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

USACE / NAVFAC / AFCESA / NASA UFGS-26 11 13.00 20 (April 2007)

Preparing Activity: NAVFAC Super sedi ng
UFGS-26 11 13.00 20 (April 2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref erences are in agreenent with UVRL dated July 2009

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

SECTI ON TABLE OF CONTENTS
DI VI SION 26 - ELECTRI CAL
SECTION 26 11 13.00 20
PRI MARY UNI T SUBSTATI ON

04/ 07

PART 1 GENERAL

1.1 REFERENCES
1.2 RELATED REQUI REMENTS
1.3 SUBM TTALS
1.3.1 Coordi nated Submi ttal Reviews
1.4 QUALI TY ASSURANCE
1.4.1 Battery Power Cal cul ations
1.4.2 Transformer Losses
1.4.3 Unit Substation Draw ngs
1.4.4 Transformer Draw ngs
1.4.5 Cal i brati on Schedul e
1.4.6 Formal Request for Settings
1.4.7 Calibration Test Reports
1.5 MAI NTENANCE
1.5.1 Additions to Operation and Mi ntenance Data
PART 2 PRODUCTS
2.1 PRODUCT COORDI NATI ON
2.2 PRI MARY UNI T SUBSTATI ONS
2.2.1 I ncom ng Sections
2.2.1.1 Conduct or Term nation
2.2.1.2 [Vacuumi[ or ][SF6] Circuit Breaker as Main Protective
Devi ce
2.2.1.3 Load Interrupter Switch as Main Protective Device
2.2.2 Primary Transition Section
2.2.3 Transformer Sections
2.2.3.1 Transfornmer Ratings
2.2.3.2 Speci fied Transformer Efficiency
2.2.3.3 Speci fied Transformer Losses
2.2.3.4 Transformer Loss Cal cul ations
2.2.3.5 Deduct d ause
2.2.3.6 | nsul ating Liquids
2.2. 4 Secondary Transition[ and Auxiliary] Section(s)

SECTION 26 11 13.00 20 Page 1



2.2.4.1 Control Power Transforners
2.2.4.2 Primary Protection
2.2.4.3 Secondary Protection

2.2.5 Met al - Cl ad Switchgear Qutgoing Section
2.2.5.1 Crcuit Breaker
2.2.5.2 Space Only Conpartnents
2.2.5.3 Breaker Lifter

2.2.6 Protective Rel ays, Metering, and Control Devices
2.2.6.1 Rel ays
2.2.6.2 I nstruments
2.2.6.3 I nstrument Control Switches
2.2.6.4 El ectroni c Watthour Meter
2.2.6.5 El ectro- nechani cal Watthour Meters
2.2.6.6 El ectric Strip-Chart Recording AC Watt et er
2.2.6.7 I nstrunment Transforners
2.2.6.8 Heaters
2.2.6.9 Pilot and Indicating Lights

2.2.7 Station Batteries and Charger

2.2.8 Met al - Encl osed Interrupter Swi tchgear Qutgoing Section
2.2.8.1 Air-Insul ated Load Interrupter Sw tches
2.2.8.2 SF6- I nsul ated Load Interrupter Switches
2.2.8.3 Vacuum | nsul ated Load Interrupter Sw tches
2.2.8.4 Fuses

2.2.9 I nsul ated Barriers

2.2.10 SF6 Refill Cylinders

2.2.11 Corrosion Protection
2.2.11.1 St ai nl ess St eel
2.2.11.2 Gal vani zed St eel

2.2.12 Term nal Boards

2.2.13 Wre Marking

2.2.14 Surge Arresters

2.3 SOURCE QUALI TY CONTROL

2.3.1 Equi prent Test Schedul e

2.3.2 I ntegral Assenbly Test

2.3.3 Swi t chgear Design Tests

2.3. 4 Swi t chgear Production Tests

2.3.5 Load Interrupter Switch Design Tests

2.3.6 Load Interrupter Switch Production Tests

2.3.7 Transformer Design Tests

2.3.8 Transformer Routine and Ot her Tests

PART 3 EXECUTI ON

3.1 | NSTALLATI ON
3.2 GROUNDI NG
3.2.1 Groundi ng El ectrodes
3.2.2 Subst ati on G oundi ng
3.2.3 Connecti ons
3.2.4 Ground Cabl e Crossing Expansion Joints in Structures and
Pavenent s
3.2.5 Groundi ng and Bondi ng Equi prent
3.3 | NSTALLATI ON OF EQUI PMENT AND ASSEMBLI ES
3.3.1 Medi um Vol t age Swi tchgear and Load Interrupter Swtches
3.3.2 Meters and I nstrument Transfornmers
3.3.3 Gal vani zi ng Repair
3.4 FOUNDATI ON FOR EQUI PMENT AND ASSEMBLI ES
3.4.1 Exterior Location
3.4.2 Interior Location
3.5 FI ELD QUALI TY CONTRCL

SECTION 26 11 13.00 20 Page 2



3.5.1 Per f ormance of Acceptance Checks and Tests
3.5. 1. Interrupter Switch(es)
3.5.1.2 Medi um Vol tage Gircuit Breakers (Vacuum
3.5.1.3 Medi um Vol tage Circuit Breakers (SF6)
3.5.1.4 Transformers (Liquid-Filled)
3.5.1.5 Swi t chgear Assenblies
3.5.1.6 I nstrument Transforners
3.5.1.7 Battery Systens
3.5.1.8 Metering and Instrumentation
3.5.1.9 Groundi ng System

3.5.2 Field Dielectric Tests

3.5.3 Fol l ow-Up Verification

End of Section Table of Contents --

SECTION 26 11 13.00 20 Page 3



Rk bk kR IR R R Ik O O S S R AR Rk R R Rk O o O R Rk O R R R b I Rk o

USACE / NAVFAC / AFCESA / NASA UFGS-26 11 13.00 20 (April 2007)
Preparing Activity: NAVFAC Super sedi ng
UFGS-26 11 13.00 20 (April 2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref erences are in agreenent with UVRL dated July 2009

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

SECTION 26 11 13.00 20

PRI MARY UNI T SUBSTATI ON
04/ 07

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

NOTE: This gui de specification covers the
requirenents for for primary substations and
associ ated | oad break sw tches and sw t chgear

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

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

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

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

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

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: TO DOMLOAD UFGS GRAPHI CS

Go to http://ww. wbdg. or g/ ccb/ NAVGRAPH gr apht oc. pdf .

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

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

NOTE: A primary substation as used in this
specification is a substation in which the prinmary
and secondary vol tages are both rated 1000 volts and
above, normally in the nmedi umvoltage range of 5 kV
to 35 kV. This specification includes indoor and
out door applications.

USE THE FOLLOW NG RELATED GUI DE SPECI FI CATI ONS FOR
POVNER DI STRI BUTI ON EQUI PMENT:
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--Section 26 08 00 APPARATUS | NSPECTI ON AND TESTI NG
--Section 26 12 19. 10 THREE- PHASE PAD- MOUNTED

TRANSFORMERS

--Section 26 12 19.20 SI NGLE- PHASE PAD- MOUNTED
TRANSFORMERS

--Section 33 71 01 OVERHEAD TRANSM SSI ON AND
DI STRI BUTI ON

--Section 33 71 02.00 20 UNDERGROUND ELECTRI CAL

DI STRI BUTI ON

--Section 26 13 00.00 20 SF6 | NSULATED PAD- MOUNTED
SW TCHGEAR

--Section 26 11 16 SECONDARY UNI T SUBSTATI ONS
--Section 26 23 00 SW TCHBOARDS AND SW TCHGEAR

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

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: The follow ng information shall be indicated
on the project drawings or specified in the project
speci fications:

1. Single-line diagramshow ng transformers, buses,
and interrupting devices with interrupting
capacities; current transformers and potenti al
transforners with ratings; instrunents and neters
requi red; and description of instrunents and neters.

2. Location, space avail able, arrangenent, and
el evations of substations and sw t chgear

3. Grounding plan.

4. Type and nunber of cables, size of conductors
for each power circuit, and point of entry (top or
botton).

5. M nimum and maxi mum overal | di mensi ons of
shi ppi ng section which can be handl ed and installed
at destination, as applicable.

6. Transforner primary and secondary vol tages.
(Use I EEE C57.12. 00, Table 11(b), Designation of
vol tage ratings of three-phase windings".) State
the primary voltage (nominal) actually in service
and not the voltage class.

