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NOTE: This gui de specification covers the
requirenents for main electric supply stations or
subst ati ons having a nom nal voltage class of 15 kV
up to 115 kV.

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.

Conment 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 subnitted as
a Citeria Change Request (CCR)

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

PART 1 GENERAL

1.1 REFERENCES

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

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 RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the

SECTION 26 11 14.00 10 Page 6



Ref erence Wzard's Check Reference feature to update
the issue 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.
ER R IR I I R R R R R I I R R R R R I I I R R R R S I I R R R R I I I I R R R R I I R O I I I I R R R R R I I I

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.

AVERI CAN VEELDI NG SOCI ETY (AWS)
AWS D1.1/D1. 1M (2010) Structural Welding Code - Steel

ASNVE | NTERNATI ONAL ( ASME)
ASME B31. 3 (2008) Process Piping

ASME BPVC SEC | X (2010) BPVC Section | X-Wel ding and Brazing
Qualifications

ASTM | NTERNATI ONAL (ASTM
ASTM A 123/ A 123M (2009) Standard Specification for Zinc

(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

ASTM A 153/ A 153M (2009) Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel
Har dwar e

ASTM A 36/ A 36M (2008) Standard Specification for Carbon

Structural Steel

ASTM A 572/ A 572M (2007) Standard Specification for
H gh-Strength Low Al |l oy Col unbi um Vanadi um
Structural Steel

ASTM A 575 (1996; R 2007) Standard Specification for
Steel Bars, Carbon, Merchant Quality,
M G ades

ASTM A 576 (1990b; R 2006) Standard Specification for
Steel Bars, Carbon, Hot-Wought, Special
Quality

ASTM A 633/ A 633M (2001; R 2006) Standard Specification for

Nor mal i zed Hi gh-Strength Low Al | oy
Structural Steel Plates

ASTM B 117 (2009) Standing Practice for QOperating
Salt Spray (Fog) Apparatus

ASTM B 188 (2009) Standard Specification for Seam ess
Copper Bus Pi pe and Tube
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ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

B 231/B 231M

B 317/B 317M

D 1654

D 2472

D 4059

D 923

I NSTI TUTE OF ELECTRI CAL

242

32

399

484

485

525

80

81

(2004) Standard Specification for
Concentric-Lay- Stranded Al um num 1350
Conduct ors

(2007) Standard Specification for

Al um num Al | oy Extruded Bar, Rod, Tube
Pi pe, and Structural Profiles for

El ectrical Purposes (Bus Conductor)

(2004) Standard Specification for
Concentric-Lay- Stranded Copper Conductors,
Hard, Medium Hard, or Soft

(2008) Eval uation of Painted or Coated
Speci mens Subj ected to Corrosive
Envi ronnment s

(2000; R 2006) Standard Specification for
Sul phur Hexaf !l uori de

(2000; R 2005e1) Anal ysis of
Pol ychl ori nated Bi phenyls in Insulating
Li qui ds by Gas Chronat ogr aphy

(2007) Standard Practice for Sanpling
El ectrical Insulating Liquids

AND ELECTRONI CS ENG NEERS (| EEE)

(2001; Errata 2003) Reconmended Practice
for Protection and Coordi nation of

I ndustrial and Commercial Power Systens -
Buf f Book

(1972; R 1997) Standard Requirenents,
Termi nol ogy, and Test Procedures for
Neut ral Groundi ng Devices

(1997) Brown Book | EEE Recommended
Practice for Power Systens Anal ysis

(2002; R 2008) Recommended Practice for
Installation Design and I npl enentation of
Vented Lead-Acid Batteries for Stationary
Applications

(1997; R 2003; INT 1 2008) Reconmended
Practice for Sizing Lead-Acid Batteries
for Stationary Applications

(2007) Cuide for the Design and
Installation of Cable Systens in
Subst ati ons

(2000) Cuide for Safety in AC Substation
G oundi ng

(1983) Guide for Measuring Earth
Resistivity, G ound | npedance, and Earth
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| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

C135. 30

c2

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

04

06

081

09

121

13

16

20. 2

23

Surface Potentials of a Ground System

(1988) Standard for Zinc-Coated Ferrous
Ground Rods for Overhead or Underground
Li ne Construction

(2007; TIA 2007-1; TIA 2007-2; TIA 2007-3;
TI A 2007-4; TIA 2007-5; Errata 2006-1;
Errata 2007-2; Errata 2009-3 ) Nati onal

El ectrical Safety Code

(1999; And A 2003; Errata 2005; And B
2008; Cor 1 2009) Standard for Rating
Structure for AC H gh-Voltage Grcuit
Br eakers

(2009) Standard for AC High-Voltage
Circuit Breakers Rated on a Synmetri cal
Current Basis - Preferred Ratings and

Rel ated Required Capabilities for Voltage
Above 1000 V

(1981; Supp 1997; R 2007) Guide for
Synthetic Fault Testing of AC Hi gh-Voltage
Crcuit Breakers Rated on a Symetri cal
Current Basis

(1999; R 2000; And A 2005; Corl 2007; R
2007) Standard Test Procedure for AC

H gh-Voltage G rcuit Breakers Rated on a
Symretrical Current Basis

(2007) Standard for Supervisory Control,
Data Acquisition (SCADA) and Automatic
Syst ens

(1989; R 2000; R 2006) Anerican National
Standard for Swi tchgear-Unit Substations -
Requi rement s

(2008) Standard for Low Vol tage AC Power
Circuit Breakers Used in Encl osures

(2009) Standard for Preferred Ratings,

Rel at ed Requirenents, and Application
Recommendati ons for Low Voltage AC (635 V
and bel ow) and DC 3200 V and bel ow) Power
Crcuit Breakers

(2008) Standard for Electrical Power
System Devi ce Function Nunbers, Acronyns
and Contact Designations

(1999; R 2005) Standard for Metal-C ad
Swi t chgear

(2003; R 2008) Standard for Metal-Encl osed
Bus
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| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C57.

C57.

C57.

C57.

C57.

C57.

30

32

34

41

46

90

90.

12.

12.

12.

12.

12.

13

00

01

10

80

90

(1997) Standard Requirenents for
H gh- Vol t age Swi t ches

(2002) Standard for Hi gh-Voltage Swi tches,
Bus Supports, and Accessories - Schedul es
of Preferred Ratings, Construction

CQui del i nes and Speci fications

(1994) Standard Test Code for Hi gh-Voltage
Air Switches

(2008) Standard Design Tests for

Hi gh- Vol t age (>1000 V) Fuses, Fuse and

Di sconnecting Cutouts, Distribution

Encl osed Single-Pole Air Switches, Fuse
Di sconnecting Switches, and Accessories
Used wi th These Devi ces

(2000) Standard for Hi gh Vol tage Expul sion
and Current-Limting Type Power d ass
Fuses and Fuse Di sconnecting Sw t ches

(2005) Standard for Relays and Rel ay
Systens Associated Wth Electric Power
Appar at us

(2002) Standard for Surge Wthstand
Capability (SWC) Tests for Relays and
Rel ay Systens Associated with Electric
Power Appar at us

(2006) Standard General Requirenents for
Li qui d-1 nmersed Distribution, Power, and
Regul ati ng Transforners

(2005) Ceneral Requirenents for Dry-Type
Di stri bution and Power Transforners

I ncl udi ng Those with Solid-Cast and/or
Resi n- Encapsul at ed W ndi ngs

(1997; INT 1 2005) Standard for
Transformers 230 kV and Bel ow 833/ 958

t hrough 8333/ 10, 417 kVA, Singl e-Phase, and
750/ 862 t hrough 60, 000/ 80, 000/ 100, 000
kVA, Three-Phase Wthout Load Tap

Changi ng; and 3750/ 4687 t hrough

60, 000/ 80, 000/ 100, 000 kVA Wth Load Tap
Changi ng - Safety Requirenents

(2002) Standard Term nol ogy for Power and
Di stribution Transforners

(2006; INT 1-2009) Standard Test Code for
Li qui d-I nmersed Distribution, Power, and
Regul ati ng Transforners

(2008) Standard Requirenents for
I nstrunent Transforners

SECTION 26 11 14.00 10 Page 10



| EEE C57. 15 (2009) Standard Requirenents, Term nol ogy,
and Test Code for Step-Voltage Regul ators

| EEE C57.19. 00 (2004) Standard General Requirenents and
Test Procedures for Qutdoor Apparatus
Bushi ngs

| EEE C57.19.01 (2000; R 2005) Standard Performance

Characteristics and D nensi ons for Qutdoor
Appar at us Bushi ngs

| EEE C57.93 (2007) Guide for Installation and
Mai nt enance of Liquid-1mersed Power
Transforners

| EEE C57.98 (1993; Errata 1998; R 1999) Guide for
Transfornmer |nmpul se Tests

| EEE C62. 11 (2005; And 1 2008) Standard for
Met al - Oxi de Surge Arresters for
Alternating Current Power G rcuits (>1kV)

| NTERNATI ONAL ELECTROTECHNI CAL COWM SSI ON (| EC)
| EC 60255-21-3 (1993) Electrical Relays - Part 21:
Vi bration, Shock, Bunp And Seismic Tests
On Measuring Relays And Protection
Equi pnent - Section 3: Seismc Tests; Ed
1.0
| SA - | NTERNATI ONAL SOCI ETY OF AUTOVATI ON (| SA)

| SA 18.1 (1979; R2004) Annunci ator Sequences and
Speci fications

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI Cl12.1 (2008) Electric Meters Code for
El ectricity Metering

ANSI Cl12.4 (1984; R 2002) Registers - Mechani cal
Demand

ANSI C29.1 (1988; R 2002) American National Standard
for Electrical Power Insul ators--Test
Met hods

ANSI C29. 2 (1992; R 1999) Anerican National Standard

for Insulators - Wet-Process Porcelain and
Toughened d ass - Suspensi on Type

ANSI C29.9 (1983; R 2002) Anerican National Standard
for Wet-Process Porcelain Insulators -
Appar at us, Post-Type

NENVA 250 (2008) Enclosures for Electrical Equipnment
(1000 Vol ts Maxi mum

NEVA LA 1 (1992; R 1999) Standard for Surge Arresters

SECTION 26 11 14.00 10 Page 11



NEVA PB 1 (2006) Panel boards

NENVA SG 6 (2000) Standard for Power Switching
Equi pnent
NEVA VD 1 (1999; R 2005) Standard for General Col or

Requirements for Wring Devices

NEMA/ ANSI Cl12. 10 (2004) Physical Aspects of Watthour Meters
- Safety Standards

NEMA/ ANSI C12. 11 (2007) Instrument Transformers for Revenue
Metering, 10 kV BIL through 350 kV BIL
(0.6 kV NSV through 69 kV NSV)
NATI ONAL FI RE PROTECTI ON ASSCC!I ATI ON ( NFPA)
NFPA 70 (2008; TIA 08-1) National Electrical Code

UNDERWRI TERS LABORATORI ES (UL)

UL 1236 (2006; R 2010) Standard for Battery
Chargers for Charging Engi ne-Starter
Batteries

UL 467 (2007) G oundi ng and Bondi ng Equi prent

UL 486A-486B (2003; R 2010) Wre Connectors

UL 489 (2009) Mbl ded-Case Circuit Breakers,

Mol ded- Case Switches, and Circuit-Breaker
Encl osur es

UL 50 (2007) Enclosures for Electrical

Equi pnent, Non-environnental Considerations
UL 6 (2007) Electrical Rigid Metal Conduit- Steel
UL 67 (2009) Standard for Panel boards

1.2 SYSTEM DESCRI PTI ON

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 the features and fill in blanks with
sel ections appropriate for the design condition and
in accordance wi th guidance contained in UFC

3-550- 03FA.

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

1.2.1 Cener al

Configure the systemas specified, and include structures, incom ng and
outgoing lines, transforners, regulators, fuses, circuit breakers,

swi tches, switchgear, and appurtenances to provide a fully functional
system

SECTION 26 11 14.00 10 Page 12



1.2.2 Servi ce Conditions

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: See UFC 3-550-03FA for guidance regarding
service conditions. Retain or add the required
condi tions.

Provide seismic requirenents, if a Government
designer (either Corps office or AAE) is the

Engi neer of Record, and show on the draw ngs.

Del ete the bracketed phrase if seisnmic details are
not included. 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, nust be included in
the contract documents.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Itens provided under this section shall be specifically suitable for the
follow ng service conditions. Seisnmic 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 [as indicated].

Fungus Control | ]

Al titude [ ] m feet

Anmbi ent Tenperature | ] degrees C F
Frequency [ ] Hz

Ventilation | ] cubic neters/sec cfm
Seism ¢ Paraneters | ]

Hum dity Control [

Corrosive Areas | ]

[ 1]
1.2.3 I ncomi ng and Qutgoing Circuit Conpliance

-0 KQ"TO QOO TOD

[Aerial line circuits shall conply with the requirenments of Section 33 71 01
OVERHEAD TRANSM SSI ON AND DI STRIBUTI ON.] [Underground circuits shall

comply with the requirements of Section 33 70 02.00 10 ELECTRI CAL

DI STRI BUTI ON SYSTEM UNDERGROUND.] [Circuits in cable trays shall conply

with the requirenents of Section 33 70 02. 00 10 ELECTRI CAL DI STRI BUTI ON

SYSTEM UNDERGROUND for cable and with the requirenents of Section 26 20 00

| NTERI OR DI STRI BUTI ON SYSTEM for cable trays.]

1.2.4 Det ai | Draw ngs

Show on the detail drawi ngs the ratings of itens and systens and how t he
conponents of an item and system are assenbl ed, function together, and how
they will be installed on the project. Data and draw ngs for conponent
parts of an itemor systemshall be coordinated and submitted as a unit.
Mul tipl e subm ssions for the sane equi pnent or system are not acceptable
except where prior approval has been obtained fromthe Contracting

Oficer. In such cases, a list of data to be subnitted |ater shall be
included with the first submission. Detail draw ngs shall show physi cal
arrangenent, construction details, connections, finishes, materials used in
fabrication, provisions for conduit or busway entrance, access requirenments
for installation and mai nt enance, physical size, electrical

characteristics, foundation and support details, and equi pment wei ght.

Drawi ngs shall be drawn to scale and/or di nensioned. Optional itens shall
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be clearly identified as included or excluded. Detail draw ngs shall as a
m ni mum i ncl ude:

a. Incomng line and station bus structures and integral equipmrent.
b. Transforners.

c. Switchgear

d. Battery systemincluding calculations for the battery and charger
e. Voltage regul ators.

f. Gounding resistors.

g. Station single line electrical diagrans including primary,
netering, sensing and relaying, control wiring, and control | ogic.

h. Structural or physical features of najor items of station equipnent
and conmponents of equi prent or equi pnment assenblies and structures,

i ncludi ng foundations or other types of supports for equi pment and
conductors. Those structural drawi ngs shall include accurately scal ed
or di mensioned outline and arrangenent or |ayout draw ngs to show the
physi cal size of station equiprent and conponent parts of the equi pnent
and the relative arrangenment of conponents and any physical connection
of related components. Wights of equi pment and conponents of

equi prent assenblies shall be provided when required to verify the
adequacy of design and proposed construction of foundations or other
types of supports. Dynamic forces shall be stated for swi tching

devi ces when such forces nust be considered in the design of support
structures. The appropriate detail draw ngs shall show the provisions
for leveling, anchoring, and connecting all items of station equipnent
during installation, and shall include any recommendati ons nade by the
manuf acturer of the equiprent.

i. Electrical drawi ngs shall include single-line and three-Iline

di agrams of the station and station equi pnent, schematics or elenentary
di agrams of each electrical systeny internal wiring and externa
connection diagrans of each electrical device when published by the
manuf acturer; wiring diagrans of cabinets, panels, units, or other
separate nountings; interconnection diagranms that show the wring

bet ween separate conponents of assenblies; external connection di agramnms
that show the termi nation of wiring routed between separate itens of
station equiprment; internal wring diagranms of equi pment showi ng wring
as actually provided for this project. External wring connections
shall be clearly identified.

j. |If departures fromthe contract drawi ngs are deened necessary by
the Contractor, conplete details of such departures, including changes
in related portions of the project and the reasons therefore, shall be
submtted with the detail draw ngs. Approved departures shall be nade
at no additional cost to the Governnent.

2.5 As-Built Draw ngs
The as-built draw ngs shall be kept at the job site and updated daily. The
as-built drawi ngs shall be a full sized set of prints narked to reflect al

devi ations, nodifications, and changes. The as-built draw ngs shall be
conpl ete and show the | ocation, size, dinensions, part identification, and
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1.

other information. Additional sheets may be added. The as-built draw ngs
shall be jointly inspected for accuracy and conpl et eness by the
Contractor's quality control representative and by the Contracting Oficer
prior to the subm ssion of each nmonthly pay estimte. Upon conpletion of
the work, submt three full sized sets of the marked prints to the
Contracting Oficer for approval. |If upon review, the as-built draw ngs
are found to contain errors and/or omissions, they will be returned to the
Contractor for correction. Correct and return the as-built drawi ngs to the
Contracting Oficer for approval within ten cal endar days fromthe tine the
drawi ngs are returned to the Contractor.

3 SUBM TTALS

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmttals
required for the project. Submittals should be kept
to the minimumrequired 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 submittal tags nay be used following 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

(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 EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
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- 02 Shop Drawi ngs

Ceneral Installation Requirenments
Detai | Draw ngs
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Detail drawi ngs consisting of equi prment draw ngs, illustrations,
schedul es, instructions, diagrams, and other information necessary
to define the installation.

As-Bui It Draw ngs

As-built drawi ngs prepared as a record of the construction as
installed. Include in the drawings all the information shown on
the contract drawi ngs as well as all deviations, nodifications,
and changes fromthe contract draw ngs, however m nor

SD- 03 Product Data
Support Structures[; C[; G |

Manuf acturer's design analysis and cal cul ati ons for structures,
foundati ons, anchor bolts, and supports differing fromthose
indicated in the contract drawi ngs, and for prefabricated
structures. Calculations shall be nmade by a registered
pr of essi onal engi neer with denponstrated experience in substation
structural design in the last three years. The manufacturer shal
provide a list of projects conplete with points of contact,
addresses and tel ephone nunbers.

Fault Current Analysis
Protective Devices
Coor di nati on Study

Coordi nation study along with protective device equi pnent
subnmittals. No tine extensions or similar contract nodifications
will be granted for work arising out of the requirements for this
study. Approval of protective devices proposed shall be based on
recomendati ons of this study. The Government will not be held
responsi bl e for any changes to equi pnent, device ratings,
settings, or additional |abor for installation of equiprment or
devi ces ordered and/or procured prior to approval of the study.

Battery[; Cl[; G [_____ 1]

Calculations for the battery and associ ated charger indicating
the basis used in defining | oads, selecting cell types, and
deternm ning the battery anpere-hour capacity and physical size.
Provi de cal cul ations to deternine capacity for the battery charger
to be simlar to those shown in the Appendi x to | EEE 485,

i ncludi ng explanatory data. Calculations for the battery-charger
shal | denonstrate that the output voltage and current provided are
adequate to conply with the precedi ng requirenents.

