker shall be no more than
15% with any lamp suitable for the ballast.

Ballast case temperature shall not exceed 25 degree celsius rise
above 40 degree celsius ambient, when tested in accordance with UL
935.

Input current third harmonic shall not exceed 32 percent total
harmonic distortion or 27.5 percent of the third triplens.

Power factor shall not be less than 0.9.

Ballasts shall operate at a frequency of 20 KHz or more.
Operating filament voltage shall be 2.5 to 4.5 volts.

Warranty. Three year full warranty including a $10 labor
allowance.

Ballast Efficacy Factor (BEF) shall be in accordance with the
following table. Ballasts and lamps shall be matching rapid start
as indicated on the following table. TIf 32W-F32-T8 lamps and
ballasts are used, they must be all rapid start.

ELECTRONIC FLUORESCENT BALLAST EFFICACY FACTORS

LAMP
TYPE

32W F32 T8

TYPE OF NOMINAL NUMBER MIN. BALLAST
STARTER OPERATIONAL OF EFFICACY
& LAMP INPUT VOLTAGE LAMPS FACTOR

rapid start 120 V 1 2.4
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ELECTRONIC FLUORESCENT BALLAST EFFICACY FACTORS

LAMP TYPE OF NOMINAL NUMBER MIN. BALLAST
TYPE STARTER OPERATIONAL OF EFFICACY
& LAMP INPUT VOLTAGE LAMPS FACTOR
2 1.4

The BEF is calculated using the formula:
BEF = Ballast Factor (in percent) / Power Input
Where Power Input = Total Wattage of Combined Lamps and Ballasts.
c. Lampholders, Starters, and Starter Holders: UL 542.
2.11.3 High-Intensity-Discharge
a. Fixture: UL 1572.
b. Ballasts: ANSI C82.4 for multiple supply types and UL 1029.
2.11.4 Lampholders, Starters, and Starter Holders
UL 542
2.11.5 Ultrasonic, and Passive Infrared Occupancy Sensors
UL 916
2.12 FUSES AND FUSEHOLDERS
2.12.1 Fuses, Low Voltage Cartridge Type
NEMA FU 1.
2.12.2 Fuses, Class R
UL 198E.
2.12.3 Fuseholders
UL 512.
2.13 INSTRUMENTS, ELECTRICAL INDICATING
ANSTI C39.1.
2.14 MOTORS, AC, FRACTIONAL AND INTEGRAL
Motors, ac, fractional and integral horsepower, 500 hp and smaller shall
conform to NEMA MG 1 and UL 1004for motors; NEMA MG 10 for energy
management selection of polyphase motors.

2.14.1 Rating

SECTION 16415 Page 15



PRADO DAM EMBANKMENT AND OUTLET WORKS DACW09-02-B-0004

The horsepower rating of motors should be limited to no more than 125
percent of the maximum load being served unless a NEMA standard size does
not fall within this range. In this case, the next larger NEMA standard
motor size should be used.

2.14.2 Motor Efficiencies

All permanently wired polyphase motors of 1 hp or more shall meet the
minimum full-load efficiencies as indicated in the following table, and as
specified in this specification. Motors of 1 hp or more with open, drip
proof or totally enclosed fan cooled enclosures shall be high efficiency
type, unless otherwise indicated. Motors provided as an integral part of
motor driven equipment are excluded from this requirement if a minimum
seasonal or overall efficiency requirement is indicated for that equipment
by the provisions of another section.

Minimum Motor Efficiencies

HP Std. Efficiency High Efficiency
1 77.0 85.5
1.5 78.5 85.5
2 78.5 85.5
3 78.5 88.5
5 82.5 88.5
7.5 84.0 90.0
10 85.5 90.0
15 85.5 91.0
20 87.5 92.0
25 88.5 92.0
30 88.5 92.0
40 88.5 92.0

2.15 MOTOR CONTROLS AND MOTOR CONTROL CENTERS
2.15.1 General

NEMA ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845.
2.15.2 Motor Starters

Combination starters shall be provided with motor circuit protectorsas
indicated.

2.15.3 Thermal-Overload Protection

Each motor of 1/8 hp or larger shall be provided with thermal-overload
protection. Polyphase motors shall have overload protection in each
ungrounded conductor. The overload-protection device shall be provided
either integral with the motor or controller, or shall be mounted in a
separate enclosure. Unless otherwise specified, the protective device
shall be of the manually reset type. Single or double pole tumbler
switches specifically designed for alternating-current operation only may
be used as manual controllers for single-phase motors having a current
rating not in excess of 80 percent of the switch rating.

2.15.4 Low-Voltage Motor Overload Relays
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2.15.4.1 General

Thermal overload relays shall conform to NEMA ICS 2 and UL 508. Overload
protection shall be provided either integral with the motor or motor
controller, and shall be rated in accordance with the requirements of NFPA
70. Quick trip units shall be used on hermetically sealed, submersible
pumps, and similar motors.

2.15.4.2 Construction

Manual reset type thermal relay shall be bimetallic construction.
Automatic reset type thermal relays shall be bimetallic construction.

2.15.4.3 Ratings

Voltage ratings shall be not less than the applicable circuit voltage.

Trip current ratings shall be established by selection of the replaceable
overload device and shall not be adjustable. Where the controller is
remotely-located or difficult to reach, an automatic reset, non-compensated
overload relay shall be provided. Manual reset overload relays shall be
provided otherwise, and at all locations where automatic starting is
provided. Where the motor is located in a constant ambient temperature,
and the thermal device is located in an ambient temperature that regularly
varies by more than minus 18 degrees F, an ambient temperature-compensated
overload relay shall be provided.

2.15.5 Automatic Control Devices
2.15.5.1 Manual/Automatic Selection

a. Where combination manual and automatic control is specified and
the automatic-control device operates the motor directly, a
double-throw, three-position tumbler or rotary switch (marked
MANUAL-OFF-AUTOMATIC) shall be provided for the manual control.

b. Where combination manual and automatic control is specified and
the automatic-control device actuates the pilot control circuit of
a magnetic starter, the magnetic starter shall be provided with a
three-position selector switch marked MANUAL-OFF-AUTOMATIC.

c. Connections to the selector switch shall be such that; only the
normal automatic regulatory control devices will be bypassed when
the switch is in the Manual position; all safety control devices,
such as low-or high-pressure cutouts, high-temperature cutouts,
and motor-overload protective devices, shall be connected in the
motor-control circuit in both the Manual and the Automatic
positions of the selector switch. Control circuit connections to
any MANUAL-OFF-AUTOMATIC switch or to more than one automatic
regulatory control device shall be made in accordance with wiring
diagram approved by the Contracting Officer unless such diagram is
included on the drawings. All controls shall be 120 volts or less
unless otherwise indicated.