7. Special conditions, such as altitude,
tenperature and humidity, exposure to funes, vapors,
dust, and gases.

8. \Were extensions or additions to existing
substations or sw tchgear are being specified,
clearly distinguish the difference between existing
equi pnent and the equi pnent the Contractor is
required to provide under this contract. Cearly

i ndi cate the extent of the Contractor's
responsibility for testing the existing equi pment
upon conpl etion of his work.

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS
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PART 1 GENERAL

1.1 REFERENCES

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: 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
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.

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

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.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

ANSI C39.1 (1981; R 1992) Requirenents for Electrical
Anal og I ndicating Instruments

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

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

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

ASTM A 167 (1999; R 2009) Standard Specification for

St ai nl ess and Heat - Resi sting
Chromi um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A 653/ A 653M (2009) Standard Specification for Steel
Sheet, Zinc-Coated (Gal vani zed) or
Zinc-lron Alloy-Coated (Gl vanneal ed) by
the Hot-Di p Process

ASTM A 780/ A 780M (2001; R 2006) Standard Practice for
Repair of Damaged and Uncoat ed Areas of
Hot - Di p Gal vani zed Coati ngs

ASTM D 117 (2002) Standard Guide for Sanpling, Test
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ASTM D 1535

ASTM D 2472

ASTM D 3455

ASTM D 3487

ASTM D 877

ASTM D 92

FM GLOBAL (FM

FM P7825

I NSTI TUTE OF ELECTRI CAL

| EEE C2

| EEE C37. 04

| EEE C37. 06

| EEE C37.121

| EEE C37. 20.

| EEE C37. 20.

| EEE C37. 41

2

3

Met hods, Specifications and Cui de for
El ectrical Insulating Gls of Petrol eum
Oigin

(2008) Specifying Color by the Minsell
System

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

(2002) Conpatibility of Construction
Material with Electrical Insulating Ol of
Petrol eum Origin

(2008) Standard Specification for M neral
Insulating Q| Used in Electrical Apparatus

(2002; R 2007) Standard Test Method for
Di el ectric Breakdown Vol tage of Insulating
Li qui ds Using Di sk El ectrodes

(2005a) Standard Test Method for Flash and
Fire Points by C evel and Open Cup Tester

(2005) Approval Cuide
AND ELECTRONI CS ENG NEERS ( | EEE)

(2007; Errata 2006; Errata 2007; |NT 44-56
2007; INT 47, 49, 50, 52-56 2008; |NT 57,
58, 51, 48 2009) National Electrical

Saf ety Code

(1999; Amendnent A 2003; R 2006; anendnent
B 2008) Rating Structure for AC

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

(2000) AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis -

Preferred Ratings and Rel ated Required

Capabilities

(1989; R 2006) Anerican National Standard
for Switchgear Unit Substations
Requi renment s

(1999) Metal -Cl ad Swi t chgear

(2001; R 2006) Metal -Encl osed Interrupter
Swi t chgear

(2008; Errata 2009) Design Tests for

H gh- Vol t age Fuses, Distribution Encl osed
Single-Pole Air Switches, Fuse

Di sconnecting Switches, and Accessories
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| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

NETA

NENVA

NEMA

NEMA

NEMA

NENVA

C37. 46

C37.71

C37.90

C57. 12.

C57. 12.

C57. 12.

C57.12.

C57. 13

C57. 96

C57. 98

C62. 11

00

28

80

90

(2000) For Hi gh Vol tage Expul sion and
Current-Limting Type Power C ass Fuses
and Fuse Di sconnecting Sw tches

(2001) Standard for Three-Phase, Mnually
Operated Subsurface Load-Interrupting
Swi tches for Alternating-Current Systens

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

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

(2005) Standard for Pad-Mounted Equi pnent
- Enclosure Integrity

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

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

(2008) Standard Requirenents for
I nstrunent Transforners

(1999; R 2005) Loading Dry-Type
Di stribution and Power Transforners

(1993; R 1999) Cuide for Transforner
| mpul se Tests

(2005; Amendnent A 2008) Standard for
Met al - Oxi de Surge Arresters for
Alternating Current Power G rcuits (>1kV)

| NTERNATI ONAL ELECTRI CAL TESTI NG ASSCCI ATI ON ( NETA)

ATS

(2003) Acceptance Testing Specifications

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVR)

Cl2.1

C12. 10

Cl2. 4

C37.72

LI 1

(2008) Electric Meters; Code for
El ectricity Metering

(2004) Physical Aspects of Watthour Meters
(1984; R 2002) Mechani cal Denmand Regi sters
(1987) Manual | y- Qper at ed, Dead- Fr ont
Padnount ed Switchgear with Load
Interrupting Switches and Separabl e
Connectors for Alternating-Current Systens
(1998) Industrial Lam nated Thernosetting
Product s
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1.

1.

NEMA ST 20 (1992; R 1997) Standard for Dry-Type
Transfornmers for General Applications

NEVA TP 1 (2002) Cuide for Determ ning Energy
Efficiency for Distribution Transforners

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical
Code - 2008 Edition

UNDERWRI TERS LABORATORI ES (UL)

UL 1437 (2006) Electrical Analog Instrunments -
Panel Board Types

UL 467 (2007) Standard for G oundi ng and Bondi ng
Equi pnent

2 RELATED REQUI REMENTS

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: Include Section 26 08 00 APPARATUS | NSPECTI ON
AND TESTING on all projects involving nedium vol tage
and specialized power distribution equipnment

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

Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS and Secti on
26 08 00 APPARATUS | NSPECTI ON AND TESTI NG apply to this section, with the
addi tions and nodifications specified herein.

3 SUBM TTALS

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

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

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

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the subnittal for
the Government.] The follow ng shall be submitted in accordance with
Section 01 33 00 SUBM TTAL PROCEDURES:

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: Include the bracketed options on "Cl44 and
074 review' for LANTNAVFACENGCOM and
SOUTHNAVFACENGCOM pr oj ects respectively. For other
projects, subnmittal review shall be perfornmed by the
designer of record. |If submittal review by
LANTNAVFACENGCOM or SOUTHNAVFACENGCOM i s
specifically desired, the responsible Governnent
agency nust coordinate with the respective Code Cl 44
or 074 during the design process. Add appropriate
information in Section 01 33 00, "Submttal
Procedures” to coordinate with the special
requirenents.

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

[Submit in accordance with paragraph entitled "Coordinated Submttal
Revi ews" herein].

1.3.1 Coordi nated Submittal Reviews

a. Submit transforner submittals to Code [Cl44, Atlantic][074, Southern]
Di vi sion, Naval Facilities Engineering Conmand for approval. In
addition, submit one set of the remmining substation components for
surveil |l ance.

b. Submit renaining substation conponent subnmittals to Engi neer of Record
for approval. |In addition, submt one set of transforner subnittals
for surveillance and to insure alignment of equi pment and coordi nation
for interconnections.

SD- 02 Shop Drawi ngs
Unit substation drawings[; CI[; G [___ 11
[ Transfornmer drawings [(to Code [Cl44][074])]1[; CI[; G |

SD- 03 Product Data

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: Use bracketed options referring to Codes Cl 44
and 074 for LANTNAVFACENGCOM and SOUTHNAVFACENGCOM
projects, respectively. This requires the designer
of record to review and approve the substation
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equi prent subnittals except for the transfornmer.
The EFD will review and approve the transformer
submittals.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]

Primary unit substations[ excluding transformer datal][; CG[; G

Unit substation transformer[ (to Code [Cl144][074])]1[; CI[; G
[ 111

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

SD- 05 Design Data

Capacity calculations for battery charger and batteries[; C][; G

SD-06 Test Reports

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Include "Calibration test reports" for
SOUTHNAVFACENGCOM pr oj ect s.

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

[Calibration test reports[; C[; G [___ 111

Submit report of results of acceptance checks and tests specified
by paragraph entitled "Field Quality Control"[; Cl[; G [___ 11

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: Field dielectric tests are recommended only
when new units added to an existing installation or
after major field nodifications. |f necessary,
service the equipnent prior to the field test.

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

Certified copies of dielectric tests report[; C[; G [___ 111

SD-07 Certificates

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: Use "Tested transforner | osses" for other
t han LANTNAVFACENGCOM and SOUTHNAVFACENGCOM
projects. Use "Transformer |osses" for
LANTNAVFACENGCOM proj ects. Use "Transforner |oss
cal cul ati ons" for SOUTHNAVFACENGCOM pr oj ect s.