Nanepl at es

Dat a conmposed of catalog cuts, brochures, circul ars,
specifications, product data, and printed information in
sufficient detail and scope to verify conpliance with the
requi renents of the contract docunents.
Mat eri al s and Equi prent

A conplete itenized listing of equipnent and naterials proposed
for incorporation into the work. Each entry shall include an item
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nunber, the quantity of itens proposed, and the name of the
manuf act urer of each such item

Ceneral Installation Requirenents
Installation procedures for station buses and insul ators,

station structures, transformers, sw tchgear, battery system
vol tage regul ators and grounding resistors, as a m ni num

Procedures shall include diagrans, instructions, and precautions
required to install, adjust, calibrate, and test the devices and
equi pnent .

Onsite Tests[; C[; G [

A detail ed description of the Contractor's proposed procedures
for onsite tests.

SD- 06 Test Reports
Factory Tests[; C[; G [____ 11
[Six] [ ] copies of the information described belowin 215.9
by 279.4 my 8-1/2 by 11 inch binders having a m nimumof 5 rings
fromwhich material may readily be renoved and repl aced, including
a separate section for each test. Sections shall be separated by
heavy plastic dividers with tabs.

a. Alist of all equipnment used, with calibration
certifications.

b. A copy of all measurenents taken

c. The dates of testing.

d. The equi pnent and val ues to be verified.

e. The condition specified for the test.

f. The test results, signed and dat ed.

g. A description of all adjustnents nade.
Field Testing[; C[; G [_____ 11

A detail ed description of the Contractor's proposed procedures
for onsite tests submtted [20] [30] [__ ] days prior to testing
the installed system No field test will be perforned until the
test plan is approved. The test plan shall consist of conplete
field test procedures including tests to be perforned, test
equi prent required, and tolerance limts.
Field Test Reports[; C[; G [

[Six] [ ] copies of the information described belowin 215.9
by 279.4 mr 8-1/2 by 11 inch binders having a minimmof 5 rings
fromwhich material may readily be renoved and repl aced, including

a separate section for each test. Sections shall be separated by
heavy plastic dividers with tabs.
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a. Alist of all equiprment used, with calibration
certifications.

b. A copy of all neasurenents taken

c. The dates of testing.

d. The equi prent and val ues verified.

e. The condition specified for the test.

f. The test results, signed and dat ed.

g. A description of all adjustnments made.

h. Final position of controls, and device settings.
SD- 07 Certificates

Mat eri al s and Equi prent

Where naterials or equipnent are specified to conformto the
standards of the Underwiters Laboratories, Inc., (UL) or to be
constructed or tested, or both, in accordance with the standards
of the Anmerican National Standards Institute (ANSI), the Institute
of Electrical and El ectronics Engineers (IEEE), or the Nationa
El ectrical Manufacturers Association (NEMA), submit proof that the
itens provided under this section of the specifications conformto
such requirenents. The label of, or listing by, UL will be
acceptabl e evidence that the items conformthereto. Either a
certification or a published catal og specification data statenent,
to the effect that the itemis in accordance with the referenced
ANSI or | EEE standard, will be acceptable evidence that the item
conforns thereto. A simlar certification or published catal og
specification data statement to the effect that the itemis in
accordance with the referenced NEMA standard, by a conpany |isted
as a menber conpany of NEMA, will be acceptable evidence that the
itemconfornms thereto. |In lieu of such certification or published
data, the Contractor may subnmit a certificate froma recognized
testing agency equi pped and conpetent to perform such services,
stating that the itens have been tested and that they conformto
the requirenents listed, including nethods of testing of the
speci fied agencies. Conpliance with above-naned requirenents does
not relieve the Contractor fromconpliance with any other
requi renents of the specifications.

SD- 10 Operation and Mi ntenance Data
Operation and Mai ntenance Manual s

[Six] [ ] copies of operation and mai nt enance manual s,
within [7] [___ ] cal endar days followi ng the conpletion of tests
and including assenbly, installation, operation and nai nt enance
i nstructions, spare parts data which provides supplier nane,
current cost, catal og order nunber, and a reconmended |ist of
spare parts to be stocked. Manuals shall also include data
outlining detail ed procedures for system startup and operation
and a troubl eshooting guide which lists possible operationa
probl ens and corrective action to be taken. A brief description
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of all equipnent, basic operating features, and routine

mai nt enance requirenments shall also be included. Docunents shal
be bound in a binder marked or identified on the spine and front
cover. A table of contents page shall be included and nmarked with
pertinent contract information and contents of the nmanual. Tabs
shal |l be provided to separate different types of docunents, such
as catalog ordering information, draw ngs, instructions, and
spare-parts data. Index sheets shall be provided for each section
of the manual when warranted by the quantity of documents incl uded
under separate tabs or dividers.

Three additional copies of the instructions manual wthin 30
days follow ng the approval of the nmanual s.

4 DELI VERY, STORAGE, AND HANDLI NG

Vi sual ly i nspect devices and equi pnent when received and prior to
acceptance from conveyance. Protect stored itens fromthe environnent in
accordance with the nmanufacturer's published instructions. Replace danaged
itens. O filled transformers and switches shall be stored in accordance
with the manufacturer's requirenents.

.5 EXTRA MATERI ALS

One additional spare fuse or fuse elenment for each furnished fuse or fuse
el ement shall be delivered to the Contracting Oficer when the electrica
systemis accepted. Provide two conplete sets of all special tools
required for naintenance, conplete with a suitable tool box. Special tools
are those that only the manufacturer provides, for special purposes (to
access conpartnents, or operate, adjust, or mmintain special parts).

PART 2 PRODUCTS

2.

2

1 MATERI ALS AND EQUI PMENT

Provide materials and equi pment which are the standard product of a

manuf acturer regularly engaged in the manufacture of the product and that
essentially duplicate itens that have been in satisfactory use for at |east
2 years prior to bid opening. Products shall conformto the foll ow ng
requirenents. Itens of the sanme classification shall be identica

i ncludi ng equi pnent, assenblies, parts, and conponents. Products for
aerial construction shall conformto |EEE C2 for [heavy] [nmedium [Ilight]

| oading districts, Grade B construction.

.2 NAVEPLATES

2.1 Cener al

Each maj or component of this specification shall have the manufacturer's
nane, address, type or style, nodel or serial number, and catal og nunber on
a nanepl ate securely attached to the equi pment. Nanepl ates shall be made
of noncorrosive nmetal. As a mninmum provide naneplates for transforners,
regul ators, circuit breakers, capacitors, neters, swtches, swtchgear, and
groundi ng resistors.

. 2.2 Liquid-Filled Transformer Nanepl ates

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Coordi nate Nanmeplate C information with the
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manufacturer. Select 50 ppmfor Arny projects and 2
ppm for Air Force projects.

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

Provi de power transforners, with Naneplate C information in accordance with
| EEE C57.12.00, indicating the nunber of gallons and conposition of
liquid-dielectric, permanently marked with a statenent that the transforner
dielectric to be supplied is non-polychlorinated bi phenyl. [|f transformer
nanepl ate is not so marked, furnish manufacturer's certification for each
transformer that the dielectric is non-PCB classified, with | ess than [50]
[2] ppm PCB content in accordance wi th paragraph M SCELLANEQUS Liquid
Dielectrics. Certifications shall be related to serial nunmbers on
transforner nanmepl ates. Transformer dielectric exceeding the [50] [2] ppm
PCB content or transforners without certification will be considered as PCB
insulated and will not be accepted.

.3 CORROSI ON PROTECTI ON
.3.1 Al um num Material s

[ Alumi num shall not be used in contact with earth or concrete. Were
al um num conductors are connected to dissimlar netal, use fittings
conformng to UL 486A-486B.] [Al um num shall not be used.]

.3.2 Ferrous Metal Materials
.3.2.1 Har dwar e

Ferrous netal hardware shall be hot-dip galvanized in accordance with
ASTM A 153/ A 153l and ASTM A 123/ A 123N

.3.2.2 Equi pnent

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: A 120-hour test will be specified in a
noncorrosive environnent and a 480-hour test will be
specified in a corrosive environnment.

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

Equi prent and conponent itens, including but not limted to transforner
stations and ferrous nmetal |um naires not hot-dip gal vanized or porcelain
enanel finished, shall be provided with corrosion-resistant finishes which
shal |l withstand [120] [480] hours of exposure to the salt spray test
specified in ASTM B 117 without |oss of paint or rel ease of adhesion of the
paint prinmer coat to the netal surface in excess of 1.6 mr 1/16 inch from
the test mark. The scribed test nark and test evaluation shall be in
accordance with ASTM D 1654 with a rating of not |less than 7 in accordance
with TABLE 1, (procedure A). Cut edges or otherw se damaged surfaces of
hot - di p gal vani zed sheet steel or nill gal vani zed sheet steel shall be
coated with a zinc rich paint conformng to the nmanufacturer's standard.

.3.3 Fi ni shi ng
Painting required for surfaces not otherw se specified and finish painting

of itens only prined at the factory shall be as specified in Section
09 90 00 PAI NTS AND COATI NGS.
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2.

2.

4 STATI ON ARRANGENMENT

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: Coordi nate wi th paragraph SUBSTATI ON
EQUI PMVENT.

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

The main electric supply [station] [substation] shall be of the [substation
transforner type with an open-type bus-and-switch arrangenment] [articul ated
primary unit substation arrangenent w th cl ose-coupl ed hi gh-voltage and

| owvol tage sections] [primary unit substation arrangerment with

cl ose-coupl ed | owvol tage section].

4.1 Support Structures

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Connections to aerial lines will be run
underground to new stations (35 kV or less), thus
deleting the requirenent for aerial buses and |ine
structures. Delete wire brackets if not required.

Maxi mum use wi Il be nade of "standard," "custom" or
"pre-fabricated" structure designs. Coordinate with
the local utility as well as with structure

manuf acturers. Also, coordinate with SD- 04, Detai
Drawi ngs. Modify and/or del ete subparagraphs as
required. Structures will be designed for not |ess
than 4.4 kN (1000 pounds) tension per conductor
Nornal |y, short slack spans fromthe utility system
shoul d be provided to ensure that conductor tensions
are kept to a m nimum

Foundations will be designed based on avail abl e data
fromsoil borings and detailed on the project

drawi ngs. \Where soil-bearing pressures are not
known, foundations for a soil-bearing pressure of
not nmore than 191.5 kPa (4000 psf) should be

provi ded. The |arge overturning nonents created by
the incom ng aerial conductors will be considered in
the foundation design and a safety factor of not

|l ess than 1.5 should be provided. The designer will
ensure that Section 03 31 00.00 10 CAST-I N PLACE
STRUCTURAL Concrete covers the class of concrete
required for foundations associated with a main
electric supply station, but concrete shall have not
| ess than 17.2 MPa (2500 psi) conpressive strength.

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

Provi de structures as shown to support incomng |line conductors, swtches,
instrument transformers, air termnals and aerial buses. Steel structura
items shall conformto Section 05 12 00 STRUCTURAL STEEL. Structures,
except for incomng primary lines, shall be of the |ow profile type.
Structures shall utilize round or rectangul ar tubul ar steel construction or
equi val ent H | -beam support elenents. Lattice type supports are not
acceptable. Structural steel and m scellaneous itenms shall conply with
ASTM A 36/ A 36N, ASTM A 572/ A 572N, ASTM A 575, ASTM A 576or

ASTM A 633/ A 633N, or equivalent alumnum GCeneral configurations are

i ndi cated. Exact dinensions and arrangenents nmay be varied, dependent upon
site limtations, to permt use of a manufacturer's standard equi pnent and
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structures. Air ternminals, [not less than 1.8 m 6 feet in length] [of the
| ength shown], shall be provided on each structure colum for |ightning
protection. [Static wire brackets for incom ng overhead ground w res shal
be provided on each incom ng dead-end |line structure and el sewhere as

i ndi cated. ]

2.4.1.1 Pre-fabricated Structure Design

Design structures for a maximumtension of [4.5] [__ ] kN [1000] [__ ]
pounds per conductor. Overhead ground or static wires shall be counted as
conductors in determning strength requirenments. Detail draw ngs shal
show mar ki ngs of units for placenent, location and sizes of attachnents,
and conpl ete data on fabrications.

2.4.1.2 Structure Finish

Al um num structures shall have a uniformsatin finish and shall not be
pai nted. Steel structures shall be hot-dip galvanized in accordance with
ASTM A 123/ A 123N after drilling is conpleted and shall not be painted.

2.4.1.3 Structure Foundation Design

Structure foundation design shall be as indicated. |If the manufacturer's
standard structures differ in dinensions fromthose shown, nodify
foundation design to suit the structures provided, at no additional cost to
the CGovernment. Maxi num earth-bearing pressure shall be cal cul ated at
[191.5] [ ] kPa [4000] [__ ] psf.

2.4.2 Conductors

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

NOTE: Justify selection of copper or alum num
based upon an analysis using life, environnental

and cost factors. Refer to UFC 3-550-03FA regarding
substation conductors and buses.

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

Conductors shall be [al um num conductor-steel-reinforced (ACSR)] [copper]

[ hi gh-strength al umi numalloy] with sizes as indicated, and shall conply
with | EEE 525. Base span lengths on a limting deflection of 1/150 for
spans having two supports and 1/200 for spans having three supports, under
maxi mum wi nd, ice, and short-circuit |oadings, including suitable

al  owances for any taps. Were required, install larger or stronger bus to
mai ntai n specified deflections for the indicated span |l engths. Oher bus
shapes for electrical conductors may be used if detail drawi ng submttals

i ndi cate equival ent anpacity and strength. Short connections, consisting
of bare stranded conductors of equival ent bus anpacity, nay be used between
incomng line conductors and buses or between buses and equi prent. Copper
flexible braid or alum num strap expansi on couplers, as required to match
the bus material, shall be installed in bus runs where required to allow
for expansion and contraction, and at all connections to transformer

bushi ngs.

2.4.2.1 Suspension | nsul ators

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R

NOTE: Refer to UFC 3-550-03FA for guidance
regardi ng substation insul ators.

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
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Provi de suspension insul ators for dead-end inconming |ine conductors.
Suspension insulator strings and string supports shall provide a nechanica
strength exceeding the ultimte strength of each dead-end conductor.

M ni mum rati ngs of suspension insulators shall be not |ess than ANSI C29.2
Class [52-3] [or] [52-4]. Each suspension string shall have not |ess than
[ ] insulators in tandem

2.4.2.2 Appar at us Post | nsul ators

Appar at us post insulators shall be provided to support conductors, and
their nmechani cal strength shall exceed the ultimte strength of the
conduct or supported and, where necessary, high-strength or ultra

hi gh-strength insul ators shall be provided. Mninumratings of apparatus
post insulators shall be not |ess than ANSI C29.9, Technical Reference
Nunmber [ ].

2.5 | NCOM NG SW TCHI NG Cl RCUI T | NTERRUPTI NG EQUI PMENT

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: Inconing |ine equipnent may be provided by
the utility or by the Governnent. Del ete paragraphs
not applicable to project. Operating
characteristics and ratings of incomng line

i nterrupting/sw tching shall be coordinated with the
requirenents of the serving utility and the
transfornmer and bus protection requirenments. On the
drawi ngs, identify the required instrunents, relays,
i nstrument transforners, and controls for each
switching/interrupting unit, and nodify the

foll owi ng paragraphs to reflect the station contro
and instrumentation schemes and the station
single-l1ine diagram

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Incoming |ine switching equi pnent shall be of the outdoor weatherproof
type. Operating characteristics and ratings of incomng line swtching
equi prent shal |l be as indicated.

2.5.1 Met al - Encl osed Interrupter Switchgear

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

NOTE: Metal enclosed switchgear with SF6
interrupters is available for voltage |levels of 5 kV
through 25 kV. Select either air-insul ated,
vacuum i nsul ated, or SF6 interrupters.

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

Met al - encl osed interrupter switchgear shall conply with | EEE C37.20.2 for
metal clad switchgear, NEVA SG 6 for switchgear, |EEE C37.32for

| oad-interrupter switches, [__ ] for power fuses, and shall be of the
outdoor no-aisle type that neets or exceeds the requirenents of applicable
publications listed. Switch construction shall be of the
manual | y- operated, "OPEN CLOSED," [air-insul ated, |oad-interrupter type]

[ vacuum i nsul ated, | oad-interrupter type] [SF6-insulated, |oad-interrupter
type], equipped with a stored energy operator for quick-make-quick-break to
make operating speeds i ndependent of manual switch operations. Were

i ndi cated, bus or lug connections to nmount field-installed, slip-on,
nedi um vol tage cable term nations for cable entering frombelow [and a
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flanged throat for direct connection to the associated transforner] [and a
bus throat for connection to the associ ated netal -encl osed bus] [and roof
bushings for aerial |ine connections] shall be provided. [Roof bushings
shal |l [have the sane BIL as] [be one BIL higher than] the associated

swi tchgear and shall conformto | EEE C57.19.00 and | EEE C57.19. 01 when
bushings are rated at or above 110 kV BIL.] Primary buses shall conply
with the requirenents for buses in paragraph OQUTGO NG METAL- CLAD SW TCHGEAR

2.5.1.1 Rat i ngs

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

NOTE: Preferred ratings are listed in | EEE C37. 2,
Table 6. A short-circuit study is required to
specify ratings. For projects where multiple
ratings are required for different applications,
del ete the tabl e bel ow and provide rating
requirenents on the drawings in tabular form

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

Switch ratings at 60 Hz shall be in accordance with | EEE C37.2, and
| EEE C37.06 and as [follows:] [indicated.]

Nomi nal voltage. ... ... e [ ]
Rated maxi mumvoltage. . ... ... .. [ ]
Maxi mum symetrical interrupting capacity................... [ ]
Maxi mum asynmetrical interrupting capacity.................. [ ]
3-Second short time current carrying capacity............... [ ]
Rated continuous current (KA)......... ... ... ... [ ]
BIL (Inmpulse Level) .. ... . . e e [ ]

2.5.1.2 Operating Mechani sm Control s and Devi ces

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: The switchgear control switch, status |ights,
nmetering, and relaying will be located on the
secondary netal -clad switchgear; additionally, a
control switch, status lights, and a |ocal -renote
selector switch will be mounted at the interrupter
switch. [If this equipnent cannot be nmounted on the
secondary netal -cl ad switchgear, then these devices
will be installed in an instrunent and rel ay cabi net
adjacent to the interrupter switch operating

nmechani sm cabinet. Transformer differential and
differential |ockout relays will be located in the
net al -cl ad switchgear. Were there is no netal-cl ad
swi tchgear, the appropriate material fromthe
paragraph will be included as a part of paragraph
SUBSTATI ON EQUI PMENT.

