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AMVENDMVENT NO 0008 TO ADVERTI SED | FB DACWB- 02- B- 0026
EFFECTI VE NOV 19, 2002

AVENDMVENTS:
1) Anendnent 0002, Item1: Delete Table of Contents revised by

Arendemmt 0002 and substitute the attached revi sed Tabl e of Contents, dated
Nov 18, 2002.

2) Amendrent No. 0002, Item 4, Page 01110-2, Paragraph 1.4: Imrediately
after Sheet A9-14 - QUITER DETAILS' insert attached Sheet A9-15 - PARTI TI ON
TYPES AND DETAILS".

3) Amendnment No. 0002, Item 73, Section 13930, Paragraph 3. 1:
Imredi ately after “NFPA 13, NFPA 13E, NFPA 14, and NFPA 24", add "and
rel evant BOCA sections”.

4) Arendnent No. 0002, Item 80, Sheets A2-02, A2-03, ES-02, EO01, E11,
El12, EFG 1, EFG 2, EFG 3, EFG 4, EFGS5, EFG6, EFG 7, EFG9: Delete these
sheets in their entirety as by Arendnent 0002 and substitute therefor the
attached revised |ike-nunbered sheets, dated 11-08-02.

5) Amendrent No. 0004, ltem 12, Sheet A9-1A: Change the foll ow ng:

a. At the door type colum of Doors Bl12-2, B12-4, 301-8 and 301-9,
delete “D- 103" and substitute therefore “D 101".

b. At the hardware colum of Door 501, delete “-“ and substitute
therefore “90".

6) Amendnent No. 0004, Item 49, Section 13100A: Delete this section in
its entirety.

7) Anmendnment No. 0004, Item 50, Section 13851: Delete this section in
its entirety and substitute therefor the attached revised Section 13851,
dated Nov 18, 2002.

8) Amendnment No. 0004, Item59 and 60, Section 16415: Delete this
section in its entirety and substitute therefor the attached revised
Section 16415, dated Nov 18, 2002.

9) Anmendnent No. 0004, Item 62, Sheets A8-03, E03, EO07, and E09: Delete
these sheets in their entirety as by Amendment 0004 and substitute therefor
the attached revised |ike-nunbered sheets, dated 11-08-02.

10) Amendnment No. 0004, Item 62, Sheet A8-03: At Section 9/A38-03
elevator pit |adder, add 24" long x 1-1/2" dianeter grab bar at top of
| adder .

SALI A TATI ON:

11) Price Schedule: Delete price schedule inits entirety and substitute
therefor the attached revised Price Schedul e, dated Nov 18, 2002.
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SPECI FI CATI ONS:

12) Section 01451-11, Paragraph 3.7.1: Immediately after sub-paragraph
“e”, add the follow ng:

“f. Unless otherw se indicated by contract specifications, the
Contractor shall notify the Contracting O ficer a mninumof 24 hours prior
to testing.”

13) Page 05500A- 10, Paragraph 2. 15: Change the foll owi ng:

a. Imredi ately following the sentence: “All nesh screening.in the
resin system”, add “Coating shall be applied using the coil
coating process”.

b. Del ete the sentence “Col ors shall be as noted in Col or
Schedul e.” and substitute therefor “Colors shall natch those
noted in Color Schedule. Colors submtted for approval shall
be provided in coating with salient characteristics appropriate
for and consistent with the application process used for the
appl i cabl e substrate (e.g. coil coating process for gal vani zed
steel).”

14) Section 09250-5, Paragraph 2.6.1: Delete “STC45" and substitute
therefore “STC 50.”

15) Section 09250-5, Paragraph 3.1: Delete "pipe chases”.

16) Appendi x, Technol ogy I nplenmentation Facilities Design Plan (DCPS
Section 16900): Delete this appendix in its entirety.

17) Appendi x, Information Technol ogi es Specififications (DCPS Section
17000): Delete this appendix in its entirety.

18) Appendix, Col or Schedule, Page 7: Add “Note: Colors for Mesh
Screen, Mesh Frame and bracing shall be approved fromthe nmanufacturer’s
full line of colors for the coil curing application process.”

DRAW NGS:

19) Sheet AO0-00: Inmediately after “A9-14 QUTTER DETAILS’ add “A9-15
PARTI TI ON TYPES AND DETAI LS'.

20) Sheet AO0-01: Imediately after “with Section 906.2.1" at Ceneral
Note “A’ add “and NFPA regul ations.”

21) Sheet A2-01, A2-04, A2-05, A2-06, A2-07, A8-02, EO05, E22: Delete
these sheets in their entirety as originally issued and substitute therefor
the attached revised |ike-nunbered sheet, dated 11-08-02.

22) Sheet A8-05: At details No. 2, 4, 5 and 8, delete “#10 gage” and
substitute therefor “#8 gage”.
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23) Sheet A8-06: At Details No. 15, and 16, delete “#10 gage” and
substitute therefor “#8 gage”

24) Sheet A9-10: At Detail No. 13, delete “H evation 157.89” and
substitute therefor “El evation 159. 98"

25) Sheet A9-12: At details No. 4, 6, 8 9, and 10, delete “#10 gage”
and substitute therefor “#8 gage”

26) Sheet A9-14: |Imediately after this sheet, add attached Sheet A9-15,
dat ed 11-08-02.

27) Sheet PO1: At E evator Sunp Punp Detail, add the follow ng:

“Note: Provide E evator Pit Gl-Mnder Control System 115 volt, 0.5 HP

si ngl e phase, 3600 RPM 2" discharge size, 37 maxi mum head, 74 GPM nmaxi mum
flow, approx. 30 I b weight, approx 16" high. The Gl-Mnder Systemis a
subnersi bl e pump and control package designed to punp water out of el evator
sunps w thout the danger of ejecting hydraulic fluid into sewers and

wat erways. The G| -M nder Systemconsists of a watertight, corrosive-
resistant pre-wired NEVA 4X control panel, a properly sized electric
subnersi bl e punp, a self-cleaning, hernmetically seal ed, stainless stee

oi | -sensi ng probe and solid-state electrical relay conponents. Install the
subnersi bl e punmp permanently at the base of the elevator pit. Munt probe
on the side of the punp. Position probe at a point above the punp inlet, so
that it sends a signal to a relay that shuts the punp off if oil is

encount ered before pollutants are ejected. Include within the systema
separate alarmthat will activate in the event of (A) the presence of oi

in the sunp (B) high liquid in the sump or (C) high anps or a | ocked rotor
condition.”

28) Sheet E22: Delete this sheet inits entirety as originally issued
and substitute therefor the attached revised |ike-nunbered sheet, dated
11-08-02.



PART | - THE PRICE SCHEDULE
SECTION 00010 - SUPPLIES OR SERVICES AND PRICES

ATTACHMENT TO ACCOMPANY AMENDMENT NO. 0008 TO IFB
DACW31-02-B-0026, REVISED NOV 18, 2002

PRICE SCHEDULE

Item No. Description Amount

0001 All costs in connection with the renovation of the existing
Thomson Elementary School, complete as shown on
drawings and specified, but exclusive of work covered
under Item 0003 below. $

0002 All costs in connection with construction of the new Thomson
Elementary School addition, complete as shown on
drawings and specified, but exclusive of work covered
under Item 0003 bel ow. $

0003 PEPCO Allowance $ 70,000

TOTAL BID AMOUNT $

NOTES TO OFFERORS

PEPCO Allowance (Item 0003). This alowance is the amount that PEPCO will charge
the project for its design and construction of all componentsin public space. Detailed
description of the work required under the allowance is included in the proposal
documents. The design Architect/Engineer Lance Bailey will work with the Contractor
to finalize the allowance scope so that the cost is not exceeded. The allowance shown for
Bid Item 0003 is the maximum amount that the government will pay for thisitem of
work.

00010-3

DACW31-02-B-0026
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81)  Sheets C101, C102, C202, C203, C411, C501, C502, C512, C514, C601, C801, A2-
02, A2-03, A3-01, A3-02, A3-03, A3-07, A3-08, A5-01, A6-05, A6-06, A7-01, A9-1A, A10-02,
A10-03, A10-04, A10-05, A10-07, A10-08, M-02, M0O3, M04, M05, M06, M07, M08, M09, M10,
M11, M12, P02, P04, P09, P11, P13, P15, ESO1, ES02, EQ1, E04, E06, E08, E10, E11, E12,
E14, E15, E16, E17, E18, E20, E21, E23, EFC1, EFC2, EFC3, EFC4, EFC5, EFCG6, EFC7,
EFC8, EFC9O: Delete these sheets in their entirety as originally issued and substitute therefor
the attached revised like-numbered sheets dated September 11, 2002.
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THOMSON ELELMENTARY SCHOOL
RENOVATION AND ADDITION

SECTION 13851

FIRE DETECTION AND ALARM SYSTEM, ADDRESSABLE, Nov 18, 2002

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 (ANSTI)

ANSTI S3.41 (1990; R 1996) Audible Emergency
Evacuation Signal

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

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

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code
NFPA 72 (1999) National Fire Alarm Code
NFPA 90A (1999) Installation of Air Conditioning

and Ventilating Systems

UNDERWRITERS LABORATORIES (UL)

UL 1242 (1996; Rev Mar 1998) Intermediate Metal
Conduit
UL 1971 (1995; Rev thru Apr 1999) Signaling

Devices for the Hearing Impaired

UL 228 (1997; Rev Jan 1999) Door Closers-Holders,
With or Without Integral Smoke Detectors

UL 268 (1996; Rev thru Jan 1999) Smoke Detectors
for Fire Protective Signaling Systems

UL 268A (1998) Smoke Detectors for Duct Application

UL 38 (1999) Manually Actuated Signaling Boxes
for Use with Fire-Protective Signaling
Systems

UL 464 (1996; Rev thru May 1999) Audible Signal
Appliances

UL 521 (1999) Heat Detectors for Fire Protective

Signaling Systems

SECTION 13851 Page 1
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UL 6 (1997) Rigid Metal Conduit

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

UL 864 (1996; Rev thru Mar 1999) Control Units
for Fire Protective Signaling Systems

.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
Fire Alarm Reporting System; G, A/E

Detail drawings, prepared and signed by a Registered
Professional Engineer or a NICET Level 3 Fire Alarm Technician,
consisting of a complete list of equipment and material, including
manufacturer's descriptive and technical literature, catalog cuts,
and installation instructions. Note that the contract drawings
show layouts based on typical detectors. The Contractor shall
check the layout based on the actual detectors to be installed and
make any necessary revisions in the detail drawings. The detail
drawings shall also contain complete wiring and schematic diagrams
for the equipment furnished, equipment layout, and any other
details required to demonstrate that the system has been
coordinated and will properly function as a unit. Detailed
point-to-point wiring diagram shall be prepared and signed by a
Registered Professional Engineer or a NICET Level 3 Fire Alarm
Technician showing points of connection. Diagram shall include
connections between system devices, appliances, control panels,
supervised devices, and equipment that is activated or controlled
by the panel.

SD-03 Product Data

Storage Batteries

Substantiating battery calculations for supervisory and alarm
power requirements. Ampere-hour requirements for each system
component and each panel component, and the battery recharging
period shall be included.
Voltage Drop

Voltage drop calculations for notification appliance circuits to
indicate that sufficient voltage is available for proper appliance

operation.

Special Tools and Spare Parts

SECTION 13851 Page 2
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Spare parts data for each different item of material and
equipment specified, not later than 3 months prior to the date of
beneficial occupancy. Data shall include a complete list of parts
and supplies with the current unit prices and source of supply and
a list of the parts recommended by the manufacturer to be replaced
after 1 year of service.

Technical Data and Computer Software
Technical data which relates to computer software.
Training

Lesson plans, operating instructions, maintenance procedures,
and training data, furnished in manual format, for the training
courses. The operations training shall familiarize designated
government personnel with proper operation of the fire alarm
system. The maintenance training course shall provide the
designated government personnel adequate knowledge required to
diagnose, repair, maintain, and expand functions inherent to the
system.

Testing

Detailed test procedures, prepared and signed by a Registered
Professional Engineer or a NICET Level 3 Fire Alarm Technician,
for the fire detection and alarm system 60 days prior to
performing system tests.

SD-06 Test Reports
Testing
Test reports, in booklet form, showing field tests performed to
prove compliance with the specified performance criteria, upon
completion and testing of the installed system. Each test report
shall document readings, test results and indicate the final
position of controls. The Contractor shall include the NFPA 72
Certificate of Completion and NFPA 72 Inspection and Testing Form,
with the appropriate test reports.
SD-07 Certificates
Equipment
Certified copies of current approvals or listings issued by an
independent test lab if not listed by UL, FM or other nationally
recognized testing laboratory, showing compliance with specified
NFPA standards.
Qualifications
Proof of qualifications for required personnel. The installer
shall submit proof of experience for the Professional Engineer,
fire alarm technician, and the installing company.

SD-10 Operation and Maintenance Data

Technical Data and Computer Software

SECTION 13851 Page 3
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Six copies of operating manual outlining step-by-step procedures
required for system startup, operation, and shutdown. The manual
shall include the manufacturer's name, model number, service
manual, parts list, and complete description of equipment and
their basic operating features. Six copies of maintenance manual
listing routine maintenance procedures, possible breakdowns and
repairs, and troubleshooting guide. The manuals shall include
conduit layout, equipment layout and simplified wiring, and
control diagrams of the system as installed. The manuals shall
include complete procedures for system revision and expansion,
detailing both equipment and software requirements. Original and
backup copies of all software delivered for this project shall be
provided, on each type of media utilized. Manuals shall be
approved prior to training.

