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COORDI NATED POVER SYSTEM PROTECTI ON
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NOTE: This gui de specification covers the
requirenents for the coordinated protection of power
systens.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL

1.1 REFERENCES

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
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t he i ssue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASTM | NTERNATI ONAL (ASTM

ASTM D 2472 (2000; R 2006) Standard Specification for
Sul phur Hexaf | uori de

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENQ NEERS (| EEE)

| EEE C2 (2007; Errata 2006; Errata 2007; |NT 44-56
2007; INT 47, 49, 50, 52-56 2008; |NT 57,
58, 51, 48 2009) National Electrica
Saf ety Code

| EEE C37. 04 (1999; Amendnment A 2003; R 2006; anendnent
B 2008) Rating Structure for AC
H gh-Voltage G rcuit Breakers Rated on a
Symmetrical Current Basis

| EEE C37.06 (2000) AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis -
Preferred Ratings and Rel ated Required
Capabilities

| EEE C37.13 (2008) Standard for Low Vol tage AC Power
Crcuit Breakers Used in Encl osures

| EEE C37. 16 (2009) Recommendations for Low Voltage
Power Circuit Breakers and AC Power
Circuit Protectors, - Preferred Ratings,

Rel at ed Requirenents, and Application

| EEE C37.2 (2008) Electrical Power System Device
Functi on Nunbers and Contact Designations

| EEE C37.20.1 (2002; Addenda A 2005; Addenda B 2006; R
2007) Standard for Metal - Encl osed
Low Vol t age Power GCircuit-Breaker
Swi t chgear

| EEE C37. 46 (2000) For High Voltage Expul sion and
Current-Limting Type Power C ass Fuses
and Fuse Di sconnecting Switches

| EEE C37.90 (2005) Standard for Relays and Rel ay
Systens Associated Wth Electric Power
Appar at us

| EEE C57. 13 (2008) Standard Requirenents for
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| EEE Std 242

| EEE Std 399

I nstrunent Transforners

(2001; Errata 2003) Recommended Practice
for Protection and Coordi nati on of

I ndustrial and Commerci al Power Systens -
Buf f Book

(1997) Recommended Practice for Power
Systenms Anal ysis - Brown Book

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA AB 1

NEMA Cl12. 11

NEMA C37. 50

NEMA FU 1

NEMA I CS 1

NEMVA | CS 2

NEMA | CS 3

NEMA | CS 6

NEMVA SG 4

NEMVA SG 6

(2002) Mbl ded-Case Circuit Breakers,
Mol ded Case Switches, and Circuit-Breaker
Encl osur es

(2007) Instrunment Transformers for Revenue
Metering, 10 kV BIL through 350 kV BIL
(0.6 kV NSV through 69 kV NSV)

(1989; R 2000) Low Vol tage AC Power
Circuit Breakers Used in Encl osures - Test
Pr ocedur es

(2002; R 2007) Low Voltage Cartridge Fuses

(2000; R 2005; R 2008) Standard for
I ndustrial Control and Systens General
Requi renment s

(2000; Errata 2002; R 2005; Errata 2006)
Standard for Industrial Control and
Systenms: Controllers, Contactors, and
Overl oad Rel ays Rated Not More than 2000
Volts AC or 750 Volts DC. Part 8 -

Di sconnect Devices for Use in Industrial
Cont rol Equi prent

(2005) Standard for Industrial Control and
Systens: Medium Voltage Controllers Rated
2001 to 7200 Volts AC

(1993; R 2006) Standard for Industrial
Control s and Systemnms Encl osures

(2009) Alternating-Current Hi gh-Voltage
Crcuit Breaker

(2000) Standard for Power Switching
Equi pnent

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)

NFPA 70

(2008; AMD 1 2008) National Electrical
Code - 2008 Edition

UNDERWRI TERS LABORATORI ES (UL)

UL 198M

(2003; Rev thru Qct 2007) M ne-Duty Fuses
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UL

UL

UL

UL

UL

1.2

486E

489

508

845

877

(2009) Equi pnent Wring Terminals for Use
wi th Al umi num and/ or Copper Conductors

(2002; Rev thru Mar 2009) Standard for
Mol ded- Case Circuit Breakers, Ml ded-Case
Swi tches and Circuit-Breaker Encl osures

(1999; Rev thru Sep 2008) Standard for
I ndustrial Control Equi pnent

(2005; Rev thru Aug 2006) Standard for
Mot or Control Centers

(1993; Rev thru Nov 1999) Circuit Breakers
and Circuit-Breaker Enclosures for Use in
Hazar dous (Cl assified) Locations

SYSTEM DESCRI PTI ON

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

NOTE: Provide brief, general description of the
el ectrical power system project.

Coordinate with Section 26 11 14.00 10 MAIN ELECTRI C
SUPPLY STATI ON AND SUBSTATION; Section 33 71 01
OVERHEAD TRANSM SSI ON AND DI STRI BUTI ON; Secti on

33 70 02.00 10 ELECTRI CAL DI STRI BUTI ON SYSTEM
UNDERGROUND; Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

The power system covered by this specification consists of: [__ ].

1.3

SUBM TTALS

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submittals should be kept
to the mininmumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G" if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used followi ng the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice
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(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Contro
approval .][information only. Wen used, a designation following the "G'
designation identifies the office that will review the submttal for the
Government.] Submt the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES

SD- 03 Product Data

Fault Current Analysis
Protective Device Coordination Study

The study along with protective device equi pment submittals. No
time extensions or simlar contact nodifications will be granted
for work arising out of the requirenments for this study. Approva
of protective devices proposed will be based on recomendati ons of
this study. The Governnent shall not be held responsible for any
changes to equi pnent, device ratings, settings, or additiona
| abor for installation of equi pnent or devices ordered and/or
procured prior to approval of the study.

Equi pnent

Data consisting of manufacturer's time-current characteristic
curves for individual protective devices, reconmended settings of
adj ustabl e protective devices, and recommended ratings of
non- adj ust abl e protective devi ces.

Syst em Coor di nat or

Verification of experience and |license nunber, of a registered
Prof essional Engineer with at least [3] [__ ] years of current
experience in the design of coordinated power system protection
Experi ence data shall include at least five references for work of
a magni tude conparable to this contract, including points of
contact, addresses and tel ephone nunbers. This engi neer nust
performitens required by this section to be perforned by a
regi stered Professional Engineer

Protective Rel ays

Data including calibration and testing procedures and
instructions pertaining to the frequency of calibration
i nspection, adjustment, cleaning, and | ubrication

Install ation

Procedures including diagranms, instructions, and precautions
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required to properly install, adjust, calibrate, and test the
devi ces and equi pnent.

SD-06 Test Reports
Field Testing

The proposed test plan, prior to field tests, consisting of
complete field test procedure including tests to be perforned,
test equipnent required, and tolerance linmts, including conplete
testing and verification of the ground fault protection equipnent,
where used. Performance test reports in booklet form show ng al
field tests performed to adjust each conmponent and all field tests
performed to prove conpliance with the specified perfornmance
criteria, upon conpletion and testing of the installed system
Each test report shall indicate the final position of controls.

SD- 07 Certificates
Devi ces and Equi prent

Certificates certifying that all devices or equi pnent neet the
requi renents of the contract docunents.