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

An operating nechani sm cabi net shall house the electrical devices listed
bel ow, which shall be rated for the application and shall be suitable for
the ac or dc control voltage available as shown or specified. Unless
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ot herwi se noted, provide manufacturer's standard devices for the rating
specified including the foll ow ng:

a. A light connected to a cabinet door-actuated switch, so that the
light is energized only when doors are open

b. A heater continuously energized to prevent condensation within the
cabi net over anmbient tenperature ranges from [m nus 29] | ] to [40]
[ ] degrees C [m nus 20] | ] to [104] [ ] degrees F at 90%
relative hum dity and connected to a cabi net door-actuated sw tch, so
the heater is de-energized when doors are open. High-tenperature
thermal protection shall be included.

c. An operator charging notor with thermal -overl oad rel ays.

d. A motor control contactor with relays, solenoids, and any other
control devices required.

e. Necessary notor-alarmand interlock sw tches.

f. One-pole or two-pole thermal-magnetic nol ded-case circuit breakers
suitable for the operating voltage for control, heater, and light
circuits.

g. A mininmumof eight spare circuit breaker auxiliary contacts, four
normal Iy open (52a) and four normally closed (52b), wired to interface
term nal s.

h. Terminal facilities wired for devices installed in the cabinet, and
to permt correspondi ng connections of incom ng conductors fromrenote
itenms of equipnent.

i. Akey interlock if indicated.

j. A switch-operating handle with provisions for locking in either the
open or cl osed position.

k. Safety devices as necessary to ensure that the load interrupter
switch is in the open position whenever unit doors are in the open
posi tion.

I. An interface termnal block wired for required exterior connections.
m Devi ces specified under specific unit requirenents bel ow
2.5.1.3 Sul fur Hexaflouride (SF6) Interrupter Sw tchgear

Provide SF6 interrupters of the puffer type where the novenent of the
contact plunger will initiate the puff of SF6 gas across the contact to
extingui sh the arc. Switchgear shall be provided with a | oss-of-pressure
alarmrenmpte as shown on the drawi ngs. Before the pressure in the
interrupter drops below the point where the interrupter cannot open safely
wi t hout damage, the switchgear shall activate the | oss-of-pressure alarm
open autonmatically, and remain in the | ocked open position until repaired.
The SF6 shall neet the requirenents of ASTM D 2472, except that the maxi mum
dew point shall be mnus 60 degrees C minus 76 F (corresponding to 11 ppm
water by volune), with only 11 ppm water by volune, and the m nimum purity
shal |l be 99.9 percent by weight. Switchgear shall have provisions for

mai nt enance sl ow cl osing of contacts and have a readily accessible contact
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wear indicator. Tripping tinme shall not exceed [3] [5] [8] cycles.

2.5.1.4 Vacuum Circuit Interrupter Sw tchgear

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: See |EEE 37.04 for preferred ratings.

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

Vacuum interrupters shall be hernetically-sealed in a high vacuumto
protect contacts from noisture and contam nation. Sw tchgear shall have
provi sions for naintenance slow closing of contacts and have a readily
accessi bl e contact wear indicator. Tripping tinme shall not exceed [3] [5]
[8] cycles.

2.5.1.5 Specific Unit Requirements

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

NOTE: Revise this paragraph and paragraph PONER
TRANSFORMERS to include listing of unit itenms if an
articulated primary unit substation is not provided
and interrupter switchgear is to be specified.
Placing CT's and ameters/sw tches in netal -encl osed
interrupter switchgear is costly and often leads to
additional cubicles. Unlike the netal-clad design
whi ch puts grounded netal barriers around bus,

swi tchgear, incoming line, outgoing |line, and
control sections, netal-enclosed interrupter
switchgear is not so conpartnentalized. Thus,

buil ding a safe conpartnent for amreters/switches is
not really consistent with the basic design.

Ammeter and switch will be |located on the secondary
mai n breaker.

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

In addition to basic requirenents, sw tchgear shall contain other devices
as appropriate to the application and as specified in paragraph SUBSTATI ON
EQUI PIVENT.

2.5.2 Devi ces and Accessories for Switching/lInterrupting Equi prent

2.5.2.1 I ncom ng Line

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: Delete Itens "e" and "f" if not required.
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Coordinate Inconming line units with the requirenents of the serving
utility, and to the protected transforner, and include the follow ng
control and nonitoring systemitens that shall be nounted in the instrunent
and rel ay cabi net specified bel ow

a. An ammeter and an anmmeter switch.

b. A control switch for local or renbte control operation.

c. Three overcurrent relays, devices 50/51.

d. One residually-connected ground-overcurrent relay, device 50/51N.
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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
switchgear] [located in the instrument 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.

o]
2.5.2.2 Line Tie
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NOTE: Delete either 86B or 87B relays if not
required.
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The Iine tie units shall be rated [as shown] [the same as the incoming line
units], and shall be electrically or mechanically interl ocked with other

hi gh-vol tage itens of equi pment as shown. The line tie unit shall be

equi pped with control and nonitoring systemitens the sane as described for
the incomng line unit. The instrument and relay cabi net shall house the
same equi pnent listed for the incomng line unit cabinet except [ ].
The cabi net shall al so house three bus differential relays, device 87B, and
an auxiliary | ockout relay, device 86B

2.5.2.3 I nstrument and Rel ay Cabi net

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

NOTE: The control switch, status lights, netering
and relaying will be located on the secondary
net al -cl ad switchgear; additionally, a contro
switch, status lights, and a | ocal -renpote sel ector
switch will be nounted at the device. |If this
equi pnent cannot be nounted on the secondary
nmet al -cl ad switchgear, then these devices will be
installed in an instrunment and rel ay cabi net

adj acent to the operating mechani sm cabi net.
Transformer differential and differential |ockout
relays will be located in the netal -clad
switchgear. Wiere there is no netal -cl ad

swi tchgear, the appropriate material fromthe
paragraph will be included as a part of paragraph
SUBSTATI ON EQUI PMENT.

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

Provi de encl osures for housing instrunments, relays, and devices specified.
Install devices such as instruments, relays, and control and transfer
switches in the [netal -clad switchgear |ineup where indicated] [an
instrument and relay cabinet]. Enclosures shall conply with NEVA 250 for
Type [3R] [4] [___ ], and paragraph CABI NETS AND ENCLOSURES. Rigid
supports, conduits, fittings, raceways, troughs, etc., shall be provided
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for mounting and connection to the associated equi prent. Standard
encl osure equi prent shall include the foll ow ng:

a. A light connected to a cabinet door-actuated switch, so that the
light is energized only when doors are open

b. A heater continuously energized to prevent condensation within the
cabi net over an anbient tenmperature range of [m nus 29] | ] to [40]
[ ] degrees C [m nus 20] | ] to [104] [ ] degrees F
Cconnect the heater and thernpstat contact to a cabi net door-actuated
switch, so that the heater is de-energized when the cabi net door or
doors are open. High tenperature thernmal protection shall be included.

c. One-pole or two-pole thermal -nagnetic nol ded-case circuit breakers
suitable for the operating voltage for heater and light circuits.

d. Devices identified under specific unit requirenents hereinafter
2.5.3 Power Fuse Di sconnecting Units

Incom ng |ine power fuse di sconnecting units, consisting of power fuses and
fuse disconnecting switches, shall conply with [ ]. [Expul sion-type]
[Current-limting] power disconnecting units and fuses shall have ratings
in accordance with | EEE C37. 46.

2.5.3.1 Power Fuse Disconnecting Unit Ratings

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: For projects where nultiple ratings are
required for different applications, provide rating
requi renents on the drawings in tabular form

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

Power di sconnecting units shall have ratings [as indicated] [as follows]:

Nomi nal voltage. ... ... e [ ]
Rated maxi mumvoltage. ... ... ... . [ ]
Maxi mum symmetrical interrupting capacity................... [ ]
Rated continuous CUurrent............ ... [ ]
Bl L. o e et e [ ]

2.5.3.2 Construction
Units shall be suitable for outdoor use and shall be of the stick (hook)
operat ed, disconnecting, single-pole, single-throw, drop-out type. Fuses
shal | have visible blown-fuse indicators. All ratings shall be clearly
visible. Units shall be suitable for [vertical] [or] [45 degree] [or]
[ horizontal underhung] nounting [as indicated].

2.5.3.3 E-Rated, Current-Limting Power Fuses

E-rated, current limting, power fuses shall conformto | EEE C37. 46.
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2.

2.

2

5.3. 4 C-Rated, Current-Limting Power Fuses

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

5.3.5 Addi ti onal Requirenents

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

NOTE: Specify three spare fuses for each power fuse
current rating. Coordinate this requirenent with
par agr aph EXTRA MATERI ALS

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

Provide at | east one fuse tong or other fuse renoval and replacenment device
of sufficient |ength, and suitable design and voltage rating, for

di sconnection and repl acenent of fuses, and where units nounted at
different elevations require different |engths, additional devices shall be
provi ded as necessary. One set of any special tools, necessary for
servicing the unit, shall be provided.

54 Li ne Sw tches

.5.4.1 Rat i ngs

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

NOTE: Preferred ratings are listed in | EEE C37. 32,
Table 1, but not all ratings may be avail able for
all nethods of switching. A short-circuit study is
required to specify ratings.

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

Ratings at 60 Hz shall be in accordance with | EEE C37. 32 and as fol |l ows:

Nomi nal voltage. . ....... . e e [ ]
Rated maxi mumvoltage. .. ......... ... i [ ]
Maxi mum symretrical interrupting capacity................... [ ]
Maxi num asymmetrical interrupting capacity.................. [ ]
3-Second short tine current carrying capacity............... [ ]
Rated continuous current. ......... ..., [ ]
Bl L. o e et e e [ ]

2.5.4.2 St andard Devi ces and Accessories

One set of special tools, as necessary for servicing, shall be provided.

2.5.4.3 Stick (Hook) Operated Line Switches

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

NOTE: Stick (hook) operated sw tches manufactured
especially for bypassing regulators are not listed
with a 3-second current rating by manufacturers, but
with closed and nonentary ratings. Ratings

obt ai nabl e shoul d be checked with manufacturers.
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Del ete the hook stick requirenent for voltage
regul ator switches if hook sticks are provided for
stick operated switches and are of a suitable |ength.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]

Stick (hook) operated line switches shall conply with | EEE C37.32 and shall
be a stick-operated, single-pole, single-throw, vertical-break switch
suitable for [vertical] [or] [horizontal underhung] rounting [as indicated].

2.5.4.4 Group- Operated Line Swi tches

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

NOTE: Delete switch paragraphs as required.

G oup-operated line switches are structure-nounted
for overhead, incomng-line applications. They may
be used for sw tching and protection of
transforners, |lines, cables, single-shunt capacitor
banks, and |ine-connected or tertiary connected
shunt reactors. G oup-operated air-insulated
switches are available for voltages from 15 t hrough
345 kV. G oup-operated SF6-insul ated switches are
avai l abl e for voltages ranging from 15 thru 230 kV.
Refer to UFC 3-550-03FA for gui dance regarding
Group- Operated Line Swtches.

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

Group-operated line switches shall be [air-insulated] [SF6 insulated] with
[manual ] [and] [nmotor] -type operators. G oup-operated |line switches shall
comply with | EEE C37.32, |EEE C37.30, and | EEE C37.34, and shall be
three-pole, single-throw, provided with a nechani smwhich opens the three
phases sinultaneously. Goup-operated switches shall be [manually
operated] [and] [notor operated] [as indicated].

a. Air-Insulated:

Air-insulated switches shall be of the [vertical-break] [or]
[side-break] [or] [indicated-break] type, with either tilting or
rotating insulators, for [horizontal upright] [or] [vertical] [or]
[ hori zontal underhung] nounting [as indicated]. Contact surfaces
shall be silver. The switching capability required shall be of
the [load interrupter] [or] [disconnecting] type. Switches shall
be provided with replaceabl e contacts, arc horns, and other noving
parts which have a linmted |life expectancy.

b. SF6-I nsul at ed:

Swi tches shall be puffer-type SF6 interrupters. The interrupter
shall be factory filled with SF6 gas and t hen pernanently seal ed.
The interrupters shall be driven by a single, stored-energy
mechani sm | ocated at ground |level in an operator. The mechani sm
in the operator shall have instantaneous trip-free capability
(should the switch be inadvertently closed into a fault).

c. Load Interrupter Type, Air-Insul ated:
Load interrupter switches shall be capable of interrupting |oad

currents equal to their continuous current ratings, which nmeet the
requi renents of | EEE C37. 30.
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d. Disconnecting Type, Air-Insulated:

Di sconnecting switches shall be provided with quick-break arcing
horns rated for interrupting transformer exciting currents or line
chargi ng currents, dependent upon the application. A switch used
to protect a power transforner shall be key-interlocked with its
associ ated transforner's tap changer for de-energized operation
(TCDO) and its load side circuit breaker disconnect, so that the
manual TCDO can be operated only when the transformer is
de-energi zed, and so that the switch can be only opened or closed
after its associated circuit breaker has been placed in the open
position. A pernmanent warning sign having letters at |east 50 mv
2 inches high and reading as follows: "WARNI NG - DI SCONNECTI NG
SWTCH - DO NOT OPEN UNDER LOAD' shall be nmounted on the switch
operati ng nmechani sm

e. Manual |l y-Qperated Type, Air-Insul ated:

The switch operating handle shall be |ocated approximately 1.1 m 3
feet 6 inches above its grounded platformplate. Insulation of
the switch operating mechani smshall include both insul ated

i nterphase rod sections and the insulated vertical shaft.

2.5.4.5 Switch Operators

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

NOTE: Indicate renpote control of the notor operator
on the project drawings. Delete electrica
interlocking if not required. Select stored-energy
type operators for use with SF6 interrupters.

Delete the requirement for renote telemetry units
and SCADA control where not applicable.

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

[ Mot or operators shall be stored-energy nmechani sns having a [[24-volt]
[48-volt] [125-volt] dc] [120 volt ac], charging notor, with a nanua
operating mechanism Opening and cl osing operating tinme shall be not nore
than [6] [__ ] cycles for each operation.] [Mtor operators shall be

[ 120-vol t] [240-volt] ac, gear-coupled notor operators, with a nmanua
operating nmechanism Opening and cl osing operating time shall be not nore
than [10] [__ ] seconds for each operation.] Operators shall be
configured so that the switch actuator is padl ockabl e.

a. Operation: The operating nechanismshall pernmt both manual and
el ectrical operation of the switch at its operating mechani sm cabi net,
and el ectrical operation by the indicated renpte control circuitry.
The operating shaft or operator cabinet shall be clearly and
permanently marked to indicate continuously the positions of the
switch. An externally operable decoupler shall be provided at or near
the point of entrance of the shaft into its operator housing so as to
permt di sengagenent of the shaft for inspection, tests, naintenance,
or repair of equipnment |ocated within the operator enclosure. Were

i ndicated, a switch shall be electrically interlocked with | ] as
shown. Switch operators shall be provided with renote telenetry units
(RTUs) for renmote operation and integration with supervisory, control
and data acquisition systenms. Systens, components, and equi prent shal
conformto the requirenents and recomrendati ons of | EEE C37.1

b. Operating Mechani sm Cabinet: A NEVA 250 type | ] encl osure
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conplying with paragraph CABI NETS AND ENCLOSURES shal | be provi ded
[where indicated] [as suitable for the required operation]. The

el ectrical devices listed below shall be rated for the application and
shall be suitable for the available | owvoltage alternating or direct
current, [as shown] [specified.] Unless otherw se noted,

manuf acturer's standard devices for the rating specified shall be
provi ded and shall include the follow ng:

(1) "Trip" and "d ose" pushbuttons or switch and position
i ndi cation |ights.

(2) A switch-operation counter
(3) Shaft travel Iimt switches and any required safety devices.

(4) A light connected to a cabi net door-actuated switch, so that
the light is energized only when doors are open

(5) A heater continuously energized to prevent condensation

wi thin the cabi net over an anbient tenperature range of [m nus 29]
[ ] to[40] [__ ] degrees C [mnus 20] | ] to [104]
[ ] degrees F at 90% relative hum dity and connected to a

cabi net door-actuated switch, so that the heater is de-energized
when doors are open. High-tenperature thernal protection shall be
i ncl uded.

(6) An operator charging nmotor with thernal -overload rel ays.

(7) A notor control contactor, with relays, solenoids, and any
ot her control devices required.

(8) Necessary notor-alarmand interlock swtches.

(9) One-pole or two-pole thermal-magnetic, nol ded-case circuit
breakers suitable for the operating voltage for control, heater
and light circuits.

(10) A mninmum of eight spare notor operator auxiliary contacts,
four normally open and four normally closed, wired to an

i nterconnection termnal block

(11) An interconnection terminal block wired to pernit renote
open and cl ose operations of the switch and for other required
exterior connections.

(12) A key interlock if indicated or specified.

(13) A local-renpte selector switch and position indication
lights.

(14) Manual trip lever and nmanual charging handle (in case of
| oss of control power.

(15) "Charged" and "D scharged" indicators for stored energy
mechani sm

(16) Gas pressure indicator, or |ow gas pressure indicator

(17) Local/Renote operation selector switch
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2.5.4.6 Grounded Iron Platform Pl ate
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NOTE: Provide a detail on the drawi ngs for securing
the plate to finished grade.

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 manual | y- operat ed, group-operated switch shall be provided with a
grounded platformplate |ocated where the switch operator would stand to
manual |y operate the switch. The plate shall be constructed of hot-dip

gal vani zed iron at least 6 mr 1/4 inch thick and shall be approximtely 1.2
m4 feet in length by 750 mr 2 feet 6 inches in width. The plate shall be
laid on finished grade and so secured as shown. Two ground clanps shall be
provided on the plate on the side adjacent to the switch operating
nechani sm Each clanp shall be connected to the station grounding grid
with a No. 4/0 AWG bare copper wire. Separate clanps and a flexible copper
brai d conductor shall be used to connect the plate to the switch operating
handl e mechanism The cross sectional area of the braid shall be

equi valent to a No. 4 AWG conductor, m nimm

2.6 SUBSTATI ON EQUI PMENT
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NOTE: Make selections in this paragraph and in

par agr aph STATI ON ARRANGEMENT as appropriate for the
installation. For this specification an articul ated
primary unit substation has both high-voltage and

| owvol tage sections nmechanically coupled to the
transforner. A prinary unit substation has only the
| owvol tage section nechanically coupled to the
transfornmer. For any given installation, only
paragraph Primary Unit Substation or Substation
Transformer or Articulate Primary Unit Substation
will apply. For voltages through 34.5 kV, the
primary switch/breaker should be
nmechani cal | y- coupl ed or bus-duct-connected to the
transforner primary. For 46 kV and above, the
primary circuit breaker/swi tch should be cabl e-or
aeri al -bus-connected to the transfornmer primary. In
general, the transfornmer secondary should be
mechani cal | y- coupl ed or bus-duct-connected to the
secondary swi tchgear through and including 34.5 kV.
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The installation shall be [of the switching station] [of the primary unit
substation] [of the substation transforner] [an articulated primary unit
substation of the [radial] [distributed-network] [spot-network]

[ secondary-sel ective] [duplex]] type. [The initial capacity of the
substation is based on the [55/65 degrees C] [sel f-cool ed] [single-stage
cool ed] [two-stage cooled] [transformer capacity shown]]. The numnber of
outgoing [lines] [distribution feeders] shall be as shown. CQutgoing
circuits shall be three-phase [three-wire] [four-wire] type [with [a bare]
[an insul ated] neutral] having a voltage rating of [
phase-to-phase. The insulated neutral shall have insulation rated not |ess
than 1000 volts. CQutgoing circuit equi pnent shall be rated for a nom na
voltage class of [__ ] kV and shall have a BIL of not less than [__ ]
kV. Qutgoing circuits shall leave the station [aerially] [underground] [in
cable trays].
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2.6.1 Power Transfor nmer
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NOTE: Coordinate with paragraph Specific Unit
Requi rement s.