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

Tested Transforner Losses[; C[; G [___ 111
Transformer losses[; C[; G [_____ 11]
Transfornmer loss calculations[; C[; G [___ 111

SD- 09 Manufacturer's Field Reports

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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1

1

NOTE: Include following option if "less-flammuable

S
transfornmer liquid" is chosen.
EE IR I Sk S S I S S S S R R R Rk S I S Sk S I I R S Ik S I R Sk I S O R

Silicone conpatibility tests[ (to code [Cl44] [074])][; CI[; G
[ 111

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: |If project includes special requirenents or
unusual application of the equi pnent specified in
this section, factory tests nmay be specified on
conpl etely assenbl ed unit substations as well as

i ndi vi dual conponents. These conpl etely assenbl ed
tests invol ve additional cost and specific

requi renents nmust be added to this specification
when they are deened necessary.

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

Swi t chgear design tests[; CG[; G [___ 11

Swi t chgear production tests[; CGI[; G [___ 11

Load interrupter switch design tests[; C[; G [___ 11

Load interrupter switch production tests[; C[; G [___ 11
Transforner design tests[ to code [Cl44][074]]1[; CI[; G [____ 11

Transforner routine and other tests[ (to code [Cl44][074])]1[; ClI;

SD-10 Operation and Mai ntenance Data
Primary unit substations, Data Package 5[; C[; G [___ 11
Unit substation transforner, Data Package 5[; C[; G [___ 111

Submt in accordance with Section 01 78 23 OPERATI ON AND
MAI NTENANCE DATA.

SD-11 Cl oseout Submittals

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: Include "Calibration schedul e" and " For mal
request for settings" for SOUTHNAVFACENGCOM proj ects

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Calibration schedule[; C[; G [
Formal request for settings[; Cl[; G [____ 111
Equi pnent test schedule[ (to Code [Cl44][074])][; CGIl; G [____ 11
4 QUALI TY ASSURANCE
4.1 Battery Power Cal cul ations

Submit capacity calculations for battery charger and batteries.
Cal cul ation shall verify that battery capacity exceeds station d.c. power
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requi renents.

[1.4.2 Transformer Losses

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: Use this paragraph for LANTNAVFACENGCOM
projects only.

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

Submit certification fromthe manufacturer indicating conformance with the
par agraph entitled "Specified Transforner Losses".

11.4.3 Unit Substation Draw ngs
Drawi ngs shall include, but are not limted to the foll ow ng:
a. An outline draning with front, top, and side views
b. Ampere ratings of bus bars
c. Maxi mum short-circuit bracing
d. Naneplate data
[e. Provisions for future extension[ and future forced air equipnent]]

[f. Circuit breaker[ and switch] type(s), interrupting ratings, and trip
devi ces including avail abl e settings]

g. Elenentary diagrans and wiring diagrans with ternmnals identified and
i ndi cating prewired interconnections between itens of equi pnent and the
i nterconnecti on between the itens

h. One-line diagram including switch(es),[ circuit breakers,][ current
transforners, neters,] and fuses

i. Mnufacturer's instruction nanuals and published tinme-current curves
(on full size 11 x 17 inches 279 x 431 nm logarithm c paper) of the[
fuse in the load interrupter switch,][ main secondary breaker,]]|
| argest secondary feeder device]; transformer thermal and nmgnetic
damage i nformation; and transformer inrush current information
(rmagnetic inrush point). These shall be used by the designer of record
to verify fuse size and to[ provide breaker settings that will] ensure
protection and coordi nati on are achi eved.

[1.4.4 Transf ormer Draw ngs

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: Include bracketed option for separate
transforner draw ngs on LANTNAVFACENGCOM and
SOUTHNAVFACENGCOM pr oj ects only.

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

Drawi ngs shall include, but are not limted to the follow ng:
a. An outline drawing, with top, front, and side views

b. ANSI nanepl ate data
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][1.4.5 Cal i brati on Schedul e

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: Include "Calibration schedule" and "For nal
request for settings" for SOUTHNAVFACENGCOM proj ects
only.

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

a. Provide a calibration schedule including the anticipated dates when
equi pnment requiring coordination and protection will be installed, the
antici pated date when the Contractor will submt a formal request for
settings, and the anticipated date when the manufacturer's technical
representative will performsettings and calibrate equi prent.

b. Submt the calibration schedule, via the Contracting O ficer to:
SOUTHNAVFACENGCOM Code 05, Construction Depart nment
SQUTHNAVFACENGCOM Code 162; Director, Utilities Engineering Division

1[1.4.6 Formal Request for Settings

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: The "30" days in brackets bel ow may be
extended for projects involving major electrical

di stribution work. Consult w th SOUTHNAVFACENGCOM
Code 162.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

a. Were settings will be provided by the Governnent to achi eve protection
and coordination via relays and protective devices, subnmit a fornal
request for settings [30]] ] days in advance of the date that
settings will be needed, to allow the Contracting Officer to forward a
copy of approved shop drawi ngs to SOUTHNAVFACENGCOMV Code 162;
Director, Utilities Engineering D vision.

b. The equi prent requiring protection and coordination shall be installed
prior to making this request.

c. Include approved shop draw ngs, manufacturer's instructions to set the
protective devices, and nmanufacturer's tine-current curves.

d. Subnit the formal request for settings, via the Contracting Oficer
to: SOUTHNAVFACENGCOM Code 162; Director, Uilities Engi neering
Di vi si on.

1[1.4.7 Calibration Test Reports

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

NOTE: Include this paragraph for SOUTHNAVFACENGCOM
proj ects.

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

Submit test results on protective relays via the Contracting Officer to
SQUTHNAVFACENGCOM Code 162; Director, Utilities Engineering Division.

Submit operation and mmi ntenance data in accordance with Section 01 78 23
OPERATI ON AND MAI NTENANCE DATA.
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11.5  MAI NTENANCE

1

5.1 Additions to Operation and Mi ntenance Data

In addition to requirements of Data Package 5, include the follow ng on the
actual primary unit substations provided.

a. An instruction manual with pertinent items and information highlighted

b. An outline drawing, including front view and sectional views with itens
and devices identified

c. Prices for spare parts and supply list

d. Routine and field acceptance test reports

e. Time-Current-Characteristic (TCC) curves of fuses[and circuit breakers]
[f. Information on netering]

g. Actual namepl ate di agram

h. Date of purchase

PART 2 PRODUCTS

2.

1 PRODUCT COORDI NATI ON

Products and naterials not considered to be secondary unit substati ons and
rel ated accessories are specified in Section 33 71 02. 00 20 UNDERGROUND
ELECTRI CAL DI STRI BUTI QN, and Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

.2 PRI MARY UNI T SUBSTATI ONS

| EEE C37.121, [single-ended][double-ended] arrangenent, consisting of
[one][two] incom ng sections, [one][two] transforner sections, [one][two]
transition sections, the nunber of auxiliary sections, bus-tie sections,
and outgoi ng sections indicated.[ Substation shall be designed for indoor
service.][ Substation shall be designed for outdoor service with

ventil ation openings and gasketing provided to ensure a weat her pr oof
assenbly under rain, snow, sleet, and hurricane conditions.] Externa
doors shall have provisions for padl ocking.

2.1 I ncom ng Sections

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Choose one of the followi ng three choices for
each incom ng section: a netal-clad sw tchgear
section, a netal -enclosed switch section, or an air

filled term nal chanber.
EIR IR R R R S I I I I I I I I I I R R S I I IR I R I I I I R I I I A I I I I R I S I S b E b I I I I I R I b I I b I I b I b b b I

[ The] [ Each] incom ng section shall consist of [a netal-clad sw tchgear
section][a netal -encl osed switch section][an air filled terni nal chanber]
for connecting the incoming circuit [directly][through a [circuit breaker]
[[fused] [ nonfused] |l oad interrupter switch]] to the transformer. |If
required for proper connection and alignment, include a transition section
with the incom ng section. Connection between [circuit
breaker][interrupter switch] and transforner shall be insul ated copper bus
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or insulated copper cable nounted on porcelain insulators spaced no nore
than 610 mr 2 feet apart.

2.2.1.1 Conductor Term nation

Conductor term nations shall be designed for terminating [one][two][ ]
singl e conductor cabl es per phase and shall be arranged for conduits
entering from[bel ow [above]. Provide cable term nations of the [nodul ar

nol ded rubber][porcelain insulator] type as specified in Section
33 71 02.00 20 UNDERGROUND UNDERGROUND TRANSM SSI ON AND DI STRI BUTI ON

[2.2.1.2 [ Vacuum[ or ][SF6] Circuit Breaker as Main Protective Device

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: When a separately encl osed, pad nounted SF6
switch is provided as the inconing

di sconnecting/ overcurrent protection device for the
primary unit substation, use Section 26 13 00.00 20,
PAD- MOUNTED SF6 | NSULATED | NTERRUPTER SW TCHES.