.3 GENERAL REQUIREMENTS

.3.1 Standard Products

Material and equipment shall be the standard products of a manufacturer
regularly engaged in the manufacture of the products for at least 2 years
prior to bid opening. Equipment shall be supported by a service
organization that can provide service within 24 hours of notification.

.3.2 Nameplates

Major components of equipment shall have the manufacturer's name, address,
type or style, voltage and current rating, and catalog number on a
noncorrosive and nonheat-sensitive plate which is securely attached to the
equipment.

.3.3 Keys and Locks

Locks shall be keyed alike. Four keys for the system shall be provided.

.3.4 Tags

Tags with stamped identification number shall be furnished for keys and
locks.

.3.5 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 the work.

.3.6 Compliance

The fire detection and alarm system and the central reporting system shall
be configured in accordance with NFPA 72; exceptions are acceptable as
directed by the Contracting Officer. The equipment furnished shall be
compatible and be UL listed, FM approved, or approved or listed by a
nationally recognized testing laboratory in accordance with the applicable
NFPA standards.

3.7 Qualifications

.3.7.1 Engineer and Technician

SECTION 13851 Page 4
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a. Registered Professional Engineer with verification of experience
and at least 4 years of current experience in the design of the fire
protection and detection systems.

b. National Institute for Certification in Engineering Technologies
(NICET) qualifications as an engineering technician in fire alarm systems
program with verification of experience and current NICET certificate.

c. The Registered Professional Engineer may perform all required
items under this specification. The NICET Fire Alarm Technician shall
perform only the items allowed by the specific category of certification
held.

.3.7.2 Installer

The installing Contractor shall provide the following: NICET Fire Alarm
Technicians to perform the installation of the system. A NICET Level 3
Fire Alarm Technician shall supervise the installation of the fire alarm
system. NICET Level 2 or higher Fire Alarm Technician shall install and
terminate fire alarm devices, cabinets and panels. 2An electrician or NICET
Level 1 Fire Alarm Technician shall install conduit for the fire alarm
system. The Fire Alarm technicians installing the equipment shall be
factory trained in the installation, adjustment, testing, and operation of
the equipment specified herein and on the drawings.

.3.7.3 Design Services

Installations requiring designs or modifications of fire detection, fire
alarm, or fire suppression systems shall require the services and review of
a qualified fire protection engineer. For the purposes of meeting this
requirement, a qualified fire protection engineer is defined as an
individual meeting one of the following conditions:

a. An engineer having a Bachelor of Science or Masters of Science
Degree in Fire Protection Engineering from an accredited
university engineering program, plus a minimum of 2 years' work
experience in fire protection engineering.

b. A registered professional engineer (P.E.) in fire protection
engineering.

c. A registered PE in a related engineering discipline and member
grade status in the National Society of Fire Protection Engineers.

d. An engineer with a minimum of 10 years' experience in fire
protection engineering and member grade status in the National

Society of Fire Protection Engineers.

4 SYSTEM DESIGN

4.1 Operation

The fire alarm and detection system shall be a complete, supervised fire
alarm reporting system. The system shall be activated into the alarm mode
by actuation of any alarm initiating device. The system shall remain in
the alarm mode until the initiating device is reset and the fire alarm
control panel is reset and restored to normal. Alarm initiating devices
shall be connected to initiating device circuits (IDC), Style D, to signal
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line circuits (SLC), Style 6, in accordance with NFPA 72. Alarm
notification appliances shall be connected to notification appliance
circuits (NAC), Style Z in accordance with NFPA 72. A looped conduit
system shall be provided so that if the conduit and all conductors within
are severed at any point, all IDC, NAC and SLC will remain functional. The
conduit loop requirement is not applicable to the signal transmission link
from the local panels (at the protected premisgses) to the Supervising
Station (fire station, fire alarm central communication center). Textual,
audible, and visual appliances and systems shall comply with NFPA 72. Fire
alarm system components requiring power, except for the control panel power
supply, shall operate on 24 Volts dc. Addressable system shall be
microcomputer (microprocessor or microcontroller) based with a minimum word
size of eight bits and shall provide the following features:

a. Sufficient memory to perform as specified and as shown for
addressable system.

b. Individual identity of each addressable device for the following
conditions: alarm; trouble; open; short; and appliances
missing/failed remote detector - sensitivity adjustment from the
panel for smoke detectors

c. Capability of each addressable device being individually disabled
or enabled from the panel.

d. Each SLC shall be sized to provide 40 percent addressable
expansion without hardware modifications to the panel.

.4.2 Operational Features
The system shall have the following operating features:

a. Monitor electrical supervision of IDC, SLC, and NAC. Smoke
detectors shall have combined alarm initiating and power circuits.

b. Monitor electrical supervision of the primary power (ac) supply,
battery voltage, placement of alarm zone module (card, PC board)
within the control panel, and transmitter tripping circuit
integrity.

c. A trouble buzzer and trouble LED/LCD (light emitting diode/liquid
crystal diode) to activate upon a single break, open, or ground
fault condition which prevents the required normal operation of
the system. The trouble signal shall also operate upon loss of
primary power (ac) supply, low battery voltage, removal of alarm
zone module (card, PC board), and disconnection of the circuit
used for transmitting alarm signals off-premises. A trouble alarm
silence switch shall be provided which will silence the trouble
buzzer, but will not extinguish the trouble indicator LED/LCD.
Subsequent trouble and supervisory alarms shall sound the trouble
signal until silenced. After the system returns to normal
operating conditions, the trouble buzzer shall again sound until
the silencing switch returns to normal position, unless automatic
trouble reset is provided.

d. A one person test mode. Activating an initiating device in this
mode will activate an alarm for a short period of time, then
automatically reset the alarm, without activating the transmitter
during the entire process.
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e. A transmitter disconnect switch to allow testing and maintenance
of the system without activating the transmitter but providing a
trouble signal when disconnected and a restoration signal when
reconnected.

f. Evacuation alarm silencing switch which, when activated, will
silence alarm devices, but will not affect the zone indicating
LED/LCD nor the operation of the transmitter. This switch shall
be over-ridden upon activation of a subsequent alarm from an
unalarmed device and the NAC devices will be activated.

g. Electrical supervision for circuits used for supervisory signal
services (i.e., sprinkler systems, valves, etc.). Supervision
shall detect any open, short, or ground.

h. Confirmation or verification of all smoke detectors. The control
panel shall interrupt the transmission of an alarm signal to the
system control panel for a factory preset period. This
interruption period shall be adjustable from 1 to 60 seconds and
be factory set at 20 seconds. Immediately following the
interruption period, a confirmation period shall be in effect
during which time an alarm signal, if present, will be sent
immediately to the control panel. Fire alarm devices other than
smoke detectors shall be programmed without confirmation or
verification.

i. The fire alarm control panel shall provide supervised addressable
relays for HVAC shutdown. An override at the HVAC panel shall not
be provided.

j. Provide one person test mode - Activating an initiating device in
this mode will activate an alarm for a short period of time, then
automatically reset the alarm, without activating the transmitter
during the entire process.

k. The fire alarm control panel shall provide the required monitoring
and supervised control outputs needed to accomplish elevator
recall.

1. The fire alarm control panel shall monitor and control the fire
sprinkler system, or other fire protection extinguishing system.

m. The control panel and field panels shall be software
reprogrammable to enable expansion or modification of the system
without replacement of hardware or firmware. Examples of required
changes are: adding or deleting devices or zones; changing system
responses to particular input signals; programming certain input
signals to activate auxiliary devices.

n. Zones for IDC and NAC shall be arranged as indicated on the
contract drawings.

1.4.3 Alarm Functions

An alarm condition on a circuit shall automatically initiate the following
functions:

a. Transmission of signals over a digital alarm communicator
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transmitter (DACT) to a remote monitoring station. The DACT panel
shall be provided by contractor. A monitor shall be selected by
Contracting Officer.

b. Visual indications of the alarmed devices on the fire alarm
control panel display

c. Continuous sounding or operation of alarm notification appliances
throughout the building as required by ANSI S3.41.

d. Closure of doors held open by electromagnetic devices.
e. Operation of the smoke control system.
f. Deactivation of the air handling units throughout the building.

g. Automatic discharge of the designated fire suppression systems. A
15 second maximum delay shall be provided for the deluge system, a
30 second delay for the wet pipe system.

4.4 Primary Power

Operating power shall be provided as required by paragraph Power Supply for
the System. Transfer from normal to emergency power or restoration from
emergency to normal power shall be fully automatic and not cause
transmission of a false alarm. Loss of ac power shall not prevent
transmission of a signal via the fire reporting system upon operation of
any initiating circuit.

.4.5 Battery Backup Power

Battery backup power shall be through use of rechargeable, sealed-type
storage batteries and battery charger.

.4.6 Interface With other Equipment

Interfacing components shall be furnished as required to connect to
subsystems or devices which interact with the fire alarm system, such as
supervisory or alarm contacts in suppression systems, operating interfaces
for smoke control systems, door releases, etc.

.5 TECHNICAL DATA AND COMPUTER SOFTWARE

Technical data and computer software (meaning technical data which relates
to computer software) which is specifically identified in this project, and
which may be defined/required in other specifications, shall be delivered,
strictly in accordance with the CONTRACT CLAUSES, and in accordance with
the Contract Data Requirements List, DD Form 1423. Data delivered shall be
identified by reference to the particular specification paragraph against
which it is furnished. Data to be submitted shall include complete system,
equipment, and software descriptions. Descriptions shall show how the
equipment will operate as a system to meet the performance requirements of
this contract. The data package shall also include the following:

(1) Identification of programmable portions of system equipment and
capabilities.
(2) Description of system revision and expansion capabilities and

methods of implementation detailing both equipment and software
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requirements.

(3) Provision of operational software data on all modes of
programmable portions of the fire alarm and detection system.

(4) Description of Fire Alarm Control Panel equipment operation.
(5) Description of auxiliary and remote equipment operations.
(6) Library of application software.

(7) Operation and maintenance manuals as specified in SD-19 of the
Submittals paragraph.

.6 DELIVERY AND STORAGE

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

PART 2 PRODUCTS

2

.1 CONTROL PANEL

Control Panel shall be multiplex/addressable and comply with the applicable
requirements of UL 864. Panel shall be modular, installed in a surface
mounted steel cabinet with hinged door and cylinder lock. Control panel
shall be a clean, uncluttered, and orderly assembled panel containing
components and equipment required to provide the specified operating and
supervisory functions of the system. The panel shall have prominent rigid
plastic, phenolic or metal identification plates for LED/LCDs, zones, SLC,
controls, meters, fuses, and switches. Nameplates for fuses shall also
include ampere rating. The LED/LCD displays shall be located on the
exterior of the cabinet door or be visible through the cabinet door.
Control panel switches shall be within the locked cabinet. A suitable
means (single operation) shall be provided for testing the control panel
visual indicating devices (meters or LEDs/LCDs). Meters and LEDs shall be
plainly visible when the cabinet door is closed. Signals and LEDs/LCDs
shall be provided to indicate by zone any alarm, supervisory or trouble
condition on the system. Each IDC shall be powered and supervised so that
a signal on one zone does not prevent the receipt of signals from other
devices. Loss of power, including batteries, shall not require the manual
reloading of a program. Upon restoration of power, startup shall be
automatic, and shall not require any manual operation. The loss of primary
power or the sequence of applying primary or emergency power shall not
affect the transmission of alarm, supervisory or trouble signals. Visual
annunciation shall be provided for LED/LCD visual display as an integral
part of the control panel and shall identify with a word description and id
number each device. Cabinets shall be provided with ample gutter space to
allow proper clearance between the cabinet and live parts of the panel

equipment. If more than one modular unit is required to form a control
panel, the units shall be installed in a single cabinet large enough to
accommodate units. Cabinets shall be painted red.

1.1 Remote System Audible/Visual Display

Audible appliance shall have a minimum sound level output rating of 85 dBA
at 10 feet and operate in conjunction with the panel integral display.
The audible device shall be silenced by a system silence switch on the
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remote system. The audible device shall be silenced by the system silence
switch located at the remote location, but shall not extinguish the visual
indication. The remote LED/LCD visual display shall provide
identification, consisting of the word description and id number for each
device as displayed on the control panel. A rigid plastic, phenolic or
metal identification sign which reads "Fire Alarm System Remote Display"
shall be provided at the remote audible/visual display. The remote visual
appliance located with the audible appliance shall not be extinguished
until the trouble or alarm has been cleared.

.1.2 Circuit Connections

Circuit conductors entering or leaving the panel shall be connected to
screw-type terminals with each conductor and terminal marked for
identification.

.1.3 System Expansion and Modification Capabilities

Any equipment and software needed by qualified technicians to implement
future changes to the fire alarm system shall be provided as part of this
contract.

.1.4 Addressable Control Module

The control module shall be capable of operating as a relay (dry contact
form C) for interfacing the control panel with other systems, and to
control door holders or initiate elevator fire service. The module shall
be UL listed as compatible with the control panel. The indicating device
or the external load being controlled shall be configured as a Style Y
notification appliance circuits. The system shall be capable of
supervising, audible, visual and dry contact circuits. The control module
shall have both an input and output address. The supervision shall detect
a short on the supervised circuit and shall prevent power from being
applied to the circuit. The control model shall provide address setting
means compatible with the control panel's SLC supervision and store an
internal identifying code. The control module shall contain an integral
LED that flashes each time the control module is polled.