Si nce some PONER TRANSFORMER manuf acturers prefer
the use of forced-oil-cooling over
forced-air-cooling for the second stage, all ow
either option. Specify an oil preservation system
for self-cool ed capacities greater than 5000 kVA.
Coordi nate | oad-tap-changing type with Vol tage
Regul at or section of paragraph AUXI LI ARY SUBSTATI ON
EQUI PMVENT.
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The power transfornmer shall conply with | EEE C57.12.00 and shall be of the
55/ 65 degrees C rise, three-phase, two-w nding, mneral-oil-imersed,

[l oad-t ap-changi ng type] and shall be [solidly grounded] [resistance
grounded through its associ ated neutral grounding resistor specified
below]. [The oil preservation systemshall be either of the seal ed-tank,
i nert-gas-pressure systemas defined in | EEE C57.12.80, or

conservator/di aphragm type]. Tenperature nonitoring, indication, and
automati call y-controll ed cooling equi prent shall be as specified. The
color of the transformer case and auxiliary items shall match the col or
used for switchgear and cabinets as specified for cabinets in paragraph
CABI NETS AND ENCLOSURES

2.6.1.1 Rat i ngs

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: Standard ratings are listed in | EEE
C57.12.10. Refer to UFC 3-550-03FA for gui dance
regarding transforner | osses. Coordinate with
par agraph FACTORY TESTS. Del ete |oss requirenent

when not needed.
EIR IR R b R S I S I I IR I I I I I R R S I I R I R I I IR I R R b I R I I I I I b I S I b b I b I b I b I R I b b b b 3 S b I b I b b b I

Transformer | osses and i npedances shall be neasured in accordance with
| EEE C57.12.90. Ratings at 60 Hz shall be in accordance with | EEE C57.12. 10
and as foll ows:

H gh-voltage winding......... ... ... ... .. . . . . . .. .. [ ] volts
High-voltage BlIL.......... ... .. . i, [ ] volts
H gh-vol tage wi nding connection...................... [ ]
Lowvoltage winding........... ... .. [ ] volts
Lowvoltage Bl L....... ... iy [ ] volts
Low vol tage wi nding connection....................... [ ]

Base KVA. .. .. e [ ]
Percent inpedance range. .............uuiiiuinunannnn [ ] to
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Maxi mum no-load (core) losses............ ... [
Maxi mum full-load (winding) losses................... [ ]
2.6.1.2 Auxi liary Cooling Equi prent

[ Cooling] [Provision for future cooling] equiprment shall be provided for

[ singl e-stage, forced-air-cooling] [two-stage,
forced-air-cooling/forced-air-cooling] [or] [forced-air-cooling/forced-oi
cooling] utilizing automatic control. Automatic controls, notors, heaters,
and their protective devices shall be rated for the application and shal

be suitable for the alternating current avail able as shown or specified.
Radi ator isol ation valves shall be provided for bolted-on radiators.
Controls for auxiliary cooling equi pnrent shall conbine the transforner top
oil thernmoneter, device 26Q and the transformer w nding tenperature

simul ator, device 49, suitable for responding either to the transforner's
top liquid or winding tenperature, and shall include auxiliary devices
necessary for sensing tenperature changes. These devices shall be nmounted
on the transformer case in a suitable housing so that maintenance is
possi bl e wi thout renoving the transforner cover or handling oil. Devices
26Q and 49 shall have three electrically independent contacts operating and
wired as follows:

a. First set of contacts set to close at the manufacturer's
recommended setting and wired for starting [future] [first-stage]
forced-air-cool ed fans.

b. Second set of contacts set to close at the manufacturer's
recommended setting and wired to [start the second-stage
forced-air-cooling fans] [start punps for forced-o0il-cooling] [alarm
termnals in the transformer term nal cabinet] [alarmterminals in the
net al -cl ad switchgear].

c. Third set of contacts set to close at the manufacturer's
recomended setting and wired to energize an auxiliary relay, device
49X. The relay shall be mounted in the [transformer term nal cabinet]
[metal -clad switchgear]. Device 49X shall be properly rated and

equi pped with not less than three normally open and three normally

cl osed sets of electrically independent contacts. One set of contacts
shall be wired to annunci ate excessive transfornmer tenperature.

2.6.1.3 Neutral Groundi ng Resi stor

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: Tine ratings greater than 10-seconds are
required only when the systemis not taken off |ine
by a ground fault, but nerely nonitored.

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

The neutral grounding resistor assenbly shall conply with | EEE 32and shal
be [factory-nmounted on the associated transforner] [nounted adjacent to the
associ ated transforner] [nounted as indicated]. The assenbly shall neet
the follow ng:

a. The resistor elenent shall be [stainless steel] [cast-iron] and

rated [ ] anperes for a [10-second] [1-mi nute] [10-m nutes]
[extended tinme] duty.
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b. The resistor shall be installed in an al um nized screened or
expanded gal vani zed steel enclosure of the personnel safety type and
shal | be provided with any necessary supports and mounting hardware.
The encl osure, including screening and support fram ng, shall have two
finish coats applied over a prepared substrate. The color of the
finish coats shall be the same as the color of the associated
transf or mer.

c. A stress-relief term nator shall be provided and arranged to permt

the proper termi nation of the No. | ] AWG | ] [5] [15] kV
shi el ded transforner neutral cable entering the enclosure [fromthe
[bottom [top]] [as recommended by the manufacturer]. |If the termna

bushing is external to the enclosure, the bushing and term na

provi sions shall be enclosed by a solid nmetal cable box equipped with
conduit fittings correctly sized for the conduit required. An approved
type and size of termnal lug shall also be provided and arranged for
the field termination of the No. 4/ 0 AWG bare copper groundi ng cabl e
entering the enclosure fromthe bottom

d. One current transformer conformng to the requirenments of paragraph
| NSTRUVENT TRANSFORMERS shal | be provided and housed in the resistor
enclosure. The current transformer shall have the ratio shown and be
connected as indicated to the associ ated overcurrent relay, device 51G
located in the [nmetal -clad switchgear] [instrunment and rel ay cabi net
speci fied above]. The terminals of the current transforner shall be
wired with not less than No. 10 AWG conductors to the proper termnals
of device 51G through a short-circuiting type of term nal block [and
test block] located in the [netal -clad switchgear] [instrunment and
relay cabinet] [transforner terninal cabinet].

2.6.1.4 Load- Tap- Changi ng Equi pnent

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: The application will determ ne whether
| oad-tap-changers will be paralleled. System
configuration may require reverse power flow

equi prent. Specify only when required.

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

Load-t ap- changi ng equi pnent shall be provided to provide automatic

adj ustnent of a transforner's |ow voltage wi nding voltage. |In addition to
the basic | oad-tap-changi ng equi pnent requirenents listed in | EEE C57.12. 10,
the | oad-tap-changi ng equi pnent shall include the follow ng:

a. Alight wired in series with the control cabinet door-actuated
switch, so that the light is energized only when the door or doors are
open.

b. A heater continuously energized to prevent condensation w thin the
control cabinet over anbient tenperature ranges from [m nus 29] [ ]
to [40] [ ] degrees C [m nus 20] | ] to [104] [ ] degrees F
with both the heater and thernpstat contact wired in series with the
control cabinet door-actuated switch, so that the heater is

de- energi zed when doors are open. High-tenperature thermal protection
shal I be incl uded.

c. One-pole or two-pole thermal -nagnetic nol ded-case circuit breakers
suitable for the control voltage, when required by the manufacturer
and for | owvoltage alternating-current power to control devices,
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notor, heater, and light circuits.

d. Ternminal blocks wired for proper interconnection with renpte itens
of equi prent .

e. Circulating-current equi pnment necessary to allow parallel operation
of the transforner.

f. Reverse power flow equipment wired so that the | oad-tap-changer
functions only when electric power flows from high-voltage to
| owvol tage wi ndings in the transforner.

2.6.1.5 Bushi ngs and Equi prent Connection Provisions

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: A power transfornmer will require bushings and
equi pnment connection provisions. Substation
transforners require only bushings; articul ated
primary unit substations require only equiprent
connecti on provi sions.

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

[ Bushi ngs] [and equi pnent connection provisions] [Equi pnent connection
provi sions] shall be provided as specified for [Primary Unit Substation]

[ Substation Transformer] [Articulated Primary Unit Substation] in paragraph
SUBSTATI ON EQUI PMENT. Primary and secondary cover bushings for high- and

| ow-vol tage line and neutral connections shall conformto the requirements
of | EEE C57.19.00 and | EEE C57.19.01 and shall [have the sane BIL as] [be
one BIL higher than] the associated power transfornmer's high- and

| ow-vol tage BIL ratings respectively.

2.6.1.6 Accessori es

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Delete inapplicable itens. Provide devices
63X and 86T when protective device tripping is
required. Delete when only an alarmactuation is
required.

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

Transformers shall be provided with the accessories |isted below. Contact
devices for renote control features shall be rated for the application and
shall be suitable for the |l owvoltage ac or dc avail able, as shown or
speci fi ed.

a. A tap-changer for de-energi zed operation (TCDO provided with
padl ock provision [and key-interlocked with the disconnecting switch
protecting the associated transforner].

b. A liquid-level indicator and relay (device 71L), shall be provided
with two sets of normally-open and normal |l y-cl osed contacts, one set
for lowliquid-level and the other set for high-liquid-level. The
contacts shall be rated for the application and wired to one
annunci at or al arm poi nt.

c. A pressure-vacuum gauge when the transformer is provided with a
seal ed-tank or inert gas-pressure oil preservation system

d. Drain and filter val ves.
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e. Lifting, moving, and jacking facilities.

f. Two transfornmer case grounding lugs for termnation of No. 4/0 AWG
bare copper cabl es.

g. Sudden Pressure Relay: A sudden pressure relay, device 63SPR
shall be provided as an integral part of the transforner. A set of
contacts of device 63SPR shall be [wired to energize an auxiliary
relay, device 63X,] [located in the] [transfornmer term nal cabinet]
[metal -clad switchgear] [instrunent and relay cabinet]. [A set of
contacts of device 63X shall be wired to energize the transforner

| ockout relay, device 86T. In turn, contacts of device 86T shall be
wired to annunci ate abnormal transforner pressure and trip the nmain
secondary breaker and the circuit breaker on the primary side of the
faulted transformer.]

2.6.1.7 M scel | aneous |temns

2.

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: Fol | ow Usi ng Agency policy regarding
protective device tripping and annunci ation. Show
renote control features including any annunci at or
system connecti ons on the draw ngs.

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

M scel | aneous itenms for a transfornmer shall include the follow ng:

6.

2

a. A weatherproof transfornmer terminal cabinet for circuits which are
connected to devices not nounted integrally on a transforner, but
renotely (such as in switchgear units) including interconnection
termnals for any future cooling circuits. The gauge of nmetal for the
cabi net shall be the manufacturer's standard. Color of the cabi net
shall match the color of the associated transformer. The door or doors
of the cabinet shall be equi pped w th padl ocki ng provisions.

b. Raceway connections and associ ated interconnection wiring between a
transformer term nal cabinet and any renote devices which operate in
conjunction with transforner-nmounted devices, including necessary
wiring for renote control features [and for [future] [cooling
circuits]]. Renote control features include the [tripping of

associ ated [prinmary] [and] secondary circuit breakers] [and] [the
actuation of the associated annunciator circuits] by the indicated
transformer control or accessory contact.

c. The transfornmer shall be shipped fromthe factory already filled

with oil, if possible. If the transforner nust be vacuumfilled in the
field, a four inch NPT nipple, with cap for the vacuumline, shall be
added to the cover, away fromthe fill valve

Primary Unit Substation

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

NOTE: Nornally, specify primary unit substations
for incom ng nominal |ine voltages of 46 kV or
hi gher.

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

Primary unit substations shall conply with | EEE C37. 121, shall be suitable
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2.

for outdoor installation, and shall consist of transformer section
equi prent [directly connected] [connected by netal -encl osed bus duct] to
out goi ng section equi pnent.

.6.2.1 Transformer Section Equi pment

Transformer section equi pnent shall conply with the requirenents for power
transforners in paragraph SUBSTATI ON EQUI PMENT

.6.2.2 Qut goi ng Secti on Equi pnent

Qut goi ng section equi pnent shall conply with the requirenents of paragraph
QUTGO NG METAL- CLAD SW TCHCGEAR.

6.3 Subst ati on Tr ansf or ner

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

NOTE: \Where single-phase transforners or aerial
secondary connections are required, use substation
transfornmer. \Where contrary to criteria for new
substations, their usage nust be justified.

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Substation transfornmer shall conply with the requirenents for power
transforners in paragraph SUBSTATI ON EQUI PMENT

.6.4 Articulated Primary Unit Substation

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

NOTE: Nornmally, specify articulated prinmary unit
substations for incom ng nonminal |ine voltages of 35
kV or |ess.

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

Articulated primary unit substation shall conply with | EEE C37. 121 and
shal | be of the outdoor [radial] [secondary-selective]
[di stributed-network] [spot-network] [duplex] type.

.6.4.1 I ncom ng Secti on Equi prent

I ncom ng section equi prent shall conmply with the requirenents [for
Met al - Encl osed Interrupter Switchgear in paragraph | NCOM NG

SW TCHI NG Cl RCUI T | NTERRUPTI NG EQUI PMENT.] [in paragraph OUTGO NG
METAL- CLAD SW TCHGEAR. ]

.6.4.2 Transformer Section Equi pment

Transformer section equi pnent shall conply with the requirenents for power
transformers in paragraph SUBSTATI ON EQUI PMENT. Prinmary and secondary
equi prent connection provisions shall be suitable for direct connection to
the specified i ncomi ng and out goi ng swi tchgear.

.6.4.3 Qut goi ng Secti on Equi pnent

Qut goi ng section equi pnent shall conply with the requirenents of paragraph
OUTGO NG METAL- CLAD SW TCHGEAR.
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2.6.5 Met al - Encl osed Bus

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: Metal -encl osed bus may be necessary between
the transformer section and outgoing section for a
primary unit substation or where the incomng line
section of an articulated primary unit substation is
| ocated renpte to the power transforner. Provisions
for Articulated Primary Unit Substation and

Met al - Encl osed Bus in paragraph SUBSTATI ON EQUI PMENT
shoul d be nodified as required. Industry standards
for continuous, self-cooled, netal-enclosed bus
ratings are listed in ANSI C37.23.

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

Met al - encl osed bus shall have ratings that equal or exceed the ratings of
the buses, circuit breakers, and switchgear to which the bus is connected,
unl ess otherwi se indicated. The bus shall conformto the requirenments of

| EEE C37.23. Bus shall be of the nonsegregated-phase type. [A ground bus
[is] [is not] required.] [A neutral bus [is] [is not] required.] The
enclosure is to be the nonventil ated type constructed of selected snpoth
sheet steel not less than [ ] mr gauge, and shall be equipped with
continuously energi zed space heaters (with high-tenperature thernal
protection) to prevent condensation over an anbi ent tenperature range of
[mnus 29] [ ] to [40] [ ] degrees C [mnus 20] [__ ] to [104]
[ ] degrees F. The finish of the enclosure shall be in accordance with
the manufacturer's standard. The finish, type, and gauge of the neta

encl osure and the details of transitional elenents and connections and the
| engths and ratings of the bus and encl osure proposed shall be as shown on
detail draw ngs.

2.7 QUTGO NG METAL- CLAD SW TCHGEAR

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Designer will show on contract draw ngs the

| ocations of all itens specified in other paragraphs
that will be located in the netal -clad swi tchgear
Where two-high units are used, consult
manufacturer's literature and catal ogs for available
options. Ancillary devices such as PTs and netering
will not fit in the switch conpartnent and require a
separate conpartnent or top hat section

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

Swi t chgear shall conmply with | EEE C37.20.2 and shall be of the outdoor

[ no-ai sl e][protected-aisle][combpn-aisle] type consisting of incomng |ine
[, tie,] auxiliary conpartnents and feeder circuit breaker units.
Conpartnents shall be provided to accommbdate specified or indicated
auxiliary equipnent. The indicated nunber of active and [future] circuit
breakers and equi pped cubicles shall be provided.[ "Future" circuit breaker
means sufficient concrete pad space and duct |ine stubouts for future
sections.][ The use of two-high circuit breaker units is acceptable.]

[ Two-high circuit breaker units shall be provided.][ Wen two-high circuit
breaker units are installed, equipped space units shall be provi ded when
necessary to nake adj acent sections equal in height.][ Units denoted as
equi pped space or future shall consist of items of equipnent listed for the
basic unit in NEMA SG 6, except the power circuit breaker shall not be
provided.][ Current transforners, instrunments, instrunment sw tches, and

rel ays shall be provided for equi pped space or future units as shown.][
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2.

Continuous current rating of future units shall be as indicated.]][

Conti nuous current rating of equi pped space units shall match the nost
common basi c breaker unit anpere rating used el sewhere in the associ ated
swi tchgear unl ess otherw se indicated.] Switchgear shall be vented
according to the nmanufacturer's standard practice. |ntake and exhaust
openi ngs shall be screened. Switchgear shall have relaying as shown. The
control voltage shall be [120 V ac][240 V ac][24 V dc][48 V dc][125 V
dc][250 V dc].

. 7.1 Rat i ngs

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

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 E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

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:

Maxi mumvoltage. . ... [ ]
Nom nal voltage class......... ... ... ... . ... ... [ ]
Bl L. o e et e [ ]
Maxi mum symmetrical interrupting current......... [ ]
3-second short-time current...................... [ ]
Continuous current. ............ .. [ ] [as shown]

7.2 Circuit Breakers

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: Cell-nmounted switches are sel dom needed.
Circuits protected by vacuum and SF6 circuit
breakers are susceptible to nultiple arc
re-ignitions and high transient recovery voltages
under certain conditions. The designer shal

eval uate the distribution systemand provi de surge
suppressors or other neans recomrended by the
manuf acturer to minimze or elininate these
effects. (Surge suppressors are normally added on
the | oad side of the switch.)

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

Circuit breakers shall conply with | EEE C37.04 and | EEE C37.06. \Were

i ndi cated, bus or lug connections to nmount field-installed, slip-on,
nedi um vol tage cable term nations for cable entering frombelow [and a
flanged throat for direct connection to the associated transforner] [and a
bus throat for connection to the associ ated netal -encl osed bus] [and roof
bushi ngs for aerial |ine connections] shall be provided. [Roof bushings
shal |l [have the same BIL as] [be one BIL higher than] the associated

swi tchgear and shall conformto | EEE C57.19.00 and | EEE C57.19. 01.]