Modi fy Section 26 13 00.00 20 for vault-type

swi tches, where applicable.

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

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

NOTE: Choose this subparagraph or "Load Interrupter
Switch as Main Protective Device"

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

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: Circuit breakers are nore costly than fused
swi tches, but may be needed where switching is
frequent, and quick reclosing is required.

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

The [vacuum[ or ][SF6] circuit breaker shall be an electrically-operated,

three-pole, circuit interrupting device rated for [ ] anperes
continuous at [ ] kVand [ ] kV BlIL. Breaker shall be designed for
service on a [__ ] kV systemwith a short-circuit capacity of not |ess
than [ ] [amperes symetrical ][ MWA]. Rating shall be based on

| EEE C37.04 and | EEE C37.06. Circuit breaker shall be drawout-rmounted with
position indicator, operation counter, auxiliary switches, and primry and
secondary di sconnect devices. Circuit breaker shall be operated by an
electrically charged, nechanically and electrically trip-free,

st ored-energy operating nechanism Provide for nmanual charging of the
mechanism Circuit breaker control voltage shall be [[__
Vac].[ SF6 circuit breakers shall be shipped factory filled with SF6 gas
conform ng to ASTM D 2472.]

a. Contacts: Silver-plated, nultifinger, positive pressure, self-aligning
type for main drawout contacts.

b. Each drawout breaker shall be provided with three-position operation
The connected position and the test/di sconnect position shall be
clearly identified by an indicator on the circuit breaker front panel

1. Connected position: Contacts are fully engaged. Breaker shall be
tripped before it can be racked into or out of this position

2. Test/disconnect position: Position shall allow for conplete
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testing and operation of the breaker without energizing the
primary circuit.

3. Wthdrawn (renoved) positions: Places breaker conpletely out of
conpartnent, ready for renoval.

]1[2.2.1.3 Load Interrupter Switch as Main Protective Device

| EEE C37.20.3. Provide a three-pole, single-throw, deadfront,

net al -encl osed, load interrupter switch with manual stored energy operator.
Switch shall be [fused, with fuses nounted on a single frane][non-fused][in
series with [vacuum [ or ][SF6] interrupters] and designed for easy

i nspection[ and fuse replacenent].[ SF6 gas shall conformto ASTM D 2472.]
The switch shall be operated by a manually charged spring stored energy
mechani sm whi ch shal |l simultaneously di sconnect or connect ungrounded
conductors. The noveabl e blade of the switch shall be deenergi zed when in
the open position. The nechanismshall enable the switch to cl ose agai nst
a fault equal to the nmonentary rating of the switch without affecting its
continuous current carrying or load interrupting ability. A ground bus
shall extend the width of the switch enclosure and shall be bolted directly
thereto. Connect frane of unit to ground bus. The door shall have an

i nspection windowto allow full view of the position of the three switch

bl ades t hrough the closed door. Switch ratings shall be:

a. | 1 kv, [ ] kv BIL for service on a | ] kV systemwith a
fault close rating of not less than | ] anperes asynmmetri cal

b. The switch shall be capable of carrying continuously or interrupting

[ ] anperes with a nonentary rating of [ ] anperes at | ]
kV.

c. Switch shall have provision for padl ocking in the open and cl osed
posi tions.

d. [Fuses shall be current limting type rated [[ ] anperes
continuous, and | ] [anperes interrupting capacity.]][approximtely
[ ] percent of the transforner full-load rating and in accordance

with the fuse manufacturer's recomendation.]]

12.2.2 Primary Transition Section

2.

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: Transition section should only be specified

where absol utely necessary.
EE IR I Sk S S O Sk S I O R R Rk I S kS I I R R R Ik S S I O S R Sk I S O

Provide transition section for insulated copper [cable][bus-bar]
connections to the transforner primary terminals. Support [bus][cable]
connecti ons between high-voltage [switch][breaker] and transforner primary
by porcelain insulators[ spaced no nore than 610 nr 2 feet apart]. Size
and brace [bus][cable] to withstand the specified available fault.

2.3 Transf orner Sections

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: Indicate and specify the type of transformers
required for the project.

1. Use mneral oil filled transfornmers and | ocate
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transformers at least 7.6 neters 25 feet from
bui | di ngs wherever possible. Where adequate

di stance from structures cannot be attained, consult
NAVFAC desi gn manual s and M L- HDBK- 1008, "Fire
Protection for Facilities Engineering, Design, and
Construction." Caution should be used in specifying
less-flammable liquid filled transformers. A

t hor ough anal ysis shoul d be nmade by the designer
prior to using silicone filled transforners due to
the concern over operation of tap changers within
the silicone liquid.

2. Use the followi ng option(s) when additiona
capacity is required. This involves special
coordination with transformer KVA rating, as well as
sizes and ratings of fuses and secondary breakers.

a. If it is anticipated that future |oad

requi renents will necessitate increasing the
capacity of the transformer, the specification for
the transformer should require the provision of
conponents and brackets for future forced air
cooling. Forced-air-cooling increases capacity by:
15 percent (750-2000 KVA); 25 percent (2500-5000

KVA) .

b. On rare occasions, change " i nsul ati on system
rated for a 65 degrees Crise..." to read
"...insulation systemrated for a 55/65 degrees C
rise to allow transfornmer(s) to have a continuous
overl oad capacity of 12 percent at rated voltage
wi t hout exceeding 75 degrees C wi ndi ng tenperature
rise."

3. Use | EEE C57.12.00, Figure 3(b), voltage
designations, such as "13200 V - 4160Y/ 2400 V'

4. Tap ratings may vary fromthose indicated,
especially in | ower kVA ratings.

5. Energy efficient transforners usually have

i mpedance values in the range of 2.95 to 5.75
percent. Performfault current calculations to

det erm ne m ni num accept abl e transfornmer inpedance.
Be sure that specified inpedance is available in the
size and type transforner required.

6. Delete inapplicable sound | evels.

7. Delete last sentence, referring to renovabl e
ground strap, if transforner secondary winding is
delta type

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

| EEE C57.12.00. [Ql-insulated][Less-flanmable |iquid-insulated], two
wi ndi ng, 60 hertz, 65 degrees C rise above a 30 degrees C average anbient,
sel f-cool ed type.
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2.2.3.1 Transfornmer Ratings

a.

Transformer shall be rated [ ] kVA | ] kV BIL primary, | ]
kV BIL secondary.

Transformer voltage ratings: [ ] V- [ ] V. For GdY - GdY
transformers, provide transforner with five-1egged core design for
third harnoni c suppression.]

Provide four 2.5 percent full capacity taps, two above and two bel ow
rated primary voltage. Provide tap changer, w th external
pad- | ockabl e, manual type operating handl e, for changing tap setting
when the transforner is de-energized.

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: Change 85 degrees C to 75 degrees C when
transforners are specifically rated for 55/65
degrees Cri se.

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

d.

e.

M ni mum t est ed i npedance shall not be less than | ] percent at 85
degrees C.

Audi bl e sound | evels shall conply with the follow ng:

KVA DECI BELS (MAX)
225 55
300 55
500 56
750 58
1000 58
1500 60
2000 61
2500 62
5000 65
7500 67
10000 68

Di agrammatic stainless steel or |aser-etched anodi zed al um num
nanepl at e.

Transformer shall include ground pads, lifting |lugs and provisions for
j acki ng under base. The transfornmer base construction shall be
suitable for using rollers or skidding in any direction. Provide
transformer top with an access handhole. The transforner shall have an
i nsul ated | owvol tage neutral bushing with lugs for ground cable, and
wi th renmovabl e ground strap

Transformer shall have the foll owi ng accessories:

1. Liquid-level indicator

2.  Pressure-vacuum gage

3. Liquid tenperature indicator

4, Drain and filter val ves
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5. Pressure relief device
[6. Auxiliary cooling equi pnent and controls

[(a) Transformer shall have provisions for future addition of
autonmatically controlled fans for forced-air-cooling.]

[(b) Transformer shall be forced-air-cooled. Forced-air-cooling
fans shall have [automatic tenperature control relay][w nding
tenperature indicator with sequence contacts].]]

[2.2.3.2 Speci fied Transfornmer Efficiency

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: On ot her than LANTNAVFACENGCOM and
SOUTHNAVFACENGCOM pr oj ects, use "Specified
Transforner Efficiency". Delete "Specified
Transforner Losses", "Transforner Loss

Cal cul ations", and "Deduct C ause"

Ef ficiency shall be specified based on NEMA TP 1
until actual |oss values can be coordinated with
industry using life cycle cost econonics.