1.4 QUALITY ASSURANCE
1.4.1 Syst em Coor di nat or

System coordi nation, recomended ratings and settings of protective
devi ces, and design analysis shall be acconplished by a registered

prof essi onal electrical power engineer with a mnimumof [3] [__
of current experience in the coordination of electrical power systens.

1.4.2 System Installer

Calibration, testing, adjustnent, and placing into service of the
protective devices shall be acconplished by a nmanufacturer's product field
servi ce engi neer or independent testing conmpany with a mni mumof two years
of current product experience in protective devices.

1.5 DELI VERY, STORAGE, AND HANDLI NG

Devi ces and equi prrent shall be visually inspected when received and prior
to acceptance from conveyance. Protect stored itens fromthe environnent
in accordance with the manufacturer's published instructions. Damaged
itens shall be repl aced.

1.6 PRQIECT/ SI TE CONDI Tl ONS

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

NOTE: Unusual service conditions for altitude start
above 1005 m (3300 feet) for nobst apparatus.

Unusual anbi ent tenperature ranges are ninus 30 to
40 degrees C, but other anbients nmay apply.
Frequency is generally 60 Hz, although 50 Hz may

al so be standard. Fungus control for electrica
devices is required only in tropical areas.

Provi de seismic requirenents, if a Governnent
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1

designer is the Engi neer of Record, and show on the
drawi ngs. Delete the inappropriate bracketed

phrase. Pertinent portions of UFC 3-310-04 and
Sections 13 48 00, 13 48 00.00 10 and 26 05 48.00 10,
properly edited, nmust be included in the contract
docunent s.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

Devi ces and equi prent furni shed under this section shall be suitable for
the following site conditions. Seismc details shall [conformto UFC
3-310-04 SEI SM C DESI GN FOR BUI LDI NGS and Sections 13 48 00 SEISM C
PROTECTI ON FOR M SCELLANEOUS EQUI PMENT, 13 48 00.00 10 SEI SM C PROTECTI ON
FOR MECHANI CAL EQUI PMENT AND 26 05 48.00 10 SEI SM C PROTECTI ON FOR
ELECTRI CAL EQUI PMENT] [be as indicated].

a. Atitude: [___ ]

b. Anbient Tenperature: [___ ]

c. Frequency: [___ ]

d. Fungus Control: [ ]

e. Hazardous dassification: [__ ]
f. Humidity Control: [___ ]

g. Ventilation: [___ ]

h. Seisnmic Paraneters: [___ ]

i. Oher: [___ ]

7 EXTRA MATERI ALS

The foll owi ng spare fuses or spare fuse el enents shall be delivered to the
Contracting officer when the electrical systemis accepted:

FUSE TYPE/ CLASS VOLTAGE CURRENT NO. OF SPARES

[ 1] [ 1] [ 1] [ 1]

PART 2 PRODUCTS

2.

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

NOTE: Select types to suit project conditions and
delete all others. Delete all paragraphs not
appl i cabl e.

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

1 STANDARD PRODUCT

Provi de protective devices and equi pnent which are the standard product of
a manufacturer regularly engaged in the nmanufacture of the product and that
essentially duplicate itens that have been in satisfactory utility type use
for at least two years prior to bid opening.
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2.2 NAVEPLATES

Provi de naneplates to identify all protective devices and equi pnent.
Nanmepl ate information shall be in accordance with NEVA AB 1.

2.3 CORRCSI ON PROTECTI ON

Metallic materials shall be protected against corrosion. Ferrous neta
hardware shall be zinc or chrome-pl ated.

2.4 MOTOR CONTROLS AND MOTCR CONTRCL CENTERS

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

2.4.1 Motor Starters

Provi de conbination starters with [circuit breakers] [and] [fusible
swi tches] [and] [sw tches equi pped with high-interrupting-capacity
current-limting fuses] [as indicated].

2.4.2 Reduced- Vol tage Starters

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: Reduced voltage starters will be required
when the | ocked rotor current of notors exceeds the
full-load rating of supply transformers or supply
conduct ors.

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

Provi de reduced-voltage starters for polyphase notors [_ ] kW hp or

| arger, of the single-step autotransforner, reactor, or resistor type
havi ng an adjustable tine interval between application of reduced and ful
voltages to the notors. We-delta reduced voltage starter or part w nding
increment starters having an adjustable tine delay between application of
voltage to first and second wi nding of notor, nmay be used in lieu of the
reduced voltage starters specified above for starting of notor-generator
sets, centrifugally operated equi pment or reciprocating conpressors
provided with automatic unl oaders.

2.4.3 Ther mal - Over| oad Protection

Each notor of 93 W 1/8 hp or larger shall be provided with thernal-overl oad
protection. Polyphase notors shall have overload protection in each
ungrounded conductor. The overl oad-protection device shall be provided
either integral with the notor or controller, or shall be nmounted in a
separate enclosure. Unless otherw se specified, the protective device
shall be of the manually reset type. Single or double pole tunbler

swi tches specifically designed for alternating-current operation only may
be used as manual controllers for single-phase motors having a current
rating not in excess of 80 percent of the switch rating.

2.4.4 Low Vol tage Motor Overl oad Rel ays

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: |In nost cases, thermal relays will be
specified. Standard, slow, and quick-acting trip
units are available. Magnetic relays are used to
protect | owvoltage notors with long starting tines
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or unusual duty cycles.
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2.4.4.1 Cener al

[ Thermal ] [and] [rmagnetic current] overload relays shall conformto

NEMA | CS 2 and UL 508. Overload protection shall be provided either
integral with the motor or controller, and shall be rated in accordance
with the requirenents of NFPA 70. [Standard units shall be used for notor
starting times up to 7 second.] [Slow units shall be used for notor
starting tines from8 to 12 seconds.] [Quick trip units shall be used on
hermetically seal ed, submersible punps, and simlar notors.]

2.4.4.2 Constructi on

Manual reset type thernmal relays shall be [nelting alloy] [binetallic]
construction. Automatic reset type relays shall be binmetallic

construction. Magnetic current relays shall consist of a contact nechani sm
and a dash pot nounted on a common frane.

2.4.4.3 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage.

Trip current ratings shall be established by selection of the replaceable
overl oad device and shall not be adjustable. Were the controller is
renotely-located or difficult to reach, an automatic reset, non-conpensated
overload relay shall be provided. Mnual reset overload relays shall be
provi ded ot herwi se, and at all |ocations where automatic starting is
provided. Were the notor is located in a constant anbi ent tenperature,
and the thermal device is located in an anbient tenperature that regularly
varies by nmore than minus 10 degrees C 14 degrees F, an anbient

t enrper at ur e- conpensat ed overl oad rel ay shall be provided.

2.4.5 Aut omati ¢ Control Devices
2.4.5.1 Di rect Control

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

2.4.5.2 Pi | ot - Rel ay Contr ol

VWhere 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.