Circuit breakers shall be of the [vacuuni [sul fur hexafluoride (SF6)]
drawout type having electrically charged, stored-energy nechani sns which

SECTION 26 11 14.00 10 Page 41



are nechanically and electrically trip free. A neans for manual charging
of each trip mechani smshall be provided. Circuit breakers of the sane
anpere rating shall be interchangeable, both mechanically and
electrically. [Each circuit breaker shall have a cell-nmunted switch
assenbly for control and interlocking.] [Cell switches nay be connected
either in parallel or in series with control contacts that are used for

i nterlocking, but either connection shall pernit operation of a circuit
breaker when it is in a test position.] 1In addition to any contacts used
or shown, each circuit breaker shall be provided with four spare auxiliary
[and cell contacts], two normally open and two nornmally closed, wired to
interconnection termnals. |If auxiliary relays are used to provide

addi tional contacts, such relays shall not be of the latching type.

I nterconnection terninal blocks shall be wired to pernit renote open and
cl ose operations of each circuit breaker and for other required exterior
connecti ons or connections between sw tchgear sections.

.7.2.1 Vacuum Circuit Interrupters

Vacuum interrupters shall be hernetically-sealed in a high vacuumto
protect contacts from noisture and contam nation. GCircuit breakers shal
have provisions for maintenance sl ow cl osing of contacts and have a readily
accessi bl e contact wear indicator. Tripping tinme shall not exceed [3] [5]
[8] cycles.

.7.2.2 Sul phur Hexafl uoride (SF6) Interrupters

SF6 interrupters shall be of the puffer type where the nmovenent of the
contact plunger will initiate the puff of SF6 gas across the contact to
extingui sh the arc. Breakers shall be provided with a

| oss-of -pressure-alarmrenote as shown on the drawi ngs. Before the
pressure in the interrupter drops bel ow the point where the breaker or

swi tch cannot open safely w thout damage, the breaker shall activate the

| oss-of -pressure-alarm open automatically, and remain in the | ocked open
position until repaired. The SF6 shall nmeet the requirenents of ASTM D 2472,
except that the maxi mum dew point shall be mnus 60 degrees C minus 76
degrees F (corresponding to 11 ppmwater by volune), with only 11 ppm water
by volune, and the mninmumpurity shall be 99.9 percent by weight. Crcuit
breakers shall have provisions for maintenance slow cl osing of contacts and
have a readily accessible contact wear indicator. Tripping tinme shall not
exceed [3] [5] [8] cycles.

.7.3 Buses

Copper bus shall conmply with ASTM B 188. Equi val ent al um num bus shal

comply with ASTM B 317/B 317N. Bolted or pressure joints for main and
ground buses, interconnections, and external connections to equi pnent shal

be of the silver-to-silver or the silver-to-tin high-pressure type. Bolted
connections shall have a minimumof two bolts, except for the ground bus
where one bolt will suffice. Each nut on any bolted connection shall be
secured with a belleville washer or other |ocking means torqued in
accordance with manufacturer's recomendati ons. Bus supporting el enents
shall be bolted to sw tchgear enclosures and shall conply with | EEE C37. 20. 2.

.7.3.1 Mai n Buses
Mai n buses and connections shall have at |east the same short-circuit
current rating as circuit breakers. Buses may be copper or alum num but a

conbi nation of both nmetals is not acceptable unless silver-to-silver or
silver-to-tin plating is used wherever alum num and copper buses are
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connect ed.
.7.3.2 G ound Buses

Uni nsul at ed copper ground buses, not less than 51 by 6.2 mr 2 by 1/4 inch
in cross-sectional area, shall be provided for the full length of a

swi tchgear |ineup. Gound buses of alumnum are not acceptable. The
short-circuit current rating of the ground bus shall be at |east equal to
the short circuit current rating of the primary bus. Conpression indent
type cable lugs shall be provided at each end of a ground bus for
connection of [No. 4/0 AWH | ] copper ground cabl es.

.7.3.3 Control Buses

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: Refer to UFC 3-550-03FA for guidance
regardi ng control buses.

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

Control buses shall be provided as necessary to supply power to contro
devices. [Buses shall be supplied fromlow voltage panel boards. \Where one
panel board serves nore than one bus, each group of units on each bus shal
be served by different branch circuit breakers.] For doubl e-ended buses,
bot h buses shall be supplied fromone | owvoltage panel board and each bus
shal | be served by different branch circuit breakers. The |owvoltage
panel board shall be served froman automatic transfer [relay] [contactor]
[switch], which, in turn, shall be served fromtwo control power
transfornmers (CPT). One CPT shall be connected via fuses ahead of each
main circuit breaker. Each CPT, fuse, transfer device, panel board, and
wiring systemshall be sized to handle 125 percent of the total | oad of
both buses. The "Normal" and "Backup" sources shall be as indicated. Upon
the loss of the "Normal" source, transfer to the "Backup" source shall be

i nstant aneous. Retransfer back to the "Normal" source shall be [automatic
upon the restoration of the "Normal" source] [automatic after a [ ]
time delay once the "Nornmal" source is restored]. [The "Normal" and
"Backup" source shall be selectable.] [An alarmshall be provided to
indicate a transfer operation.] [An alarmshall be provided to indicate

| oss of a source.] Insulated wire buses shall be wired to interface
term nal blocks for connection between sw tchgear units and exterior
conponents. Wre bus shall not be less than [No. 8 AW [ ], nor less

than required to serve the conplete switchgear |ineup plus 25 percent spare
capacity.

.7.4 Control Power Transforners

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Where an outdoor structure-nounted

oi | -imersed distribution transforner is used for
control power, such as when netal -clad sw tchgear is
not provided, specify requirenments using data from
Section 33 71 01 ELECTRI CAL DI STRI BUTI ON SYSTEM

AERI AL and protect such transforners with power fuse
di sconnecting units.

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

Control power transforners shall conply with | EEE C57.12.01, shall be of
the ventilated dry type, and shall provide [240/120-volt, single-phase]

[ 208Y/ 120-vol t, 3-phase] electric power for station ac control power
requirenents. The transforner primary voltage rating shall be [ ] kV
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and the transformer capacity shall be [ ] kVA [as indicated]. The BIL
rating shall equal or exceed the BIL rating of the switchgear. Transforner
current-limting primary fuses shall be drawout type and shall be

interl ocked with a secondary nol ded case circuit breaker provided as a part
of the transfornmer installation. Mlded case circuit breakers shall conply
with UL 489. It shall not be possible to open the primary fuse conpart nent
unl ess this secondary circuit breaker is in the open position.

Construction shall be of the drawout type for either the conplete assenbly
or for primary fuses only, according to the manufacturer's standard.
Mechani cal interlocks shall prevent renoval of primary fuses, unless the
associ ated assenbly is in a drawout or disconnected position. Transforner
conpartments shall have hi nged doors.

2.7.5 SUBSTATI ON AND SW TCHGEAR PROTECTI VE RELAYS
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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.
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2.7.5.1 Cener al

[Solid-state] [and] [El ectronechanical] [and] [M croprocessor-based]
protective relays shall be provided as shown and shall be of a type
specifically designed for use on power sw tchgear or associated electric
power apparatus. Protective relays shall conformto | EEE C37.90. Rel ays
and auxiliaries shall be suitable for operation with the instrunent
transforner ratios and connecti ons provided.

2.7.5.2 Constructi on

Rel ays shall be of the sem -flush, rectangul ar, back-connected, dustproof,
swi tchboard type. Cases shall have a black finish and wi ndowtype
renovabl e covers capabl e of being seal ed agai nst tanpering. Relays shal
be of a type that can be wi thdrawn, through approved sliding contacts, from
fronts 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 shall provide a neans for testing either froman external source
of electric power or fromassociated instrunent transforners. Each relay
shal | be provided with an operation indicator and an external target reset
device. Relays shall have necessary auxiliaries for proper operation.

Rel ays and auxiliaries shall be suitable for operation with the instrunent
transforner ratios and connections provided.

2.7.5.3 Rat i ngs

Rel ays shall be the nmanufacturer's standard itenms of equipnment 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.

2.7.5.4 Overcurrent Rel ays
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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.
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Overcurrent relays shall be as foll ows:

a. Phase overcurrent relays for nmain [and tie] circuit breakers shal
be singl e-phase, 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 indicated] 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] [m croprocessor
-based] type, tinme delay, device 50/51, with instantaneous-current

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

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 wired to a ground sensor current
transformer] [50N, residually connected], with current pick-up range
[ ] to [ ] anperes] [as indicated].

2.7.5.5 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 with

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].

b. Directional ground overcurrent relays, device 67N, shall have an

i nst ant aneous-current pick-up range [] ] to | ] anperes] [as
indicated], with time-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].

SECTION 26 11 14.00 10 Page 45



2.7.5.6 Aut omat i ¢ Recl osi ng Rel ay

Rel ay, device 79, shall be of the three-phase, four-reclosure type,
providing immediate 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 or when closing in on a fault. Auxiliary devices shal

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

2.7.5.7 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.

2.7.5.8 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.

2.7.6 Control and Instrument Sw tches

Control and instrument switches shall be of the rotary switchboard type
rated for alternating-current operation at 600 volts, or direct-current
operation at 250 volts for dc circuits, as applicable. Contacts shall be
rated for not |ess than a continuous current of 20 anperes, shall be of the
silver-to-silver type, and shall have positive nmeans for nmintaining
contact. Each switch shall be provided with a black operating handl e, and
an escutcheon clearly marked to show each operating position. Switch
identifications and handl e positions shall be engraved on escutcheons or
may be provi ded on separate nanepl ates. Escutcheon engravings shall be
white on a bl ack background or black on a white background. Instrunent
switches for potential phase selection shall be provided with an ova
handl e. Ammeter switches for phase sel ection shall have round, notched, or
knurl ed handl es and equi pped with short-circuiting type of contacts to
prevent open-circuiting of current transformer secondary circuits in any
position of the ammeter switches. Switches provided for circuit breaker
control and local-renmpte sel ector switches shall have a pistol-grip handle
and a nechanical target to indicate the |ast operating position of the
switch. Red and green circuit breaker position indication LED |ights shal
be installed i mediately above each circuit breaker switch. Local-renote
sel ector switches shall be provided only when shown or specified. Position
indication lights shall be installed i medi ately above sel ector switches,
with blue LED Iights indicating renpte control and anber LED |lights

i ndicating local control.

2.7.7 El ectrical Indicating Instrunents
El ectrical indicating instrunent relays shall conply with ANSI Cl2.1
ANSI C12.4, and NEMA/ ANSI Cl12.10.[ Electrical indicating instrunents shal
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be of the sem flush, back-connected, dustproof, direct-reading, swtchboard
type, approximtely 108.0 mm square 4-1/4 inches square, with white dials,
bl ack marki ngs, black pointers, and scale arcs of approximtely 250
degrees. Cases shall have a black finish and shadowproof view ng covers.
The accuracy of each instrunent shall be within 1 percent of full scale.
Movi ng el enents shall be provided with zero adjustnments readily accessible
frominstrunent fronts w thout disassenbly. Each instrunment shall be
accurately calibrated for use with the associated instrunent transforners,
and shall have the indicated scale or a scale suitable for the application,
where a specific scale is not indicated. Except for ameters and
voltnmeters or unless otherw se specified or approved, the nom nal or
full-1oad val ues shall appear at the approximate md-point, or the 12

o' clock position, of the scales.][ Electrical instrunentation devices
shal |l be conpatible as a system sealed, dust and water tight, utilize
nodul ar conponents with metal housings and digital instrunentation. Date
display shall utilize LED or back-lit LCD. Numeral height shall be [13 mr
1/2 inch][___ 1.1

.7.7.1 Wattneters

Wattmeters shall conply with ANSI C12.1 and NEMA/ ANSI Cl12.10 except for
nounting and shall be the three-phase, [four-wire type with three current
coils and three potential coils] [three-wire type with two current coils
and two potential coils].

LT1.7.2 Var neters

Varneters shall be the center-zero type and provided with integral or
separ at e phase-shifting transforners or conpensators. Varneter shall be
the three-phase, [four-wire type with three current coils and three
potential coils] [three-wire type with two current coils and two potential
coils]. Varneters shall have dial nmarkings and be so wired that incom ng
VAR readings shall be to the left of zero and outgoi ng VAR readi ngs shal
be to the right of zero. Dials shall be so | abeled.

.7.7.3 Ammet ers and Ammeter Swit ches
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NOTE: Normally, 3/4 of full-scale should be
specified. Md-scale should be specified when
current transformers will be operating at currents
exceeding their ratings.
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Amreters shall be calibrated to indicate full-1oad current when supplied
with a current of 5 anperes. Full-load current shall be indicated by the
poi nter at approximately [m d-scale] [75 percent of the full-scal e range].
Amret er switches shall be of the short-circuiting type provided with an off
position, wired for indication of current in each phase, and shall be

provi ded for each ameter shown or specified.

.7.7.4 Voltnmeters and Vol tneter Switches

Vol tnmeters shall be provided with expanded scales and calibrated to

i ndi cate the noni nal [phase-to-phase] [and] [phase-to-neutral] voltages at
approximately md-scale. A voltmeter switch shall be provided with an off
position, wired for indication of applicable voltages, and shall be

provi ded for each voltneter shown or specified.
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2.

.7.7.5 Demand Regi sters

Demand regi sters shall conply with ANSI Cl12. 4.

7.8 El ectrical Recording Instrunents
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NOTE: Recording instrunents should be provi ded when
specifically requested by the Using Agency.

Coordi nate various types and characteristics with

t he manuf acturer.
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El ectrical recording instruments shall be of the [direct-acting]
[null -bal ancing] type. Instrument swi tches shall be provided when shown or
required to select between different quantities to be recorded, and shal
conmply with the preceding requirenments for instrunent switches, as
appl i cabl e.

.7.8.1 Basi ¢ Requi renents

El ectrical recording instrunents shall be of the sem -flush,

back-connect ed, dustproof, sw tchboard and inkless type. The case shal
have a bl ack finish and shadowproof viewi ng wi ndows [and, insofar as is
practicable, shall be of the sane size, style, and appearance]. The
driving nmotor shall be rated for 120-volt ac operation. Were ungrounded
input is required to an instrunent, an isolating transformer shall be
provided. An instrunent shall have a high visibility scale of a suitable
range, and indicating pointer, and an internal fluorescent |light for chart
illumnation. Chart speed shall be [20.8] [__ ] mcroneters/second [ 3]
[ ] inches/hour. An instrument shall be correctly calibrated for use
on the secondary of any instrunment transforner to which it is connected and
shal | have the indicated scale or a scale suitable for the application,
where a specific scale is not indicated. Necessary maintenance accessories
and a 6-nmonth supply of charts shall be provided for each chart-recording
instrument. Chart length shall be sufficient to permt not |ess than 30
days of continuous operation at the normal chart speed w thout the need for
repl acenent .

.7.8.2 Direct-Acting Type

Direct-acting type instrunments shall be of the [single-channel,]
[two-channel ,] strip-chart, self-contained, continuous-nmarking type with a
chart channel calibrated width of not |less than 100 mr 4 inches.

.7.8.3 Nul | - Bal anci ng Type
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NOTE: The third and followi ng sentences in this

par agraph should al so be included in project

speci fications when a direct-acting type of recorder
is to be specified.
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Nul | - bal anci ng type instrunments shall be of strip-chart, self-contained,
direct-current potentiometer, periodic-marking type provided with an

associ ated and coordi nated transducer for conversion of the measured
alternating-current quantity to the direct-current input required for the
instrument. Charts shall have a calibrated width of not |ess than 225 nm 9

SECTION 26 11 14.00 10 Page 48



inches. An instrunment shall be provided with an internal |anacoid |egend
pl ate suitably engraved, a chart supply indicator, a chart tear-off wthout
i ndi ces, a rubber chart identification stanp reading the sane as the | egend
plate, a chart reroll, a witing table, and an electric power "ON OFF"
switch. The chart reroll shall be self-aligning, snooth in operation,

sel f-contained in the instrunent case, and accessible for the changi ng of
chart rolls. The witing table shall be | ocated under the uncovered part

of the chart between the indicator and reroll in such manner as to permt
convenient witing on the chart by nerely opening the front hinged cover,
and shall be designed so that it will not interfere with replacenent of

charts or access to the recorder mechanism The chart drive notor shal
drive the chart through suitable reduction gearing and shall have
sufficient torque to start the chart when operating on 80 percent of its
rated voltage. The notor control switch shall be located [within the case
so that it can be conveniently reached to start or stop the notor]

[ ]. A recorder operation selector switch shall be interlocked with
its associated nediumvoltage circuit breaker to allow either continuous
operation of the instrunment or autonmatic isolation of the instrunent when
the circuit breaker is in the tripped or test position.

.7.8. 4 Tr ansducers
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NOTE: Transducers will be specified only when
renote netering is required.

Watt hour, varhour, watt, and varneters and
transducers will be specified as 2, 2-1/2, or 3
el ement devices as foll ows:

a. Two elerment if used on a 3-phase, 3-wire system
serving only bal anced 3-phase | oad (requires 2-VTs).

b. Two and one-half elenent if used on a 3-phase,
3-wire system serving singl e-phase-to-phase | oads
(requires 2-VTs)

c. Three elenment if used on a 3-phase, 4-wire
system (requires 3-VTs).
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Transducers may be integral with an instrument or may be a separate unit
and shall be of the [unidirectional] [bidirectional] constant-current type
provi ding an anal og signal directly proportional to the instantaneous
quantity neasured. Ratings at 60 Hz shall be for a 120-volt nom nal i nput
vol tage, a 150-volt overload voltage, a 5-anpere nomnal input current, a
10- anper e conti nuous overload current, a 250-anpere 1-second instantaneous
overload current, and provide an accuracy of plus or mnus 0.5 percent.
The maxi mum i ndi vi dual instrument transforner burden shall not exceed 4
volt anperes. CQutput at full scale shall not exceed one mA

.7.9 Accunul ati ve Meters

Accunul ative type neters shall be provided as shown to neasure real [and
reactive] power consuned, and shall be rated for use with instrunent
transforners shown. |[Meters shall be equi pped with demand pointers.]

[ Compensat ors or phase-shifting transformers shall be provided for
instruments used to neasure reactive power.] |[Meters shall be equipped
with detents to prevent negative registration.]
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2.7.9.1 Constructi on

Meters shall be of the sem flush, back-connected, dustproof, drawout

swi tchboard type. Cases shall have black finish and wi ndowtype renovabl e
covers capabl e of being seal ed against tanpering. Meters shall be of a
type that can be w thdrawn, through approved sliding contacts, fromfronts
of panels or doors wi thout opening current-transforner secondary circuits,
di sturbing external circuits, or requiring disconnection of any neter

| eads. Necessary test devices shall be incorporated within each neter and
shal | provide neans for testing either froman external source of electric
power or from associated instrument transformners.

2.7.9.2 Rat i ngs
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NOTE: Coordinate with paragraph Transducers.
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Meters shall be [
rated for 120-volt, 2.5 anpere, 60 Hz ac operation calibrated for use with
associated instrunent transforners. Meters shall have primary-rated,
direct-reading registers with not less than four dials. The register

nmul tiplying factor shall be [ ]. Demand neters shall have [ 15-m nute]
[r_ ]-mnute] demand registers.