2.15.6 Motor Controller (Well Water)
Water well motor controller shall conform to the requirements of NEMA ICS 1,

NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508. Controller shall be
enclosed in a NEMA 4 enclosure and shall contain combination starters and
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other equipment as indicated.
2.16 PANELBOARDS
Dead-front construction, NEMA PB 1 and UL 67.
2.17 RECEPTACLES
2.17.1 General Grade
NEMA WD 1.
2.17.2 Standard Grade
UL 498.
2.17.3 Ground Fault Interrupters
UL 943, Class A or B.
2.18 Service Equipment
UL 869A.
2.19 SPLICE, CONDUCTOR
UL 486C.
2.20 SWITCHBOARD, DEAD FRONT DISTRIBUTION
NEMA PB 2 and UL 891.
2.21 SNAP SWITCHES
UL 20.
2.22 TAPES
2.22.1 Plastic Tape
UL 510.
2.22.2 Rubber Tape
UL 510.
2.23 TRANSFORMERS
2.23.1 Conventional Dry-Type

IEEE C57.98 and UL 1561 in addition to the specific standards referenced
below.

a. General Applications: NEMA ST 20 unless otherwise shown or
specified.

b. Instrument: ANSI C12.11 and IEEE C57.13 with current ratio or
voltage ratings shown or specified.
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2.24 WATTHOUR METERS

Watthour meters shall conform to ANSI C12.1 and ANSI C12.10, except
numbered terminal wiring sequence and case size may be the manufacturer's
standard. Watthour meters shall be of the drawout switchboard type having
a 15-minute, cumulative form, demand register meeting ANSI C1l2.4 and
provided with not less than two and one-half stators. Watthour demand
meters shall have factory-installed electronic pulse initiators meeting the
requirements of ANSI Cl2.1. Pulse initiators shall be solid-state devices
incorporating light-emitting diodes, phototransistors, and power
transistors, except that mercury-wetted output contacts are acceptable.
Initiators shall be totally contained within watthour demand meter
enclosures, shall be capable of operating up to speeds of 500 pulses per
minute with no false pulses, and shall require no field adjustments.
Initiators shall be calibrated for a pulse rate output of one pulse per 1/4
disc revolution of the associated meter and shall be compatible with the
indicated equipment.

2.25 WIRING DEVICES

NEMA WD 1 for general-purpose wiring devices, and NEMA WD 6 for dimensional
requirements of wiring devices.

2.26 Telephone Jacks
47 CFR 68, plastic shall be class VO in accordance with UL 94.
2.27 Telephone Instruments

Instruments shall be fully modular type 2500, multi line, and equipped with
DTMF dialing pad, and a pre-timed feature access button which simulated
hook flash. Instruments shall be desk or wall mounted as shown.

PART 3 EXECUTION
3.1 GROUNDING

Grounding shall be in conformance with NFPA 70, the contract drawings, and
the following specifications.

3.1.1 Ground Rods

The resistance to ground shall be measured using the fall-of-potential
method described in IEEE Std 81. The maximum resistance of a driven ground
shall not exceed 25 ohms under normally dry conditions. If this resistance
cannot be obtained with a single rod, additional rods not less than 6 feet
on centers, or if sectional type rods are used, additional sections may be
coupled and driven with the first rod. In high-ground-resistance, UL
listed chemically charged ground rods may be used. If the resultant
resistance exceeds 25 ohms measured not less than 48 hours after rainfall,
the Contracting Officer shall be notified immediately. Connections below
grade shall be fusion welded. Connections above grade shall be fusion
welded or shall use UL 467 approved connectors.

3.1.2 Ground Bus
Ground bus shall be provided in the electrical equipment rooms as

indicated. Noncurrent-carrying metal parts of transformer neutrals and
other electrical equipment shall be effectively grounded by bonding to the
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ground bus. The ground bus shall be bonded to both the entrance ground,
and to a ground rod or rods as specified above having the upper ends
terminating approximately 4 inches above the floor. Connections and
splices shall be of the brazed, welded, bolted, or pressure-connector type,
except that pressure connectors or bolted connections shall be used for
connections to removable equipment.

3.1.3 Grounding Conductors

A green equipment grounding conductor, sized in accordance with NFPA 70
shall be provided, regardless of the type of conduit. All equipment
grounding conductors, including metallic raceway systems used as such,
shall be bonded or joined together in each wiring box or equipment
enclosure. Metallic raceways and grounding conductors shall be checked to
assure that they are wired or bonded into a common junction. Metallic
boxes and enclosures, if used, shall also be bonded to these grounding
conductors by an approved means per NFPA 70. When boxes for receptacles,
switches, or other utilization devices are installed, any designated
grounding terminal on these devices shall also be bonded to the equipment
grounding conductor junction with a short jumper.

3.2 WIRING METHODS

Wiring shall conform to NFPA 70, the contract drawings, and the following
specifications. Unless otherwise indicated, wiring shall consist of
insulated conductors installed in rigid zinc-coated steel conduit rigid
plastic conduit electrical metallic, or intermediate metal conduit.

3.2.1 Conduit and Tubing Systems

Conduit and tubing systems shall be installed as indicated. Conduit sizes
shown are based on use of copper conductors with insulation types as
described in paragraph: WIRING METHODS. Minimum size of raceways shall be
3/4 inch. Only metal conduits will be permitted when conduits are required
for shielding or other special purposes indicated, or when required by
conformance to NFPA 70. Electrical metallic tubing may be installed only
within buildings. Electrical metallic tubing may be installed in concrete
and grout in dry locations. Electrical metallic tubing installed in
concrete or grout shall be provided with concrete tight fittings. EMT
shall not be installed in damp or wet locations. Bushings, manufactured
fittings or boxes providing equivalent means of protection shall be
installed on the ends of all conduits and shall be of the insulating type,
where required by NFPA 70. Only UL listed adapters shall be used to
connect EMT to rigid metal conduit, cast boxes, and conduit bodies.
Penetrations of above grade floor slabs, time-rated partitions and fire
walls shall be firestopped in accordance with Section 07840FIRESTOPPING.
Except as otherwise specified, IMC may be used as an option for rigid steel

conduit in areas as permitted by NFPA 70. Raceways shall not be installed
under the firepits of boilers and furnaces and shall be kept 6 inches away
from parallel runs of flues, steam pipes and hot-water pipes. Raceways

shall be concealed within finished walls, ceilings, and floors unless
otherwise shown. Raceways crossing structural expansion joints shall be
provided with suitable expansion fittings or other suitable means to
compensate for the building expansion and contraction and to provide for
continuity of grounding. Wiring installed in underfloor raceway system
shall be suitable for installation in wet locations.

3.2.1.1 Below Slab-on-Grade or in the Ground
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Electrical wiring below slab-on-grade shall be protected by a conduit
system. Conduit passing vertically through slabs-on-grade shall be rigid
steel or IMC. Rigid steel or IMC conduits installed below slab-on-grade or
in the earth shall be field wrapped with 0.010 inch thick pipe-wrapping
plastic tape applied with a 50 percent overlay, or shall have a
factory-applied polyvinyl chloride, plastic resin, or epoxy coating system.

3.2.1.2 Installing in Slabs Including Slabs on Grade

Conduits shall be installed as close to the middle of concrete slabs as
practicable without disturbing the reinforcement. Outside diameter shall
not exceed 1/3 of the slab thickness and conduits shall be spaced not
closer than 3 diameters on centers except at cabinet locations where the
slab thickness shall be increased as approved by the Contracting Officer.

3.2.1.3 Exposed Raceways

Exposed raceways shall be installed parallel or perpendicular to walls,
structural members, or intersections of vertical planes and ceilings.
Raceways under raised floors and above accessible ceilings shall be
considered as exposed installations in accordance with NFPA 70definitions.