2.4.5.3 Manual / Aut omati ¢ Sel ecti on

a. \ere conbi nati on manual and automatic control is specified and the
aut omati c-control device actuates the pilot control circuit of a
magnetic starter, the magnetic starter shall be provided with a

t hree-position selector switch marked MANUAL- OFF- AUTOVATI C

b. Connections to the selector switch shall only allow the nornma
automatic regulatory control devices to be bypassed when the switch is
in the Manual position; all safety control devices, such as |owor

hi gh- pressure cutouts, high-tenperature cutouts, and notor-overl oad
protective devices, shall be connected in the motor-control circuit in
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both the Manual and the Autonatic positions of the selector switch.
Control circuit connections to any MANUAL- OFF- AUTOVATIC switch or to
nore than one automatic regul atory control device shall be made in
accordance with wiring diagram approved by the contracting Oficer

unl ess such diagramis included on the drawings. Al controls shall be
120 volts or |l ess unless otherw se indicated.

2.4.6 Mot or Control Centers

Control centers shall be indoor type and shall contain conbination starters
and ot her equipnment as indicated. Control centers shall be NEMVA | CS 2,
Class [ 1, Type [ ]. Each control center shall be nounted on floor
sills or mounting channels. Each circuit shall have a suitable nmetal or

| am nated plastic nameplate with white cut letters. Mtor control centers
shall be provided with a full-lIength ground bus bar.

2.5 LOW VOLTAGE FUSES
2.5.1 Cener al

Lowvol tage fuses shall conformto NEVMA FU 1. Tine delay and nontime del ay
options shall be as [shown] [specified]. Equipnent provided under this
contract shall be provided with a conplete set of properly rated fuses when
the equi pmrent manufacturer utilizes fuses in the manufacture of the

equi prent, or if current-limting fuses are required to be installed to
l[imt the ampere-interrupting capacity of circuit breakers or equipnent to
| ess than the maxi num avail able fault current at the |ocation of the

equi pnent to be installed. Fuses shall have a voltage rating of not |ess
than the phase-to-phase circuit voltage, and shall have the tinme-current
characteristics requires for effective power system coordi nation.

2.5.2 Cartridge Fuses; Noncurrent-Limting Type

Cartridge fuses of the noncurrent-limting type shall be Class H

nonr enewabl e, dual elenent, tinme lag type and shall have interrupting
capacity of 10,000 amperes. Cass H Fuses shall conformto UL 198N. At
500 percent current, cartridge fuses shall not blowin |less than 10
seconds. Cartridge fuses shall be used for circuits rated in excess of 30
anperes, 125 volts, except where current-limting fuses are indicated.

2.5.3 Cartridge Fuses; Current-Limting Type

EE R R R I R S I R R I I O R R R R O S R R R R R R I I O R R I

NOTE: dass RKI provides high current limtation
with both tinme-delay and nontinme-delay. RK5
provi des noderate current limtation, tine-delay
option.

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

Cartridge fuses, current-limting type, Cass [G [J] [K [L] [RK1l] [RK5]
[RKO] [T] [CC] shall have tested interrupting capacity not |ess than
[ 100, 000] [ 200, 000] anperes. Fuse holders shall be the type that wll
reject Cass H fuses.

a. Cass [G [J] [L] [CC] fuses shall conformto UL 198M.

b. dass K fuses shall conformto UL 198.

c. dass R fuses shall conformto UL 198N
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d. Class T fuses shall conformto UL 198N

2.5.3.1 Conti nuous Current Ratings (600 anperes and small er)

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

NOTE: Cass J or RK1 provide best protection for
services and feeders rated 600 anperes or |ess.
O ass RK5 may be nore cost effective where the
greater current limtation of RKL or J is not a
requi renent.

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

Service entrance and feeder circuit fuses (600 anperes and smaller) shal
be Cass [RK1] [RK5] [J], current-limting, [nontime-delay] [time-delay]
wi th 200,000 anperes interrupting capacity.

2.5.3.2 Conti nuous Current Ratings (greater than 600 anperes)

Service entrance and feeder circuit fuses (greater than 600 anperes) shal
be Cass L, current-limting, [nontine-delay] [tine-delay] w th 200, 000
anperes interrupting capacity.

2.5.3.3 Motor and Transfornmer Circuit Fuses

Mot or, npotor controller, transformer, and inductive circuit fuses shall be
Class RK1 or RK5, current-limting, tine-delay with 200, 000 anperes
interrupting capacity.

2.6 VEDI UM VOLTAGE AND HI G+ VOLTAGE FUSES

2.6.1 CGener a

Medi um vol t age and hi gh-voltage fuses shall be distribution fuse cutouts or
power fuses, E-rated, Crated, or Rrated current-limting fuses as shown.

2.6.2 Constructi on

Units shall be suitable for [outdoor] [indoor] use. Fuses shall have
integral blown-fuse indicators. Al ratings shall be clearly visible.

2.6.3 Rat i ngs

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

NOTE: Select fuse ratings to suit project
conditions and delete all others.

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

Vol tage ratings shall be not less than the applicable circuit voltage.
Conti nuous-current ratings shall be as shown.

2.6.3.1 Fuse Cutouts

Medi um vol t age fuses and cutouts shall be of the [| oadbreak][ nonl oadbreak]
[encl osed] [ open] type construction[ rated [5.2][7.8][15][27][28] kV and of
the [normal ][ heavy] [ extra-heavy][ul tra-heavy] -duty type][ ratings and
types indicated]. Open-link cutouts are not acceptable. Fuses shall be
either indicating or dropout type. Fuse ratings shall be as indicated.
Fuses cutouts shall be equipped with nounting brackets suitable for the
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2.

2.

indicated install ations.

.6.3.2 Power Fuses

[ Expul sion-type] [Current-limting] power fuses shall have ratings in
accordance with | EEE C37.46 and as foll ows:

a. Nominal voltage....... ... ... i, [ ]
b. Rated maximumvoltage........... ... ... .. [ 1]
c. Maximum symetrical interrupting capacity.......... [ 1]
d. Rated continuous current.............. . ... ... [ 1]
B, Bl ot [ ]

.6.3.3 E-Rated, Current-Limting Power Fuses

E-rated, current-limting, power fuses shall conformto | EEE C37. 46.

.6.3.4 C-Rated, Current-Limting Fuses

Crated, current-limting, power fuses shall open in 1000 seconds at
currents between 170 and 240 percent of the C rating.

.6.3.5 R-Rated, Current-Limting Fuses

R-rated, current-limting, fuses shall be used wi th nedi umvoltage notor
controllers only. R-rated fuses shall conformto | EEE C37. 46.

7 MOTOR SHORT- Cl RCUI T PROTECTOR ( MSCP)

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: MBSCPs are conponents of notor controllers
rather than fuses. MBSCPs, therefore, have no anpere
ratings and are identified by letter designations,
A-Y. Due to a limted nunber of MSCP manufacturers,
M5CPs shoul d be used only as a sol e-source item

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

7.1 Cener al

Mot or short-circuit protectors shall conformto UL 508 and shall be

provi ded as shown. Protectors shall be used only as part of a comnbination
notor controller which provides coordi nated notor branch-circuit overl oad
and short-circuit protection, and shall be rated in accordance with the
requi rements of NFPA 70

.7.2 Constructi on

Mot or short-circuit protector bodies shall be constructed of high
tenmperature, dinmensionally stable, long Iife, nonhygroscopic materials.
Protectors shall fit special MSCP nounting clips and shall not be

i nterchangeabl e with any conmercially avail able fuses. Protectors shal
have 100 percent one-way interchangeability within the A Y letter
designations. All ratings shall be clearly visible.
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2.