]-stator, three-phase, | -wire, [

2.7.9.3 Adj ustments, Registration Errors, and O her Requirements

Calibrating adjustnments for light |oad and for full |oad shall be of the
m croneter type, and adjustable fromthe front of the neter. Adjustnents
shal | be provided for power factor and torque bal ance. The periphery of
the discs shall be provided with standard notching to permt direct
comparison with a stroboscopic type standard nmeter. Potential indicating
| anps shall be provided in the potential coil circuits. The current coils
shal | be capabl e of withstanding the nechanical and thernal stresses

i nposed by a current 35 tinmes nornal applied for at |east 0.5 second. The
registration errors of a meter for both unity and 50 percent |aggi ng power
factor shall not exceed those |listed bel ow when tested at rated voltage,
frequency, tenperature, and full load current, except as otherw se stated.

a. FErrors due to applied current shall be not nore than 1 percent at
10 percent to 50 percent of the rated current and 0.5 percent at 50
percent to 150 percent of the rated current.

b. Errors due to applied potential shall be no nore than 0.5 percent
over a range of plus or mnus 10 percent of the rated voltage.

c. Errors due to applied frequency shall be no nmore than 0.004 percent
bet ween 59 and 61 Hz.

d. FErrors due to a change in anbient tenperature shall be no nore than
0.5 percent over a range of 20 to 40 degrees C 64 to 104 degrees F

2.7.10 Test Blocks and Accessories
Test bl ocks and their associated testing accessories shall be provided for
testing of instruments and protective relays that require periodic testing

or calibration in-place, but which are not equipped with integral testing
features. Test blocks with covers shall be nounted near the base of the
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swi tchgear unit beneath the devices to be tested, and shall be provided
with a namepl ate engraved to identify individual current or potential test
bl ocks, or a conbination current/potential test block, as applicable.
Conbi nati on test bl ocks shall not exceed 10 poles. Current test bl ocks
shal |l be the short-circuiting type. Test devices shall be provided for
insertion into the associated test block to pernmit application of the
proper current or potential source for testing and calibration. Test

devi ces shall be rated not |ess than 20 amperes and 125 volts dc.

2.7.11 Specific Unit Requirenents
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NOTE: Specify devices to be |l ocated on a swi nging
or interior panel for aisleless swtchgear and on
unit or conpartnent doors for sw tchgear provided
with interior aisles.

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

In addition to the basic circuit breaker unit requirenent listed in

NEMA SG 6, each individual unit or section shall contain other devices as
required for the application. The follow ng requirenments are not to be
considered conplete in every detail and m scel | aneous equi pnment and devi ces
necessary for correct operation, as indicated or specified, shall be

provi ded as necessary. Protective relays, neters, instruments, and contro
and instrunent sw tches, shall be mounted [on a swi nging panel |ocated
behind the exterior door of no-aisle switchgear] [on a unit or conpartnent
door]. [Were space is not available for these devices, indicated devices
may be installed on auxiliary conpartment doors as shown.] [ Devices
specified in paragraph [I NCOM NG LI NE SW TCH NG EQUI PMENT] [and par agr aph]
[ SUBSTATI ON EQUI PMENT] to be installed in the netal -clad sw tchgear shal
be | ocated where indicated.]

2.7.11.1 I ncom ng Line and Transforner Main Secondary Units
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NOTE: Specify "lIncom ng Lines" for swtching
stations and "Transforner Miin Secondary" for power

transforners
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Units shall be coordinated with the [requirenents of the serving utility]
[and] [the transfornmer to be protected] and shall include the foll ow ng:

a. [Three] [Six] [____ ] current transformers.

b. Ameter and an anmmeter sw tch.

c. [Voltneter] [Voltneter, recording type] and a voltneter swtch.

d. Watthour [demand] neter.

e. Wattneter [, recording type].

f. Varneter [, recording type].

g. Duplex watt-varmeter, recording type.

h Watt transducer integral with the associated wattmeter or nounted

oﬁ the [back of a section door] [interior panel].
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i. VAR transducer integral with the associated varnmeter or nounted on
the [back of a section door] [interior panel].

j. Three overcurrent relays, device 51
k. Three directional overcurrent relays, device 67.

. Overcurrent relay, device 51 [N] [ [connected to the associated
transformer neutral [grounding resistor] current transformer].

m Directional overcurrent relay, device 67N

n. One three-phase or three single-phase transformer differentia
rel ays, device 87T, and an auxiliary | ockout relay, device 86T,
arranged to trip and to lock out this circuit breaker and the
associ ated transformer primary circuit breaker

0. One three-phase or three single-phase bus differential relays
device 87B, and an auxiliary |ockout relay, device 86B, arranged to
trip and | ock out the associated circuit breaker and other circuit
breakers as indicat ed.

p. [Single-] [Three-] phase secondary potential test blocks with
associ ated test devices, quantity as shown.

g. [Single-] [Three-] phase secondary current test blocks with
associ ated test devices, quantity as shown.

r. Key-interlocking shall be provided with the primary disconnecting
switch serving the associated transfornmer.

s. [ 1.
2.7.11.2 Auxi liary Conpartnents
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NOTE: \Where swi tchgear aisle space of sufficient
area is available, the station battery installation
wi Il be nounted there. Coordinate with NFPA 70 and
| EEE C2 for clearances. The designer should

i ndi cate the panel board requirenents on the project

dr awi ngs.
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Control and instrument transformers and panel boards shall be provided and
housed in conpartnments, [unless otherw se noted,] and shall supply contro
power and instrunment voltage to each bus section of the switchgear |ineup
and renote devices as required. Conpartnents shall be provided with a

hi nged door. Any interconnection wiring and conduit needed to connect the
swi tchgear |ineup or other devices requiring control power or instrunent
vol tage shall be provided and indicated on the detail draw ngs. Equi pnent
itenms shall include the follow ng:

a. [Three] [ ] potential transfornmers.
b. | ] control power transforners.
c. [ ] lowvoltage alternating-current panel boards and [ ]
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| ow vol tage direct-current panel boards with main and branch circuits as
shown [, located in the switchgear aisle where indicated] [, and with
equi prent as specified in paragraph AUXI LI ARY SUBSTATI ON EQUI PMENT] .

d [___ 1.

2.7.11.3 Bus Tie Unit

[ The unit shall be electrically interlocked with [incom ng |ine]
[transformer nmain secondary] units as indicated.] [The unit shall be
provided with [ 1.1

2.7.11. 4 Feeder Units

Units shall be provided for the protection of outgoing feeder circuits and
shal | include the foll ow ng:

a. [Three] [Six] [Nine] current transforners. [One ground sensor
current transformer.]

b. Ammeter and an ameter switch.

c. Three overcurrent relays, device [50] [51].

d. Gound overcurrent relay, device [50GS] [50N .
e. Wattneter.

f. An automatic-reclosing relay, device 79.

. [Single] [Three] phase secondary potential test blocks wth
associ ated test devices, quantity as shown.

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

i 1.
2.7.12 M scel | aneous |tens
2.7.12.1 Space Heating and Ventilation

Conti nuousl y-ener gi zed space heaters (with high-tenperature thernal
protection) shall be installed in each switchgear unit and auxiliary
compartment in accordance with the nmanufacturer's standard practice and
shal |l be sized to prevent condensation over an anbi ent tenperature range of
[mMnus 29] [__ ] to [40] [ ] degrees C [mnus 20] | ] to [104]
[ ] degrees F. Aisle ventilation fans shall be provided where

i ndi cated and shall be sized to provide at |east 10 air changes per hour.
Fans shall be wired to three-way switches | ocated at each end of the

swi tchgear aisle and adjacent to aisle lighting switches. |In addition,
fans shall be thernostatically controlled to turn fans on when interior
tenmperatures exceed 40 degrees C 104 degrees F

2.7.12.2 Ai sl e Lighting
Fl uorescent lum naires shall be a manufacturer's standard fixture equi pped

with a cold-weather ballast, and installed in the switchgear aisle to
provide a maintained lighting intensity level of 538.2 |lux (50 footcandles)
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50 footcandles at floor level in the aisle and on faces of units and
compartments. Lunminaires shall be wired to three-way switches | ocated at
each end of the swi tchgear aisle.

.7.12.3 Dupl ex Recept acl es

Dupl ex receptacles shall be installed on each end wall of the switchgear
aisle and at approximately 1.8 m 6-foot intervals along the exterior wall
of the aisle. Receptacles and receptacle plates shall be ivory in color.
Receptacl es shall be the two-pole, three-wire, grounded type rated at 15
anperes and 125 volts, NEMA WD 1 configuration 5-15R

.7.12. 4 Li ghting and Appliance Branch G rcuit Panel boards

Li ghting and appliance branch-circuit panel boards for the protection of the
indicated | owvoltage circuits shall be |located as specified or indicated
and shall conformto the requirenents of Section 26 20 00 | NTERI OR

DI STRI BUTI ON SYSTEM Ratings of panel board nmains shall be conpatible with
the supply voltage to the panelboard. Circuit breakers in a direct-current
panel board shall be rated for [48] [125] volts dc operation.

.7.13  Accessories

Accessories identified in NEMA SG 6 shall be provided for the inspection,
testing, mmintenance, and repair of circuit breakers, and shall include one
set of any special tools, as necessary to repair and nmaintain circuit
breakers and mmj or sw tchgear components. Maintenance and testing
accessories shall include, but are not limted to the follow ng:

a. Portable gear notor for electric-power positioning of circuit
breakers, if required by the breaker design

b. Secondary test coupler for testing of drawout circuit breakers in
the test position.

c. Hand crank for positioning of circuit breakers.
d. Transfer truck, for novement of circuit breaker units.

e. Test cabinet for closing and tripping of circuit breakers by
el ectrical control operations.

f. Lifting and transfer device for two-high circuit breaker units.
.7.14 Fi ni sh Col or

Fi ni sh color of the switchgear shall conply with the requirenents for
cabi nets specified in paragraph CABI NETS AND ENCLOSURES.

.8 | NSTRUVENT TRANSFORMERS

.8.1 Gener al

I nstrunent transforners shall conply with NEVMA/ ANSI Cl12.11 and | EEE C57. 13.
I nstrument transformers shall be configured for nounting in/on the device

to which they are applied. Polarity marks on instrunent transforners shal
be visually evident and shown on draw ngs.
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2.8.2 Current Transforners

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: 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 mini mum standard current
transforner accuracies for netal -clad switchgear are
listed in | EEE C37.20.2. 1In general, NEMA ANSI
Cl2.11 requires a 0.3 accuracy class for up to a

B- 0.5 burden, except for sonme 200 and 400 anpere
units. Were nmetering current transformers are
provi ded, this accuracy class should be specified,
if available for the anpere rating and burden
needed. A "C' classification means the ratio error
can be cal cul ated, whereas a "T" classification is
one which has to be derived by testing. |EEE
C37.20.2 pernits either classification up to the

i ndi cated ratings.

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

Unl ess ot herwi se indicated, bar, wound, or w ndowtype transforners are
acceptabl 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 transformers 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]. GQher thermal and nechanical 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 nonentary rating of
the associated circuit breaker. Circuit protectors shall be provided
across secondary | eads of the current transforners to prevent the

acci dental open-circuiting of the transformers 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 transfornmer term nal cabinet, and in the associated
instrument and rel ay cabi nets.

2.8.2.1 Current Transforners for Power Transforners

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

NOTE: | EEE C57.12.10, Table 20 gives reconmended

val ues.
EE IR I Sk S b S S S I R R R Rk S I S kS I I R I SR Ik S S I S R Sk I S O S
[Single-ratio] [Multi-ratio] bushing type current transfornmers shall be
provided in circuit breaker bushing wells as indicated. [Single-ratio
units shall have a mininum netering accuracy class rating of [0.6B-0.5]
[0.3B-0.5].] [Multi-ratio units shall have a m nimumrel ayi ng accuracy
vol tage class of | ] for either a Cor T classification.]

2.8.2.2 Current Transformers for Metal-C ad Sw t chgear

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.

SECTION 26 11 14.00 10 Page 55



2.8.2.3 Current Transformers for Kilowatthour and Demand Metering

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: Use the follow ng guidelines for specifying
current transforners.

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

2. Select a continuous-thermal-current rating
factor (RF) in accordance with the foll ow 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

3. Select an ANSI Metering Accuracy Cass in
accordance with the follow ng table:

Primary Amp 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

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

Current transformers shall conformto | EEE C57.13. Provide current
transforners with a nmetering accuracy Class of 0.3 through [ ], with a
mnimmRF of [ ] at 30 degrees C, with 600-volt insulation, and 10 kV
BIL. Size current transformers as indicated. Provide butyl-nolded w ndow
type current transfornmers nounted [on the transforner |ow voltage
bushings. Route current transforner leads in a location as renbte as

possi ble fromthe power transfornmer secondary cables to permt current
nmeasurenments to be taken with hook-on ameters.] [in the current
transforner cabinet.]

2.8.3 Vol t age Transforners

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

NOTE: See UFC 3-550-03FA for guidance regarding

vol tage transforners. M ni num standard potenti al
transforner accuracies for netal -clad switchgear are
not listed in | EEE C37.20.2. Accuracy classes as
listed in | EEE C57.13 are 0.3, 0.6, and 1.2.
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Standard 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. 1In general, NEMA/ ANS
Cl12. 11 requires 0.3 accuracy class for up to Y
burdens, except for voltages of 5 kV and bel ow.
Wiere netering potential transforners are provided,
a 0.3 accuracy class should be specified, if

avail able for the voltage rating and burden needed.

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Vol tage transforners shall have indicated ratios. Units shall have an
accuracy class rating of [ ]. Voltage transfornmers shall be of the
drawout type having current-limting fuses in both primary and secondary
circuits. Mechanical interlocks shall prevent removal of fuses, unless the
associ ated voltage transforner is in a drawout position. Voltage
transforner conpartnents shall have hinged doors.

.9 AUXI LI ARY SUBSTATI ON EQUI PVENT

.9.1 Vol t age Regul at or

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

NOTE: Bypass arresters are nornally standard
equi prent. Incoming line arresters may not be
needed. Coordinate with manufacturer

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

Vol tage regulators shall conply with | EEE C57.15 and shall be of the

out door, self-cooled, 55/65 degrees C tenperature rise, [single-phase]
[three-phase] station-type. Two single-phase units connected in open-delta
are not acceptable. Wndings and the | oad-tap-changi ng nechani sm shall be
m neral -oil -i nmersed. Wen operating under |oad, a regulator shall provide
plus and mnus 10 percent automatic voltage regulation in approximtely 5/8
percent steps, with 16 steps above and 16 steps bel ow rated voltage.
Automatic control equiprment shall provide Class 1 accuracy. Bypass surge
arresters shall be suitable for [a grounded] [an ungrounded] system and for
the associated regulator voltage. [Station] [Intermedi ate] class surge
arresters shall be nmounted next to each incomng |ine bushing on a
regul at or tank-nounted bracket and connected to a surge arrester ground
pad- nounted on the regul ator tank.

.9.1.1 Rat i ngs

Ratings at 60 Hz shall be:

MBXI MUM VOl tage. . ..o e e [ |
Bl L. o et e [ ]
CUI T BNt . . e e [ |

.9.1.2 Bypass and |sol ation Switches

Swi tches shall be of the outdoor, stick-operated, single-pole,
single-throw, vertical-break type suitable for the indicted nounting. One
switch stick of adequate Iength shall be provided. Switches shall be of a
type designed to provide bypass of a single-phase regulator circuit by an
i ntegral sequence which always occurs when each switch is opened or
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cl osed. Each opening sequence shall initially bypass the single-phase
regul ator circuit, then open the input and output circuits, and finally
interrupt the exciting current. Opening any single-phase regulator circuit
shal |l not be possible until after the bypass circuit is closed. Unless the
voltage regulator is equipped with integral line surge protective devices,
[surge protectors shall be nounted across term nals of each switch rated up
to 25 kV.] [station-class surge arresters shall be provided to protect each
phase of 35 kV switches.] Ratings at 60 Hz shall be in accordance with

| EEE C37.41 and as foll ows:

MBXI MUM VOl tage. . ..o e e e [ ]
Nom nal voltage class......... .. .. .. [ ]
Bl L. o e v et e [ ]
Monmentary asymmetrical current in the closed position....... [ ]
Momentary asymmetrical current in the bypass position....... [ ]
Continuous and interrupting current......................... [ ]

.9.1.3 M scel | aneous

St andard accessories and conponents in accordance with | EEE C57. 15 shall be
provi ded. The regul ator subbase shall elevate the |owest live part of the
regul ator to a height of at least 2.7 m 9 feet above the concrete pad on
which it is nmounted. Single-phase units shall be provided with additiona
conmponents and accessories required by | EEE C57.15 for three-phase units.

.9.2 Station Battery

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: Normally, an 8-hour requirenent will be
sufficient. |Indicate required annunci ator system
connections on the project draw ngs. Coordinate
battery types and characteristics with the

manuf act ur er .
EIR IR R b R S I I I I b I I I I R R I S I I R I I I I I I R I S I I I I I I I b I S I b b I b I b I b I R I b I b I b I I I I b b b I

The station battery installation shall include a battery, battery racks, a
battery charger, and protective equipnent. The station battery
installation shall be housed [in the nmetal -clad switchgear] [where

i ndi cat ed] .

.9.2.1 Battery

The battery shall consist of the required nunber of [Iead-calciuni

[ ni ckel -cadmium cells interconnected with proper connectors provided by
the battery manufacturer to provide a nonminal battery rating of [48] [125]
volts. Rubber or plastic nunmerals, of at least 1 inch in height, shall be
provided by the battery manufacturer for field attachnment to permt proper
cell identification. The battery shall have an anpere-hour capacity equa
to at least 125 percent of the station's direct-current requirenents

i ncludi ng normal continuous |oads plus intermttent |oads. Nornma
continuous | oad capacity shall be adequate for an [8-hour] [__ ] period.
Intermttent |oad capacity shall be adequate so that at |east [three]
[ ] openings and [three] [__ ] closings of each of the station's
associated circuit breakers [and notor-operated] [sw tches] can occur in
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[an 8-hour] [ ] period with no nore than [three] [__ ] circuit
breaker [or switch] units sinultaneously operating. Battery circuits shal
be ungrounded. Batteries shall have a 20-year mininumlife and a 5-year no
cost replacenent warranty.

2.9.2.2 Battery Racks

Battery racks shall have wel ded steel frames and rails finished with two
coats of paint of a color matching the battery charger enclosure. Racks
shall be no nore than two tiers high and top tiers shall be | ow enough to
permt naintenance to be done by personnel standing at floor level. Rails
shal |l have a top covering of plastic or rubber at least 1.6 mm 1/16 inch
thick. Paint, rubber, and plastic shall resist corrosion and action of the
electrolyte. The installation shall be provided with a portable hydromneter
syringe and thernmonmeter. Were recomrended by the nmanufacturer, the
installation shall include a cell lifter.