3.2.1.4 Changes in Direction of Runs

Changes in direction of runs shall be made with symmetrical bends or
cast-metal fittings. Field-made bends and offsets shall be made with an
approved hickey or conduit-bending machine. Crushed or deformed raceways
shall not be installed. Trapped raceways in damp and wet locations shall
be avoided where possible. Care shall be taken to prevent the lodgment of
plaster, dirt, or trash in raceways, boxes, fittings and equipment during
the course of construction. Clogged raceways shall be entirely freed of
obstructions or shall be replaced.

3.2.1.5  Supports

Metallic conduits and tubing shall be securely and rigidly fastened in
place at intervals of not more than 10 feet and within 3 feet of boxes,
cabinets, and fittings, with approved pipe straps, wall brackets, conduit
clamps, conduit hangers, threaded C-clamps, or ceiling trapeze. C-clamps
or beam clamps shall have strap or rod-type retainers. Rigid plastic
conduits (if permitted as a wiring method) shall be supported as indicated
above, except that they will be supported at intervals as indicated in NFPA
70. Loads and supports shall be coordinated with supporting structure to
prevent damage or deformation to the structures, but no load shall be
applied to joist bridging. Fastenings shall be by wood screws or
screw-type nails to wood; by toggle bolts on hollow masonry units; by
expansion bolts on concrete or brick; by machine screws, welded threaded
studs, heat-treated or spring-steel-tension clamps on steel work.
Nail-type nylon anchors or threaded studs driven in by a powder charge and
provided with lock washers and nuts may be used in lieu of expansion bolts
or machine screws. Raceways or pipe straps shall not be welded to steel
structures. Holes cut to a depth of more than 1-1/2 inches in reinforced
concrete beams or to a depth of more than 3/4 inch in concrete joists
shall avoid cutting the main reinforcing bars. Holes not used shall be
filled. 1In partitions of light steel construction, sheet-metal screws may
be used. Conduit shall not be supported using wire or nylon ties.
Raceways shall be installed as a complete system and be independently
supported from the structure. Upper raceways shall not be the support of
lower raceways. Supporting means will not be shared between electrical
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raceways and mechanical piping or ducts and shall not be fastened to hung
ceiling supports. Conduits shall be fastened to all sheet-metal boxes and
cabinets with two locknuts where required by the NFPA 70, where insulating
bushings are used, and where bushings cannot be brought into firm contact
with the box; otherwise, a single locknut and bushing may be used.
Threadless fittings for electrical metallic tubing shall be of a type
approved for the conditions encountered. A pull wire shall be inserted in
each empty raceway in which wiring is to be installed by others if the
raceway 1is more than 50 feet in length and contains more than the
equivalent of two 90-degree bends, or where the raceway is more than 150
feet in length. The pull wire shall be of No. 14 AWG zinc-coated steel, or
of plastic having not less than 200 pound per square inch tensile
strength. Not less than 10 inches of slack shall be left at each end of
the pull wire. Additional support for horizontal runs is not required when
EMT rests on steel stud cutouts.

3.2.1.6 Exposed Raceways

Exposed risers in wire shafts of multistory buildings shall be supported by
U-clamp hangers at each floor level, and at intervals not to exceed 10
feet.

3.2.1.7 Communications Raceways

Communications raceways indicated shall be installed in accordance with the
previous requirements for conduit and tubing and with the additional
requirements that no length of run shall exceed 50 feetfor 1/2 inch and
3/4 inchsizes, and 100 feet for 1 inch or larger sizes, and shall not
contain more than two 90-degree bends or the equivalent. Additional pull
or junction boxes shall be installed to comply with these limitations
whether or not indicated. Inside radii of bends in conduits of 1 inch
size or larger shall be not less than ten times the nominal diameter.

3.2.2 Conductors

Wire connectors of insulating material or solderless pressure connectors
properly taped shall be utilized for all splices.

3.2.2.1 Sizing

Unless otherwise noted, all sizes are based on copper conductors and the
insulation types indicated. Sizes shall be not less than indicated.
Branch-circuit conductors shall be not smaller than No. 12 AWG. Conductors
for branch circuits of 120 volts more than 100 feet long and of 277 volts
more than 230 feet long, from panel to load center, shall be no smaller
than No. 10 AWG. Class 1 remote control and signal circuit conductors
shall be not less than No. 14 AWG. Class 2 remote control and signal
circuit conductors shall be not less than No. 16 AWG.

The conductor sizes are based on the THW insulation for conductors.
Higher temperature rated conductors will be permitted to be used, if the UL
tested temperature ratings for which the equipment in the circuit is marked

are not exceeded.

Conductor sizes for nonlinear loads shall be based on the use of minimum 75
degrees C insulated conductors for branch circuits and feeders.

3.2.2.2 Power Conductor Identification
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Phase conductors shall be identified by color coding. The color of the
insulation on phases A, B, and C respectively (for three phase) or phases A
and B respectively (for single phase) of different voltage systems shall be
as follows:

120/208 volt, 3-phase: Black, red, and blue.
277/480 volt, 3-phase: Brown, orange, and yellow.
120/240 volt, single/phase: Black and red.

Conductor phase and voltage identification shall be made by color-coded
insulation for all conductors smaller than No. 6 AWG. For conductors No. 6
AWG and larger, identification shall be made by color-coded insulation, or
conductors with black insulation may be furnished and identified by the use
of half-lapped bands of colored electrical tape wrapped around the
insulation for a minimum of 3 inches of length near the end, or other
method as submitted by the Contractor and approved by the Contracting
Officer. Conductor identification shall be provided within each enclosure
where a tap, splice, or termination is made. Phase identification by a
particular color shall be maintained continuously for the length of a
circuit, including junctions.

3.2.2.3 Control Conductor Identification

Control circuit conductor identification shall be made by color-coded
insulated conductors, plastic-coated self-sticking printed markers,
permanently attached stamped metal foil markers, or equivalent means as
approved. Control circuit terminals of equipment shall be properly
identified. Terminal and conductor identification shall match that shown
on approved detail drawings. Hand lettering or marking is not acceptable.

3.3 BOXES AND SUPPORTS

Boxes shall be provided in the wiring or raceway systems wherever required
for pulling of wires, making connections, and mounting of devices or
fixtures. Boxes for metallic raceways, 4 by 4 inch nominal size and
smaller, shall be of the cast-metal hub type when located in normally wet
locations, when flush and surface mounted on outside of exterior surfaces,
or when located in hazardous areas. Large size boxes shall be NEMA 1, 3R,
12, or as shown. Boxes in other locations shall be sheet steel permitted
by NFPA 70. 1In partitions of light steel construction bar hangers with 1
inch long studs, mounted between metal wall studs or metal stud "C"
brackets snapped on and tab-locked to metal wall studs, shall be used to
secure boxes to the building structure. When "C" brackets are used,
additional box support shall be provided on the side of the box opposite
the brackets. The edges of boxes for electrical devices shall be flush
with the finished surfaces in gypsum and plasterboard installations. Boxes
for mounting lighting fixtures shall be not less than 4 inches square
except smaller boxes may be installed as required by fixture configuration,
as approved. Boxes installed for concealed wiring shall be provided with
suitable extension rings or plaster covers, as required. The bottom of
boxes installed in masonry-block walls for concealed wiring shall be flush
with the top of a block to minimize cutting of blocks, and boxes shall be
located horizontally to avoid cutting webs of block. Indicated elevations
are approximate. Unless otherwise indicated, boxes for wall switches shall
be mounted 48 inches above finished floors. Switch and outlet boxes on
opposite sides of fire rated walls shall be separated by a minimum
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horizontal distance of 24 inches. Cast-metal boxes installed in wet
locations and boxes installed flush with the outside of exterior surfaces
shall be gasketed. Boxes and supports shall be fastened to wood with wood
screws or screw-type nails of equal holding strength, with bolts and metal
expansion shields on concrete or brick, with toggle bolts on hollow masonry
units, and with machine screws or welded studs on steel work. Threaded
studs driven in by powder charge and provided with lockwashers and nuts, or
nail-type nylon anchors may be used in lieu of expansion shields, or
machine screws. In open overhead spaces, cast-metal boxes threaded to
raceways need not be separately supported except where used for fixture
support; cast-metal boxes having threadless connectors and sheet metal
boxes shall be supported directly from the building structure or by bar
hangers. Hangers shall not be fastened to or supported from joist
bridging. Cast-metal boxes with 3/32 inch wall thickness are acceptable.
Where bar hangers are used, the bar shall be attached to raceways on
opposite sides of the box and the raceway shall be supported with an
approved type fastener not more than 24 inches from the box. Penetration
of more than 1-1/2 inches into reinforced-concrete beams or more than 3/4
inch into reinforced-concrete joists shall avoid cutting any main
reinforcing steel.