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

M ni mum ef fi ci ency, based on test results, shall not be | ess than NEMA
Class 1 efficiency as defined by NEVA TP 1.

a. Tested transforner losses: Subnmit certification fromthe manufacturer
with the submitted catal og data, to show confornmance with the specified
efficiency requirenents. The values used to determine the actua
efficiency shall be the tested no-load | osses (NLL) (in watts) at a
reference tenperature of 20 degrees C and the tested | oad | osses (LL)
(in watts) at a reference tenperature of 85 degrees C. If the
ef ficiency based on the aforenentioned test results, is |less than the
NEMA Class 1 efficiency, the transformer is unacceptable. Transforner
efficiency values at both full [oad and at one-half full |oad shall be
i ncluded on the routine test report.

1[2.2.3.3 Speci fied Transfornmer Losses

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: On LANTNAVFACENGCOM proj ects, use "Specified
Transforner Losses". Delete "Specified Transforner
Efficiency", "Transformer Loss Cal cul ations", and
"Deduct O ause". The appropriate NLL and LL val ues
for each transformer will be provided by Code Cl 44
at the 100 percent review. Until that time, |eave
the follow ng bracketed val ues bl ank

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

No-|l oad | osses (NLL shall be [ ] watts at 20 degrees C, and | oad | osses
(LL) shall be [__ ] watts at 85 degrees C. The values for the specified
| osses shall be used for conparison with the | osses determ ned during the
routine tests. |If the routine test values exceed the specified no-Ioad

| osses by nore than 10 percent, or the total |osses exceed the specified
total losses (sum of no-load and | oad | osses) by nore than 6 percent, the
transfornmer i s unacceptable.
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EE R R Ik R I R R R I I O I R R I R O I R R I R R I I O R O

NOTE: On SOUTHNAVFACENGCOM proj ects, use
"Transformer Loss Cal cul ati ons" and "Deduct

C ause". Delete "Specified Transfornmer Efficiency"
and "Specified Transfornmer Losses".

TRANSFORVER LOSSES (WATTS)

kVA 1000 1500 2000 2500
NLL 1250 1725 2100 2775
LL 6050 7300 8425 12000

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

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Specify values for the variables "A", "B", & "C'
using Transfornmer Losses (Watts) table above, Table
| below, and C equals A(NLL) plus B(LL).

TABLE |
ACTIMVITY LGSS FACTORS
NAS KEY WVEST A = 8.36 B=2095
CHARLESTON AFB A=3.79 B=1091
GLAKES COWPLEX A =4.89 B=214
DFSP CHARLESTON A = 4.54 B =236
NAS CORPUS CHRI STI A = 3.98 B =210
MCAS BEAUFORT A =454 B =236
NAS KI NGSVI LLE A = 3.98 B =210
MCRD PARRI S | SLAND A= 4.54 B =236
NS | NGLESI DE A = 3.98 B =210
NH BEAUFORT A = 4.54 B =236
NAS MERI DI AN A = 4.65 B =219
NH CHARLESTON A =454 B =236
CAPE CANAVERAL A =6.25 B=178
NI SE A= 4.54 B =236
MCLB ALBANY A =5.26 B =1.50
NWS CHARLESTON A = 4.54 B =236
NAS ATLANTA A = 5.26 B =1.50
NS PASCAGOULA A =5.30 B=1.51
NSB, KINGS BAY A =5.26 B =150
BARKSDALE AFB A= 3.59 B =144
CSS PANAMA CI TY A =4.23 B =1.96
NAS FORT WORTH A=3.70 B=1.70
NAS PENSACOLA A =423 B =1.96
NAS MEMPHI S A = 3.93 B =209
NAS SAUFLEY A =423 B=1096
ANDRCS | SLAND A = 3.56 B=184
NAS VHI TI NG FI ELD A =423 B =1.96
ASCENSI ON | SLAND A = 3.56 B=1.84
NTTC CORRY A =423 B =1.96
DETRO T A = 3.56 B=184
BLOUT | SLAND A=4.72 B =189
DFSP ALASKA A = 3.56 B=184
NAS JACKSONVI LLE A=472 B =1.89
EGLI N AFB A = 3.56 B=1.84
NS MAYPORT A=472 B =1.89
| NDI AN NAWC A = 3.56 B=184
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TABLE |

ACTIVI TY LOSS FACTORS
NAS NEW ORLEANS A= 3.23 B =207
NASC LQUI SVI LLE A = 3.56 B=184
SA NOLA WEST BAN A= 3.23 B =207
NPC FRI NDLEY A = 3.56 B=184
KEESLER AFB A =403 B=1.64
NWS CRANE A =3.02 B=1.55
NCBC GULFPORT A =403 B=1.64
POPE AFB A = 3.56 B=184
STENNI S SPC A =403 B =164
SELFRI DGE ANG A = 3.56 B=184
NSA NOLA EAST BAN A =510 B =1.97
SEY. JOHNSON AFB A = 3.56 B=1.84
ORLANDO COWPLEX A= 4.62 B=1.84
SHAW AFB A = 3.56 B=184
TI NKER AFB A = 3.56 B=1.84
IR I S I S kb S S R R Ik kI kS I S R I I I b b S S R R Rk S I R R Ik
1[2.2.3. 4 Transformer Loss Cal cul ations
a. "A" and "B" are given loss factors. A equals | ]; B equals |
b. "C' is the cost of losses. Cequals $ | ]
c. "NLL" and "LL" are the transfornmer no-load | osses (watts) at 20 degrees

C, and | oad-losses (watts) at 85 degrees C, respectively.
1[2.2.3.5 Deduct C ause

After routine test results are available, Contractor shall perform actua
transforner | oss calculations (D) using test result values for NLL and LL
and val ues specified above for A and B. Submit calculations for each
transforner with the routine test submttal. Calculate using equation: "D
equal s A(NLL) plus B(LL)".

a. If Dis less than or equal to C No adjustnment will be made to
contract price.

b. If Dis greater than C. A unilateral contract nodification will be
i ssued in the anpbunt of difference between C and D

c. If Dis greater than 1.25(C): The transformer is unacceptable
12.2.3.6 I nsul ating Liquids

[a. Mneral oil: ASTM D 3487, Type |Il, tested in accordance with
ASTM D 117. Provide identification of transformer as "non-PCB" on the
nanepl ate. ]

[b. Less-flanmable transfornmer liquids: NFPA 70 and FM P7825 for
| ess-flammabl e |iquids having a fire point not |ess than 300 degrees C
tested in accordance with ASTM D 92 and a dielectric strength not |ess
than 33 kV tested in accordance with ASTM D 877. Do not provide askarel
or insulating liquids containing polychlorinated bi phenyls (PCB' s),
tetrachl oroet hyl ene (perchl oroethyl ene), chlorine conmpounds, and
hal ogenat ed conpounds.
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2.

2

[1. Silicone conpatibility tests: Wen silicone is used as a
| ess-flammabl e transforner liquid, conmpatibility of silicone with
seal s and gasketing materials in oil-inmersed type tap changers
shal |l be determ ned by conpatibility tests conducted in accordance
with ASTM D 3455. Test results shall show no evidence of
shrinkage, swelling, or absorption caused by the liquid.]]

2.4 Secondary Transition[ and Auxiliary] Section(s)

The secondary transition[ and auxiliary] section(s) shall have a hinged
front panel, a[__ ]-anpere, three-phase, [three][four]-wi re[ insulated]
mai n bus and connections, a ground bus, necessary terminal blocks, wring
and control buses, control power transfornmer, and cable supports.[ 1In the
auxiliary section provide a [__ ]-V battery conplete with rack and
standard accessories, and a battery charger, static type, [w thout voltage
regulation][with automatic charger control], conplete with amreter
voltmeter, and rheostat.]

.2.4.1 Control Power Transforners

Transformers shall be designed for continuous operation at rated kVA 24
hours a day, 365 days a year with normal |ife expectancy as defined in

| EEE C57.96. Dry-type, two-w nding type, 115 degrees C rise above 40
degrees C nmaxi mum anbi ent designed for nmounting in swtchgear cubicle or
drawer. Transforner shall be sized as required to serve the connected | oad
and shall have a voltage rating of [__ ] kV three-phase, delta primary,
and [ 120/208][277/480] V we secondary, 60 Hz.

.2.4.2 Primary Protection

Provi de drawout-nmounted, primary current limting fuses rated for the
specified transformer size and the available short-circuit current.

.2.4.3 Secondary Protection

Provi de nol ded-case circuit breakers or nol ded-case switch sized as
required, nounted in sane conpartnment with transformer and primary fuses to
serve the indicated | oads.