7.3 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage.
Letter designations shall be A through Y for notor controller Sizes 0, 1,
2, 3, 4, and 5, with 100,000 anperes interrupting capacity rating. Letter
desi gnations shall correspond to controller sizes as foll ows:

CONTROLLER SI ZE MSCP DESI GNATI ON
NEMA O A-N
NEMA 1 A-P
NEMA 2 A-S
NEMA 3 A-U
NEMA 4 A-W
NEMA 5 AY
. 8 MOLDED- CASE Cl RCUI T BREAKERS
.8.1 Gener al

Mol ded-case circuit breakers shall conformto NEVA AB 1 and UL 489.

Circuit breakers may be installed in panel boards, sw tchboards, enclosures,
nmotor control centers, or conbination notor controllers. Circuit breakers
and circuit breaker enclosures |ocated in hazardous (classified) areas
shall conformto UL 877

.8.2 Constructi on

Mol ded-case circuit breakers shall be assenbled as an integral unit in a
supporting and encl osi ng housing of glass reinforced insulating materi al
providing high dielectric strength. Circuit breakers shall be suitable for
nmounting and operating in any position. Lugs shall be listed for [copper
conductors only] [copper and al um num conductors] in accordance with UL 486E
Single-pole circuit breakers shall be full nodule size with not nore than
one pole per nmodule. Milti-pole circuit breakers shall be of the
common-trip type having a single operating handl e such that an overl oad or
short circuit on any one pole will result in all poles opening

simul taneously. Sizes of 100 anperes or | ess may consist of single-pole
breakers permanently factory assenbled into a nulti-pole unit having an

i nternal, nmechanical, nontanperable common-trip mechani smand externa
handle ties. Al circuit breakers shall have a qui ck- make, quick-break
overcenter toggl e-type nechanism and the handl e nmechani sm shall be
trip-free to prevent holding the contacts cl osed against a short-circuit or
sustai ned overload. Al circuit breaker handl es shall assume a position
between "ON' and "OFF" when tripped automatically. Al ratings shall be
clearly visible.

.8.3 Rat i ngs

Vol tage ratings shall be not |ess than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at |east equal to the
avai |l abl e short-circuit current at the line termnals of the circuit
breaker and correspond to the UL |isted integrated short-circuit current
rating specified for the panel boards and sw tchboards. Mol ded-case circuit
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breakers shall have nomi nal voltage ratings, maxi mum continuous-current
ratings, and maxi num short-circuit interrupting ratings in accordance wth
NEMA AB 1. Ratings shall be coordinated with system X R rati o.

.8.4 Cascade System Rati ngs

Circuit breakers used in series conbinations shall be in accordance with
UL 489. Equi pment, such as sw tchboards and panel boards, which house
series-connected circuit breakers shall be clearly marked accordingly.
Series conbinations shall be listed in the UL Recogni zed Conponent
Directory under "Circuit Breakers-Series Connected."

.8.5 Thermal -Magnetic Trip Elements

Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by neans of thernal -nagnetic tripping devices

| ocated in each pole providing inverse tinme delay and instantaneous circuit
protection. The instantaneous magnetic trip shall be adjustable and
accessible fromthe front of all circuit breakers on frane sizes above
[150] [ ] anperes.

.8.6 Solid-State Trip El enents

Solid-state circuit breakers shall be provided as shown. All electronics
shal | be self-contained and require no external relaying, power supply, or
accessories. Printed circuit cards shall be treated to resist noisture
absorption, fungus growth, and signal |eakage. All electronics shall be
housed in an encl osure which provides protection against arcs, magnetic
interference, dust, and other contaminants. Solid-state sensing shal
neasure true RMS current with error | ess than one percent on systens with
distortions through the 13th harnonic. Peak or average actuating devices
are not acceptable. Current sensors shall be toroidal construction,
encased in a plastic housing filled with epoxy to protect against damage
and noisture and shall be integrally nmounted on the breaker. Were

i ndi cated on the drawi ngs, circuit breaker franes shall be rated for 100
percent continuous duty. Circuit breakers shall have tripping features as
shown on the draw ngs and as descri bed bel ow

a. Long-time current pick-up, adjustable from50 percent to 100
percent of continuous current rating.

b. [Fixed] [Adjustable] long-tine delay.

c. Short-tine current pick-up, adjustable from1.5 to 9 tines
long-tine current setting.

d. [Fixed] [Adjustable] short-tine delay.
e. [Short-time | square times t switch.]

f. Instantaneous current pick-up, adjustable from1.5 to 9 tines
long-tine current setting.

g. Gound-fault pick-up, adjustable from 20 percent to 60 percent of
sensor rating, but in no case greater than 1200 anperes. Sensing of

ground-fault current at the main bonding junper or ground strap shal

not be permtted. [Zone-selective interlocking shall be provided as
shown. ]
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2.

h. [Fixed] [Adjustable] ground-fault del ay.
i. [Gound-fault | square times t switch.]

. [Overload] [and] [Short-circuit] [and] [Gound-fault] trip
i ndi cators shall be provided.

8.7 Current-Limting Crcuit Breakers

Current-limting circuit breakers shall be provided as shown.
Current-limting circuit breakers shall linmt the let-through | square
times t to a value less than the | square tinmes t of one-half cycle of the
symretrical short-circuit current waveform On fault currents bel ow the
threshold of limtation, breakers shall provide conventional overload and

short-circuit protection. Integrally-fused circuit breakers shall not be
used.
.8.8 SW Grcuit Breakers

Circuit breakers rated 15 anperes or 20 anperes and intended to switch 277
volts or less fluorescent lighting | oads shall be nmarked "SWD."

.8.9 HACR Circuit Breakers

Crcuit breakers 60 anperes or below, 240 volts, 1-pole or 2-pole, intended
to protect nulti-nmotor and conbination-load installations involved in
heating, air conditioning, and refrigerating equi pnent shall be marked

"Li sted HACR Type."

.8.10 Motor Circuit Protectors (MCP)

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

NOTE: A notor circuit protector (MCP) is defined as
an adjustable, instantaneous trip circuit breaker
used in conjunction with a conbinati on notor
control |l er having overload protection

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

Motor circuit protectors shall conformto NEVA AB 1 and UL 489 and shall be
provi ded as shown. MCPs shall consist of an adjustable instantaneous trip
circuit breaker in conjunction with a conbination nmotor controller which
provi des coordi nated nmotor circuit overload and short-circuit protection.
Motor Circuit Protectors shall be rated in accordance with NFPA 70

.9 LOM VOLTAGE PONER Cl RCUI T BREAKERS

.9.1 Construction

Low vol tage power circuit breakers shall conformto | EEE C37.13 and

| EEE C37.16 and shall be three-pole, single-throw, stored energy,
[manual ly][el ectrically] operated, with drawout nmounting. Solid-state trip
el ements which require no external power connections shall be provided.
Circuit breakers shall have an open/close contact position indicator,
charged/ di scharged stored energy indicator, primary disconnect devices, and
a nechani cal interlock to prevent making or breaking contact of the primary
di sconnects when the circuit breaker is closed. Control voltage shall be
[24 V dc][48 V dc][120 V ac][as indicated.] The circuit breaker enclosure
shall be suitable for its intended |ocation.
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2.9.2 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage.
Circuit breakers shall be rated for 100 percent continuous duty and shal
have trip current ratings and franme sizes as shown. Nomi nal voltage
ratings, maxi num continuous-current ratings, and nmaxi mum short-circuit
interrupting ratings shall be in accordance with | EEE C37.16. Tri ppi ng
features shall be as foll ows:

a. Long-time current pick-up, adjustable from50 percent to 100
percent of sensor current rating.