.1.5 Addressable Initiating Device Circuits Module

The initiating device being monitored shall be configured as a Style D
initiating device circuits. The system shall be capable of defining any
module as an alarm module and report alarm trouble, loss of polling, or as
a supervisory module, and reporting supervisory short, supervisory open or
loss of polling. The module shall be UL listed as compatible with the
control panel. The monitor module shall provide address setting means
compatible with the control panel's SLC supervision and store an internal
identifying code. Monitor module shall contain an integral LED that
flashes each time the monitor module is polled. Pull stations with a
monitor module in a common backbox are not required to have an LED.

.1.6 Digital Communicator

The digital fire communicator shall be compatible with fire alarm control
system. The slave communicator shall be powered by 24vdc from a UL listed
fire alarm control and shall report 4 conditions: Alarm, Trouble,
Supervisory, Waterflow. The unit shall have a built-in auxiliary relay
output which is programmable for alarm or trouble conditions, and shall be
capable of transmitting a distinctive AC power failure signal. The phone
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line and connection to third party services are provided by others.

.2 STORAGE BATTERIES

Storage batteries shall be provided and shall be 24 Vdc sealed,
lead-calcium type requiring no additional water. The batteries shall have
ample capacity, with primary power disconnected, to operate the fire alarm
system for a period of 72 hours. Following this period of battery
operation, the batteries shall have ample capacity to operate all
components of the system, including all alarm signaling devices in the
total alarm mode for a minimum period of 30 minutes. Batteries shall be
located in a separate battery cabinet. Batteries shall be provided with
overcurrent protection in accordance with NFPA 72. Separate battery
cabinets shall have a lockable, hinged cover similar to the fire alarm
panel. The lock shall be keyed the same as the fire alarm control panel.
Cabinets shall be painted to match the fire alarm control panel.

.3 BATTERY CHARGER

Battery charger shall be completely automatic, 24 Vdc with high/low
charging rate, capable of restoring the batteries from full discharge (18
Volts dc) to full charge within 48 hours. A pilot light indicating when
batteries are manually placed on a high rate of charge shall be provided as
part of the unit assembly, if a high rate switch is provided. Charger
shall be located in control panel cabinet or in a separate battery cabinet.

.4 ADDRESSABLE MANUAL FIRE ALARM STATIONS

Addressable manual fire alarm stations shall conform to the applicable
requirements of UL 38. Manual stations shall be connected into signal line
circuits. Stations shall be installed on semi-flush mounted outlet boxes.
Manual stations shall be mounted at 48 inches. Stations shall be double
action type. Stations shall be finished in red, with raised letter
operating instructions of contrasting color. Stations requiring the
breaking of glass or plastic panels for operation are not acceptable.
Stations employing glass rods are acceptable. The use of a key or wrench
shall be required to reset the station. Gravity or mercury switches are
not acceptable. Switches and contacts shall be rated for the voltage and
current upon which they operate. Addressable pull stations shall be
capable of being field programmed, shall latch upon operation and remain
latched until manually reset. Stations shall have a separate screw
terminal for each conductor. Surface mounted boxes shall be matched and
painted the same color as the fire alarm manual stations.

.5 FIRE DETECTING DEVICES

Fire detecting devices shall comply with the applicable requirements of
NFPA 72, NFPA 90A, UL 268, UL 268A, and UL 521. The detectors shall be
provided as indicated. Detector base shall have screw terminals for making
connections. No solder connections will be allowed. Detectors located in
concealed locations (above ceiling, raised floors, etc.) shall have a
remote visible indicator LED/LCD. Addressable fire detecting devices,
except flame detectors, shall be dynamically supervised and uniquely
identified in the control panel. All fire alarm initiating devices shall
be individually addressable, except where indicated. Installed devices
shall conform to NFPA 70 hazard classification of the area where devices
are to be installed.

.5.1 Heat Detectors
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Heat detectors shall be designed for detection of fire by combination fixed
temperature and rate-of-rise principle. Heat detector spacing shall be
rated in accordance with UL 521. Detectors located in areas subject to
moisture, exterior atmospheric conditions, or hazardous locations as
defined by NFPA 70 and as shown on drawings, shall be types approved for
such locations. Heat detectors located in attic spaces or similar
concealed spaces below the roof shall be intermediate temperature rated.

2.5.1.1 Combination Fixed-Temperature and Rate-of-Rise Detectors

Detectors shall be designed for surface outlet box mounting and supported
independently of wiring connections. Contacts shall be self-resetting
after response to rate-of-rise principle. Under fixed temperature
actuation, the detector shall have a permanent external indication which is
readily visible. Detector units located in boiler rooms, showers, or other
areas subject to abnormal temperature changes shall operate on fixed
temperature principle only. The UL 521 test rating for the fixed
temperature portion shall be 135 degrees F.. The UL 521 test rating for
the Rate-of-Rise detectors shall be rated for 50 by 50 ft.

2.5.1.2 Rate Compensating Detectors

Detectors shall be surface mounted horizontal type, with outlet box
supported independently of wiring connections. Detectors shall be

hermetically sealed and automatically resetting. Rate Compensated

detectors shall be rated for 50 by 50 ft.

2.5.1.3 Fixed Temperature Detectors

Detectors shall be designed for surface outlet box mounting and supported
independently of wiring connections. Detectors shall be designed to detect
high heat. The detectors shall have a specific temperature setting of 135
degrees F.. The UL 521 test rating for the fixed temperature detectors
shall be rated for 15 by 15 ft.

2.5.2 Smoke Detectors

Smoke detectors shall be designed for detection of abnormal smoke
densities. Smoke detectors shall be photoelectric type. Detectors shall
contain a visible indicator LED/LCD that shows when the unit is in alarm
condition. Detectors shall not be adversely affected by vibration or
pressure. Detectors shall be the plug-in type in which the detector base
contains terminals for making wiring connections. Detectors that are to be
installed in concealed (above false ceilings, etc.) locations shall be
provided with a remote indicator LED/LCD suitable for mounting in a
finished, visible location.

2.5.2.1 Photoelectric Detectors

Detectors shall operate on a light scattering concept using an LED light
source. Failure of the LED shall not cause an alarm condition. Detectors
shall be factory set for sensitivity and shall require no field adjustments
of any kind. Detectors shall have an obscuration rating in accordance with
UL 268. Addressable smoke detectors shall be capable of having the
sensitivity being remotely adjusted by the control panel.

2.5.2.2 Duct Detectors

SECTION 13851 Page 12



THOMSON ELELMENTARY SCHOOL
RENOVATION AND ADDITION

Duct-mounted photoelectric smoke detectors shall be furnished and installed
where indicated and in accordance with NFPA 90A. Units shall consist of a
smoke detector as specified in paragraph Photoelectric Detectors, mounted
in a special housing fitted with duct sampling tubes. Detector circuitry
shall be mounted in a metallic enclosure exterior to the duct. Detectors
shall have a manual reset. Detectors shall be rated for air velocities
that include air flows between 2000 cfm and higher. Detectors shall be
powered from the fire alarm panel. Sampling tubes shall run the full width
of the duct. The duct detector package shall conform to the requirements
of NFPA 90A, UL 268A, and shall be UL listed for use in air-handling
systems. The control functions, operation, reset, and bypass shall be
controlled from the fire alarm control panel. Lights to indicate the
operation and alarm condition; and the test and reset buttons shall be
visible and accessible with the unit installed and the cover in place.
Detectors mounted above 6 feet and those mounted below 6 feet that cannot
be easily accessed while standing on the floor, shall be provided with a
remote detector indicator panel containing test and reset switches. Remote
lamps and switches as well as the affected fan units shall be properly
identified in etched plastic placards. Detectors shall have auxiliary
contacts to provide control, interlock, and shutdown functions specified in
Section 15950A HEATING, VENTILATING AND AIR CONDITIONING (HVAC) CONTROL
SYSTEMS. The detectors shall be supplied by the fire alarm system
manufacturer to ensure complete system compatibility.

.6 NOTIFICATION APPLIANCES

Audible appliances shall conform to the applicable requirements of UL 464.
Devices shall be connected into notification appliance circuits. Devices
shall have a separate screw terminal for each conductor. Audible appliances
shall generate a unique audible sound from other devices provided in the
building and surrounding area. Surface mounted audible appliances shall be
painted red. Recessed audible appliances shall be installed with a grill
that is painted red.

.6.1 Alarm Horns

Horns shall be surface mounted, with the matching mounting back box surface
mounted or recessed, vibrating type suitable for use in an electrically
supervised circuit. Horns shall produce a sound rating of at least 85 dBA
at 10 feet. Horns used in exterior locations shall be specifically listed
or approved for outdoor use and be provided with metal housing and
protective grilles.

.6.2 Visual Notification Appliances

Visual notification appliances shall conform to the applicable requirements
of UL 1971 and the contract drawings. Appliances shall have clear high
intensity optic lens, xenon flash tubes, and output white light. Strobe
flash rate shall be between 1 to 3 flashes per second and a minimum of 15
candela. Strobe shall be surface or semi-flush mounted.

.6.3 Combination Horn/Visual Notification Appliances

Combination horn/visual notification appliances shall provide the same
requirements as individual units except they shall mount as a unit in
standard backboxes. Units shall be factory assembled. Any other audible
notification appliance employed in the fire alarm systems shall be approved
by the Contracting Officer.
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.7 FIRE DETECTION AND ALARM SYSTEM PERIPHERAL EQUIPMENT

.7.1 Electromagnetic Door Hold-Open Devices

Devices shall be attached to the walls unless otherwise indicated. Devices
shall comply with the appropriate requirements of UL 228. Devices shall
operate on 24 Volt dc power. Compatible magnetic component shall be
attached to the door. Under normal conditions, the magnets shall attract
and hold the doors open. When magnets are de-energized, they shall release
the doors. Magnets shall have a holding force of 25 pounds. Devices
shall be UL or FM approved. Housing for devices shall be brushed aluminum
or stainless steel. Operation shall be fail safe with no moving parts.
Electromagnetic door hold-open devices shall not be required to be held
open during building power failure.

.7.2 Conduit

Conduit and fittings shall comply with NFPA 70, UL 6, UL 1242, and UL 797.

.7.3 Wiring

Wiring shall conform to NFPA 70. Wiring for 120 Vac power shall be No. 12
AWG minimum. The SLC wiring shall be copper cable in accordance with the
manufacturers requirements. Wiring for fire alarm dc circuits shall be No.
14 AWG minimum. Voltages shall not be mixed in any junction box, housing,
or device, except those containing power supplies and control relays.
Wiring shall conform to NFPA 70. System field wiring shall be solid copper
and installed in metallic conduit or electrical metallic tubing, except
that rigid plastic conduit may be used under slab-on-grade. Conductors
shall be color coded. Conductors used for the same functions shall be
similarly color coded. Wiring code color shall remain uniform throughout
the circuit. Pigtail or T-tap connections to initiating device circuits,
supervisory alarm circuits, and notification appliance circuits are
prohibited. T-tapping using screw terminal blocks is allowed for style 5
addressable systems.

.7.4 Special Tools and Spare Parts

Software, connecting cables and proprietary equipment, necessary for the
maintenance, testing, and reprogramming of the equipment shall be furnished
to the Contracting Officer. Two spare fuses of each type and size required
shall be furnished. Two percent of the total number of each different type
of detector, but no less than two each, shall be furnished. Spare fuses
shall be mounted in the fire alarm panel.

PART 3 EXECUTION

3

.1 INSTALLATION

All work shall be installed as shown, and in accordance with NFPA 70 and
NFPA 72, and in accordance with the manufacturer's diagrams and
recommendations, unless otherwise specified. Smoke detectors shall not be
installed until construction is essentially complete and the building has
been thoroughly cleaned.

1.1 Power Supply for the System

A single dedicated circuit connection for supplying power from a branch
circuit to each building fire alarm system shall be provided. The power
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shall be supplied as shown on the drawings. The power supply shall be
equipped with a locking mechanism and marked in red with the words "FIRE
ALARM CIRCUIT CONTROL".

1.2 Wiring

Conduit size for wiring shall be in accordance with NFPA 70. Wiring for
the fire alarm system shall not be installed in conduits, junction boxes,
or outlet boxes with conductors of lighting and power systems. Not more
than two conductors shall be installed under any device screw terminal.

The wires under the screw terminal shall be straight when placed under the
terminal then clamped in place under the screw terminal. The wires shall
be broken and not twisted around the terminal. Circuit conductors entering
or leaving any mounting box, outlet box enclosure, or cabinet shall be
connected to screw terminals with each terminal and conductor marked in
accordance with the wiring diagram. Connections and splices shall be made
using screw terminal blocks. The use of wire nut type connectors in the
system is prohibited. Wiring within any control equipment shall be readily
accessible without removing any component parts. The fire alarm egquipment
manufacturer's representative shall be present for the connection of wiring
to the control panel.

.1.3 Control Panel

The control panel and its assorted components shall be mounted so that no
part of the enclosing cabinet is less than 12 inches nor more than 78
inches above the finished floor. Manually operable controls shall be
between 36 and 42 inches above the finished floor. Panel shall be
installed to comply with the requirements of UL 864.