. 2.5 Met al - ad Swi tchgear Qutgoing Section

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: This paragraph may al so be used to specify
freestandi ng switchgear not directly connected to a
unit substation. This paragraph is not intended to
be used for generator control sw tchgear w thout
extensive nodification and coordination wth
appl i cabl e di esel engi ne generator guide
specifications. Specify Category A requirenents
when switchgear area is subject to access by the
unsupervi sed general public. Category B encl osures
nust be fence enclosed or in a | ocked room

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
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NOTE: To hel p determni ne whether netal-clad

swi tchgear or netal -encl osed interrupter swtchgear

is nore appropriate for a project, consider that the
primary applications for interrupter switchgear are
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where there are no instantaneous relaying and where
switching is infrequent. Al so interrupter
switchgear is significantly less costly than

net al - cl ad swi 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

| EEE C37.20.2 for netal -clad nedi umvol tage [vacuun][SF6] circuit breaker
type, insulated for [5][15] kV for use on [__ ] kV system Each stee
unit formng part of the switchgear structure shall be self-contained and
shal | house [one-high][two-high] breaker or instrunent conpartnents, and a
full height center and rear conpartnment for the buses and outgoing cable
connections. For two-high breaker units, provide a renovable nmetal barrier
to separate the two cable circuits. Equip individual circuit-breaker
compartments with drawout contacts, rails, disconnecting nmechanism and a
cell interlock to prevent noving the renovable element into or out of the
"connected" position while the circuit breaker is closed. Provide a stee
door for each breaker conpartment. Enclosures shall be designed for
[indoor][outdoor] |ocation and shall conformto the Category [A][B]

requi rements of Table Al of Appendix A to |EEE C37.20.2. Design the
structure to allow for future additions. Provide |lamnated plastic

nanepl ates for each relay, switch, nmeter, device, and cubicle to identify
its function. Provide permanent |abels for wiring and termnals
corresponding to the designations on approved shop draw ngs. Mount

nanepl ates on each circuit breaker conpartnent door

a. Phase buses and connections: Mount bus structure on insulated supports
of high-inpact, non-tracking, high-quality insulating material and
brace bus to withstand the nechani cal forces exerted during
short-circuit conditions when connected directly to a source having
maxi mum of [ ] anperes rns synmetrical available. Bus bars shal
be rated [ ] anperes and shall be high conductivity copper having
silver plated joints. Make bus bar connections frommain buses to the
incoming circuit breaker studs. Equip outgoing circuit breaker studs
wi th nmechani cal clanp type cable connectors for the size of cables
shown. Provide cable supports for outgoing cables. Wre secondary
circuits, including heater circuits, to term nal blocks. Termna
bl ocks shall be readily accessible for nmaking external connections as
required.

b. Gound bus: Provide a copper ground bus sized for full short-circuit
capacity. Secure ground bus to each vertical structure and extend
ground bus the entire length of switchgear. |nclude provisions for
maki ng the station ground connecti ons.

c. DC bus: Provide an insul ated copper bus or wire extending the entire
l ength of switchgear. Bus shall be rated 100 anperes at 125 Vdc. Wre
shall be No. 6 AWG mi ni mum

d. Each breaker conpartment shall have provision for mounting up to four
sets of ANSI rated current transfornmers, two on line side and two on
| oad side of each breaker

.2.5.1 Circuit Breaker

Each [vacuum [ SF6] circuit breaker shall be an electrically operated,
three-pole, circuit interrupting device rated as indicated at maxi num
voltage of [ ] kVand [__ ] kV BlIL. Breaker shall be designed for
service on a[__ ] kV systemwith a short-circuit capacity of not |ess
than [ ] [anperes symetrical ][ MWA]. Rating shall be based on
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| EEE C37.04 and | EEE C37.06. Breaker frame size shall be as indicated.
Circuit breaker shall be drawout-nounted with position indicator, operation
counter, auxiliary switches, and primary and secondary di sconnect devi ces.
Circuit breaker shall be operated by an electrically charged, nechanically
and electrically trip-free, stored-energy operating nechanism Provide for
manual chargi ng of the nechani smand for slow closing of the contacts for
inspection or adjustnent. Circuit breaker control voltage shall be |
Vdc.

a. Contacts: Silver-plated, nmultifinger, positive pressure, self-aligning
type for nain drawout contacts.

b. Each drawout breaker shall be provided with three-position operation
The connected position and the test/di sconnect position shall be
clearly identified by an indicator on the circuit breaker front panel

1. Connected position: Contacts are fully engaged. Breaker shall be
tripped before it can be racked into or out of this position

2. Test/disconnect position: Position shall allow for conplete
testing and operation of the breaker w thout energizing the
primary circuit.

3. Wthdrawn (renoved) positions: Places breaker conpletely out of
conpartnent, ready for renoval

.2.5.2 Space Only Compartnents

Provide fully equipped with busing, control switch, indicating Iights, and
drawout breaker mounting and connecting straps to acconmodate future
breakers. Provide conpartments with doors.

.2.5.3 Breaker Lifter

Provide a portable lifter rated for lifting and | owering circuit breakers
fromtwo-high cubicles. Portable |ifter shall have swi vel casters in front
for ease of novenent.

.2.6 Protective Relays, Metering, and Control Devices

.2.6.1 Rel ays
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NOTE: The definition and application of device
function nunbers used in electrical substations and
switchgear are found in ANSI C37.2, "I|IEEE Standard
El ectrical Power System Device Function Nunbers."
For description and application of conmonly used
relays, refer to M L-HDBK-1004/3, "Sw tchgear and
Rel ayi ng." This guide specification does not cover
all possible relay applications. Choose only the
relay types applicable to the specific project.

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

Rel ays shall conformto | EEE C37.90. Protective relays shall be induction
type or solid-state type enclosed in rectangular, semflush,

swi t chboard-type drawout cases with indicating targets and provisions for
testing in place by use of manufacturer's standard test bl ocks or test
switches. One conplete set of test blocks or test switches to fit each
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type of relay in the equipnent shall be provided. Auxiliary and | ockout
relays are not required to have drawout cases or test provisions.
Controls, relays, and protective functions shall be provided completely
assenbl ed and wired.

a.

Phase overcurrent relays (device [50/]51): Provide [ ] sets of
three time overcurrent relays responding to phase currents wired to
trip associated circuit breakers upon the occurrence of a current above
the tap setting of the relays. Each relay shall have [very][extrenely]
inverse tine characteristics with a tap range of | ] to |

anperes.[ Each relay shall be equi pped with an instantaneous
overcurrent unit having a pickup value over the range of | ] to

[ ] anperes.][ Relays shall be Type | 1.1

Ground overcurrent relays (device [50/]51N): Provide a tine
overcurrent relay responding to ground (residual) current, wired to
trip the associated circuit breaker upon occurrence of ground current
above the tap setting of the relay. Relay shall have [very][extrenely]
inverse tine characteristics with a tap range of [ ] to | ]
anperes. Relay shall be equipped with an instantaneous overcurrent
unit having a pickup value adjustable over the range of | ] to

[ ] anperes.[ Relays shall be Type [ 1.1

Ground overcurrent relays (device 51N): Provide a tinme overcurrent
relay responding to ground (residual) current, wired to trip the
associ ated circuit breaker upon occurrence of ground current above the
tap setting of the relay. Relay shall have [very][extrenely] inverse

time characteristics with a tap range of | ] to | ] anperes.|
Rel ay shall be equi pped with an i nstantaneous overcurrent unit having a
pi ckup val ue adj ustabl e over the range of | ] to | ]

anperes.][ Relays shall be Type [ 1.1

Directional phase overcurrent relays (device 67): Provide | ] sets

of three directionally controlled tinme overcurrent relays sensing phase
current, wired to trip associated circuit breakers upon a current
exceeding the tap setting in the direction indicated. Relays shal

have a voltage pol arized directional unit and an inverse tine
characteristic overcurrent unit. Overcurrent unit shall have a tap
range of | ] to | ] anperes.[ Relays shall be Type [ 1.1

Directional ground overcurrent relays (device 67N): Provide
directionally controlled tinme overcurrent relays sensing ground
(residual) current. Relays shall be wired to trip the associated
circuit breaker upon a current exceeding the tap setting in the
direction indicated. Relays shall have a current and voltage pol ari zed
directional unit and an inverse tine characteristic overcurrent unit.
Rel ays shall be voltage polarized. Auxiliary potential transforners
shal |l be provided to obtain polarizing voltage. Overcurrent unit shal
have a tap range of | ] to | ] anperes.[ Relays shall be Type

[ 1]

Lockout relays (device 86): Provide hand reset, electrically tripped,
hi gh-speed auxiliary relays where indicated. Relays shall be tripped
by the indicated devices and shall be wired to trip the associated
circuit breaker and prohibit closing of the circuit breaker by |oca
and remote controls until the | ockout relay has been reset by hand to
its normal position. Each relay shall be provided with the nunber of
contacts required to performthe indicated function and, in addition
shal | have a mni num of two spare normally closed contacts and two
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[ h.