b. Adjustable long-tinme del ay.

c. Short-tine current pick-up, adjustable from1.5 to 9 tines
long-tinme current setting.

d. Adjustable short-tine del ay.
e. [Short-time | square times t switch.]

f. Instantaneous current pick-up, adjustable from1l.5 to 9 tines
long-tine current setting.

g. Gound-fault pick-up, adjustable from 20 percent to 60 percent of
sensor rating, but in no case greater than 1200 anperes. Sensing of

ground-fault current at the main bonding junper or ground strap shal

not be permtted. [Zone-selective interlocking shall be provided as
shown. ]

h. [Fixed] [Adjustable] ground-fault del ay.
i. [Gound-fault | square times t switch.]

j. [Overload] [and] [Short-circuit] [and] [Gound-fault] trip
i ndi cators shall be provided.

2.10 MEDI UM VOLTAGE Cl RCU T BREAKERS/ | NTERRUPTERS
2.10.1 Met al - Encl osed Type

Circuit breakers shall be of the drawout type, in accordance with
| EEE C37. 20. 1.

2.10.2 Met al - ad Type

Circuit breakers shall conply with | EEE C37.04 and shall consist of itens
listed for such units in NEMA SG 6.

2.10.3 SF6 Interrupters

SF6 interrupters shall be of the puffer type where the novenent of the
contact plunger will initiate the puff of SF6 gas across the contact to
extinguish the arc at zero gauge tank pressure (atnospheric pressure). The
puff of SF6 nust be sufficient to clear an arc for [15 kV][__ ] or | ower
cl ass equi pnent and renai n operational w thout damage or requiring

mai nt enance or repair except for gas | eaks. Breakers shall be provided
with a | oss-of-pressure alarmrenote as shown on the drawings. Before the
pressure in the contai ner drops bel ow the point where the breaker or switch
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cannot open safely wi thout damage, the breaker shall activate the

| oss-of -pressure alarm open automatically, and remain in the | ocked open
position until repaired. |If located inside a structure, breakers shall be
| ocated in a closed roomwi th access only fromoutside, and provided with
direct outdoor ventilation and a sensor unit which activates a vent fan and
an al arm when a SF6 | eak had occurred. The alarmwill automatically be

sil enced when the oxygen in the roomis above 19.5 percent. The SF6 shal
nmeet the requirements of ASTM D 2472, except that the maxi mum dew poi nt
shal |l be mnus 60 degrees C 140 degrees F (corresponding to 11 ppm water by
volune), with only 11 ppmwater by volune, and the mnimumpurity shall be
99.9 percent by weight. GCircuit breakers shall have provisions for

mai nt enance sl ow cl osing of contacts and have a readily accessible contact
wear indicator. Tripping time shall not exceed five cycles.

2.10.4 Vacuum I nterrupters

Vacuum interrupters shall be hernetically-sealed in a high vacuumto
protect contact from noisture and contamination. Circuit breakers shal
have provisions for slow closing of contacts and have a readily contact
wear indicator. Tripping time shall not exceed five cycles.

2.10.5 Rat i ngs

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: | EEE C37.06, Table 2 lists preferred ratings
for indoor oilless circuit breakers. A
short-circuit study is required to specify ratings.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

Mai n buses shall be three-phase [three-wire] [four-wire] with a continuous
current rating of [ ] anperes rns. [The neutral bus shall be rated for
[ ] anperes, continuous.] Switchgear ratings at 60 Hz shall be in
accordance with | EEE C37. 06 and as fol |l ows:

a. Maximumvoltage. . ........ ... e [ |
b. Nominal voltage class......... ... ... ... [ |
Co Bl Lttt [ ]
d. Maxi mum symetrical interrupting capacity......... [ |
e. 3-second short-tinme-current carrying capacity..... [ |
f. Rated continuous current............... [as shown] [__ |

2.11 O L CRCUT BREAKERS FOR SUBSTATI ONS

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

NOTE: | EEE C37.06 lists standard ratings. A
short-circuit study is required to specify ratings.

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

Ol circuit breakers shall conply with | EEE C37. 04 and NEMA SG 4and shal
be of the outdoor three-pole type, with single or multiple tanks and
frame-nmounted or floor-nmounted on a common base in accordance with the
manuf acturer's standard design. Control voltage shall be [48] [125] volts
dc. Ratings shall be as foll ows:
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a. Nominal voltage........... ... ... .. . ... [ |

b. Rated maximumvoltage.......... ... ... ... ...... [ |
c. Maximum symetrical interrupting capacity..... [ |
d. Maxi mum asynmmetrical interrupting capacity....[__ |
e. 3-second short time current carrying capacity.[__ |
f. Cose and latch capacity...................... [ |
g. Rated continuous current...................... [ |
h. Mximuminterrupting time..................... [ |
i. Permissible tripping delay.................... [ ]
j. Reclosing time (adjustnent range)............. [ |
k. Duty cycle at rated conditions................ [ ]
I. Basic Insulation Level (BIL).................. [ |
2.11.1 Incoming Line Circuit Breakers for Substations

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

NOTE: Delete itens "e" and "f" if not required.

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

Incoming line circuit breakers shall be coordinated with the requirenments
of the serving utility, and of the protected transfornmer, and shall include
the followi ng control and nonitoring systemitens that shall be mounted in
the instrument and rel ay cabinet.

a. An ammeter and an anmeter switch.

b. Avcircuit breaker control switch for |ocal and renpte contro
operation.

c. Three overcurrent relays, devices 50/51.

d. One residually-connected ground-overcurrent relay, device 50/51N
e. Three directional overcurrent relays, device 67.

f. One ground-directional -overcurrent relay, device 67N

g. Three transformer differential relays, device 87T and an auxiliary
| ockout relay, device 86T located in the [associated netal -cl ad

swi tchgear] [instrunent and relay cabinet].

h. [Single] [Three] phase secondary potential test blocks with
associ ated test plug, quantity as shown.

i. [Single] [Three] phase secondary current test blocks with

associ ated test plug for [each current transformer circuit] [each
t hr ee- phase set of current transforners], as indicated.
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o]
2.11.2 Line Tie Circuit Breakers for Substations

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

NOTE: Delete either 86B or 87B relays if not
required.

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

The line tie circuit breaker shall be rated [as shown] [the sanme as the
incomng line units], and shall be electrically and nechanically

interl ocked with other high-voltage itens of equiprment as shown. The |ine
tie circuit breaker shall be equipped with control and nonitoring system
items the sane as described for the incoming line circuit breaker. The
instrument and relay cabinet shall house the same equipnent listed for the
incomng line circuit breaker cabinet except [ ]. The cabinet shal

al so house three bus differential relays, device 87B, and an auxiliary

| ockout relay, device 86B

2.12 SUBSTATI ON AND SW TCHGEAR PROTECTI VE RELAYS

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Ranges selected will be based on the
coordi nation study. Refer to UFC 3-550-03FA and UFC
3-520-01 for guidance regardi ng protective rel ays.