.1.4 Detectors

Detectors shall be located and installed in accordance with NFPA 72.
Detectors shall be connected into signal line circuits or initiating device
circuits as indicated on the drawings. Detectors shall be at least 12
inches from any part of any lighting fixture. Detectors shall be located
at least 3 feet from diffusers of air handling systems. Each detector
shall be provided with appropriate mounting hardware as required by its
mounting location. Detectors which mount in open space shall be mounted
directly to the end of the stubbed down rigid conduit drop. Conduit drops
shall be firmly secured to minimize detector sway. Where length of conduit
drop from ceiling or wall surface exceeds 3 feet, sway bracing shall be
provided. Detectors installed in concealed locations (above ceiling,
raised floors, etc.) shall have a remote visible indicator LED/LCD in a
finished, visible location.

a. Provide a smoke detector for each air handler with capacity of
2000 cfm or higher. Detector shall be located in return air ductwork.
Detector shall, if setting is reached, stop fan, close fresh air intake
and annunciate in fire alarm panel (see electrical drawings).

.1.5 Notification Appliances

Notification appliances shall be mounted 80 inches above the finished floor
or 6 inches below the ceiling, whichever is lower.

.1.6 Annunciator Egquipment

Annunciator equipment shall be mounted where indicated on the drawings.
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1.7 Addressable Initiating Device Circuits Module

The initiating device circuits module shall be used to connect supervised
conventional initiating devices (water flow switches, water pressure
switches, manual fire alarm stations, high/low air pressure switches, and

tamper switches). The module shall mount in an electrical box adjacent to
or connected to the device it is monitoring and shall be capable of Style B
supervised wiring to the initiating device. In order to maintain proper

supervision, there shall be no T-taps allowed on style B lines.
Addressable initiating device circuits modules shall monitor only one
initiating device each. Contacts in suppression systems and other fire
protection subsystems shall be connected to the fire alarm system to
perform supervisory and alarm functions as specified in Section 13930 FIRE
SPRINKLER SYSTEM, NFPA 72, as indicated on the drawings and as specified
herein.

.1.8 Addressable Control Module

Addressable and control modules shall be installed in the outlet box or
adjacent to the device they are controlling. If a supplementary
suppression releasing panel is provided, then the monitor modules shall he
mounted in a common enclosure adjacent to the suppression releasing panel
and both this enclosure and the suppression releasing panel shall be in the
same room as the releasing devices. All interconnecting wires shall be
supervised unless an open circuit or short circuit abnormal condition does
not affect the required operation of the fire alarm system. If control
modules are used as interfaces to other systems, such as HVAC or elevator
control, they shall be within the control panel or immediately adjacent to
it. Control modules that control a group of notification appliances shall
be adjacent to the first notification appliance in the notification
appliance circuits. Control modules that connect to devices shall
supervise the notification appliance circuits. Control modules that
connect to auxiliary systems or interface with other systems (non-life
safety systems) and where not required by NFPA 72, shall not require the
secondary circuits to be supervised. Contacts in suppression systems and
other fire protection subsystems shall be connected to the fire alarm
system to perform required alarm functions as specified in Section 13930
FIRE SPRINKLER SYSTEM, NFPA 72, as indicated on the drawings and as
specified herein.

.2 OVERVOLTAGE AND SURGE PROTECTION

.2.1 Power Line Surge Protection

All equipment connected to alternating current circuits shall be protected
from surges per IEEE C62.41 B3 combination waveform and NFPA 70. Fuses
shall not be used for surge protection. The surge protector shall be rated
for a maximum let thru voltage of 350 Volts ac (line-to-neutral) and 350
Volt ac (neutral-to-ground) .

.2.2 Low Voltage DC Circuits Surge Protection

All IDC, NAC, and communication cables/conductors, except fiber optics,
shall have surge protection installed at each point where it exits or

enters a building. Equipment shall be protected from surges per IEEE C62.41
B3 combination waveform and NFPA 70. The surge protector shall be rated

to protect the 24 Volt dc equipment. The maximum dc clamping voltages

shall be 36 V (line-to-ground) and 72 Volt dc (line-to-line).
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3.2.3 Signal Line Circuit Surge Protection

All SLC cables/conductors, except fiber optics, shall have surge
protection/isolation circuits installed at each point where it exits or
enters a building. The circuit shall be protected from surges per IEEE
C62.41 B3 combination waveform and NFPA 70. The surge protector/isolator
shall be rated to protect the equipment.

3.3 GROUNDING

Grounding shall be provided by connecting to building ground system.
3.4 SUPERVISING STATION PROVISIONS
3.5 TESTING

The Contractor shall notify the Contracting Officer at least 10 days before
the preliminary and acceptance tests are to be conducted. The tests shall
be performed in accordance with the approved test procedures in the
presence of the Contracting Officer. The control panel manufacturer's
representative shall be present to supervise tests. The Contractor shall
furnish instruments and personnel required for the tests.

3.5.1 Preliminary Tests

Upon completion of the installation, the system shall be subjected to
functional and operational performance tests including tests of each
installed initiating and notification appliance, when required. Tests
shall include the meggering of system conductors to determine that the
system is free from grounded, shorted, or open circuits. The megger test
shall be conducted prior to the installation of fire alarm equipment. If
deficiencies are found, corrections shall be made and the system shall be
retested to assure that it is functional. After completing the preliminary
testing the Contractor shall complete and submit the NFPA 72, Certificate
of Completion.

3.5.2 Acceptance Test
Acceptance testing shall not be performed until the Contractor has
completed and submitted the Certificate of Completion. Testing shall be in
accordance with NFPA 72. The recommended tests in NFPA 72 shall be
considered mandatory and shall verify that previous deficiencies have been
corrected. The Contractor shall complete and submit the NFPA 72,
Inspection and Testing Form. The test shall include all requirements of
NFPA 72 and the following:

a. Test of each function of the control panel.

b. Test of each circuit in both trouble and normal modes.

c. Tests of each alarm initiating devices in both normal and trouble
conditions.

d. Tests of each control circuit and device.
e. Tests of each alarm notification appliance.

f. Tests of the battery charger and batteries.
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g. Complete operational tests under emergency power sSupply.
h. Visual inspection of wiring connections.

i. Opening the circuit at each alarm initiating device and
notification appliance to test the wiring supervisory feature.

j. Ground fault
k. Short circuit faults
1. Stray voltage
m. Loop resistance
.6 TRAINING

Training course shall be provided for the operations and maintenance staff.
The course shall be conducted in the building where the system is
installed or as designated by the Contracting Officer. The training period
for systems operation shall consist of 1 training days (4 hours per day)
and shall start after the system is functionally completed but prior to
final acceptance tests. The training period for systems maintenance shall
consist of 1 training day (4 hours per day) and shall start after the
system is functionally completed but prior to final acceptance tests. The
instructions shall cover items contained in the operating and maintenance
instructions. In addition, training shall be provided on performance of
expansions or modifications to the fire detection and alarm system.

-- End of Section --
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SECTION 16415

ELECTRICAL WORK, INTERIOR, Nov 18, 2002

GENERAL

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.

ANSI

ANSI

ANST

ANSI

ANSI

ANST

ANSI

ASTM

ASTM

ASTM

IEEE

IEEE

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSTI)

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

c78.1 (1991; C78.1la; R 1996) Fluorescent Lamps -
Rapid-Start Types - Dimensional and
Electrical Characteristics

C78.20 (1995) Electric Lamps - Characteristics of
Incandescent Lamps A, G, PS, and Similar
Shapes with E26 Medium Screw Bases

Cc78.21 (1995) Physical and Electrical
Characteristics - Incandescent Lamps - PAR
and R Shapes

C78.2A (1991) 18 & 26- Watt, Compact Fluorescent
Quad Tube Lamps **

C78.2B (1992) 9 & 13-Watt, Compact Fluorescent
Quad Tube Lamps **

c82.1 (1997) Specifications for Fluorescent Lamp
Ballasts \$18.003$\F\X Addenda D & E

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

B1 (1995) Hard-Drawn Copper Wire

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

D 709 (2000) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
C57.13 (1993) Instrument Transformers
C62.41 (1991; R 1995) Surge Voltages in

Low-Voltage AC Power Circuits
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IEEE

IEEE

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

Std 242

Std 399

std 81

250

AB

FU

LE

MG

MG

(OS]

(OFS]

PB

PB

ST

VE

WD

WD
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(1986; R 1991) Recommended Practice for
Protection and Coordination of Industrial
and Commercial Power Systems

(1997) Recommended Practice for Industrial
and Commercial Power Systems Analysis

(1983) Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System
(Part 1) \$31.008\F

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

10

20

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

(1993) Molded Case Circuit Breakers and
Molded Case Switches

(1986) Low Voltage Cartridge Fuses

(1987) Recessed Luminaires, Ceiling
Compatibility

(1998) Motors and Generators

(1994) Energy Management Guide for
Selection and Use of Polyphase Motors

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

(1998) Nonmetallic Outlet Boxes, Device
Boxes, Covers and Box Supports

(1995) Panelboards
(1995) Deadfront Distribution Switchboards

(1992) Dry-Type Transformers for General
Applications

(1996) Metal Cable Tray Systems

(1999) General Requirements for Wiring
Devices

(1997) Wiring Devices - Dimensional
Requirements

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101

NFPA 70

(2000) Life Safety Code

(2002) National Electrical Code

UNDERWRITERS LABORATORIES (UL)
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UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

1004

1242

1449

1569

1570

1571

1572

1660

198B

198C

198D

198E

198G

198H

20

360

467

486A

486C

486E
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(2000) Flexible Metal Conduit
(1994; Rev thru Nov 1999) Electric Motors

(1996; Rev Mar 1998) Intermediate Metal
Conduit

(1996; Rev thru Dec 1999) Transient
Voltage Surge Suppressors

(1999; Rev thru Jan 2000) Metal-Clad Cables

(1995; Rev thru Nov 1999) Fluorescent
Lighting Fixtures

(1995; Rev thru Nov 1999) Incandescent
Lighting Fixtures

(1995; Rev thru Nov 1999) High Intensity
Discharge Lighting Fixtures

(2000) Liquid-Tight Flexible Nonmetallic
Conduit

(1995) Class H Fuses

(1986; Rev thru Feb 1998)
High-Interrupting-Capacity Fuses,
Current-Limiting Types

(1995) Class K Fuses

(1988; Rev Jul 1988) Class R Fuses

(1988; Rev May 1988) Fuses for
Supplementary Overcurrent Protection

(1988; Rev thru Nov 1993) Class T Fuses

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

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

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

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

(1997; Rev thru Aug 1998) Splicing Wire
Connectors

(1994; Rev thru Feb 1997) Equipment Wiring
Terminals for Use with Aluminum and/or
Copper Conductors
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UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

UL

.2

489

498

50

506

510

512

514A

514B

514C

542

67

797

83

869A

891

943

98

Elec Const Dir
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(1996; Rev thru Dec 1998) Molded-Case
Circuit Breakers, Molded-Case Switches,
and Circuit-Breaker Enclosures

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

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

(1994; R Oct 1997) Specialty Transformers
(1994; Rev thru Apr 1998) Polyvinyl
Chloride, Polyethylene, and Rubber
Insulating Tape

(1993; Rev thru Mar 1999) Fuseholders

(1996; Rev Dec 1999) Metallic Outlet Boxes

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

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

Covers

(1999) Lampholders, Starters, and Starter
Holders for Fluorescent Lamps

(1997) Rigid Metal Conduit
(1993; Rev thru Oct 1999) Panelboards

(1993; Rev thru Mar 1997) Electrical
Metallic Tubing

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

(1998) Reference Standard for Service
Equipment

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

(1993; Rev thru May 1998) Ground-Fault
Circuit-Interrupters

(1994; Rev thru Jun 1998) Enclosed and
Dead-Front Switches

(1999) Electrical Construction Equipment
Directory
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2.1 Rules

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

.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
carefully coordinated with mechanical or structural features prior to
installation and positioned according to architectural reflected ceiling
plans; 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 Contractor shall coordinate the electrical requirements of the
mechanical work and provide all power related circuits, wiring, hardware
and structural support, even if not shown on the drawings.

.2.3 Special Environments

Weatherproof Locations

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

.2.4 Ducts, Plenums and Other Air-Handling Spaces

Wiring and equipment in ducts, plenums and other air-handling spaces shall
be installed using materials and methods in conformance with NFPA 70unless
more stringent requirements are indicated in this specification or on the
contract drawings.

.2.5 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.

.2.6 Nameplates

Identification Nameplates

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
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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, 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

Transformers

Equipment Enclosures

Switchboard

Motors

Each panel, section, 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."

.2.7 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.

.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 consisting of equipment drawings, illustrations,
schedules, instructions, diagrams, and other information necessary
to define the installation. Detail drawings shall show the rating
of items and systems and how the components of an item and system
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
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submitted later shall be included with the first submission.
Detail drawings shall show 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.
Optional items shall be clearly identified as included or
excluded. Detail drawings shall as a minimum include:

a. Transformers.
b. Switchboard.
SD-03 Product Data
Fault Current and Protective Device Coordination Study; G.

The study shall be submitted along with protective device
equipment submittals. No time extensions or similar contract
modifications will be granted for work arising out of the
requirements for this study. Approval of protective devices
proposed shall 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.

Manufacturer's Catalog; G, AE

Data composed of 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 item.