3.3.1 Conduit Stub-Ups

Conduits stubbed up through concrete floors for connections to freestanding
equipment shall be provided with a short elbow and an adjustable top or
coupling threaded inside for plugs, set flush with the finished floor.
Wiring shall be extended in rigid threaded conduit to equipment, except
that where required, flexible conduit may be used 6 inches above the
floor. Screwdriver-operated threaded flush plugs shall be installed in
conduits from which no equipment connections are made to suit the devices
installed.

3.4 DEVICE PLATES

One-piece type device plates shall be provided for all outlets and
fittings. Plates on unfinished walls and on fittings shall be of
zinc-coated sheet steel, cast-metal. Plates on finished walls shall be of
steel with baked enamel finish or satin finish corrosion resistant steel.
Screws shall be of metal with countersunk heads, in a color to match the
finish of the plate. Plates shall be installed with all four edges in
continuous contact with finished wall surfaces without the use of mats or
similar devices. Plaster fillings will not be permitted. Plates shall be
installed with an alignment tolerance of 1/16 inch. The use of
sectional-type device plates will not be permitted. Plates installed in
wet locations shall be gasketed and provided with a hinged, gasketed cover,
unless otherwise specified.

3.5 RECEPTACLES
3.5.1 Single and Duplex

Single and duplex receptacles shall be rated 20 amperes, 125 volts,
two-pole, three-wire, grounding type with polarized parallel slots. Bodies
shall be of brown or ivory to match color of switch handles in the same
room or to harmonize with the color of the respective wall, and supported
by mounting strap having plaster ears. Contact arrangement shall be such
that contact is made on two sides of an inserted blade. Receptacle shall
be side- or back-wired with two screws per terminal. The third grounding
pole shall be connected to the metal mounting yoke. Receptacles with
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ground fault circuit interrupters shall have the current rating as
indicated, and shall be UL Class A type unless otherwise shown. Ground
fault circuit protection shall be provided as required by NFPA 70 and as
indicated on the drawings.

.5.2 Weatherproof Applications

Weatherproof receptacles shall be suitable for the environment, wet as
applicable, and the housings shall be labeled to identify the allowable
use. Receptacles shall be marked in accordance with UL 514A for the type
of use indicated; "Wet Locations", "Wet Location Only When Cover Closed".
Assemblies shall be installed in accordance with the manufacturer's
recommendations.

.5.2.1 Wet Locations

Receptacles in wet locations shall be installed in an assembly rated for
such use whether the plug is inserted or withdrawn, unless otherwise
indicated. In a duplex installation, the receptacle cover shall be
configured to shield the connections whether one or both receptacles are in
use. Assemblies which utilize a self-sealing boot or gasket to maintain
wet location rating shall be furnished with a compatible plug at each
receptacle location and a sign notifying the user that only plugs intended
for use with the sealing boot shall be connected during wet conditions.

.5.3 Special-Purpose or Heavy-Duty Receptacles

Special-purpose or heavy-duty receptacles shall be of the type and of
ratings and number of poles indicated or required for the anticipated
purpose. Contact surfaces may be either round or rectangular. One
appropriate straight or angle-type plug shall be furnished with each
receptacle. Locking of receptacles, indicated to be the locking type,
shall be accomplished by the rotation of the plug.

.6 WALL SWITCHES

Wall switches shall be of the totally enclosed tumbler type. The wall
switch handle and switch plate color shall be harmonize with the color of
the respective wall. Wiring terminals shall be of the screw type or of the
solderless pressure type having suitable conductor-release arrangement.

Not more than one switch shall be installed in a single-gang position.
Switches shall be rated 20-ampere 120-volt for use on alternating current
only. Pilot lights indicated shall consist of yoke-mounted candelabra-base
sockets rated at 75 watts, 125 volts, and fitted with glass or plastic
jewels. A clear 6-watt lamp shall be furnished and installed in each pilot
switch. Jewels for use with switches controlling motors shall be green,
and jewels for other purposes shall be red.

.7 SERVICE EQUIPMENT

Service-disconnecting means shall be of the enclosed molded-case circuit
breaker type as indicated with an external handle for manual operation.
When service disconnecting means is a part of an assembly, the assembly
shall be listed as suitable for service entrance equipment. Enclosures
shall be sheet metal with hinged cover for surface mounting unless
otherwise indicated.

.8 PANELBOARD
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Circuit breakers and switches used as a motor disconnecting means, and not
in sight of the motor and the driven machinery location, shall be capable
of being locked in the open position. Door locks shall be keyed alike.
Nameplates shall be as approved. Directories shall be typed to indicate
loads served by each circuit and mounted in a holder behind a clear
protective covering. Busses shall be copper only, aluminum shall not be
allowed.

3.8.1 Panelboards

Panelboards shall be circuit breaker equipped as indicated on the drawings.
Switches serving as a motor disconnect means shall be of the tumbler

switch and fuse type. Switches serving as motor disconnect means shall be
horsepower rated in conformance with UL 98.

3.9 DEAD FRONT DISTRIBUTION SWITCHBOARD
Assemblies shall be metal-enclosed, freestanding general-purpose type and
shall be installed to provide front access. Busses shall be copper.
Assembly shall be approximately 90 inches high; arrangement of circuit
breakers and other items specified shall be as indicated. The Ampere
Interrupting Capacity (A.I.C.) rating of the switchboard and circuit
breakers shall be based on the maximum fault current available.

3.9.1 Circuit Breakers
Circuit breakers shall be molded-case circuit breakers.

3.9.2 Auxiliary Equipment

3.9.2.1 Instruments

Instruments shall be long scale, 6.8 inchesminimum, semiflush rectangular,
indicating or digital switchboard type, mounted at eye level.

a. Ammeter, range 0 to 600 amperes, complete with selector switch
having off position and positions to read each phase current.

b. Voltmeter, range 0 to 600 volts, complete with selector switch
having off position and positions to read each phase to neutral
voltage.

3.9.2.2 Instrument Transformers
a. DPotential transformers shall be rated 600 to 120 volts.
b. Current transformers shall be rated 600 to 5 amperes.