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

[Solid-state] [and] [El ectronechanical] [and] [M croprocessor-based]
protective relays shall be as shown and shall be of a type specifically
desi gned for use on power swi tchgear or associated electric power
apparatus. Protective relays shall conformto | EEE C37.90. Relays and
auxiliaries shall suitable for operation with the instrument transformer
rati os and connections provided.

2.12.1 Construction

Rel ays for installation in netal-clad switchgear shall be of the

sem -flush, rectangul ar, back-connected, dustproof, sw tchboard type.

Cases shall have a black finish and wi ndowtype renovabl e covers capabl e of
bei ng seal ed agai nst tanpering. Relays shall be of a type that can be

wi t hdrawn, through approved sliding contacts, fromfronts of panels or
doors wi thout opening current transforner secondary circuits, disturbing
external circuits, or requiring disconnection of any relay |eads.

Necessary test devices shall be incorporated within each relay and shal
provide a neans for testing either froman external source of electric
power or from associated instrument transformers. Each relay shall be
provided with an operation indicator and an external target reset device.
Rel ays shal|l have necessary auxiliaries for proper operation. Relays and
auxiliaries shall be suitable for operation with the instrunent transforner
rati os and connections provided.

2.12.2 Rat i ngs
Rel ays shall be the manufacturer's standard itens of equi pments with
appropriate ranges for tine dial, tap, and other settings. Relay device

nunbers shall correspond to the function names and descriptions of
| EEE C37. 2.
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2.12.3 Overcurrent Rel ays

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: Ranges selected will be based on the
coordi nation study. Refer to UFC 3-550-03FA and UFC
3-520-01 for guidance regarding protective rel ays.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

Overcurrent relays shall be as foll ows:

a. Phase overcurrent relays for nmain [and tie] circuit breakers shal
be singl e-phases, nondirectional, [induction] [solid-state]

[ mi croprocessor-based] type, tine delay, device 51, current taps

[ ] to | ] anperes] [as indicated] with characteristic curves
that are [definite time] [noderately inverse] [inverse] [very inverse]
[extrenely inverse] [as indicated].

b. Gound overcurrent relays for nain circuit breakers shall be

nondi rectional, [induction] [solid-state] [m croprocessor-based] type,
time delay, device [51Gwired to a current transforner in the source
transformer neutral -to-ground connection] [51N, residually connected],
with current taps [[ ] to | ] anperes] [as indicted] and with
characteristic curves that are [definite tine] [noderately inverse]
[inverse] [very inverse] [extrenely inverse] [as indicated].

c. Gound overcurrent relays for tie circuit breakers shall be

nondi rectional, [induction] [solid-state] [m croprocessor-based] type,
time del ay, device 51N, residually connected, with current taps

[ ] to | ] anperes] [as indicated] and with characteristic
curves that are [definite tine] [nbderately inverse] [inverse] [very
inverse] [extrenely inverse] [as indicated].

d. Phase overcurrent relays for feeder circuit breakers shall be

si ngl e-phase, nondirectional, [induction] [solid-state]

[ mi croprocessor-based] type, device 50/51, with instantaneous-current

pi ck-up range [] ] to | ] anperes] [as indicated], with

ti me-delay-current taps [] ] to | ] anperes] [as indicated] and
with characteristic curves that are [definite tine] [npderately

i nverse] [inverse] [very inverse] [extrenmely inverse] [as indicated].

e. Gound overcurrent relays for feeder circuit breakers shall be
nondi rectional, [plunger] [solid-state] [m croprocessor-based] type
i nst ant aneous, device [50GS wires to a ground sensor current
transformer] [50N, residually connected], with current pick-up range
[ ] to | ] anperes] [as indicated].

2.12. 4 Directional Overcurrent Relays
Directional overcurrent relays shall be as follows:

a. Directional phase overcurrent relays shall be single-phase,
[induction] [solid-state] [m croprocessor-based] type, wth

i nstantaneous units. Phase relays, device 67, shall have an

i nst ant aneous-current pick-up range [] ] to | ] anperes] [as

i ndicated], with tinme-delay-current taps [] ] to | ] anperes]
[as indicated] and with characteristic curves that are [definite tinge]
[moderately inverse] [inverse] [very inverse] [extrenely inverse] [as
i ndi cated].
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b. Directional ground overcurrent relays, device 67N, shall have an

i nst ant aneous-current pick-up range [] ] to | ] anperes] [as

i ndicated], with time-delay-current taps [] ] to | ] anperes]

[as indicated] and with characteristic curves that are [definite ting]
[moderately inverse] [inverse] [very inverse] [extrenely inverse] [as
i ndi cated].

2.12.5 Aut omat i ¢ Recl osi ng Rel ay

Rel ay, device 79, shall be of the three-phase, four-reclosure type,
providing imediate initial reclosure, and three tine-delay reclosures.
Adj ustabl e tine delays shall be 10 to 60 seconds for reset and 0 to 45
seconds for reclosing. Units shall have instantaneous trip |ockout after
any preset trip when closing in on a fault. Auxiliary devices shal

provi ded for | ockout when an associated circuit breaker is tripped after
recl osures and automatically reset when an associated circuit breaker is
not tripped after any reclosure.

2.12.6 Transformer Differential and Lockout Rel ays

Differential relays, device 87T, shall be of the three-phase or the

si ngl e-phase high-speed [ ] [percentage] [__ ] differential type
suitable for the protection of two-wi nding transformers, and shall be
provided with a harnmonic-restraint feature. Lockout relay, device 86T,
shall be of the type which, when used in conjunction with the 87T rel ay,
trips and |l ocks out the indicated circuit breakers.

2.12. 7 Bus Differential and Lockout Rel ays

Bus differential relay, device 87B, shall be of the three-phase or

si ngl e-phase, hi gh-speed i npedance differential type suitable for
protection of buses. Lockout relay, device 86B, shall be of a type which,
when used in conjunction with the 87B relay, trips and | ocks out the
indicated circuit breaker.

2.13 | NSTRUVENT TRANSFORVERS
2.13.1 CGener a

I nstrunent transforners shall conply with NEVA Cl12.11 and | EEE C57. 13.

I nstrunent transforners shall be configured for nmounting in/on the device
to which they are applied. Polarity narks on instrunent transforners shal
be visually evident and shown on the draw ngs.