As-Built Drawings; G

The as-built drawings shall be a record of the construction as
installed. The drawings shall include all the information shown
on the contract drawings, deviations, modifications, and changes
from the contract drawings, however minor. The as-built drawings
shall be kept at the job site and updated daily. The as-built
drawings shall be a full-sized set of prints marked to reflect all
deviations, changes, and modifications. 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 submit three full sized sets of the
marked prints to the Contracting Officer for approval. If upon
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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 ten calendar days from
the time the drawings are returned to the Contractor.

Onsite Tests; G

A detailed description of the Contractor's proposed procedures
for on-site tests.

SD-06 Test Reports
Factory Test Reports; G
Six printed copies of the information described below in 8 1/2 x
11 inch binders having a minimum of 5 rings from which material
may readily be removed and replaced, 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.
d. The equipment and values to be verified.
e. The conditions specified for the test.
f. The test results, signed and dated.
g. A description of adjustments made.
Field Test Plan; G
A detailed description of the Contractor's proposed procedures
for onsite test submitted 20 days prior to testing the installed
system. No field test will 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.
Field Test Reports; G
Six printed copies of the information described below in 8 1/2 x
11 inch binders having a minimum of 5 rings from which material
may readily be removed and replaced, 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 certificatiomns.
b. A copy of measurements taken.

c. The dates of testing.

d. The equipment and values to be verified.
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e. The conditions specified for the test.
f. The test results, signed and dated.
g. A description of adjustments made.
h. Final position of controls and device settings.
SD-07 Certificates
Materials and Equipment; G A/E

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. Items which are required to
be listed and labeled in accordance with Underwriters Laboratories
must be affixed with a UL label that states that it is UL listed.
No exceptions or waivers will be granted to this requirement.
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.

.4 WORKMANSHIP

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

PART 2 PRODUCTS

2

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.

.1 CABLES AND WIRES

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

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

.1.2 Aluminum Conductors
Aluminum conductors shall not be used.
.1.3 Insulation

Unless indicated otherwise, or required by NFPA 70, power and lighting
wires shall be 600-volt, , except that grounding wire may be type TW
conforming to UL 83; remote-control and signal circuits shall be Type TW,
THW or TF, conforming to UL 83. Where lighting fixtures require 90-degree
Centigrade (C) conductors, provide only conductors with 90-degree C
insulation or better.

.1.4 Bonding Conductors

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

.1.5 Metal-Clad Cable
UL 1569; NFPA 70, Type MC cable.
.2 CABLE TRAYS

Cable tray shall conform to NEMA VE 1, shall form a wireway system, and
shall be of nominal 4 inch depth. Cable trays shall be constructed of
aluminum. Trays shall include splice and end plates, dropouts, and
miscellaneous hardware. Edges, fittings, and hardware shall be finished
free from burrs and sharp edges. Fittings shall have not less than the
load-carrying ability of straight tray sections and shall have
manufacturer's minimum standard radius. Radius of bends shall be 24
inches.

2.1 Ladder

Ladder-type cable trays shall be of nominal 12 inch width. Rung spacing
shall be on 9 inch maximum centers.

.3 TRANSIENT VOLTAGE SURGE PROTECTION

Transient voltage surge suppressor shall be provided as part of the
switchboard. Surge suppressor shall meet the requirements of IEEE C62.41
and be UL listed and labeled as having been tested in accordance with UL
1449. Surge suppressor ratings shall be 480 volts rms, operating voltage;
60 Hz; 3-phase; 3 wire with ground; transient suppression voltage (peak
let-through voltage) of 800 volts. Fuses shall not be used as surge
suppression.

.4 CIRCUIT BREAKERS

4.1 MOLDED-CASE CIRCUIT BREAKERS

Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489and UL 877
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for circuit breakers and circuit breaker enclosures located in hazardous
locations. Circuit breakers may be installed in panelboards, switchboards,
enclosuresg, or combination motor controllers.

.4.1.1 Construction

Circuit breakers shall be suitable for mounting and operating in any
position. Lug 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. Sizes of 100 amperes or less may consist of single-pole
breakers permanently factory assembled into a multi-pole unit having an
internal, mechanical, nontamperable common-trip mechanism and external
handle ties. 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.

.4.1.2 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.

.4.1.3 Cascade System Ratings

Circuit breakers used in series combinations shall be in accordance with UL
489. Equipment, such as switchboards and panelboards, which house
series-connected circuit breakers shall be clearly marked accordingly.
Series combinations shall be listed in the UL Recognized Component
Directory under "Circuit Breakers-Series Connected."

.4.1.4 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.

4.2 SWD Circuit Breakers

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

.4.3 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
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heating, air conditioning, and refrigerating equipment shall be marked
"Listed HACR Type."

2.4.4 Ground Fault Circuit Interrupters

UL 943. Breakers equipped with ground fault circuit interrupters shall
have ground fault class, interrupting capacity, and voltage and current
ratings as indicated.

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. Protectors shall
have 100 percent one-way interchangeability within the A-Y letter
designations. All ratings shall be clearly visible.

2.5.2 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 O A-N
NEMA 1 A-P
NEMA 2 A-S
NEMA 3 A-U
NEMA 4 A-W
NEMA 5 A-Y

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
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UL 1242.

.6.4 Rigid Metal Conduit

UL 6.

.7 CONDUIT AND DEVICE BOXES AND FITTINGS

.7.1 Boxes, Metallic Outlet

NEMA OS 1 and UL 514A.

L7.2 Boxes, Nonmetallic, Outlet and Flush-Device Boxes and Covers

NEMA OS 2 and UL 514C.

.7.3 Boxes, Switch (Enclosed), Surface-Mounted

UL 98.

.7.4 Fittings for Conduit and Outlet Boxes

UL 514B.

.7.5 Fittings, PVC, for Use with Rigid PVC Conduit and Tubing

UL 514B.

.8 CONDUIT COATINGS PLASTIC RESIN SYSTEM

NEMA RN 1, Type A-40.

.9 CONNECTORS, WIRE PRESSURE

.9.1 For Use With Copper Conductors

UL 486A.

.10 ELECTRICAL GROUNDING AND BONDING EQUIPMENT

UL 467.

.10.1 Ground Rods

Ground rods shall be of copper-clad steel conforming to UL 467 not less

than 5/8 inch in diameter by 10 feet in length of the sectional type driven

full length into the earth.

.10.2 Ground Bus

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

.11 ENCLOSURES
NEMA ICS 6 or NEMA 250 unless otherwise specified.

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

2.11.2 Circuit Breaker Enclosures

UL 489.

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

The following specifications are supported and supplemented by information
and details on the drawings. Additional fixtures, if shown, shall conform
to this specification. Lighting equipment installed in classified
hazardous locations shall conform to UL 844. Lamps, lampholders, ballasts,
transformers, electronic circuitry and other lighting system components
shall be constructed according to industry standards. Equipment shall be
tested and listed by a recognized independent testing laboratory for the
expected installation conditions. Equipment shall conform to the standards
listed below.

2.12.1 Lamps

Lamps shall be constructed to operate in the specified fixture, and shall
function without derating life or output as listed in published data.
Lamps shall meet the requirements of the Energy Policy Act of 1992.

a. Incandescent and tungsten halogen lamps shall be designed for 125
volt operation (except for low voltage lamps), shall be rated for
minimum life of 2,000 hours, and shall have color temperature
between 2,800 and 3,200 degrees Kelvin. Tungsten halogen lamps
shall incorporate quartz capsule construction. Lamps shall comply
with ANSI C78.20 and sections 238 and 270 of ANSI C78.21.

b. Fluorescent lamps shall be green-tipped and shall have color
temperature of 3,500 degrees Kelvin. They shall be designed to
operate with the ballasts and circuitry of the fixtures in which
they will be used. Fluorescent lamps, including spares, shall be
manufactured by one manufacturer to provide for color and
performance consistency. Fluorescent lamps shall comply with ANSI
C78.1. Fluorescent tube lamp efficiencies shall meet or exceed
the following requirements.

T8, 32 watts (4" lamp) 2800 lumens

T8,59 watts (8' lamp) 5700 lumens

T8/U,31-32 watts (U-tube) 2600 lumens
(1) Linear fluorescent lamps, unless otherwise indicated, shall

be 4 feet long 32 watt T8, 265 mA, with minimum CRI of 75. Lamps
of other lengths or types shall be used only where specified or
shown. Lamps shall deliver rated life when operated on electronic
start ballasts

(2) Small compact fluorescent lamps shall be twin, double, or
triple tube configuration as shown with bi-pin or four-pin snap-in
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base and shall have minimum CRI of 85. They shall deliver rated
life when operated on ballasts as shown. 9 and 13 watt double
tube lamps shall comply with ANSTI C78.2B. 18 and 26 watt double
tube lamps shall comply with ANSI C78.2A. Minimum starting
temperature shall be 32 degrees F for twin tube lamps and for
double and triple twin tube lamps without internal starter; and 15
degrees F for double and triple twin tube lamps with internal
starter.

(3) Long compact fluorescent lamps shall be 18, 27, 39, 40, 50,
or 55 watt bi-axial type as shown with four-pin snap-in base;
shall have minimum CRI of 85; and shall have a minimum starting
temperature of 50 degrees F. They shall deliver rated life when
operated on ballasts as shown.

High intensity discharge lamps, including spares, shall be
manufactured by one manufacturer in order to provide color and
performance consistency. High intensity discharge lamps shall be
designed to operate with the ballasts and circuitry of the
fixtures in which they will be used and shall have wattage, shape
and base as shown. High intensity discharge lamps, unless
otherwise shown, shall have medium or mogul screw base and minimum
starting temperature of -20 degrees F. Metal halide lamps, unless
otherwise shown, shall have minimum CRI of 65; color temperature
of 4,300 degrees Kelvin; shall be -BU configuration if used in
base-up position; and shall be -H or high output configuration if
used in horizontal position. Lamps shall comply with all
applicable ANSI C78.1350, ANSI C78.1351, ANSI C78.1352, ANSI
C78.1355,ANSI C78.1375, and ANSI C78.1376.

Ballasts and Transformers

Ballasts or transformers shall be designed to operate the designated lamps
within their optimum specifications, without derating the lamps. Lamp and
ballast combinations shall be certified as acceptable by the lamp
manufacturer.

a.

Low voltage incandescent transformers shall be Class II UL listed
120/12 volt or 120/24 volt step-down transformers as required for
the lamps shown. Transformers shall be high power factor type and
shall be rated for continuous operation under the specified load.
Transformers shall be encased or encased and potted, and mounted
integrally within the lighting fixture unless otherwise shown.

Fluorescent ballasts shall comply with ANSI C82.1 and shall be
mounted integrally within fluorescent fixture housing unless
otherwise shown. Ballasts shall have maximum current crest factor
of 1.7; high power factor; Class A sound rating; maximum operating
case temperature of 77 degrees F above ambient; and shall be rated
Class P. TUnless otherwise indicated, the minimum number of
ballasts shall be used to serve each individual fixture. A single
ballast may be used to serve multiple fixtures if they are
continuously mounted, identically controlled and factory
manufactured for that installation with an integral wireway.

(1) Compact fluorescent ballasts shall comply with IEEE C62.41
Category A transient voltage variation requirements and shall be
mounted integrally within compact fluorescent fixture housing
unless otherwise shown. Ballasts shall have minimum ballast
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factor of 0.95; maximum current crest factor of 1.6; high power
factor; maximum operating case temperature of 77 degrees F above
ambient; shall be rated Class P; and shall have a sound rating of
Class A. Ballasts shall meet FCC Class A specifications for
EMI/RFI emissions. Ballasts shall operate from nominal line
voltage of 277 volts at 60 Hz and maintain constant light output
over a line voltage variation of + 10%. Ballasts shall have an
end-of-lamp-life detection and shut-down circuit. Ballasts shall
be UL listed and shall contain no PCBs. Ballasts shall contain
potting to secure PC board, provide lead strain relief, and
provide a moisture barrier.

(2) Electronic fluorescent ballasts shall comply with 47 CFR 18
for electromagnetic interference. Ballasts shall withstand line
transients per IEEE C62.41, Category A. Ballasts shall have total
harmonic distortion between 10 and 20%; minimum frequency of
20,000Hz; filament voltage between 2.5 and 4.5 volts; maximum
starting inrush current of 20 amperes; and shall comply with the
minimum Ballast Efficacy Factors shown in the table below.

Minimum starting temperature shall be 32 degrees F] . Ballasts
shall carry a manufacturer's full warranty of three years,
including a minimum $10 labor allowance per ballast.

Fixtures

Fixtures shall be in accordance with the size, shape, appearance, finish,
and performance shown. Unless otherwise indicated, lighting fixtures shall
be provided with housings, junction boxes, wiring, lampholders, mounting
supports, trim, hardware and accessories for a complete and operable
installation. Recessed housings shall be minimum 20 gauge cold rolled or
galvanized steel as shown. Extruded aluminum fixtures shall have minimum
wall thickness of 0.125 inches. Plastic lenses shall be 100% virgin
acrylic or as shown. Glass lenses shall be tempered. Heat resistant glass
shall be borosilicate type. Conoid recessed reflector cones shall be
Alzak with clear specular low iridescent finish.

a.

Incandescent fixtures shall comply with UL 1571. Incandescent
fixture specular reflector cone trims shall be integral to the
cone and shall be finished to match. Painted trim finishes shall
be white with minimum reflectance of 88%. Low voltage
incandescent fixtures shall have integral step-down transformers.