3.9.2.3 Control Switch

A control switch with indicating lights shall be provided for each
electrically operated breaker.

3.10 FUSES
Equipment provided under this contract shall be provided with a complete
set of properly rated fuses when the equipment manufacturer utilize fuses

in the manufacture of the equipment, or if current-limiting fuses are
required to be installed to limit the ampere-interrupting capacity of
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circuit breakers or equipment to less than the maximum available fault
current at the location of the equipment to be installed. Fuses shall have
a voltage rating of not less than the phase-to-phase circuit voltage, and
shall have the time-current characteristics required for effective power
system coordination.

3.10.1 Cartridge Fuses; Current-Limiting Type

Cartridge fuses, current-limiting type, Class RK1l and RK5 shall have tested
interrupting capacity not less than 100,000 amperes. Fuse holders shall be
the type that will reject all Class H fuses.

3.11 UNDERGROUND SERVICE

Unless otherwise indicated, interior conduit systems shall be stubbed out 5
feet beyond the building wall and 2 feet below finished grade, for
interface with the exterior service lateral conduits and exterior
communications conduits. Outside conduit ends shall be bushed and capped,
or plugged until connected to exterior conduit systems. Underground
service lateral conductors will be extended to building service entrance
and terminated in accordance with the requirements of Section 16375
ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND and NFPA 70.

3.12 MOTORS

Motors shall be as specified in paragraph: Motors, ac, Fractional and
Integral Horsepower, whether or not motors are separately provided or
included in equipment assemblies specified in other sections of these
specifications. Each motor shall conform to the hpand voltage ratings
indicated, and shall have a service factor and other characteristics that
are essential to the proper application and performance of the motors under
conditions shown or specified. Three-phase motors for use on 3-phase
208-volt systems shall have a nameplate rating of 200 volts. Unless
otherwise specified, all motors shall have open frames, and continuous-duty
classification based on a 40 degree C ambient temperature reference.
Polyphase motors shall be squirrel-cage type, having normal-starting-torque
and low-starting-current characteristics, unless other characteristics are
specified in other sections of these specifications or shown on contract
drawings. The Contractor shall be responsible for selecting the actual
horsepower ratings and other motor requirements necessary for the
applications indicated. When electrically driven equipment furnished under
other sections of these specifications materially differs from the design,
the Contractor shall make the necessary adjustments to the wiring,
disconnect devices and branch-circuit protection to accommodate the
equipment actually installed.

3.13 MOTOR CONTROL

Each motor or group of motors requiring a single control and not controlled
from a motor-control center shall be provided under other sections of these
specifications with a suitable controller and devices that will perform the
functions as specified for the respective motors. Each motor of 1/8 hp or
larger shall be provided with thermal-overload protection. Polyphase
motors shall have overload protection in each ungrounded conductor. The
overload-protection device shall be provided either integral with the motor
or controller, or shall be mounted in a separate enclosure. Unless
otherwise specified, the protective device shall be of the manually reset
type. Single or double pole tumbler switches specifically designed for
alternating-current operation only may be used as manual controllers for
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single-phase motors having a current rating not in excess of 80 percent of
the switch rating. Automatic control devices such as thermostats, float or
pressure switches may control the starting and stopping of motors directly,
provided the devices used are designed for that purpose and have an
adequate horsepower rating. When the automatic-control device does not
have such a rating, a magnetic starter shall be used, with the
automatic-control device actuating the pilot-control circuit. When
combination manual and automatic control is specified and the
automatic-control device operates the motor directly, a double-throw,
three-position tumbler or rotary switch shall be provided for the manual
control; when the automatic-control device actuates the pilot control
circuit of a magnetic starter, the latter shall be provided with a
three-position selector switch marked MANUAL-OFF-AUTOMATIC. Connections to
the selector switch shall be such that only the normal automatic regulatory
control devices will be bypassed when the switch is in the Manual position;
all safety control devices, such as low- or high-pressure cutouts,
high-temperature cutouts, and motor-overload protective devices, shall be
connected in the motor-control circuit in both the Manual and the Automatic
positions of the selector switch. Control circuit connections to any
MANUAL-OFF-AUTOMATIC switch or to more than one automatic regulatory
control device shall be made in accordance with wiring diagram approved by
the Contracting Officer unless such diagram is included on the drawings.
All controls shall be 120 volts or less unless otherwise indicated.

3.13.1 Motor Control Centers

Control centers shall be indoor type and shall contain combination starters
and other equipment as indicated. Control centers shall be NEMA ICS 2,
Class 1, Type B. Each control center shall be mounted on floor sills or
mounting channels. Each circuit shall have a suitable metal or laminated
plastic nameplate with white cut letters. Combination starters shall be
provided with circuit breakers. Motor control centers shall be provided
with a full-length ground bus bar.

3.13.2 Contacts

Unless otherwise indicated, contacts in miscellaneous control devices such
as float switches, pressure switches, and auxiliary relays shall have
current and voltage ratings in accordance with NEMA ICS 2 for rating
designation B300.

3.13.2.1 Pressure Switch

Pressure switch for the wet well shall operate within the pressure range of
77 to 87 PSI and tolerate an overrange pressure of 1500 PSI. Pressure
switch shall have external setpoint adjustments with visible scales.
Pressure switch shall have two single pole, double throw, snap action
switches with independently adjustable setpoints and fixed differentials.
Switch shall be housed in a NEMA 4 enclosure.

3.14 MOTOR-DISCONNECT MEANS

Each motor shall be provided with a disconnecting means when required by
NFPA 70 even though not indicated. For single-phase motors, a single or
double pole toggle switch, rated only for alternating current, will be
acceptable for capacities less than 30 amperes, provided the ampere rating
of the switch is at least 125 percent of the motor rating. Switches shall
disconnect all ungrounded conductors.
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.15 CONVENTIONAL DRY-TYPE TRANSFORMERS

Transformers having the primary or higher-voltage winding rated at 600
volts or less and a secondary or lower-voltage winding rated at 240 volts
or less may be manufacturer's standard ventilated or enclosed, self-cooled
type of transformer unless otherwise shown, specified or required for
proper and safe application. The percent voltage impedance for the
transformer shown to supply all facility power demands shall be 5.75 as
required to limit the available fault current to less than the
ampere-interrupting-capacity of the equipment supplied through the power
supply transformer shown.

.16 LAMPS AND LIGHTING FIXTURES

This paragraph shall cover the installation of lamps, lighting fixtures and
ballasts in interior or building mounted applications.

.16.1 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% 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. 10% spare lamps of each type, from the original
manufacturer, shall be provided.

.16.2 Lighting Fixtures

Fixtures shall be as shown and shall conform to the following
specifications and shall be as detailed on the drawings Standard Drawing
No. 40-06-04, Sheet No. E01, which accompany and form a part of this
specification for the types indicated. Illustrations shown on the
drawings are indicative of the general type desired and are not intended to
restrict selection to fixtures of any particular manufacturer. Fixtures of
similar designs and equivalent energy efficiency, light distribution and
brightness characteristics, and of equal finish and quality will be
acceptable if approved. In suspended acoustical ceilings with fluorescent
fixtures, the fluorescent emergency light fixtures shall be furnished with
self-contained battery packs.

.16.2.1 Accessories

Accessories such as straps, mounting plates, nipples, or brackets shall be
provided for proper installation. Open type fluorescent fixtures with
exposed lamps shall have a wire-basket type guard.