2.13.2 Current Transforners
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NOTE: See UFC 3-550-03FA regardi ng gui dance on
current transformers. Accuracy class ratings of
current transformers (CTs) at standard burdens are
listed in | EEE C57.13. The mi ni nrum standard current
transfornmer accuracies for netal -clad switchgear are
listed in ANSI C37.20.2. 1In general, NEMA Cl2.11
requires a 0.3 accuracy class for up to a B-0.5
burden, except for some 200 and 400 anpere units.
Where netering current transformers are provided,
this accuracy class should be specified, if
avai l abl e for the anpere and burden needed. A "C
classification neans the ratio error can be
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cal cul ated, whereas a "T" classification is one
whi ch has to be derived by testing. ANSI C37.20.2
permits either classification up to indicated
ratings.
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Unl ess ot herwi se indicated, bar, wound, or w ndowtype transforners are
accept abl e; and except for wi ndowtype units installed over insulated
buses, transforners shall have a BIL rating consistent with the rated BIL
of the associated switchgear or electric power apparatus bushings, buses or
conductors. Current transforners shall have the indicated ratios. The
continuous thermal -current rating factor shall be not less than [1.0] [1.2]
[1.5] [2.0] [3.0] [4.0]. GOher thermal and nechani cal ratings of current
transforners and their primary | eads shall be coordinated with the design
of the circuit breaker and shall be not |ess than the nmonentary rating of
the associated circuit breaker. Circuit protectors shall be provided
across secondary | eads of the current transformers to prevent the

acci dental open-circuiting of the transfornmers while energized. Each

term nal of each current transforner shall be connected to a
short-circuiting termnal block in the circuit interrupting mechani sm

cabi net, power transformer term nal cabinet, and in the associated
instrument and rel ay cabinets.

.13.2.1 For G| Circuit Breakers

[Single-ratio] [Multi-ratio] bushing type current transfornmers shall be
provided in circuit breaker bushing wells as indicated. [Single-ratio
units shall have a mninum netering accuracy class rating of [0.6B-0.5]
[0.3B-0.5].] [Milti-ratio units shall have a m nimumrel ayi ng accuracy
vol tage class of | ] for either a Cor T classification.]

.13.2.2 For Power Transforners
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NOTE: | EEE C57.12.10, Table 20 gives reconmended
val ues.
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[Single-ratio] [Multi-ratio] bushing type current transformers shall be
provided internally around power transforner bushings as shown.
[Single-ratio units shall have a m nimum netering accuracy cl ass of
[0.6B-0.5] [0.3B-0.5].] [Milti-ratio units shall have a m ni numrel ayi ng
accuracy voltage class of | ] for either a Cor T classification.]

.13.2.3 For Metal -C ad Switchgear

Single-ratio units, used for netering and rel aying, shall have a netering
accuracy class rating of | ] [B ]. Single-ratio units, used only
for relaying, shall have a relaying accuracy class rating of [
[either] a C[or T] classification.

2.13.2. 4 For kW Hour and Denand Metering (Low Voltage)
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NOTE: Use the follow ng guidelines for specifying
current transforners.

a. Select the standard current transforner (CT)
primary rating which is just below the full I|oad
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current of the serving power transformer i.e., for
500 kVA transformer with a full load of 1387 anps at
208 volts - select a 1200/5 CT ratio; for a 750 kVA
transformer with a full |load of 902 anps at 480
volts - select a 800/5 CT ratio.

b. Select a continuous-thermal-current rating
factor (RF) in accordance with the follow ng table:

RATI O RF at 30 degrees C
200/ 5 4.0
300/ 5 3.0
400/ 5 4.0
600/ 5 3.0
800/ 5 2.0
1200/ 5 1.5
1500/ 5 1.5
2000/ 5 1.5
3000/ 5 1.33

c. Select ANSI Metering Accuracy Cass in
accordance with the foll owi ng table:

Primary Anmp Rating (of CT) Accuracy d ass
200 0.3 thru B-0.1

300- 400 0.3 thru B-0.2

600- 1200 0.3 thru B-0.5

1500 0.3 thru B-0.9

2000- 3000 0.3 thru B-1.8
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Current transformers shall conformto | EEE C57.13. Current transformers
with a netering accuracy Class of 0.3 through [ ], with a mni mum RF of
[ ] at 30 degrees C 86 degrees F, with 600-volt insulation, and 10 kV
BIL shall be provided. Butyl-nolded, w ndowtype current transformers
mounted [on the transformer | ow voltage bushings shall be provided. Route
current transformer leads in a location as renote as possible fromthe
power transformer secondary cables to permt current nmeasurenments to be
taken with hook-on-ameters.] [in the current transforner cabinet shall be
provi ded. ]

2.13.2.5 Vol t age Transforners
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NOTE: See UFC 3-550-03FA for guidance regarding

vol tage transforners. M ninum standard potenti al
transforner accuracies for netal -clad switchgear are
not listed in ANSI C37.20.2. Accuracy classes as
listed in | EEE C57.13 are 0.3, 0.6, and 1.2.

St andard burdens for each accuracy class are W X
Y, Z, ZZ, and M The designer should check the
burdens connected to deternine the actual accuracy
class and burden required. |In general, NEMA Cl2.11
requires 0.3 accuracy class for up to Y burdens,
except for voltages of 5 kV and bel ow. \here
nmetering potential transforners are provided, a 0.3
accuracy class should be specified, if available for
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the voltage rating and burden needed.
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Vol tage transforners shall have indicated ratios. Units shall have an
accuracy rating of [ ]. Voltage transfornmers shall be of the drawout
type having current-limting fuses in both primary and secondary circuits.
Mechani cal interlocks shall prevent renpoval of fuses, unless the associated
voltage transforner is in a drawout position. Voltage transforner
compartments shall have hi nged doors.

2.14 COORDI NATED PONER SYSTEM PROTECTI ON
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NOTE: The requirenents for the studies in these
par agr aphs depend on the conplexity and extent of
the power system Delete these requirenents for
projects of limted scope; projects having
protective devices which are not adjustable or for
whi ch coordination is not possible (standard nol ded
case circuit breakers); projects involving sinple
ext ensi on of 600 volt |level service to a building or
facility froman existing transformer (750 kVA or

| ess); or projects involving sinple extension of 600
volt level service to a building or facility froma
new transforner (750 kVA or |ess).

The designer will be responsible for show ng and
specifying the requirenents for fuses, circuit
breakers, protective relays, or other protective
devi ces associated with the project. The protective
devi ces shoul d be selected and specified to protect
el ectrical power system conductors or equi pnent

agai nst sustai ned overl oads, in-rush conditions,
electrical faults, or other abnornal power system or
equi pnent operating conditions, in accordance wth
UFC 3-520-01, |EEE Std 242, and | EEE Std 141.

The conplexity and extent of coordi nated power
system protecti on depends on the type of buil dings
or facilities required, on the | oad demand of
facilities, and on the quantity and types of
facilities to be constructed. Facilities having a
rel atively-1ow power denand (e.g., 2500 kVA or |ess)
generally require protection of: an incom ng aeri al
di stribution |line or underground, medi um voltage
feeder; lowvoltage feeders to individual itens of
equi pnent, or to power distribution equipnent, and
branch circuits. Mre conplex projects such as
facilities with generating capacity, |arge notors,
or larger | oad denmands, will require nore detailed
and extensive coordi nated power system protection

I ndependent of the type or types of facilities or

| oad denands, the coordinated power system
protection will be based on: economics, sinplicity,
and the electrical power availability dictated by
the Using Agency or Service, or by the functiona
use of the facilities or utilities; requirement to
provi de maxi mum power service with a m ni num of
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power interruptions; and the operating speed of

protective devices required to ninimze damage to
el ectrical conponents or itenms of equi pment and to
prevent injury to personnel and nuisance tri pping.