[i.

[i-

spare nornally open contacts.

Bus differential relays (device 87B): Provide a set of three

hi gh- speed, hi gh-i npedance, single-phase bus differential relays, wred
to trip the circuit breakers connected to the protected bus upon
occurrence of a fault within the zone of protection. Relays shall not
trip the circuit breakers on through current to a fault outside the
zone of protection. Current signals shall be obtained from dedi cated
current transformers. Bus differential relay shall include a

vol t age- operated unit which shall operate in three to six cycles for

| ow- magni tude faults and a current-operated unit which shall operate in
one to three cycles on noderate to severe faults. Relay shall include
athyrite voltage-linmting unit. Voltage-operated unit shall have an
adj ustment range of 75 to 500 V. Current-operated unit shall have an
adj ustment range of 2 to 50 anperes.

Trip blocking test switches: Trip blocking test switches shall be
provided to block tripping of 34.5-kV circuit breakers fromthe bus
differential |ockout relay. Trip blocking test switches shall be
back-connected knife switches in a sem flush panel -mounted insul ating
case with renovabl e clear glass or acrylic cover. Knife swtches shal
be rated for at |east 125 Vdc and 30 anperes. Knife swi tches shal
have an insul ated operating knob.]

Transformer differential relays (device 87T): Provide a set of three
hi gh- speed, percentage differential relays for protection of

t hr ee- phase, delta-we, two-wi nding transformer. Relays shall sense
phase currents fromthe transfornmer prinmary current transforners and
transformer secondary breaker current transformers. Relays shall trip
the primary circuit breakers and the transfornmer secondary breakers.
Rel ays shall have a sensitive differential unit to detect faults within
the protected zone. Relays shall have a harnmonic restraint unit to
prevent tripping on transforner inrush current and two restraint
transformers to prevent tripping on through-current to a fault outside
the zone. Relays shall have a sensitivity of 0.35 tines the tap

val ue. Relays shall have ratio taps in the range of 2.9 to 8.7
anperes. Relays shall be Type | 1.1

Fault pressure relay (device 63): Provide a fault pressure rel ay
sensitive to rate of rise of transfornmer tank pressure to detect
internal faults in transfornmer wi ndings. Fault pressure relay shall be
wired to a conpatible auxiliary seal-in relay (Device 63X), which shal
trip primary circuit breakers and transfornmer secondary breakers of the
associ ated transformer via a | ockout relay. Fault pressure relay shal
be transformer nounted and auxiliary relay shall be panel mounted in a
sem flush case. Auxiliary relay shall have trip-indicating targets.]

Thermal relay (device 49): Provide a winding thermal relay, with
associ at ed accessories. Equipnent shall indicate the w nding
tenmperature of the transforner, provide automatic cooling fan control
and shall have one spare single-pole, double-throw contact for renpte
i ndi cation of overtenperature for connection to a future Supervisory
Control and Data Acquisition (SCADA) System

Auxiliary control relays: Provide as required to inplenent protective
functions and interlocking as indicated. Auxiliary relays shall have
contacts rated to carry 30 anperes for one mnute and 12 anperes
continuously. Coils shall be a long-life design with a projected
service life of 40 years.
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1. Auxiliary relays used for tripping circuit breakers shall be
mul ti contact, high-speed relays operating in one-half cycle or
| ess.

2. Auxiliary relays for functions other than tripping circuit
breakers shall be normal -speed rel ays operating in two cycles or
| ess.

3. Auxiliary timng relays shall be electro-pneumatic relays wth
contacts rated for at |least the load they are controlling.

2.2.6.2 I nstrunents
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NOTE: Sel ect essential instruments and neters. Add
to the specification any special netering not |listed
which is required for a specific project. Use of an
El ectronic Monitoring Systemand Electronic Trip
Assenblies in the breakers may elimnate the need
for many individual electro-mechanical neters. This
may al so be acconplished on sinpler systens by using
the el ectronic watthour neter and identifying the
desired special progranm ng features. For
SOUTHNAVFACENGCOM pr oj ects, provide three therna
demand ammeters.

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

ANSI C39.1 for electrical indicating switchboard instrunents, with one
percent accuracy class, antiparallax pointer, and glare-free face with
scal es as indicated and coordinated to the ratios of the current and
potential transformers provided. AC ammeters and voltneters shall be a

m ni mum of [50][115] nm [2][4 1/2] inches square, with 4.36 rad 250 degree
scale. Provide single-phase indicating instruments with flush-nmounted
transfer switches for reading three phases.

a. AC ammeters: Transforner rated, 5-anpere input, 60 Hz.

b. AC voltmeters: Transforner rated, 150-volt input, 60 Hz.[ Provide
external dropping resistors.]

c. AC wattmeters: Transforner rated for 120-volt input, 60 Hz,
t hree- phase, four-wire, with scale range coordinated to the ratios of
t he associated current transformers and potential transforners.|
Provi de external dropping resistors.]

d. Frequency neters: Rated for 120-volt input, 60 Hz noninal frequency,
[ ] to] ] Hz scal e range.

e. Synchroscope: Transfornmer rated at 120-volt input, 60 Hz, with
sl owfast scal e.

f. Power-factor neters: Transfornmer rated 5-anpere, [120][208]-volt
i nput, | ] scale range for use on [three][four]-wire, three-phase
circuits. The accuracy shall be plus or mnus 0.01

g. DC ammeters: [Self-contained][Shunt-rated], [0 to | ]
anpere] [ [ ] to 0to | ] anpere] scal e range
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h. DC voltneters: Self-contained, [0 to | ] volt][[ ] to 0 volt]
scal e range. Furnish resistors, if required, with the voltneter

2.2.6.3 I nstrunent Control Sw tches

Provide rotary camoperated type with positive neans of indicating contact
positions. Switches shall have silver-to-silver contacts enclosed in a
protective cover which can be renoved to inspect the contacts.

2.2.6.4 El ectroni ¢ Watthour Meter
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NOTE: On standard projects, use of the electronic
nmeter versus the optional electro-nechanical neter
i s reconmended due to decreasing availability of
el ectro- mechani cal neters

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

Provide a switchboard style el ectronic programmbl e watthour neter,

sem -drawout, sem -flush nounted, [in the outgoing section][as indicated].
Meter shall either be programmed at the factory or shall be programed in
the field. Wen field programming is performed, turn field progranm ng
device over to the Contracting Officer at conpletion of project. Meter
shal | be coordinated to system requirenents.
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NOTE: When Section 23 09 54.00 20, "Direct Digital
Control Systens" is used, coordinate neter
requirenents. Determine the appropriate class and
form desi gnati ons.
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a. Design: Provide neter designed for use on a 3-phase, 4-wire, [__ [/ ]
volt systemwith 3 current transformers. Include necessary KYZ pul se
initiation hardware for Energy Mnitoring and Control System (EMCS)[ as
specified in Section 23 09 23 DI RECT DI G TAL CONTROL FOR HVAC AND OTHER
LOCAL BUI LDI NG SYSTEMS] .

b. Coordination: Provide nmeter coordinated with ratios of current
transformers and transforner secondary voltage.

c. Cass: [_]. Form [__]. Accuracy: +/- 1.0 percent. Finish: Cass Il
d. Kilowatt-hour Register: 5 digit electronic programmable type.
e. Demand Regi ster:

1. Provide solid state.

2. Indicate multiplier on nmeter face.

3. Demand interval length: shall be programed for [15][30][60]
mnutes with rolling denmand up to six subintervals per interval

f. Meter fusing: Provide a fuse block mounted in the nmetering conpart ment
cont ai ni ng one fuse per phase to protect the voltage input to the
watt hour meter. Size fuses as recomrended by the neter manufacturer

[g. Special Progranm ng Instructions: [ 1.1
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2.2.6.5 El ectro- nechani cal Watthour Meters
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NOTE: On bases that enploy Energy Monitoring and
Control Systens (EMCS) and nonitor each buil ding

i ndividually, add the followi ng to this paragraph
"Provide watthour nmeter with a three-wire,

si ngl e- pol e doubl e-t hrow, qui ck-make, quick-break
pul se initiator. Coordinate pulse output ratio with
main circuit breaker rating."