.16.2.2 Suspended Fixtures

Suspended fixtures shall be provided with swivel hangers in order to ensure
a plumb installation. Pendants, rods, or chains 4 feetor longer excluding
fixture, shall be braced to limit swinging. Bracing shall be 3
directional, 120 degrees apart. Single unit suspended fluorescent fixtures
shall have twin-stem hangers. Multiple unit or continuous-row fluorescent
units shall have a tubing or stem for wiring at one point, and a tubing or
rod suspension provided for each length of chassis including one at each
end. Maximum distance between adjacent tubing or stems shall be 10 feet.
Rods shall be of not less than 3/16 inch diameter. Flexible raceway shall
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be installed to each fixture from an overhead junction box. Fixture to
fixture wiring installation is allowed only when fixtures are installed end
to end in a continuous run.

3.16.2.3 Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation
in, on or from the suspended ceiling provided under other sections of these
specifications. Installation and support of fixtures shall be in
accordance with NFPA 70 and manufacturer's recommendations. Where seismic
requirements are specified herein, fixtures shall be supported as shown or
specified. Surface-mounted fixtures shall be suitable for fastening to the
ceiling panel structural supports.

3.16.2.4 Sockets

Sockets of industrial, strip, and other open type fluorescent fixtures
shall be of the type requiring a forced movement along the longitudinal
axis of the lamp for insertion and removal of the lamp.

3.17 BATTERY CHARGERS
Battery chargers shall be installed in conformance with NFPA 70.
3.18 EQUIPMENT CONNECTIONS

Wiring not furnished and installed under other sections of the
specifications for the connection of electrical equipment as indicated on
the drawings shall be furnished and installed under this section of the
specifications. Connections shall comply with the applicable requirements
of paragraph: WIRING METHODS. Flexible conduits 6 feet or less in length
shall be provided to all electrical equipment subject to periodic removal,
vibration, or movement and for all motors. All motors shall be provided
with separate grounding conductors. Liquid-tight conduits shall be used in
damp or wet locations.

3.18.1 Motors and Motor Control

Control equipment furnished under this section of the specifications, and
shown on the drawings, shall be connected under this section of the
specifications unless shown or specified otherwise. Except as otherwise
specifically noted, automatic-control wiring, signaling, and protective
devices are not included in this section of the specifications, but shall
be furnished and installed under other sections of the specifications.
Control wiring not shown on the drawings shall be furnished under the other
sections of the specifications.

3.18.2 Installation of Government-Furnished Equipment

Wiring shall be extended to the equipment, and proper connections made
thereto.

3.19 PAINTING AND FINISHING

Field-applied paint on exposed surfaces shall be provided under Section
09900 PAINTING, GENERAL.

3.20 FIELD TESTING
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Field testing shall be performed in the presence of the Contracting
Officer. The Contractor shall notify the Contracting Officer 14 days prior
to conducting tests. The Contractor shall furnish all materials, labor,
and equipment necessary to conduct field tests. The Contractor shall
perform all tests and inspection recommended by the manufacturer unless
specifically waived by the Contracting Officer. The Contractor shall
maintain a written record of all tests which includes date, test performed,
personnel involved, devices tested, serial number and name of test
equipment, and test results. All field test reports will be signed and
dated by the Contractor.

3.21 OPERATING TESTS

After the interior-wiring-system installation is completed, and at such
time as the Contracting Officer may direct, the Contractor shall conduct
operating tests for approval. The equipment shall be demonstrated to
operate in accordance with the specified requirements. Continuity test
shall be conducted on the telephone wiring system. The test shall be
performed in the presence of the Contracting Officer. The Contractor shall
furnish all instruments and personnel required for the tests. No part of
the electrical distribution system shall be energized prior to the
resistance testing of that system's ground rods and submission of test
results to the Contracting Officer. Test reports shall indicate the
location of the rod and the resistance and the soil conditions at the time
the test was performed. An operating test report shall be submitted in
accordance with paragraph: FIELD TEST REPORTS.

3.22 ONE-LINE DIAGRAM
A one-line diagram with main transformer, building disconnect means, and
feeder breakers/switches to building panels located at the building
disconnect shall be provided. Diagram shall be mounted under glass or
shall be plastic laminated. The breaker/switch identification on the
diagram shall match nameplate on the installed equipment.

3.23 ACCEPTANCE
Final acceptance of the facility will not be given until the Contractor has
successfully completed all tests and after all defects in installation,

material or operation have been corrected.

-- End of Section --
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SECTION 16475

COORDINATED POWER SYSTEM PROTECTION

PART 1 GENERAL
1.1 REFERENCES
The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code

IEEE C37.2 (1996) Electrical Power System Device
Function Numbers and Contract Designations

IEEE C37.90 (1989; R 1994) Relays and Relay Systems
Associated with Electric Power Apparatus

IEEE C57.13 (1993) Instrument Transformers
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (1993) Molded Case Circuit Breakers and
Molded Case Switches

NEMA FU 1 (1986) Low Voltage Cartridge Fuses
NEMA ICS 1 (1993) Industrial Controls and Systems
NEMA ICS 2 (1993) Industrial Control and Systems

Controllers, Contactors, and Overload
Relays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

NEMA ICS 3 (1993) Industrial Control and Systems
Factory Built Assemblies

NEMA ICS 6 (1993) Industrial Control and Systems
Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code
UNDERWRITERS LABORATORIES (UL)

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

UL 486E (1994; Rev thru Feb 1997) Equipment Wiring

Terminals for Use with Aluminum and/or
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Copper Conductors

UL 489 (1996; Rev thru Dec 1998) Molded-Case
Circuit Breakers, Molded-Case Switches,
and Circuit-Breaker Enclosures

UL 508 (1999) Industrial Control Equipment
UL 845 (1995; Rev Feb 1996) Motor Control Centers
1.2 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Fault Current Analysis; G
Protective Device Coordination Study; G

Studies which demonstrate that the equipment selected and system
constructed meet the contract requirements for equipment ratings
and coordination and protection. The studies shall include a
complete single-line diagram of the power system covered by this
specification; a short circuit study including the maximum and
minimum values of short circuit currents at major buses extended
down to system buses where currents are equal to 10,000 amperes
symmetrical; utility company data including system voltages, fault
MVA, system X/R ratio, time-current characteristic curves, current
transformer ratios, and relay device numbers and settings; fully
coordinated composite time-current characteristic curves including
recommended ratings and settings of all protective devices in
tabulated form; and associated calculations to demonstrate that
the power system protection will be selectively coordinated by the
use of devices or equipment submitted. Situations where system
coordination is not achievable due to device limitations along
with inadequate interrupting ratings shall be noted. These
studies shall be performed by the registered Professional Engineer.

The study along with protective device equipment submittals. No
time extensions or similar contact modifications will be granted
for work arising out of the requirements for this study. Approval
of protective devices proposed will be based on recommendations of
this study. The Government shall not be held responsible for any
changes to equipment, device ratings, settings, or additional
labor for installation of equipment or devices ordered and/or
procured prior to approval of the study.

Equipment; G

Data consisting of manufacturer's time-current characteristic
curves for individual protective devices, recommended settings of
adjustable protective devices, and recommended ratings of

non-adjustable protective devices.

System Coordinator
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1.

1.