Unl ess ot herwi se approved, a dc power source wll be
shown and specified to ensure proper closing and
tripping of protective devices which require a
reliable power source during outage of the normal

al ternating-current power source.
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Anal yses shall be prepared to denpnstrate that the equi prent sel ected and
system constructed neet the contract requirements for ratings,

coordi nation, and protection. They shall include a |load flow analysis, a
fault current analysis, and a protective device coordination study. The
studi es shall be perforned by a registered professional engineer with
denonstrat ed experience in power systemcoordination in the last [3]

[ ] years. Provide a list of references conplete with points of
contact, addresses and tel ephone nunbers. The sel ection of the engineer is
subj ect to the approval of the Contracting Oficer.

.14.1 Scope of Anal yses

The fault current analysis, and protective device coordi nati on study shal
begin at: [the source bus and extend down to system buses where fault
availability is 10,000 anperes (symretrical) for building/facility 600 volt
| evel distribution buses.] [the source bus and extended through the
secondary side of transfornmers for nediumvoltage distribution feeders.]
[the source bus and extend through [outgoing breakers] [outgoing nedium
vol tage feeders, down to the individual protective devices for nedium
vol tage radial taps] [outgoing mediumvoltage feeders, through the
secondary side of transformers] [as indicated] for main electric supply
substations.] [the nearest upstreamdevice in the existing source system
and extend through the downstream devices at the | oad end.]

.14. 2 Det erm nati on of Facts

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE: Require the Contractor to obtain an available
fault capacity at the power source or provide a
fault capacity on which to base the anal ysis.

Del ete the unused option

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

The tinme-current characteristics, features, and naneplate data for each

exi sting protective device shall be determ ned and docunented. [ Coordinate
with the [commercial power conpany] [__ ] for fault current availability

at the site.] [Wilize the fault current availability indicated as a basis
for fault current studies.]

.14.3 Si ngl e Line Di agram

A single line diagramshall be prepared to show the electrical system
buses, devices, transformation points, and all sources of fault current

(i ncluding generator and notor contributions). A fault-inpedance di agram
or a computer analysis diagram may be provided. Each bus, device or
transformation point shall have a unique identifier. |If a fault-inpedance
diagramis provided, inpedance data shall be shown. Location of switches,
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breakers, and circuit interrupting devices shall be shown on the diagram
together with available fault data, and the device interrupting rating.

2.14. 4 Fault Current Analysis
2.14.4.1 Met hod

The fault current analysis shall be performed in accordance w th methods
described in | EEE Std 242, and | EEE Std 399.

2.14. 4.2 Dat a

Actual data shall be utilized in fault calculations. Bus characteristics
and transforner inpedance shall be those proposed. Data shall be
docunented in the report.

2.14.4.3 Fault Current Availability

Bal anced t hree-phase fault, bolted line-to-line fault, and |ine-to-ground
fault current values shall be provided at each voltage transformation point
and at each power distribution bus. The nmaxi mum and m ni num val ues of
fault avail able at each | ocation shall be shown in tabular formon the
diagramor in the report.

2.14.5 Coor di nati on Study

The study shall denonstrate that the maxi mum possi bl e degree of selectivity
has been obtai ned bet ween devi ces specified, consistent with protection of
equi pnent and conductors from damage from overl oads and fault conditions.
The study shall include a description of the coordination of the protective
devices in this project. A witten narrative shall be provided

describing: which devices nay operate in the event of a fault at each bus;
the logic used to arrive at device ratings and settings; situations where
system coordination is not achievable due to device limtations (an

anal ysis of any device curves which overlap); coordinati on between upstream
and downstream devices; and relay settings. Recommendations to inprove or
enhance systemreliability, and detail where such changes woul d invol ve
additions or nmodifications to the contract and cost danages (addition or
reduction) shall be provided. Conposite coordination plots shall be

provi ded on | og-10g graph paper.

2.14.6 St udy report

a. The report shall include a narrative describing: the analyses
performed; the bases and methods used; and the desired nethod of
coordi nated protection of the power system

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

c. The report shall docunent [utility conpany data including system
vol tages, fault MVA, system X R ratio, time-current characteristic
curves, current transformer ratios, and relay device nunbers and
settings;] [and] [existing power system data including time-current
characteristic curves and protective device ratings and settings].

d. The report shall contain fully coordi nated conposite tine-current
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characteristics curves for each bus in the system as required to
ensure coordi nated power system protection between protective devices
or equi prent. The report shall include recomended ratings and
settings of all protective devices in tabulated form

e. The report shall provide the calculation perforned for the
anal yses, including conputer analysis progranms utilized. The nane of
t he software package, devel oper, and version number shall be provided.

PART 3 EXECUTI ON
3.1 EXAM NATI ON

After becoming famliar with details of the work, verify dimensions in the
field, and advise the Contracting O ficer of any discrepancy before
perform ng any work.

3.2 | NSTALLATI ON

Install protective devices in accordance with the nmanufacturer's published
instructions and in accordance with the requirements of NFPA 70 and | EEE C2.

3.3 FI ELD TESTI NG
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NOTE: Select types to suit project conditions and
delete all others. Delete all paragraphs not
appl i cabl e.
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3.3.1 Cener al

Performfield testing in the presence of the Contracting Officer. Notify
the Contracting Oficer [ ] days prior to conducting tests. Furnish
all materials, |abor, and equi pnment necessary to conduct field tests.
Performall tests and inspections recommended by the manufacturer unless
specifically waived by the Contracting Officer. Mintain a witten record
of all tests which includes date, test perforned, personnel involved,

devi ces tested, serial nunmber and name of test equipnment, and test results.

3.3.2 Saf ety
Provi de and use safety devices such as rubber gloves, protective barriers,
and danger signs to protect and warn personnel in the test vicinity.
Repl ace any devi ces or equi pnent which are damaged due to inproper test
procedures or handling.

3.3.3 Mol ded- Case Circuit Breakers
Circuit breakers shall be visually inspected, operated manually, and
connecti ons checked for tightness. Current ratings shall be verified and
adj ustabl e settings incorporated in accordance with the coordination study.

3.3.4 Power Circuit Breakers

3.3.4.1 Cener a
Visually inspect the circuit breaker and operate the circuit breaker
manual | y; adjust and clean primary contacts in accordance wth
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manuf acturer's published instructions; check tol erances and cl earances;
check for proper lubrication; and ensure that all connections are tight.
For electrically operated circuit breakers, verify operating voltages on
closing and tripping coils. Verify fuse ratings in control circuits;
electrically operate the breaker, where applicable; and inplenent settings
in accordance with the coordination study.

3.3.4.2 Power Circuit Breaker Tests
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NOTE: List specific breakers to be tested. Delete
entirely if test not required.
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The foll owi ng power circuit breakers shall be tested in accordance with
NEMA C37. 50.

3.3.5 Protective Rel ays

Protective relays shall be visually and mechanically inspected, adjusted,
tested, and calibrated in accordance with the manufacturer's published
instructions. Tests shall include pick-up, tinmng, contact action,
restraint, and other aspects necessary to ensure proper calibration and
operation. Relay settings shall be inplenmented in accordance with the
coordi nation study. Relay contacts shall be manually or electrically
operated to verify that the proper breakers and alarnms initiate. [Relaying
current transformers shall be field tested in accordance with | EEE C57. 13.]

-- End of Section --
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