2.9.2.3 Battery Charger

The battery charger shall comply with UL 1236 and shall be a constant
voltage, filtered, voltage-regulated, fully automatic type rated for
full-float charging of the associated battery. The battery charger shal
be convection cool ed and suitable for operation on electric power supplied
fromthe associated | owvoltage alternating-current panel board, shall have
adequate capacity to fully recharge the associ ated depleted battery in not
nore than [8 hours] [__ ] while supplying normal direct-current |oads,
and shall have an efficiency of not less than 90 percent. The battery
charger shall have input and output circuit breakers which automatically
di sconnect the battery charger when faults occur. The battery charger
shal | have an output anmmeter and voltneter, and equalizing-float selector
switch, and an equalizing timer with a range of 0 to 24 hours. The battery
charger encl osure shall be painted as specified for indoor cabinets in

par agr aph CABI NETS AND ENCLOSURES and shall be provided with wall mounting
brackets or shall be free-standing as required by its size and weight. A
relay for sensing |oss of alternating-current input, and an adjustabl e
relay for sensing that the battery charger output voltage has fallen to a
pre-set level, shall be installed on the battery charger to actuate the
associ ated annunciator circuits. DC ground detector LED lights shall be
provi ded.

2.9.2.4 Protecti ve Equi pment

Protective equi prent required by | EEE 484 shall be provided and installed

in a free-standi ng cabi net mounted where indicated or directed. The cabi net
shal | conformto paragraph CABI NETS AND ENCLOSURES. Water facilities
required shall be of the portable type consisting of one 18.9 liter 5 gallon
tank and one 946.4 mlliliter (1 quart) 1 quart basin. The tank shal

have a renovable screw top and a spigot. The basin shall be suitable for
rinsing eyes or skin in case of acid spillage.

2.9.3 Il um nation

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

NOTE: Insert the appropriate pages from CE Standard
Detail 40-06-04 into this specification. Add
references used in 40-06-04 to paragraph REFERENCES.

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

Lum naires, ballasts, |lanps, and control devices required for [genera
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areal [and] [__ ] lighting [, including floodlighting] shall be in
accordance with sheet | ] sheets [ ] of Standard Detail No.
40- 06- 04, attached to these specifications.

.9.4  Annunci ator System

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

NOTE: | ndi cate conponent nal functions requiring
annunci ati on on the drawings. One station visua
i ndication light should nornally be |ocated at each
of the four corner points of the fence encl osure.

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

The annunci ator system shall consist of the station's audible [and visual]

i ndi cator and an annunci ator cabinet. The cabinet shall house an

annunci ator drop for each conmponent nmalfunction indicated plus a system
pushbutton and flasher and shall be located in [the nmetal -clad switchgear
aisle] [where indicated]. [[___ ] spare drops shall be included.]

El ectrical devices required shall be rated for the application and shall be
suitable for the | owvoltage alternating-current avail able as shown or
specified. Auxiliary devices shall be provided as necessary for correct
operati on.

.9.4.1 Station Audi bl e and Vi sual |ndication

One station horn [and the indicated nunber of station red alarmlights]
shall be installed where shown. The station horn shall be weatherproof and
shal |l be of the resonating type having an audi bl e output of not |ess than
100 dB at 3.1 m 10 feet. Station lights shall be 25-watt incandescent with
guards and red gl obes, shall be UL |isted as encl osed and gasketed for use
in wet |ocations, and shall be of a style suitable for the indicated
mounting. A horn silencing relay shall be wired in series with the horn so
that, after an adjustable time delay of 5 to 15 minutes, the horn shall be
silenced. Necessary auxiliary devices provided in conjunction with the
horn shall pernmit signalling to a renpote central point.

.9.4.2 Operati ng Modes

The system shall be wired so that when the conponent being nmonitored by an
annunci ator is operating correctly, the associ ated annunci ator rel ay
actuates the normal nopde, and when the conmponent mal functions, the

associ ated annunciator relay actuates the alert node. During nornmal node
no part of the systemshall be energized by the associated annunci at or
relay. Upon equi prent mal function, the alert node shall energize the
system fl asher which shall turn the associated annunciators |ights on and
of f, and sound the station horn, including turning on the station exterior
visual indication lights. Depressing the station pushbutton shall turn off
the horn, the station visual indication lights, and the flasher, but shal

| eave the associ ated annunciator lights on. Correction of a malfunction
shall automatically return the alarmsystemto the normal node for the
associ ated annunci ator relay. Turning the system pushbutton during a
normal node shall sinmulate an alert node for all annunciator relays so that
correct operation of annunciator |anps, the station exterior visua
indication lights, the systemflasher, and the station horn can be checked.

.9.4.3 Annunci ators

Annunci ators shall conply with I SA 18.1 and shall be solid-state |ogic,
nodul ar, hernetically sealed, plug-in relays each with two integra
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long-life lanps for backlighting a white translucent nameplate w ndow of
not less than 75 by 75 mr 3 by 3 inches. Naneplates shall have bl ack
letters at least 3 mm 1/8 inch in height and the inscription shall match
the indicated mal function description.

.9.4.4 O her Requirenents

The annunci at or cabi net shall be suitable for the indicated |ocation and
shall conformto requirenments specified herein for cabinets. The flasher
frequency shall be between 1 and 5 Hz. The system pushbutton shall be

provided with a namepl ate inscribed "PUSH TO SI LENCE" and "TURN TO TEST. "

.10 CABI NETS AND ENCLOSURES

Cabi nets and encl osures shall conmply with NEVMA 250 and shall be of

gal vani zed steel, shall be provided with hinged doors, and shall be
suitable for indoor or outdoor installation as indicated. Were |ocations
are not indicated, cabinets shall be suitable for outdoor installation.
Thi ckness of metal and outdoor construction shall be in accordance with
UL 50. An indoor cabinet exterior shall have one finish coat and an

out door cabi net exterior shall have two finish coats. Finish colors shal
be manufacturer's standard dark gray or sky gray for outdoor cabinets and
light gray for indoor cabinets, unless otherw se specified. The finish
col or of outdoor equi pnent shall be the sanme unl ess otherw se approved.

Fi ni sh coats shall be applied over a prepared substrate. Each cabi net
shall be a freestanding type or may be supported by attachnent to an

encl osure fence or a switchgear interior wall where |ocated adjacent
thereto. A concrete pad shall be provided to support any outdoor cabi net
whose base extends to within 75 nmr 3 inches of grade | evel and pads shal
extend at |east 100 mr 4 inches bel ow grade.

11 M SCELLANEQUS
.11.1 Dupl ex Recept acl es

Dupl ex receptacl es shall be ivory in color and provi ded where shown.
Recept acl es exposed to the weat her shall be equi pped with weat her proof
covers or installed in weatherproof box with a hinged door or cover.
Recept acl es shall be of the ground fault circuit interrupter type, or the
receptacles and receptacle circuits shall be protected by a ground fault
circuit interrupter type of circuit breaker. Unless otherw se shown,
receptacles shall conformto the NEMA WD 1 configuration 5-15R rated at 125
volts, 15 anperes and shall be the two-pole, three-wre grounding type.
Wring for outdoor receptacle circuits shall be not less than No. 12 AWG in
size and suitable for installation in wet |ocations.

2.11.2 Low Vol tage Power Circuit Breakers

2.11.2. 1 Power Circuit Breakers

a. 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, [manually][electrically] operated, wi th drawout nounting.
Solid-state trip elenments which require no external power
connections shall be provided. Gircuit breakers shall have an
open/ cl ose contact position indicator, charged/di scharged stored
energy indicator, prinmary disconnect devices, and a nechanica
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interlock to prevent maki ng or breaking contact of the primary
di sconnects when the circuit breaker is closed. Control voltage
shall be [24 V dc][48 V dc][125 V dc][120 V dc][as indicated].
The circuit breaker enclosure shall be suitable for its intended
| ocati on.

b. Ratings:

Vol t age-ratings shall be not |less than the applicable circuit
voltage. Circuit breakers shall be rated for 100 percent
continuous duty and shall have trip current ratings and frane
sizes as shown. Nominal voltage ratings, maxi numshort-circuit
interrupting ratings shall be in accordance with | EEE C37. 16
Tripping features shall be as follows:

1. Long-tine current pick-up, adjustable from50 percent to 100
percent of sensor current rating.

2. Adjustable long-tine del ay.

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

4. Adjustable short-tine del ay.
5. [Short-tinme | square tinmes t swtch.]

6. | nstantaneous current pick-up, adjustable from1.5 to 9 tines
long-tine current setting.

7. 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 bondi ng
junper or ground strap shall not be pernmitted. [Zone-selective
i nterlocking shall be provided as shown.]

8. [Fixed] [Adjustable] ground-fault delay.
9. [Gound-fault |I square time t switch.]

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

2.11.2.2 Mol ded- Case Circuit Breakers
UL 489 and UL 489.
2.11.3 Wring

Wring between separate itens of station equi prment shall conformto the
requirenents of Section [33 71 01 OVERHEAD TRANSM SSI ON AND DI STRI BUTI ON]
33 70 02.00 10 ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND]. Solid wring
may be used for convenience outlets, heating elenents, and lighting
circuits. Oherwise, the mninumclass of stranding shall be Cass C
Class K stranding shall be used for wiring between itens of equipnent
nmount ed on swi ngi ng panels or doors and itens nmounted on fixed panels or
parts of fixed assenblies. The insulation type shall be the type SIS

unl ess otherw se specified, indicated, or proposed and approved for use.
The mi nimum wire gauge shall be No. 14 AW5 except No. 18 AWG may be used
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for circuits that use one anpere or less. Circuits rated | ess than 115
volts ac or 125 volts dc may be wired with wiring rated 300
volts-to-ground. OQherwise, all wiring shall be rated for 600 volts ac and
250 volts dc Current transfornmer circuit wiring shall be not |ess than No.
10 AWG. Wring for Close and Trip circuits shall be not |ess than No. 8
AW  Wre markers shall be affixed to each end of wires and shall contain
Wi re nunmber or designations shown on contract or detail draw ngs, or as

ot herwi se approved. Wre nunbers shall al so be permanently marked on

term nal block marking strips where wires are connected. Only

i nsul ated-barrel, crinp-type, ring lugs shall be used.

.11.4 Singl e-Line Electrical D agram

A single-line electrical diagramof the station shall be provided. The

di agram shal |l be encl osed between matte-surface thernopl astic sheets
buttoned or otherwi se suitably fastened together to all ow easy access to
the diagram for naking any future changes. The diagram shall be suitable
for outdoor nounting and shall be approximately 350 by 525 mr 14 by 21

i nches unl ess another size is approved. The diagram shall be attached with
tenperature- and moi sture-resi stant, pressure-sensitive adhesive or with
other suitable means to the indicated |ocation at the netal -cl ad switchgear
| i neup, except when ot herwi se shown or directed.

.11.5 Liquid Dielectrics

Liquid dielectrics for transforners, capacitors, reclosers, and other
liquid-filled electrical equiprment shall be non-pol ychl orinated bi phenyl
(PCB) mineral-oil or less-flammable liquid as specified. Nonflammble
fluids shall not be used. Tetrachl oroethylene (perchloroethylene) and 1

2, 4 Trichlorobenzene (TCB) fluid shall not be used. Liquid dielectrics in
retrofitted equi pment shall be certified by the manufacturer as having | ess
than 50 parts-per-mllion (ppn) PCB content. |In lieu of the manufacturer's
certification, the Contractor may submt a test sanple of the dielectric in
accordance with ASTM D 923 and have tests perforned in accordance with
ASTM D 4059at a testing facility approved by the Contracting Oficer.

Equi pnrent with test results indicating PCB | evel exceeding 50 ppm shall be
repl aced.

.11.6 Danger Signs

One danger sign inscribed "DANGER- H GH VOLTAGE" shall be pernmanently and
securely nounted approximately 1.5 nm 5 feet above finished grade on each
outward side of the fence enclosure. Fasteners shall be of stainless
steel. Signs shall be of nmetal and shall have letters of at |least 75 mr 3
inches in height. Voltage warning signs shall conply with | EEE C2.

11,7 Concentri c-Lay- Stranded Conductors

Copper conductors shall conmply with ASTM B 8 for soft drawn copper
Equi val ent al um num conductors shall conply with ASTM B 231/ B 231N

.11.8 Conduits, Rigid Meta
Conduits shall conply with UL 6.
.11.9 Har dwar e

Ferrous netal threaded itens shall comply with ASTM A 153/ A 153N and
m scel | aneous nonthreaded itens shall conply with ASTM A 123/ A 123N. O her
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equi val ent protective treatnment, as required by ASTM A 123/ A 123N or
ASTM A 153/ A 153N, or ferrous metal s designed to nmeet ASTM St andards
covering corrosion-resisting steel, will be permitted if approved in
writing.

.11.10 Padl ocks

Padl ocks shall conmply with Section 08 71 00 DOOR HARDWARE
.11.11 Panel boards, Circuit-Breaker Type

Panel boards shall conply with NEMA PB 1, UL 50 and UL 67.
.12 GROUNDI NG AND BONDI NG

.12.1 Driven G ound Rods

Ground rods shall be [copper-clad steel conformng to UL 467] [zinc-coated
steel conformng to | EEE C135.30] [solid stainless steel] not |ess than
15.9 mr 5/8 inch in dianeter by 3.1 nm 10 feet in length [of the sectiona

type].
.12.2 Groundi ng Conductors

Groundi ng conductors shall be bare, except where installed in conduit with
associ at ed phase conductors. Insulated conductors shall be of the sane
materi al as the phase conductors and green col or-coded, except that
conductors shall be rated no nore than 600 volts. Bare conductors shall be
ASTM B 8 soft-drawn unl ess otherwi se indicated. Al umnumis not acceptable.

.13 SURGE ARRESTERS

Surge arresters shall conmply with NEVMA LA 1, and | EEE C62.11, and shall be
provided as indicated. Arresters shall be
[station][internediate][distribution] class, rated as shown.[ Arresters
for use at elevations in excess of 1.8 ki 6000 feet above nean sea |eve
shal |l be specifically rated for that purpose.] Arresters shall be equipped
wi th mounting brackets for the indicated installations. Arresters shall be
of the [valve][ or ][metal -oxide varistor][ or ][conbination

val ve- net al - oxi de varistor] type suitable for outdoor installations.

.14 COORDI NATED PONER SYSTEM PROTECTI ON

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: The requirenent for the studies in this
section depends on the conplexity and extent of the
power system Delete this requirement for: projects
of limted scope; projects having protective devices
whi ch are not adjustable or for which coordination
is not possible (standard nol ded case circuit
breakers); projects involving sinple extension of
600 volt level service to a building or facility
froman existing transfornmer (750 kVA or less); or
proj ects involving sinple extension of 600 volt

| evel 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
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breakers, protective relays, or other protective
devices 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 pment operating conditions, in accordance wth
UFC 3-520-01, |EEE 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 or utilities required, on the | oad
demand of facilities, and on the quantity and types
of facilities to be constructed. Facilities having
a relatively-1ow power demand (e.g., 2,500 kVA or

| ess) generally require protection of: an inconing
aerial distribution Iine or underground
medi um vol t age feeder; |owvoltage feeders to

i ndi vidual itenms of equipnent, or to power

di stribution equiprment; and branch circuits. Mre
compl ex projects such as facilities with generating
capacity, large notors, or larger |oad demands, wll
require nore detailed and extensive coordinated
power system protection.

I ndependent of the type or types of facilities or

| oad denands, the coordinated power system
protection will be based on: economcs, sinplicity,
and the electrical power availability dictated by
the Using Agency or Service, or by the functiona
use of the facilities or utilities; required to
provi de maxi mum power service with a m ni num of
power interruptions; and the operating speed of
protective devices required to ninimze danmage to
el ectrical conponents or itens of equipnent and to
prevent injury to personnel and nuisance tripping.

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 nornal

al ternating-current power source.

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

Anal yses shall be prepared to denonstrate that the equi pment sel ected and
system constructed neet the contract requirenents for equi pnent 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 performed by a registered professional engineer with
demonstrated experience in power system coordination in the last three
years. Provide a list of references conplete with points of contact,
addresses, and tel ephone nunbers. The sel ection of the engineer is subject
to the approval of the Contracting Oficer.

L1401 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 (symetrical) for building/facility 600 volt
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| evel distribution buses.] [the source bus and extended through the
secondary side of transformers 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 nediumvoltage feeders, through the
secondary side of transfornmers] [as indicated] for nain electric supply
substations.] [the nearest upstreamdevice in the existing source system
and extend through the downstream devices at the | oad end.]

.14.2 Determ nati on of Facts

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

NOTE: Require the Contractor to obtain an avail able
fault capacity at the power source or provide a
fault capacity on which he is to base his anal ysis.
Del ete the unused option.

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

The tine-current characteristics, features, and nanepl ate 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 diagram shall be prepared to show the electrical system
buses, devices, transformation points, and all sources of fault current
(including generator and notor contributions). A fault-inpedance di agram
or a conmputer analysis diagram nmay be provided. Each bus, device, or
transformation point shall have a unique identifier. |If a fault-inpedance
diagramis provided, inpedance data shall be shown. Locations of swtches,
breakers, and circuit interrupting devices shall be shown on the diagram
together with available fault data, and the device interrupting rating.

.14. 4 Fault Current Analysis
.14.4.1  Method

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

.14.4.2 Dat a

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

.14. 4.3 Fault Current Availability

Bal anced t hree-phase fault, bolted line-to-line, and line-to-ground fault
current values shall be provided at each voltage transformati on point and
at each power distribution bus. The maxi mum and m ni num val ues of fault
avai |l abl e at each |l ocation shall be shown in tabular formon the di agram or
in the report.

.14.5 Coor di nati on Study

The study shall denonstrate that the naxi mum possi bl e degree of selectivity
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has been obtai ned between devi ces specified, consistent with protection of
equi prrent 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. Provide a witten 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; situations where system coordi nation
is not achievable due to device linmtations (an anal ysis of any device
curves which overlap); coordination between upstream and downstream
devices; and relay settings. Recomendations to inprove or enhance system
reliability, and detail where such changes woul d invol ve additions or

nodi fications to the contract and cost changes (addition or reduction)

shal | be provided. Conposite coordination plots shall be provided on

| og-1 og graph paper.

2.14.6 St udy Report

2.

a. The report shall include a narrative describing: the analyses
perforned; the bases and nmethods 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, naneplate 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 XR 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
characteristic 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 reconmended ratings and settings
of all protective devices in tabulated form

e. The report shall provide the cal cul ations performed for the
anal yses, including conputer analysis programs utilized. The nane of
t he software package, devel oper, and versi on nunber shall be provided.

15 FACTORY TESTS

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: Delete tests that are not applicable to the
project. Refer to UFC 3-550-03FA for guidance.
Tests nust be justified. Delete transforner |osses
test when | osses are not specified.