Verification of experience and license number, of a registered
Professional Engineer with at least four years of current
experience in the design of coordinated power system protection.
Experience data shall include at least five references for work of
a magnitude comparable to this contract, including points of
contact, addresses and telephone numbers. This engineer must
perform items required by this section to be performed by a
registered Professional Engineer.

Protective Relays

Data shall including calibration and testing procedures and
instructions pertaining to the frequency of calibration,
inspection, adjustment, cleaning, and lubrication.

Installation

Procedures including diagrams, instructions, and precautions
required to properly install, adjust, calibrate, and test the
devices and equipment.

SD-06 Test Reports
Field Testing; G

The proposed test plan, prior to field tests. Plan shall
consist of complete field test procedure including tests to be
performed, test equipment required, and tolerance limits,
including complete testing and verification of the ground fault
protection equipment, where used. Performance test reports in
booklet form showing all field tests performed to adjust each
component and all field tests performed to prove compliance with
the specified performance criteria, upon completion and testing of
the installed system. Each test report shall indicate the final
position of controls.

SD-07 Certificates
Devices and Equipment; G

Certificates certifying that all devices or equipment meet the
requirements of the contract documents.

3 SYSTEM DESCRIPTION

The power system covered by this specification consists of equipment as
indicated on the drawings.

.4 QUALIFICATIONS

4.1 System Coordinator

System coordination, recommended ratings and settings of protective
devices, and design analysis shall be accomplished by a registered
professional electrical power engineer with a minimum of two years of
current experience in the coordination of electrical power systems.

4.2 System Installer
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Calibration, testing, adjustment, and placing into service of the
protective devices shall be accomplished by a manufacturer's product field
service engineer or independent testing company with a minimum of two years
of current product experience in protective devices.

.5 DELIVERY, STORAGE, AND HANDLING

Devices and equipment shall be visually inspected when received and prior
to acceptance from conveyance. Stored items shall be protected from the

environment in accordance with the manufacturer's published instructions.
Damaged items shall be replaced.

.6 PROJECT/SITE CONDITIONS

Devices and equipment furnished under this section shall be suitable for
the following site conditions.

.6.1 Altitude

Altitude: 500 ft.

.6.2 Ambient Temperature

Ambient Temperature: 40 degrees C

.6.3 Frequency

Frequency: 60 Hz.

.6.4 Humidity Control

Humidity Control: Yes.

.6.5 Ventilation

Ventilation: Yes.

.6.6 Seismic Parameters

Seismic Parameters: Seismic Zone 4.

.7 EXTRA MATERIALS

The spare fuses or spare fuse elements shall be delivered to the
Contracting officer when the electrical system is accepted.

PART 2 PRODUCTS

2

.1 STANDARD PRODUCT

Protective devices and equipment shall be the standard product of a
manufacturer regularly engaged in the manufacture of the product and shall
essentially duplicate items that have been in satisfactory utility type use
for at least two years prior to bid opening.

.2 NAMEPLATES

Nameplates shall be provided to identify all protective devices and
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equipment. Nameplate information shall be in accordance with NEMA AB 1.
2.3 CORROSION PROTECTION

Metallic materials shall be protected against corrosion. Ferrous metal
hardware shall be zinc or chrome-plated.

2.4 MOTOR CONTROLS AND MOTOR CONTROL CENTERS

Motor controls and motor control centers shall be in accordance with NEMA
ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508and UL 845.

2.4.1 Low-Voltage Motor Overload Relays
2.4.1.1 General

Thermal and magnetic current overload relays shall conform to NEMA ICS 2
and UL 508. Overload protection shall be provided either integral with the
motor or controller, and shall be rated in accordance with the requirements
of NFPA 70.

2.4.1.2 Construction

Manual reset type thermal relays shall be bimetallic construction.
Automatic reset type relays shall be bimetallic construction. Magnetic
current relays shall consist of a contact mechanism and a dash pot mounted
on a common frame.

2.4.1.3 Ratings

Voltage ratings shall be not less than the applicable circuit voltage.

Trip current ratings shall be established by selection of the replaceable
overload device and shall not be adjustable. Where the controller is
remotely-located or difficult to reach, an automatic reset, non-compensated
overload relay shall be provided. Manual reset overload relays shall be
provided otherwise, and at all locations where automatic starting is
provided. Where the motor is located in a constant ambient temperature,
and the thermal device is located in an ambient temperature that regularly
varies by more than 18 degrees F, an ambient temperature-compensated
overload relay shall be provided.

2.5 LOW-VOLTAGE FUSES

2.5.1 General
Low-voltage fuses shall be cartridge-type, Class R, or Class J, with
matching fuseholders, as shown. Low-voltage fuses shall conform to NEMA FU
1 or UL 198E as appropriate. Time delay options shall be as shown.

2.5.2 Construction
Class L fuse contact surfaces shall be plated to ensure low resistance
contact. All fuse bodies shall be constructed of high temperature,
dimensionally stable, long life, nonhygroscopic materials. All ratings

shall be clearly visible.

2.5.3 Ratings
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2.5.3.1 Voltage Ratings

Voltage ratings shall be not less than the applicable circuit voltage.
Nominal voltage ratings, maximum continuous-current ratings, and maximum
short-circuit interrupting ratings, shall be in accordance with NEMA FU 1
and UL 198E.

2.5.3.2 Motor and Transformer Circuit Fuses

Motor, motor controller, transformer, and inductive circuit fuses shall be
Class RK1 or RK5, current-limiting, time-delay with 200,000 amperes
interrupting capacity.

2.6 MOTOR SHORT-CIRCUIT PROTECTOR (MSCP)
2.6.1 General

Motor short-circuit protectors shall conform to UL 508 and shall be
provided as shown. Protectors shall be used only as part of a combination
motor controller which provides coordinated motor branch-circuit overload
and short-circuit protection, and shall be rated in accordance with the
requirements of NFPA 70.

2.6.2 Construction

Motor short-circuit protector bodies shall be constructed of high
temperature, dimensionally stable, long life, nonhygroscopic materials.
Protectors shall fit special MSCP mounting clips and shall not be
interchangeable with any commercially available fuses. Protectors shall
have 100 percent one-way interchangeability within the A-Y letter
designations. All ratings shall be clearly visible.

2.6.3 Ratings

Voltage ratings shall be not less than the applicable circuit voltage.
Letter designations shall be A through Y for motor controller Sizes 0, 1,
2, 3, 4, and 5, with 100,000 amperes interrupting capacity rating. Letter
designations shall correspond to controller sizes as follows:

CONTROLLER SIZE MSCP DESIGNATION
NEMA 0 A-N
NEMA 1 A-P
NEMA 2 A-S
NEMA 3 A-U
NEMA 4 A-W
NEMA 5 A-Y

2.7 MOLDED-CASE CIRCUIT BREAKERS
2.7.1 General

Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489 and
shall be provided as shown. Circuit breakers may be installed in
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panelboards, switchboards, enclosures, motor control centers, or
combination motor controllers.