Fluorescent fixtures shall comply with UL 1570. Recessed ceiling
fixtures shall comply with NEMA LE 4. 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.
Fluorescent fixture lens frames on recessed and surface mounted
troffers shall be one assembly with mitered corners. Parabolic
louvers shall have a low iridescent finish and 45 degree cut-off.
Louver intersection joints shall be hairline type and shall
conceal mounting tabs or other assembly methods. Louvers shall be
free from blemishes, lines or defects which distort the wvisual
surface. Integral ballast and wireway compartments shall be
easily accessible without the use of special tools. Housings
shall be constructed to include grounding necessary to start the
lamps. Open fixtures shall be equipped with a sleeve, wire guard,
or other positive means to prevent lamps from falling. Medium
bi-pin lampholders shall be twist-in type with positive locking
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position. Long compact fluorescent fixtures and fixtures
utilizing U-bend lamps shall have clamps or secondary lampholders
to support the free ends of the lamps.

c. High intensity discharge fixture shall comply with UL 1572.
Recessed ceiling fixtures shall comply with NEMA LE 4. Reflectors
shall be anodized aluminum. Fixtures for horizontal lamps shall
have position oriented lampholders. Lampholders shall be
pulse-rated to 5,000 volts. Fixtures indicated as classified or
rated for hazardous locations or special service shall be designed
and independently tested for the environment in which they are
installed. Recessed lens fixtures shall have extruded aluminum
lens frames. Ballasts shall be integral to fixtures and shall be
accessible without the use of special tools. Remote ballasts
shall be encased and potted. Lamps shall be shielded from direct
view with a UV absorbing material such as tempered glass, and
shall be circuited through a cut-off switch which will shut off
the lamp circuit if the lens is not in place.

e. Exit Signs
Exit signs shall be ENERGY STAR compliant, thereby meeting the following

requirements. Input power shall be less than 5 watts per face. Letter
size and spacing shall adhere to NFPA 101. Luminance contrast shall be

greater than 0.8. Average luminance shall be greater than 15 cd/m2
measured at normal (0 degree) and 45 degree viewing angles. Minimum

luminance shall be greater than 8.6 cd/m2 measured at normal and 45 degree
viewing angles. Maximum to minimum luminance shall be less than 20:1
measured at normal and 45 degree viewing angles. The manufacturer warranty
for defective parts shall be at least 5 years.

.12.4 Lampholders, Starters, and Starter Holders

UL 542

.12.5 Ultrasonic, and Passive Infrared Occupancy Sensors

UL 916

.13 LOW-VOLTAGE FUSES AND FUSEHOLDERS

.13.1 Fuses, Low Voltage Cartridge Type

NEMA FU 1.

.13.2 Fuses, High-Interrupting-Capacity, Current-Limiting Type

Fusesg, Class G, J, L and CC shall be in accordance with UL 198C.

.13.3 Fuses, Class K, High-Interrupting-Capacity Type

UL 198D.

.13.4 Fuses, Class H

UL 198B.

.13.5 Fuses, Class R
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UL 198E.

.13.6 Fuses, Class T

UL 198H.

.13.7 Fuses for Supplementary Overcurrent Protection
UL 198G.

.13.8 Fuseholders

UL 512.

.14 INSTRUMENTS, ELECTRICAL INDICATING

ANSI C39.1.

.15 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; and UL 674 for use of motors in
hazardous classified locations. In addition to the standards listed above,
motors shall be provided with efficiencies as specified in the table
"MINIMUM NOMINAL EFFICIENCIES" below.

.15.1 Rating

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.

.15.2 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. Motor efficiencies indicated in the
tables apply to general-purpose, single-speed, polyphase induction motors.
Applications which require definite purpose, special purpose, special
frame, or special mounted polyphase induction motors are excluded from
these efficiency requirements. 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 NOMINAL MOTOR EFFICIENCIES
OPEN DRIP PROOF MOTORS

kW 1200 RPM 1800 RPM 3600 RPM
0.746 82.5 85.5 80.0
1.12 86.5 86.5 85.5
1.49 87.5 86.5 86.5
2.24 89.5 89.5 86.5
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MINIMUM NOMINAL MOTOR EFFICIENCIES

3.73 89.5 89.5 89.5
5.60 91.7 91.0 89.5
7.46 91.7 91.7 90.2
11.2 92.4 93.0 91.0
14.9 92.4 93.0 92.4
18.7 93.0 93.6 93.0
22 .4 93.6 93.6 93.0
29.8 94 .1 94 .1 93.6
37.3 94.1 94.5 93.6
44.8 95.0 95.0 94.1
56.9 95.0 95.0 94 .5
74 .6 95.0 95.4 94.5
93.3 95.4 95.4 95.0
112.0 95.8 95.8 95.4
149.0 95.4 95.8 95.4
187.0 95.4 96.2 95.8
224.0 95.4 95.0 95.4
261.0 94.5 95.4 95.0
298.0 94 .1 95.8 95.0
336.0 94.5 95.4 95.4
373.0 94 .5 94 .5 94 .5

TOTALLY ENCLOSED FAN-COOLED MOTORS

kW 1200 RPM 1800 RPM 3600 RPM
0.746 82.5 85.5 78.5
1.12 87.5 86.5 85.5
1.49 88.5 86.5 86.5
2.24 89.5 89.5 88.5
3.73 89.5 89.5 89.5
5.60 91.7 91.7 91.0
7.46 91.7 91.7 91.7
11.2 92.4 92.4 91.7
14.9 92.4 93.0 92.4
18.7 93.0 93.6 93.0
22.4 93.6 93.6 93.0
29.8 94 .1 94 .1 93.6
37.3 94.1 94.5 94.1
44.8 94.5 95.0 94.1
56.9 95.0 95.4 94 .5
74 .6 95.4 95.4 95.0
93.3 95.4 95.4 95.4
112.0 95.8 95.8 95.4
149.0 95.8 96.2 95.8
187.0 95.6 96.2 95.9
224.0 95.4 96.1 95.8
261.0 94.5 96.2 94.8
298.0 94 .5 95.8 94 .5
336.0 94 .5 94.5 94 .5
373.0 94 .5 94 .5 94 .5

MINIMUM NOMINAL MOTOR EFFICIENCIES
OPEN DRIP PROOF MOTORS

HP 1200 RPM 1800 RPM 3600 RPM

1 82.5 85.5 80.0
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TOTALLY ENCLOSED FAN-COOLED MOTORS

1.5 86.5 86.5 85.5

2 87.5 86.5 86.5

3 89.5 89.5 86.5

5 89.5 89.5 89.5
7.5 91.7 91.0 89.5
10 91.7 91.7 90.2
15 92.4 93.0 91.0
20 92.4 93.0 92.4
25 93.0 93.6 93.0
30 93.6 93.6 93.0
40 94.1 94.1 93.6
50 94.1 94.5 93.6
60 95.0 95.0 94 .1
75 95.0 95.0 94.5
100 95.0 95.4 94.5
125 95.4 95.4 95.0
150 95.8 95.8 95.4
200 95.4 95.8 95.4
250 95.4 96.2 95.8
300 95.4 95.0 95.4
350 94.5 95.4 95.0
400 94.1 95.8 95.0
450 94.5 95.4 95.4
500 94.5 94.5 94.5

TOTALLY ENCLOSED FAN-COOLED MOTORS

HP 1200 RPM 1800 RPM 3600 RPM
1 82.5 85.5 78.5
1.5 87.5 86.5 85.5
2 88.5 86.5 86.5
3 89.5 89.5 88.5
5 89.5 89.5 89.5
7.5 91.7 91.7 91.0
10 91.7 91.7 91.7
15 92.4 92.4 91.7
20 92.4 93.0 92.4
25 93.0 93.6 93.0
30 93.6 93.6 93.0
40 94.1 94.1 93.6
50 94.1 94.5 94.1
60 94 .5 95.0 94 .1
75 95.0 95.4 94.5
100 95.4 95.4 95.0
125 95.4 95.4 95.4
150 95.8 95.8 95.4
200 95.8 96.2 95.8
250 95.6 96.2 95.9
300 95.4 96.1 95.8
350 94.5 96.2 94.8
400 94.5 95.8 94.5
450 94.5 94.5 94.5
500 94.5 94.5 94.5

2.16 MOTOR CONTROLS

2.16.1 General
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NEMA ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845.
Panelboards supplying non-linear loads shall have neutrals sized for 200
percent of rated current.

.16.2 Motor Starters
Combination starters shall be provided with fusible switches, .
.16.2.1 Reduced-Voltage Starters

Reduced-voltage starters shall be provided for polyphase motors 1/2 hp or
larger. Reduced-voltage starters shall be of the single-step
autotransformer, reactor, or resistor type having an adjustable time
interval between application of reduced and full voltages to the motors.
Wye-delta reduced voltage starter or part winding increment starter having
an adjustable time delay between application of voltage to first and second
winding of motor may be used in lieu of the reduced voltage starters
specified above for starting of motor-generator sets, centrifugally
operated equipment or reciprocating compressors provided with automatic
unloaders.

.16.3 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.

.16.4 Low-Voltage Motor Overload Relays
.16.4.1 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. Standard units shall be used for motor starting times up to 7 seconds.
Slow units shall be used for motor starting times from 8 to 12 seconds.
Quick trip units shall be used on hermetically sealed, submersible pumps,
and similar motors.

.16.4.2 Construction

Manual reset type thermal relay shall be bimetallic construction.

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

.16.4.3 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
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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.

.16.5 Automatic Control Devices
.16.5.1 Direct Control

Automatic control devices (such as thermostats, float or pressure switches)
which control the starting and stopping of motors directly shall be
designed for that purpose and have an adequate horsepower rating.

.16.5.2 Pilot-Relay Control

Where 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.

.16.5.3 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.

.17 PANELBOARDS

Dead-front construction, NEMA PB 1 and UL 67.
.18 RECEPTACLES

.18.1 Heavy Duty Grade

NEMA WD 1. Devices shall conform to all requirements for heavy duty
receptacles.

.18.2 Standard Grade
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UL 498.
.18.3 Ground Fault Interrupters
UL 943, Class A or B.
.18.4 NEMA Standard Receptacle Configurations
NEMA WD 6.

a. Single and Duplex, 20-Ampere, 125 Volt

f. 50-Ampere, 125/250 Volt
.19 Service Entrance Equipment
UL 869A.
.20 SPLICE, CONDUCTOR
UL 486C.
.21 POWER-SWITCHGEAR ASSEMBLIES INCLUDING SWITCHBOARDS
Assemblies shall be metal-enclosed, freestanding general-purpose in
accordance with NEMA PB 2, UL 891, and IEEE C37.20.1 and shall be installed
to provide front and rear 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 withstand rating and
interrupting capacity of the switchboards and circuit breakers shall be
based on the maximum fault current available.

.21.1 Circuit Breakers

Service main circuit breakers to be 100% fully rated circuit breakers per
switchboard Note 3 on Drawing Sheet E-19.

.21.2 Auxiliary Equipment

.21.2.1 Instruments

Instruments shall consist of multi-function, digital instrumentation, data
acquisition and control device providing over 50 metered valveg with
min/max data viewbale on a LED display Circuit monitor shall be provided
with true RMS metering capability in a 1% accuracy class

.22 SNAP SWITCHES

UL 20.

.23 TAPES

.23.1 Plastic Tape

UL 510.

.23.2 Rubber Tape

UL 510.
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.24 TRANSFORMERS

Single- and three-phase transformers shall have two windings per phase.
Full-capacity standard NEMA taps shall be provided in the primary windings
of transformers unless otherwise indicated. Three-phase transformers shall
be configured with delta-wye windings, except as indicated. "T"
connections may be used for transformers rated 15 kVA or below.
Transformers supplying non-linear loads shall be UL listed as suitable for
supplying such loads with a total K-factor not to exceed K- 13 and have
neutrals sized for 200 percent of rated current.

.24.1 Transformers, Dry-Type

Transformers shall have 220 degrees C insulation system for transformers 15
kVA and greater, and shall have 180 degrees C insulation system for
transformers rated 10 kVA and less, with temperature rise not exceeding 150
degrees C under full-rated load in maximum ambient temperature of 40
degrees C. Transformer of 150 degrees C temperature rise shall be capable
of carrying continuously 100 percent of nameplate kVA without exceeding
insulation rating.

a. 600 Volt or Less Primary:

NEMA ST 20, UL 506, general purpose, dry-type, self-cooled, . Transformers
shall be provided in NEMA 1 enclosure. Transformers shall be quiet type
with maximum sound level at least 3 decibels less than NEMA standard level
for transformer ratings indicated.

.25 COORDINATED POWER SYSTEM PROTECTION

Analyses shall be prepared to demonstrate that the equipment and system
constructed meet the specified requirements for equipment ratings,
coordination, and protection. They shall include a load flow analysis, a
fault current analysis, and 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.

.25.1 Scope of Analyses

The fault current analysis, and protective device coordination study shall
begin at: the source bus and extend down to system buses where fault
availability is 10,000 amperes symmetrical for building/facility 600 volt
level distribution buses

.25.2 Determination of Facts

The time-current characteristics, features, and nameplate data for each
existing protective device shall be determined and documented. The
Contractor shall coordinate with the commercial power company for fault
current availability at the site.