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

Factory tests shall be perfornmed, as follows, in accordance with the
appl i cabl e publications and with other requirenents of these
specifications. The Contracting Oficer shall be notified at |east [10]
[ ] days before the equiprment is ready for testing. The Contracting
Oficer reserves the right to witness the tests.

a. Power Transformer: Manufacturer's standard [routine] [design]
[and] [other] tests in accordance with | EEE C57.12. 00.
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b. Power Transforner: Reduce full-wave, chopped-wave, and full-wave
i mpul se test on each line [and neutral] terminal, in accordance with
| EEE C57. 98.

c. Power Transformer: Tests for transformer | osses in accordance with
| EEE C57.12. 90.

d. H gh-Voltage Circuit Breakers: Manufacturer's standard tests in
accordance with | EEE C37.09 and | EEE C37. 081.

e. H gh-Voltage Air Switches: Manufacturer's standard tests in
accordance with | EEE C37. 34 and | EEE C37. 41.

f. Protective Relays: Seismic tests in accordance with | EC 60255-21-3.
Surge withstand tests in accordance with | EEE C37.90. 1.

g. Relaying Current Transfornmers: Manufacturer's standard tests in
accordance with | EEE C57. 13.

h. Instrunent Current Transforners: WManufacturer's standard tests in
accordance with | EEE C57. 13.

i. Voltage Regul ators: Manufacturer's standard tests in accordance
with | EEE C57. 15.

j. High-Voltage Fuses: Manufacturer's standard tests in accordance
with | EEE C37. 41.

k. Neutral Gounding Resistor: Mnufacturer's standard tests in
accordance with | EEE 32.

|. Electrical Power Insulators: Munufacturer's standard tests in
accordance with ANSI C29. 1.

m [ ]

PART 3 EXECUTI ON

3.

1 EXAM NATI ON

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

.2 GENERAL | NSTALLATI ON REQUI REMENTS

Install and energi ze equi pnent and devices in accordance with the

manuf acturer's published instructions. Circuits installed in conduits or
under ground and splices and term nations for medi umvoltage cable shall
conformto the requirenents of Section 33 70 02.00 10 ELECTRI CAL

DI STRI BUTI ON SYSTEM UNDERGROUND. Secondary circuits installed in conduit
on poles shall conformto the requirenments of Section 26 20 00 | NTERI OR
DI STRI BUTI ON SYSTEM

.2.1 Conf ormance to Codes

The installation shall conply with the requirements and recomendati ons of
NFPA 70 and | EEE C2.
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3.

3.

3.

2.2 Concr et e Foundati ons
2.2.1 Structure Foundation Installation

Bolt each colum to a concrete foundation by at |east four bolts spaced to
transmt structure stresses to the foundation. Dianmeters and |engths of
foundation bolts shall be as recommended by the structure manufacturer.
Enbed bolts in concrete in a manner to develop their full strength. Anchor
bolts shall be accurately set in foundations using tenplates supplied by
the structure manufacturer. Wen concrete has cured, structure basepl ates
shal |l be leveled and grouted in place. Colums shall then be set on

basepl ates, |evel ed on foundations, and secured with hol ding nuts.

Concrete work and grouting shall conmply with the requirements of Section
03 31 00.00 10 CAST-I N-PLACE STRUCTURAL CONCRETE.

.2.2.2 Concr et e Pads

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

NOTE: Do not allow rectangular holes in the
concrete pad if rodent intrusion is a problem
Specify concrete pad reinforcing requirenments.

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Construct concrete pads for pad-mounted el ectrical equipnent as indicated.
Tops of concrete pads shall be level and shall project four inches above
finished [floor] [paving or grade] and sloped to drain. Set conduits for
primary, secondary, and groundi ng conductors in place prior to placing of
concrete pads. Concrete work shall conmply with the requirenments of Section
03 31 00.00 10 CAST-I| N PLACE STRUCTURAL CONCRETE

a. |If the equipment primary conpartment is not of sufficient height to
allow the installation of the nediumvoltage term nators, |oad break

el bows or switches, provide adequate space by providing a rectangul ar
hole in the concrete pad below the primary conpartnent and/or a factory
prefabricated steel adjustnent ring around the entire perineter of the
base of the equiprment. Steel rings shall be factory manufactured to
fit the base of the equi prent of which they support and shall be
factory painted to match the equi pment encl osure. Steel base rings
shal | be constructed using the same or greater thickness of steel as

t he equi pnent bei ng supported.

b. Concrete pads to support pad nmounted el ectrical equipnent shall be
reinforced [with [ ] mr inch steel reinforcing rods at [ ] mr
i nches, on center, each way] | ]. Wiere grounding el ectrode
conductors are installed through concrete pads, PVC conduit sleeves
shall be installed through the concrete to provide physica

protection. Wen the installation is conplete, seal all conduit and
other entries into the equi pnent housing with an approved sealing
conpound. Seals shall be of sufficient strength and durability to
protect all energized live parts of the equi pment fromrodents,

i nsects, and foreign matter

2.3 Fenci ng

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: Designer will provide detail for fence
gr oundi ng.

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS
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The station shall be enclosed by chain-link fence as showmn. Fencing is
specified in Section 32 31 13 CHAIN LI NK FENCES AND GATES and shal |l be
grounded in accordance w th paragraph GROUNDI NG

.2.4 Surface Treat nent

Hori zontal spaces between concrete foundations or pads and fences shall be
excavated to mnimumdepth of [150] [__ ] mv [six] [ ] inches bel ow
finished gradelines, shall be graded to | evel surfaces, and filled with
wel | - conpact ed cl ean coarse gravel or crushed stone of 13 to 38 mr 1/2 to
1-1/2 inches in size up to finished gradelines.

.2.5 Spare Accessory Storage

A cabi net shall be provided for storage of equi pment accessories as
necessary, including spare fuses, fuse tongs, switch sticks, and other
tools and | ocated where indicated. Shelves or other appropriate supporting
net hods shall provide an individual space for each type of item stored.

.2.6 Fire Extinguisher Storage

An out door cabinet for housing a Governnent-provided, hand-operat ed,

sel f-expel l ent, carbon dioxide fire extinguisher of 4.5 to 6.8 kg 10 to 15
pounds capacity for Cass C fires shall be provided and | ocated as
approved. The cabinet shall have a glass cover door and be painted red.

L2.7 Fiel d Wl ding

Procedures and wel ders shall be qualified in accordance with AW D1. 1/ D1. 1M
for structural wel ding and ASVE BPVC SEC | X for wel di ng of equi pnment.
Wel di ng procedures qualified by others, and wel ders and wel di ng operators
qualified by a previously qualified enployer may be accepted as pernitted
by ASME B31.3. Notify the Contracting Oficer 24 hours in advance of
tests; performthe tests at the work site if practical. The Contracting
O ficer shall be provided with a copy of qualifying procedures and a |i st
of nanmes and identification synbols of qualified welders and wel di ng
operators. The welder or wel ding operator shall apply his assigned synbol
near each weld he nakes as a permanent record. [Structural nenbers shal
be wel ded in accordance with Section 05 05 23 WELDI NG STRUCTURAL. ]

[ Vel di ng and nondestructive testing procedures are specified in Section
40 05 13.96 WVELDI NG PROCESS PIPING ] Gas-netal arc welding shall be
performed by welders certified to performgas-netal arc wel ding.

.2.8 Connections to Utility Lines

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: This paragraph will be further devel oped to
suit the conditions of any connections required to
the serving utility's lines.

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

Coordinate the work with the Contracting O ficer and provide fina
connections to the [utility] [installation] electric |ines.

.2.9 Di sposal of Liquid Dielectrics
PCB cont ami nated dielectrics nust be marked as PCB and transported to and

i ncinerated by an approved EPA waste disposal facility. Furnish
certification of proper disposal. Contam nated dielectric shall not be
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diluted to | ower the contamnm nation |evel.

3.3 EQUI PMENT | NSTALLATI ON

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 ANSI reference if transforner is |ess
than 10 MWA or not liquid-filled. Specify phase
sequence in accordance with the |ocal practice.

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

3.3.1 Transforner Stations

Install transformer stations in accordance with | EEE C57.93, fence-encl osed
type and mounted on concrete pads. Three-phase transforner installations
shall be installed with [__ ] phase sequence. Primary taps shall be set
in accordance with the coordination study.

3.3.2 Equi pnent Fi ni shes

Equi pnent shall be carefully installed so as not to scratch finishes.
After installation, finished surfaces shall be inspected and scratches
touched up with a finish provided by the manufacturer especially for this
pur pose.

3.3.3 Supports

Install enclosures and encl osure supports in accordance with manufacturer's
instructions. Supports shall consist of anchored channels | evel ed and then
enbedded in the concrete foundation. Channels, anchors, shinms, or other

| eveling items shall be installed in accordance with the recommendati ons of
the equi prent manufacturer.

3.3.4 Swi t chgear Leveling

After leveling itens are correctly installed, switchgear |ineups shall be
out-of-plunb by not nore than 6 mr 1/4 inch for the entire | ength and
width. Insertion or withdrawal of renovable elenments shall be easily
acconpl i shed, and conponent devices shall operate properly after the

swi tchgear assenbly is conpletely install ed.

3.3.5 Incom ng Line Surge Arresters

Surge arresters of the [station] [intermediate] type shall be provided on
each phase of each incomng line circuit, and nmounted on station structures
as shown.

3.3.6 Transformer Surge Arresters

Surge arresters of the [station] [internediate] type, suitable for [a
grounded] [an ungrounded] system and for the associated transfornmer primary
i ne-to-ground voltage, shall be mounted next to each high-voltage bushing
on a transformer tank-nounted bracket and connected to a surge arrester
ground pad. Discharge counters shall be provided and nounted on the
bracket s.

3.4 ELECTRI CAL BUS CONNECTI ONS

Al'l connections to al um num bus shall be cl eaned and coated with an
inhibiter in accordance with manufacturer's recomended net hods. Al
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3.

3.

bol ted connections shall be torqued to the correct tightness. Establish a
checklist to insure that bolted connections have been properly coated and
correctly torqued. All welded connections on al um num buswork shall be by
the gas netal -arc welding process. The shield inert gas shall be argon.
The wel der shall be certified for gas nmetal -arc wel di ng.

.5 GROUNDI NG

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE: The designer will investigate soi

resistivity and other factors in accordance wth

| EEE 80 and will specify and detail the grounding in
accordance with UFC 3-550-03FA and | EEE 80.

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

A grounding grid, consisting of the indicated configuration of bare copper
conductors and driven ground rods shall be installed as shown on the

drawi ngs. Gounding grid shall conply with | EEE 80. Equi prent franes of
net al - encl osed equi pnent, nedi umvoltage cable term nations, chain-link
fencing, metal -structures, and other noncurrent-carrying nmetal itens shal
be connected to the ground grid as shown. At |east two connections shal

be provided from[a power transfornmer,] [a sw tchgear ground bus,] [an oi
circuit breaker enclosure,] [and] [a grounded iron platformplate] to the
ground grid. Fences shall be grounded at each fixed gate post, each corner
post, and at internmedi ate posts as indicated. Each gate section shall be
bonded to its gate posts with a 3.2 by 25.4 mr 1/8 by 1 inch flexible

brai ded copper strap and ground post clanps. Fence ground clanps shall be
of a type that inhibits corrosion between netal parts. Qutriggers shall be
grounded as shown.

5.1 Groundi ng El ectrodes

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: Mbdi fy and/or del ete paragraphs in accordance
wi th project requirenments.

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

Groundi ng el ectrodes shall be as foll ows:

a. Driven rod electrodes - Unless otherw se indicated, ground rods
shall be driven into the earth until the tops of the rods are
approxi nately one foot below finished grade.

b. G&id grounding electrodes - A grid grounding el ectrode shall be
installed as shown consisting of bare copper conductors installed [300
nm [450 nmm] [600 nm [12] [18] [24] inches, plus or minus 75 nmr 3

i nches, below the finished top of soil grade. &Gid conductors shall be
bonded to all rod electrodes, and to all other intersecting grid
conductors. &id conductors shall be sized as shown.

5.2 Groundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be nade by the fusion-welding process or with
bol ted sol derl ess connectors, in conpliance with UL 467, and those bel ow
grade shall be nmade by the fusion-welding process. Were grounding
conductors are connected to al um num conposition conductors, specially
treated or |ined copper-to-alum numconnectors suitable for this purpose
shal | be used.
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3.5.3 G oundi ng and Bondi ng Conductors
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NOTE: Gounding and bondi ng conductors will be
si zed based on the thermal requirenents of | EEE 80.
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Groundi ng and bondi ng conductors include all conductors used to bond
transforner encl osures, equipnent franes and structural nenbers to the
grounding grid. G ounding and bondi ng conductors shall be sized as shown.
After being |l ocated to provide maxi mum physi cal protection, exposed
groundi ng conductors shall be securely attached to structural supports at
not nore than two foot intervals with suitable fasteners. Bends greater
than 45 degrees in ground conductors are not pernmitted. Routing of ground
conductors through concrete should be avoi ded. When concrete penetration
is necessary, nonnetallic conduit shall be cast flush with the points of
concrete entrance and exit so as to provide an opening for the ground
conductor, and the opening shall be sealed with a suitable conpound after
installation.

3.5.4 Surge Arrester G ounding
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NOTE: Provide a "detail" for surge arrester
groundi ng. For ungrounded and singl e-grounded
systens nodi fy paragraph in accordance with | EEE C2
and UFC 3-550- 03FA
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Surge arresters and neutrals shall be bonded directly to the transforner
encl osure and then to the grounding grid with a bare copper conductor,

m ni mum si ze [4/0] [as shown]. Lead |engths shall be kept as short as
practicable with no kinks or sharp bends.

3.6 TRAI NI NG

Conduct a training course for the operating staff as designated by the
Contracting Officer. The training period will consist of a total of
[ ] hours of normal working time and shall start after the systemis
functionally conpleted but prior to final acceptance tests. The course
instruction shall cover pertinent points involved in operating, starting,
stoppi ng, servicing the equipnent, as well as all major elenments of the
operation and mai ntenance manuals. Additionally, the course instructions
shal | denonstrate all routine nmaintenance operations. Submit a[__ ]

[ BETA] [VHS] format video tape of the entire training session.

3.7 FI ELD TESTI NG
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NOTE: Select types to suit project conditions and
delete all others. Delete all paragraphs not
applicable. Tests nust be justified.
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3.7.1 Gener al
Field testing shall be perfornmed in the presence of the Contracting

Oficer. Notify the Contracting Oficer [__ ] days prior to conducting
tests. Furnish all materials, |abor, and equi pnent necessary to conduct
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field tests. Performall tests and inspections recomended by the
manuf acturer unl ess specifically waived by the Contracting Oficer.
Maintain a witten record of all tests which includes date, test perfo
personnel invol ved, devices tested, serial number and nane of test

rmed,

equi prent, and test results. Al field test reports will be signed and

dated by the Contractor.

3.7.2 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.
3.7.3 G ound- Resi stance Tests

The resistance of [each grounding el ectrode] [each grounding el ectrode

system [the grounding grid] shall be nmeasured using the fall-of-potential

nmet hod defined in | EEE 81. Soil resistivity in the area of the grid s
be nmeasured concurrently with the grid neasurenents. G ound resistanc
nmeasurenments shall be rmade before the electrical distribution systemi
energi zed and shall be nmade in normally dry conditions not |ess than 4
hours after the last rainfall. Resistance neasurenents of separate
groundi ng el ectrode systens shall be nade before the systens are bonde
toget her bel ow grade. The conbi ned resi stance of separate systens may
used to nmeet the required resistance, but the specified number of

el ectrodes nmust still be provided.
a. Single rod el ectrode - [25 ohns] | ].
b. Gid electrode - [ ] ohns.

3.7. 4 Ground-Gid Connection |Inspection

Al'l bel ow grade ground-grid connections will be visually inspected by
Contracting Oficer before backfilling. Notify the Contracting Ofice
[ ] hours before the site is ready for inspection.

3.7.5 Liquid-Filled Transformer Tests

Performthe following field tests on all liquid-filled transforners
[r____ ] kVA and above].
a. Insulation resistance test phase-to-ground.

b. Turns ratio test.
c. Correct phase sequence.
d. Correct operation of tap changer
e. [ 1.
3.7.6 Dry-Type Transformer Tests

Performthe following field tests on all dry-type transformers []
and above].

a. Insulation resistance test phase-to-ground.
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b. Turns ratio test.
c. [ 1.
7.7 Crcuit Interrupter Sw tchgear Tests
Performthe following field tests on circuit interrupters.
a. Insulation resistance test phase-to-phase.
b. Insulation resistance test phase-to-ground.
c. Cosed contact resistance test.
d. Power factor test.
e. High-potential test.

f. SF6 dielectric test for SF6 interrupters in accordance wth
ASTM D 2472.

g. Mnual and el ectrical operation of the sw tchgear
7.8 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 insure 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.

.7.9 Qperating Tests

After the installation is conpleted, and at such time as the Contracting
Oficer may direct, conduct operating tests for approval. The equi prent
shal | be denonstrated to operate in accordance with the requirenents
herein. Submit an operating test report in accordance w th paragraph TEST
REPORTS.

. 8 MANUFACTURER S FI ELD SERVI CE

.8.1 Installati on Engi neer

After delivery of the equi pnent, furnish one or nore field engineers,

regul arly enpl oyed by the equi pnent manufacturer to supervise the
installation of the equipnent, assist in the performance of the onsite tests,
initial operation, and instruct personnel as to the operational and

mai nt enance features of the equipnent.

.8.2 Pre- Energi zati on Services

Calibration, testing, adjustnent, and placing into service of the
installation shall be accomplished by a manufacturer's product field
servi ce engi neer or independent testing conmpany with a mnimumof two years
of current product experience. No part of the electrical systemshall be
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energi zed until all station groundi ng conponents have been tested and
demonstrated to conply with the specified requirements. The follow ng
services shall be perforned on the equipnent |listed below. These services
shal | be performed subsequent to testing but prior to the initia

energi zation. The equi pnent shall be inspected to insure that installation
is in conpliance with the recommendati ons of the manufacturer and as shown
on the detail drawings. Terninations of conductors at station buses and at
maj or equi prent shall be inspected to ensure the adequacy of connecti ons.
Bare and insul ated conductors between such term nations shall be inspected
to detect possible damage caused during installation. |If factory tests
were not performed on conpl eted assenblies, tests shall be perforned after
the installation of conpleted assenblies. Conponents shall be inspected
for damage during installation or shipment and to verify that packaging
materi al s have been renoved. Components capable of being both manually and
electrically operated shall be operated nanually prior to the first

el ectrical operation. Conponents capable of being calibrated, adjusted,
and tested shall be calibrated, adjusted, and tested in accordance with the
instructions of the equi pnent manufacturer. |Itenms for which such services
shal | be provided include, but are not limted to, are the foll ow ng:

Battery, station.

Breakers, circuit.

Bus, netal - encl osed.

Buses, station aerial.

Regul at or, step-voltage

Substation, primary unit.

Substation, primary unit, articul ated.
Swi tches, disconnect [with] [w thout] power fuses.
Swi t ches, air-break

Swi t chgear, netal -cl ad.

Swi t chgear, netal -encl osed interrupter
Transforners, substation

.9  ACCEPTANCE
Fi nal acceptance of the facility will not be given until the Contractor has
successfully conmpleted all tests and after all defects in installation

mat eri al or operation have been corrected.

-- End of Section --
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