2.7.2 Construction

Molded-case circuit breakers shall be assembled as an integral unit in a
supporting and enclosing housing of glass reinforced insulating material
providing high dielectric strength. Circuit breakers shall be suitable for
mounting and operating in any position. Lugs shall be listed for copper
conductors only in accordance with UL 486E. Single-pole circuit breakers
shall be full module size with not more than one pole per module.
Multi-pole circuit breakers shall be of the common-trip type having a
single operating handle such that an overload or short circuit on any one
pole will result in all poles opening simultaneously. All circuit breakers
shall have a quick-make, quick-break overcenter toggle-type mechanism, and
the handle mechanism shall be trip-free to prevent holding the contacts
closed against a short-circuit or sustained overload. All circuit breaker
handles shall assume a position between "ON" and "OFF" when tripped
automatically. All ratings shall be clearly visible.

2.7.3 Ratings

Voltage ratings shall be not less than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at least equal to the
available short-circuit current at the line terminals of the circuit
breaker and correspond to the UL listed integrated short-circuit current
rating specified for the panelboards and switchboards. Molded-case circuit
breakers shall have nominal voltage ratings, maximum continuous-current
ratings, and maximum short-circuit interrupting ratings in accordance with
NEMA AB 1. Ratings shall be coordinated with system X/R ratio.

2.7.4 Thermal-Magnetic Trip Elements

Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by means of thermal-magnetic tripping devices
located in each pole providing inverse time delay and instantaneous circuit
protection. The instantaneous magnetic trip shall be adjustable and
accessible from the front of all circuit breakers on frame sizes above 150
amperes.

2.7.5 Solid-State Trip Elements

Solid-state circuit breakers shall be provided as shown. All electronics
shall be self-contained and require no external relaying, power supply, or
accessories. Printed circuit cards shall be treated to resist moisture
absorption, fungus growth, and signal leakage. All electronics shall be
housed in an enclosure which provides protection against arcs, magnetic
interference, dust, and other contaminants. Solid-state sensing shall
measure true RMS current with error less than one percent on systems with
distortions through the 13th harmonic. Peak or average actuating devices
are not acceptable. Current sensors shall be toroidal construction,
encased in a plastic housing filled with epoxy to protect against damage
and moisture and shall be integrally mounted on the breaker. Where
indicated on the drawings, circuit breaker frames shall be rated for 100
percent continuous duty. Circuit breakers shall have tripping features as
shown on the drawings and as described below:

a. Long-time current pick-up, adjustable from 50 percent to 100
percent of continuous current rating.
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b. Fixed long-time delay.

c. Short-time current pick-up, adjustable from 1.5 to 9 times
long-time current setting.

d. Fixed short-time delay.

g. Ground-fault pick-up, adjustable from 20 percent to 60 percent of
sensor rating, but in no case greater than 1200 amperes. Sensing
of ground-fault current at the main bonding jumper or ground strap

shall not be permitted.

h. Fixed ground-fault delay.

j. Overload, Short-circuit, and Ground-fault trip indicators shall be
provided.
.7.6 Current-Limiting Circuit Breakers

Current-limiting circuit breakers shall be provided as shown.
Current-limiting circuit breakers shall limit the let-through I square
times t to a value less than the I square times t of one-half cycle of the
symmetrical short-circuit current waveform. On fault currents below the
threshold of limitation, breakers shall provide conventional overload and
short-circuit protection. Integrally-fused circuit breakers shall not be
used.

.7.7 SWD Circuit Breakers

Circuit breakers rated 15 amperes or 20 amperes and intended to switch 277
volts or less fluorescent lighting loads shall be marked "SWD."

.7.8 HACR Circuit Breakers

Circuit breakers 60 amperes or below, 240 volts, 1l-pole or 2-pole, intended
to protect multi-motor and combination-load installations involved in
heating, air conditioning, and refrigerating equipment shall be marked
"Listed HACR Type."

.7.9 Motor Circuit Protectors (MCP)

Motor circuit protectors shall conform to NEMA AB 1 and UL 489 and shall be
provided as shown. MCPs shall consist of an adjustable instantaneous trip
circuit breaker in conjunction with a combination motor controller which
provides coordinated motor circuit overload and short-circuit protection.
Motor Circuit Protectors shall be rated in accordance with NFPA 70.

.8 PROTECTIVE RELAYS

Solid-state and Electromechanical protective relays shall be as shown and
shall be of a type specifically designed for use on power switchgear or
associated electric power apparatus. Protective relays shall conform to
IEEE C37.90.

.8.1 Construction

Relays shall be of the semi-flush, rectangular, back-connected, dustproof,
switchboard type. Cases shall have a black finish and window-type
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removable covers capable of being sealed against tampering. Relays shall
be of a type that can be withdrawn, through approved sliding contacts, from
fronts of panels or doors without opening current transformer secondary
circuits, disturbing external circuits, or requiring disconnection of any
relay leads. Necessary test devices shall be incorporated within each
relay and shall provide a means for testing either from an external source
of electric power or from associated instrument transformers. Each relay
shall be provided with an operation indicator and an external target reset
device. Relays shall have necessary auxiliaries for proper operation.
Relays and auxiliaries shall be suitable for operation with the instrument
transformer ratios and connections provided.

2.8.2 Ratings

Relays shall be the manufacturer's standard items of equipments with
appropriate ranges for time dial, tap, and other settings. Relay device
numbers shall correspond to the function names and descriptions of IEEE
C37.2.

2.9 COORDINATED POWER SYSTEM PROTECTION

Analyses shall be prepared to demonstrate that the equipment selected and
system constructed meet the contract requirements for ratings,
coordination, and protection. They shall include a load flow analysis, a
fault current analysis, and a protective device coordination study. The
studies shall be performed by a registered professional engineer with
demonstrated experience in power system coordination in the last three
years. The Contractor shall provide a list of references complete with
points of contact, addresses and telephone numbers. The selection of the
engineer is subject to the approval of the Contracting Officer.

PART 3 EXECUTION
3.1 VERIFICATION OF DIMENSIONS

After becoming familiar with details of the work, the Contractor shall
verify dimensions in the field, and shall advise the Contracting Officer of
any discrepancy before performing any work.

3.2 INSTALLATION

Protective devices shall be installed in accordance with the manufacturer's
published instructions and in accordance with the requirements of NFPA 70
and IEEE C2.

3.3 FIELD TESTING
3.3.1 General

Field testing shall be performed in the presence of the Contracting
Officer. The Contractor shall notify the Contracting Officer 30 days prior
to conducting tests. The Contractor shall furnish all materials, labor,
and equipment necessary to conduct field tests. The Contractor shall
perform all tests and inspections recommended by the manufacturer unless
specifically waived by the Contracting Officer. The Contractor shall
maintain a written record of all tests which includes date, test performed,
personnel involved, devices tested, serial number and name of test
equipment, and test results.
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.3.2 Safety

The Contractor shall provide and use safety devices such as rubber gloves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equipment which
are damaged due to improper test procedures or handling.

.3.3 Molded-Case Circuit Breakers

Circuit breakers shall be visually inspected, operated manually, and
connections checked for tightness. Current ratings shall be verified and
adjustable settings incorporated in accordance with the coordination study.

.3.4 Protective Relays

Protective relays shall be visually and mechanically inspected, adjusted,
tested, and calibrated in accordance with the manufacturer's published
instructions. Tests shall include pick-up, timing, contact action,
restraint, and other aspects necessary to ensure proper calibration and
operation. Relay settings shall be implemented in accordance with the
coordination study. Relay contacts shall be manually or electrically
operated to verify that the proper breakers and alarms initiate. Relaying
current transformers shall be field tested in accordance with IEEE C57.13.

-- End of Section --
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