.25.3 Single Line Diagram

A single line diagram shall be prepared to show the electrical system
buses, devices, transformation points, and all sources of fault current
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including generator and motor contributions. A fault-impedance diagram or
a computer analysis diagram may be provided. Each bus, device or
transformation point shall have a unique identifier. If a fault-impedance
diagram is provide, impedance data shall be shown. Locations of switches,
breakers, and circuit interrupting devices shall be shown on the diagram
together with available fault data, and the device interrupting rating.

2.25.4 Fault Current Analysis
2.25.4.1 Method

The fault current analysis shall be performed in accordance with methods
described in IEEE Std 242, and IEEE Std 399.

2.25.4.2 Data

Actual data shall be utilized in fault calculations. Bus characteristics
and transformer impedances shall be those proposed. Data shall be
documented in the report.

2.25.4.3 Fault Current Availability

Balanced three-phase fault, bolted line-to-line fault, and line-to-ground
fault current values shall be provided at each voltage transformation point
and at each power distribution bus. The maximum and minimum values of
fault available at each location shall be shown in tabular form on the
diagram or in the report.

2.25.5 Coordination Study

The study shall demonstrate that the maximum possible degree of selectivity
has been obtained between devices specified, consistent with protection of
equipment and conductors from damage from overloads and fault conditions.
The study shall include a description of the coordination of the protective
devices in this project. Provide a written narrative that describes: which
devices may operate in the event of a fault at each bus; the logic used to
arrive at device ratings and settings; situation where system coordination
is not achievable due to device limitations (an analysis of any device
curves which order overlap); coordination between upstream and downstream
devices; and relay settings. Recommendations to improve or enhance system
reliability, and detail where such changes would involve additions or
modifications to the contract and cost changes (addition or reduction)
shall be provided. Composite coordination plots shall be provided on
log-log graph paper.

2.25.6 Study Report

a. The report shall include a narrative: the analyses performed; the
bases and methods used; and the desired method of coordinated
protection of the power system.

b. The study shall include descriptive and technical data for
existing devices and new protective devices proposed. The data
shall include manufacturers published data, nameplate data, and
definition of the fixed or adjustable features of the existing or
new protective devices.

c. The report shall document utility company data including system
voltages, fault MVA, system X/R ratio, time-current characteristic
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curves, current transformer ratios, and relay device curves and
protective device ratings and settings.

d. The report shall contain fully coordinated composite time-current
characteristic curves for each bus in the system, as required to
ensure coordinated power system protection between protective
devices or equipment. The report shall include recommended
ratings and settings of all protective devices in tabulated form.

e. The report shall provide the calculations performed for the
analyses, including computer analysis programs utilized. The name
of the software package, developer, and version number shall be
provided.

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, 2 additional rods not less than 6 feet
on centers. 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 main electrical equipment room and
communications room as indicated. Noncurrent-carrying metal parts of
transformer neutrals and other electrical equipment shall be effectively
grounded by bonding to the 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.
Connections shall be bolted type in lieu of thermoweld, so they can be
changed as required by additions and/or alterations.

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. Equipment grounding
bars shall be provided in all panelboards. The equipment grounding
conductor shall be carried back to the service entrance grounding
connection or separately derived grounding connection. 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
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boxes and enclosures, if used, shall also be bonded to these grounding

conductors by an approved means per NFPA 70. When 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.

.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 MC cable. Where cables and wires are
installed in cable trays, they shall be of the type permitted by NFPA 70
for use in such applications. Metallic-armored cables may be installed in
areas permitted by NFPA 70. Wire fill in conduits shall be based on NFPA 70
for the type of conduit and wire insulations specified. Wire f£ill in
conduits located in Class I or II hazardous areas shall be limited to 25
percent of the cross sectional area of the conduit.

.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
1/2 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. Nonmetallic conduit and tubing may be used in
damp, wet or corrosive locations when permitted by NFPA 70 and the conduit
or tubing system is provided with appropriate boxes, covers, clamps, screws
or other appropriate type of fittings. Electrical metallic tubing (EMT)
may be installed only within buildings. EMT may be installed in concrete
and grout in dry locations. EMT installed in concrete or grout shall be
provided with concrete tight fittings. EMT shall not be installed in damp
or wet locations, or the air space of exterior masonry cavity walls.
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 bodiesg. Aluminum conduit may be used only where installed exposed
in dry locations. Nonaluminum sleeves shall be used where aluminum conduit
passes through concrete floors and firewalls. Penetrations of above grade
floor slabs, time-rated partitions and fire walls shall be firestopped in
accordance with Section 07840A FIRESTOPPING. 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 or seismic 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.

.2.1.1 Pull Wires
A pull wire shall be inserted in each empty raceway in which wiring is to
be installed if the raceway is 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
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zinc-coated steel, or of plastic having not lesgs than 200 pounds per square
inch tensile strength. Not less than 10 inches of slack shall be left at
each end of the pull wire.

.2.1.2 Conduit Stub-Ups

Where conduits are to be stubbed up through concrete floors, a short elbow
shall be installed below grade to transition from the horizontal run of
conduit to a vertical run. A conduit coupling fitting, threaded on the
inside shall be installed, to allow terminating the conduit 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. Empty or spare conduit stub-ups shall be plugged flush
with the finished floor with a threaded, recessed plug.

.2.1.3 Below Slab-on-Grade or in the Ground

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.

.2.1.4 Installing in Slabs Including Slabs on Grade

Conduit installed in slabs-on-grade shall be rigid steel or IMC. 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. Where conduit
is run parallel to reinforcing steel, the conduit shall be spaced a minimum
of one conduit diameter away but not less than one inch from the
reinforcing steel.

.2.1.5 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. Lodgment of plaster, dirt, or trash in raceways,
boxes, fittings and equipment shall be prevented during the course of
construction. Clogged raceways shall be cleared of obstructions or shall
be replaced.

.2.1.6 Supports

Metallic conduits and tubing,and the support system to which they are
attached, shall be securely and rigidly fastened in place to prevent
vertical and horizontal movement 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, beam
clamps, or ceiling trapeze. Loads and supports shall be coordinated with
supporting structure to prevent damage or deformation to the structure.
Loads shall not be applied to joist bridging. Attachment 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
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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. Cutting the main reinforcing bars in reinforced concrete beams
or joists shall be avoided when drilling holes for support anchors. Holes
drilled for support anchors, but not used, shall be filled. 1In partitions
of light steel construction, sheet-metal screws may be used. Raceways
shall not be supported using wire or nylon ties. Raceways shall be
independently supported from the structure. Upper raceways shall not be
used as a means of support for lower raceways. Supporting means shall not
be shared between electrical raceways and mechanical piping or ducts.
Cables and raceways shall not be supported by ceiling grids. Except where
permitted by NFPA 70, wiring shall not be supported by ceiling support
systems. Conduits shall be fastened to sheet-metal boxes and cabinets with
two locknuts where required by 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. Additional support for horizontal runs is not
required when EMT rests on steel stud cutouts.

.2.1.7 Exposed Raceways

Exposed raceways shall be installed parallel or perpendicular to wallsg,
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 70 definitions.

.2.1.8 Exposed Risers

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.

.2.1.9 Communications Raceways

Communications raceways indicated shall be installed in accordance with the
previous requirements for conduit and tubing and with the additional
requirement that no length of run shall exceed 50 feet for 1/2 inch and 3/4
inch sizes, 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 boxesg 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 not be less than ten times the nominal diameter.

.2.2 Cable Trays

Cable trays shall be supported in accordance with the recommendations of
the manufacturer but at no more than 6 foot intervals. Contact surfaces
of aluminum connections shall be coated with an antioxidant compound prior
to assembly. Adjacent cable tray sections shall be bonded together by
connector plates of an identical type as the cable tray sections. The
Contractor shall submit the manufacturer's certification that the cable
tray system meets all requirements of Article 318 of NFPA 70. The cable
tray shall be installed and grounded in accordance with the provisions of
Article 318 of NFPA 70. Data submitted by the Contractor shall demonstrate
that the completed cable tray systems will comply with the specified
requirements. Cable trays shall terminate 10 inches from both sides of
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smoke and fire partitions. Conductors run through smoke and fire
partitions shall be installed in 4 inch rigid steel conduits with
grounding bushings, extending 12 inches beyond each side of the
partitions. The installation shall be sealed to preserve the smoke and
fire rating of the partitions. Penetrations shall be firestopped in
accordance with Section 07840A FIRESTOPPING.

.2.3 Cables and Conductors

Installation shall conform to the requirements of NFPA 70. Covered, bare
or insulated conductors of circuits rated over 600 volts shall not occupy
the same equipment wiring enclosure, cable, or raceway with conductors of
circuits rated 600 volts or less.

.2.3.1 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. Class 3 low-energy,
remote-control and signal circuits shall be not less than No. 22 AWG.

.2.3.2 Use of Aluminum Conductors in Lieu of Copper
Aluminum conductors shall not be used.
.2.3.3 Cable Splicing

Splices shall be made in an accessible location. Crimping tools and dies
shall be approved by the connector manufacturer for use with the type of
connector and conductor.

a. Copper Conductors, 600 Volt and Under: Splices in conductors No.
10 AWG and smaller diameter shall be made with an insulated,
pressure-type connector. Splices in conductors No. 8 AWG and
larger diameter shall be made with a solderless connector and
insulated with tape or heat-shrink type insulating material
equivalent to the conductor insulation.

b. Greater Than 600 Volt: Cable splices shall be made in accordance
with the cable manufacturer's recommendations and Section 16375A
ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND.

.2.3.4 Conductor Identification and Tagging

Power, control, and signal circuit conductor identification shall be
provided within each enclosure where a tap, splice, or termination is made.
Where several feeders pass through a common pull box, the feeders shall be
tagged to indicate clearly the electrical characteristics, circuit number,
and panel designation. Phase conductors of low voltage power circuits
shall be identified by color coding. Phase identification by a particular
color shall be maintained continuously for the length of a circuit,
including junctions.

a. Color coding shall be provided for service, feeder, branch, and
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ground conductors. Color shall be green for grounding conductors
and white for neutrals; except where neutrals of more than one
system are installed in the same raceway or box, other neutral
shall be white with colored (not green) stripe. The color coding
for 3-phase and single-phase low voltage systems shall be as
follows:

120/208-volt, 3-phase: Black(ZA), red(B), and blue(C).
277/480-volt, 3-phase: Brown(A), orange(B), and yellow(C).

b. 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.

c. Control and signal 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 BOXES AND SUPPORTS

Boxes shall be provided in the wiring or raceway systems where required by
NFPA 70 for pulling of wires, making connections, and mounting of devices
or fixtures. Pull boxes shall be furnished with screw-fastened covers.
Indicated elevations are approximate, except where minimum mounting heights
for hazardous areas are required by NFPA 70. Unless otherwise indicated,
boxes for wall switches shall be mounted 48 inches above finished floors.
Switch and outlet boxes located on opposite sides of fire rated walls shall
be separated by a minimum horizontal distance of 24 inches. The total
combined area of all box openings in fire rated walls shall not exceed 100
square inches per 100 square feet. Maximum box areas for individual boxes
in fire rated walls vary with the manufacturer and shall not exceed the
maximum specified for that box in UL Elec Const Dir. Only boxes listed in
UL Elec Const Dir shall be used in fire rated walls.

.3.1 Box Applications

Each box shall have not less than the volume required by NFPA 70 for number
of conductors enclosed in box. Boxes for metallic raceways shall be listed
for the intended use when located in normally wet locations, when flush or
surface mounted on outside of exterior surfaces, or when located in
hazardous areas. Boxes installed in wet locations and boxes installed
flush with the outside of exterior surfaces shall be gasketed. Boxes for
mounting lighting fixtures shall be not less than 4 inches square, or
octagonal, except smaller boxes may be installed as required by fixture
configuration, as approved. Cast-metal boxes with 3/32 inch wall thickness
are acceptable. Large size boxes shall be NEMA 1 or as shown. Boxes in
other locations shall be sheet steel except that aluminum boxes may be used
with aluminum conduit, and nonmetallic boxes may be used with nonmetallic
conduit and tubing or nonmetallic sheathed cable system, when permitted by
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NFPA 70. Boxes for use in masonry-block or tile walls shall be
square-cornered, tile-type, or standard boxes having square-cornered,
tile-type covers.

.3.2 Brackets and Fasteners

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 screw 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.
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. The use of brackets which depend on gypsum
wallboard or plasterboard for primary support will not be permitted. 1In
partitions of light steel construction, bar hangers with 1 inch long studs,
mounted between metal wall studs or metal box mounting brackets shall be
used to secure boxes to the building structure. When metal box mounting
brackets are used, additional box support shall be provided on the side of
the box opposite the brackets. This additional box support shall consist
of a minimum 12 inch long section of wall stud, bracketed to the opposite
side of the box and secured by two screws through the wallboard on each
side of the stud. Metal screws may be used in lieu of the metal box
mounting brackets.

.3.3 Mounting in Walls, Ceilings, or Recessed Locations

In walls or ceilings of concrete, tile, or other non-combustible material,
boxes shall be installed so that the edge of the box is not recessed more
than 1/4 inch from the finished surface. Boxes mounted in combustible
walls or ceiling material shall be mounted flush with the finished surface.
The use of gypsum or plasterboard as a means of supporting boxes will not
be permitted. 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
mounted flush with the top of a block to minimize cutting of the blocks,
and boxes shall be located horizontally to avoid cutting webs of block.
Separate boxes shall be provided for flush or recessed fixtures when
required by the fixture terminal operating temperature, and fixtures shall
be readily removable for access to the boxes unless ceiling access panels
are provided.

.3.4 Installation in Overhead Spaces

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. 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.

.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, or impact resistant plastic having
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rounded or beveled edges. Plates on finished wallgs shall be of
impact-resistant plastic and shall match color of the respective wall.
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.

.5 RECEPTACLES
.5.1 Single and Duplex, 20-ampere, 125 volt

Single and duplex receptacles shall be rated 20 amperes, 125 volts,
two-pole, three-wire, grounding type with polarized parallel slots. Bodies
shall match color of switch handles in the same room and match 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
ingserted 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. Switched receptacles shall be the same as other receptacles
specified except that the ungrounded pole of each suitable receptacle shall
be provided with a separate terminal. Only the top receptacle of a duplex
receptacle shall be wired for switching application. Receptacles with
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 Floor Outlets

Floor outlets shall be nonadjustable and each outlet shall consist of a
cast-metal body with threaded openings for conduits, flange ring, and cover
plate with 1/2 inch or 3/4 inch threaded flush plug. Each telephone
outlet shall consist of a horizontal cast housing with a receptacle as
specified. Gaskets shall be used where necessary to ensure a watertight
installation. Plugs with installation instructions shall be delivered to
the Contracting Officer at the job site for capping outlets upon removal of
service fittings.

.5.3 Weatherproof Applications

Weatherproof receptacles shall be suitable for the environment, damp or 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; "Damp locations", "Wet Locations", "Wet Location Only
When Cover Closed". Assemblies shall be installed in accordance with the
manufacturer's recommendations.

.5.3.1 Damp Locations

Receptacles in damp locations shall be mounted in an outlet box with a
gasketed, weatherproof, cast-metal cover plate (device plate, box cover)
and a gasketed cap (hood, receptacle cover) over each receptacle opening.
The cap shall be either a screw-on type permanently attached to the cover
plate by a short length of bead chain or shall be a flap type attached to
the cover with a spring loaded hinge.
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3.5.3.2 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.

3.5.4 Receptacles, 30-Ampere, 125/250-Volt

Receptacles, single, 30-ampere, 125/250-volt, shall be molded-plastic,
three-pole, four-wire, grounding type, complete with appropriate mating
cord-grip type attachment plug. Each dryer receptacle shall be furnished
with a non-detachable power supply cord for connection to the electric
clothes dryer. The cord shall be an angle-type 36 inch length of Type SRD
range and dryer cable with four No. 10 AWG conductors.

3.5.5 Receptacles, 30-Ampere, 250-Volt

Receptacles, single, 30-ampere, 250-volt, shall be molded-plastic,
three-pole, three-wire type, complete with appropriate mating cord-grip
plug.

3.5.6 Receptacles, 50-Ampere, 125/250-Volt

Receptacles, single 50-ampere, 125/250-volt, shall be flush, molded
plastic, three-pole, four-wire, grounding type. Each range receptacle
shall be furnished with a nondetachable power supply cord for connection to
the electric range. The cord shall be an angle-type 36 inch length of SRD
dryer cable with one No. 8 and three No. 6 AWG conductors.

3.5.7 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.

3.6 WALL SWITCHES

Wall switches shall be of the totally enclosed tumbler type. The wall
switch handle and switch plate color shall be ivory. Wiring terminals
shall be of the screw type or of the solderless pressure type having
suitable conductor-release arrangement. Not more than one switche shall be
installed in a single-gang position. Switches shall be rated 20-ampere
-volt for use on alternating current only. Dimming switches shall be
solid-state flush mounted, sized for the loads.

3.7 SERVICE EQUIPMENT
Service-disconnecting means shall be of the type 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
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mounting unless otherwise indicated.
.8 PANELBOARDS

Circuit breakers and switches used as a motor disconnecting means 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.

.8.1 Panelboards

Panelboards shall be circuit breaker equipped as indicated on the drawings.

.9 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
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. Time-delay and non-time-delay options shall be as
shown.

.9.1 Cartridge Fuses; Noncurrent-Limiting Type

Cartridge fuses of the noncurrent-limiting type shall be Class H,
nonrenewable, dual element, time lag type and shall have interrupting
capacity of 10,000 amperes. At 500 percent current, cartridge fuses shall
not blow in less than 10 seconds.

.9.2 Cartridge Fuses; Current-Limiting Type

Cartridge fuses, current-limiting type, Class RK5 shall have tested

interrupting capacity not less than 200,000 amperes. Fuse holders shall be
the type that will reject all Class H fuses.

.9.3 Motor Circuit Fuses

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

.10 UNDERGROUND SERVICE

Interior conduit systems shall be provided and installed as shown on
drawings. Installation shall be in full compliance with all PEPCP
standards.Section 16375A ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND and
NFPA 70.

.11 MOTORS

Each motor shall conform to the hp and voltage ratings indicated, and shall
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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.

.12 VOLTAGE CONTROLLERS

1201 Reduced-Voltage Controllers

Reduced-voltage controllers shall be provided for polyphase motors 1/2 hp
or larger. Reduced-voltage starters shall be of the single-step
autotransformer, reactor, or resistor type having an adjustable time
interval between application of reduced and full voltages to the motors.
Wye-delta reduced voltage starters or part winding increment starters
having an adjustable time delay between application of voltage to first and
second winding of motor may be used in lieu of the reduced voltage starters
specified above for starting of motor-generator sets, centrifugally
operated equipment or reciprocating compressors provided with automatic
unloaders.

.12.2 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.

.12.3 Safety Controls

Safety controls for boilers shall be connected to a 2-wire, 120 volt
grounded circuit supplied from the associated boiler-equipment circuit.
Where the boiler circuit is more than 120 volts to ground, safety controls
shall be energized through a two-winding transformer having its 120 volt
secondary winding grounded. Overcurrent protection shall be provided in
the ungrounded secondary conductor and shall be sized for the load
encountered.

.13 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.

.14 TRANSFORMER INSTALLATION
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Three-phase transformers shall be connected only in a delta-wye
configuration as indicated . "T" connections may be used for transformers
rated at 15 kVA or below. Dry-type transformers shown located within 5 feet

of the exterior wall shall be provided in a weatherproof enclosure.
Transformers to be located within the building may be provided in the
manufacturer's standard, ventilated indoor enclosure designed for use in 40
degrees C ambient temperature, unless otherwise indicated.

.15 LIGHTING FIXTURES, LAMPS AND BALLASTS

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

.15.1  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.

.15.2 Lighting Fixtures

Fixtures shall be as shown and shall conform to the following
specifications and shall be as detailed on the drawings. 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.

.15.2.1 Accessories

Accessories such as straps, mounting plates, nipples, or brackets shall be
provided for proper installation.

.15.2.2 Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation
in, on or from the ceiling as shown. 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. Recessed fixtures shall have adjustable
fittings to permit alignment with ceiling panels. Recessed fixtures
installed in fire-resistive ceiling construction shall have the same fire
rating as the ceiling or shall be provided with fireproofing boxes having
materials of the same fire rating as the ceiling, in conformance withUL
Elec Const Dir. Surface-mounted fixtures shall be suitable for fastening
to the ceiling panel structural supports.

.15.2.3 Fixtures for Installation in Grid Type Ceilings
Fixtures for installation in grid type ceilings which are smaller than a
full tile shall be centered in the tile. 1 by 4 foot fixtures shall be

mounted along the grid rail as shown. Work above the ceiling shall be
coordinated among the trades to provide the lighting layout shown.
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Fixtures mounted to the grid shall have trim exactly compatible with the
grid. Contractor shall coordinate trims with ceiling trades prior to
ordering fixtures. Metric fixtures shall be designed to fit the metric
grid specified. Fixtures in continuous rows shall be coordinated between
trades prior to ordering. Fixtures shall be mounted using independent
supports capable of supporting the entire weight of the fixture. No
fixture shall rest solely on the ceiling grid. Recessed fixtures installed
in seismic areas should be installed utilizing specially designed seismic
clips. Junction boxes shall be supported at four points.

3.15.2.4 Suspended Fixtures

Suspended fixtures shall be provided with swivel hangers or hand-straights
so that they hang plumb. Pendants, rods, or chains 4 feet or longer
excluding fixture shall be braced to prevent swaying using three cables at
120 degrees of separation. Suspended fixtures in continuous rows shall
have internal wireway systems for end to end wiring and shall be properly
aligned to provide a straight and continuous row without bends, gaps, light
leaks or filler pieces. Aligning splines shall be used on extruded
aluminum fixtures to assure hairline joints. Steel fixtures shall be
supported to prevent "oil-canning" effects. Fixture finishes shall be free
of scratches, nicks, dents, and warps, and shall match the color and gloss
specified. Pendants shall be finished to match fixtures. Aircraft cable
shall be stainless steel. Canopies shall be finished to match the ceiling
and shall be low profile unless otherwise shown. Maximum distance between
suspension points shall be 10 feet or as recommended by the manufacturer,
whichever is less.

Suspended fixtures installed in seismic areas shall have 45% swivel hangers
and shall be located with no obstructions within the 45% range in all
directions. The stem, canopy and fixture shall be capable of 45% swing.

3.15.3 Ballasts

Remote type ballasts or transformers, where indicated, shall be mounted in
a well ventilated, easily accessible location, within the maximum operating
distance from the lamp as designated by the manufacturer.

3.16 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.

3.16.1 Motors and Motor Control
Motors and motor controls shall be installed in accordance with NFPA 70,
the manufacturer's recommendations, and as indicated. Wiring shall be
extended to motors, motor controls, and motor control centers and

terminated.

3.16.2 Installation of Government-Furnished Equipment
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Wiring shall be extended to the equipment and terminated.
.16.3 Food Service Equipment Provided Under Other Sections
Wiring shall be extended to the equipment and terminated.
.17 CIRCUIT PROTECTIVE DEVICES

The Contractor shall calibrate, adjust, set and test each new adjustable
circuit protective device to ensure that they will function properly prior
to the initial energization of the new power system under actual operating
conditions.

.18 PAINTING AND FINISHING

Field-applied paint on exposed surfaces shall be provided under Section
09900 PAINTS AND COATINGS.

.19 FIELD TESTING

Field testing shall be performed in the presence of the Contracting
Officer. The Contractor shall notify the Contracting Officer 20 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.

.19.1 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.

.19.2 Ground-Resistance Tests

The resistance of the grounding grid shall be measured using the
fall-of-potential method defined in IEEE Std 81. Soil resistivity in the
area of the grid shall be measured concurrently with the grid measurements.
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.
b. Grid electrode - 25 ohms.
.19.3 Ground-Grid Connection Inspection
All below-grade ground-grid connections will be visually inspected by the

Contracting Officer before backfilling. The Contractor shall notify the
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Contracting Officer 72 hours before the site is ready for inspection.

.19.4 Cable Tests

The Contractor shall be responsible for identifying all equipment and
devices that could be damaged by application of the test voltage and
ensuring that they have been properly disconnected prior to performing
insulation resistance testing. An insulation resistance test shall be
performed on all low and medium voltage cables after the cables are
installed in their final configuration 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 of conductors. The
minimum value of resistance shall be:

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 system shall then be retested until failures have been eliminated.

.19.4.1 Low Voltage Cable Tests
a. Continuity test.
b. Insulation resistance test.
.19.5 Motor Tests
a. Phase rotation test to ensure proper directions.
b. Operation and sequence of reduced voltage starters.
c. High potential test on each winding to ground.
d. Insulation resistance of each winding to ground.
e. Vibration test.
f. Dielectric absorption test on motor and starter.
.19.6 Dry-Type Transformer Tests

The following field tests shall be performed on all dry-type transformers
15 kVA and abovel.

a. Insulation resistance test phase-to-ground, each phase.
b. Turns ratio test.
C.

.19.7 Circuit Breaker Tests

The following field tests shall be performed on circuit breakers.

3.19.7.1 Circuit Breakers, Low Voltage

a. Insulation resistance test phase-to-phase, all combinations.

b. Insulation resistance test phase-to-ground, each phase.
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c. Closed breaker contact resistance test.
d. Manual and electrical operation of the breaker.
3.19.7.2 Circuit Breakers, Molded Case
a. Insulation resistance test phase-to-phase, all combinations.
b. 1Insulation resistance test phase-to-ground, each phase.
c. Closed breaker contact resistance test.
d. Manual operation of the breaker.
3.19.8 Protective Relays

Protective relays shall be visually and mechanically inspected, adjusted,
tested, and calibrated in accordance with the manufacturer's published
instructions. These tests shall include pick-up, timing, contact action,
restraint, and other aspects necessary to insure 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.

3.20 OPERATING TESTS

After the 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. An operating test report shall be
submitted in accordance with paragraph FIELD TEST REPORTS.

3.21 FIELD SERVICE
3.21.1 Onsite Training

The Contractor shall conduct a training course for the operating staff as
designated by the Contracting Officer. The training period shall consist
of a total of 8 hours of normal working time and shall start after the
system is functionally completed but prior to final acceptance tests. The
course instruction 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. A VHS
format video tape of the entire training shall be submitted.

3.21.2 Installation Engineer
After delivery of the equipment, the Contractor shall furnish one or more
field engineers, regularly employed by the equipment manufacturer to
supervise the installation of equipment, assist in the performance of the
onsite tests, oversee initial operations, and instruct personnel as to the
operational and maintenance features of the equipment.

3.22 ACCEPTANCE

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

-- End of Section --
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