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

NEMA C12.10. Kilowatt-hour neters shall be transforner rated, polyphase,
60 Hz, sem flush nounted, drawout or sem drawout sw tchboard neters for use
on a four-wire we, three-phase system Kilowatt-hour neters shall be [two
and one-half][three]-stator.[ Totalizing kilowatt-hour neters shall be
four-stator, two-circuit. For totalizing neters, provide devices and

equi pment required to provide single point nmetering of real power and
reactive power fromtwo inputs as indicated.] Each neter shall have a
five-dial pointer type register and shall be secondary reading. Register
ratio shall be selected to provide a neter reading nmultiplier of even
hundreds after applying the product of the current transforner ratio and
the potential transformer ratio. Indicate the neter reading nultiplier on
the nmeter face. The kilowatt-hour nmeter shall have a [sweep
hand] [ cunul ative] type KWdenmand register with 15-m nute interva

conform ng to NEVA Cl12. 4.

2.2.6.6 El ectric Strip-Chart Recordi ng AC Wattneter

UL 1437 for [surface][sem flush] mounting. Chart speed shall be [
[ ] inches per [hour][mnute] and chart drive nmotor shall be rated
[ 240] [ 120] [ 120/ 240] V, 60 Hz. The instrunent shall have a full scale
accuracy of one percent.

2.2.6.7 I nstrunent Transfornmers
| EEE C57.13, as applicable.

a. Current transforners: Transforners shall be [multi-ratio][ or ][single
rati o] as indicated, 60 Hz, and coordinated to the rating of the
associ ated switchgear, relays, neters, and instrunments.

b. Potential transformers: Transformers shall be drawout type, 60 Hz,
with voltage ratings and ratios coordinated to the ratings of the
associ ated switchgear, relays, neters, and instrunments. Potentia
transformers shall be with [one fuse][two fuses] in the primary. Fuses
shall be current Iimting and sized as reconmended by the potentia
transformer manufacturer.

2.2.6.8 Heat er s

Provide 120-volt heaters in each switchgear section. Heaters shall be of
sufficient capacity to control noisture condensation in the conpartnents,
and shall be sized 250 watts mininum Heaters shall be controlled by a
thermostat|[ and humi distat] |ocated inside each section. Thernostats shal
be industrial type, high limt, to maintain conpartnents within the range of
15 to 32 degrees C 60 to 90 degrees F.[ Hum distats shall have a range of
30 percent to 60 percent relative humdity.] Provide transformer rated to
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carry 125 percent of heater full load rating. Transformers shall have 220
degrees Cinsulation systemwith a tenperature rise not exceeding 115
degrees C and shall conformto NEMA ST 20. Provide panel board and circuit
breakers in each sw tchgear assenbly to serve the heaters in that

swi tchgear assenbly. Energize electric heaters in sw tchgear assenblies
while the equiprment is in storage or in place prior to being placed in
service. Provide nethod for easy connection of heater to external power
sour ce.

.2.6.9 Pilot and Indicating Lights
Provide transformer, resistor, or diode type.

2.7 Station Batteries and Charger
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NOTE: For SOUTHNAVFACENGCOM proj ects, specify
mai nt enance-free seal ed batteries only.
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Provide station batteries and charger, suitable for the requirenments of the
swi tchgear and [vacuum [SF6] circuit breakers. Batteries shall be [ ]
V, 60 cells, lead-acid, [pasted plate type][ or ][sealed, totally absorbed
el ectrol yte type].

a. Pasted plate type batteries: Positive plates shall be of the
manchester type and negative plates shall have a life equal to or
greater than the positive plates. Battery containers shall be heat and
i mpact resistant clear plastic with electrolyte level |ines pernmanently
marked on all four sides. A permanent |eakproof seal shall be provided
bet ween cover and contai ner and around cell posts. Sprayproof vent
pl ugs shall be provided in covers. Sufficient sedinment space shall be
provided so that the battery will not have to be cleaned out during its
normal life. High porosity separators to provide correct spacing
bet ween pl ates shall be provided. Capacity shall be cal cul ated by
swi t chgear manufacturer and approved by Contracting O ficer before
accept ance.

b. Sealed batteries: Provide batteries with | eakproof, spill proof
electrolyte utilizing highly absorbent material to separate the
positive and negative plates. Battery jars shall be hernetically
seal ed with wel ded seans. Batteries shall be naintenance-free and
shall not require water to be added. Capacity shall be cal cul ated by
swi t chgear manuf acturer and approved by Contracting O ficer before
accept ance.

c. Battery charger shall be full-wave rectifier type, utilizing silicon
sem conduct or devices. Charger shall naintain a float charge of 2.15 V
per cell and an equalizing charge of 2.33 V per cell. An equali zing
charge tiner shall be provided which operates automatically after an AC
power failure of 5 seconds or nore. Tiner shall be adjustable for any
time period up to 24 hours. Tiner shall also be capable of being
actuated manual ly. Adjustable float and equalizing voltage
potenti oneters shall be provided. Charger voltage shall be naintained
within plus or minus 1/2 percent fromno load to full load with AC Iine
variations of plus or mnus 10 percent and frequency variations of plus
or minus 5 percent. DC voltneter and ammeter with a m ni munm 90 nmr 3
1/2 inch scale and 2 percent accuracy of full scale shall be provided.
Qut put current shall be limted to 115 percent of rated output current,

SECTION 26 11 13.00 20 Page 31



2.

even down to short circuit of the DC output terminals. Solid state
circuit shall have AC and DC transient voltage termnals. AC and DC
magnetic circuit breakers shall be provided. GCircuit breakers shal

not be overl oaded or actuated under any external circuit condition

i ncluding recharge of a fully discharged battery and short circuit of
the output terminals. Charger shall be capable of continuous operation
at rated current at an anbient tenperature of 40 degrees C. CQutput DC
current capacity shall match the requirements of the batteries provided.

d. Secure battery rack such that it can not overturn or be disrupted by
| ateral forces acconpanying a seismc disturbance. Provide steel
three-step racks, painted with two coats of acid resistant paint for
nmounting batteries. Provide |ead-plated copper inter-rack connectors
and cell nunbers with each rack

2.8 Met al - Encl osed Interrupter Swi tchgear Qutgoing Section
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NOTE: This paragraph may al so be used to specify
freestandi ng switchgear not directly connected to a
unit substation. This paragraph can not be used for
generator control switchgear. Specify Category A
requi renents when switchgear area is subject to
access by the unsupervi sed general public. Category
B encl osures nust be fence enclosed or in a | ocked
room
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NOTE: To hel p determi ne whether netal -cl ad

swi tchgear or netal -enclosed interrupter switchgear
is nmore appropriate for a project, consider that the
primary applications for interrupter switchgear are
where there are no instantaneous rel aying and where
switching is infrequent. Also interrupter
switchgear is significantly less costly than
netal - cl ad swi tchgear.
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| EEE C37.20.3 for netal -enclosed [air][vacuum [SF6] load interrupter type
switches, insulated for [5][15][27] kV for use on [__ ] kV system The
net al -encl osed swi tchgear assenbly shall consist of individual,
factory-assenbl ed, freestandi ng nodul ar units, each with provisions for
bolt-together installation. Mdules shall have uniform di mensions,
constructed of rigidly braced 14-gage steel with a durable

corrosion-resistant finish. Units shall include a renovable front panel,
capabl e of being | ocked, for access to cable connections and fusing,
internal venting for air circulation, lifting/nounting provisions and

centralized, front facing controls[ with mimc bus |line diagran] and
identification naneplates. Mdules shall allow incom ng/outgoing cable
entry fromthe bottom sides or rear with adequate access for training and
connection of cable using lugs and indoor term nations. Modular units
shal | include necessary provisions for future expansion with renovable end
covers and extendabl e hi gh-conductivity copper main and ground bus

i nterconnections. Miin bus shall be fully insulated and nounted on

i nsul ated supports of high-inpact, non-tracking, high-quality insulating
material. Bus shall be braced to withstand the mechani cal forces exerted
during short-circuit conditions when connected directly to a source having
maxi mum of [ ] anperes rns symetrical avail able. Phase bus bars shal

SECTION 26 11 13.00 20 Page 32



be rated [ ] anperes. Gound bus shall be sized for full short-circuit
capacity and shall include provisions for external ground connections.

Encl osures shall be designed for [indoor][outdoor] |ocation and shal
conformto Category [A][B] requirenents of Table Al of Appendix Ato

| EEE C37.20.3. Provide pernanent |abels for wiring and termnals
correspondi ng to the designations on approved shop drawi ngs. A safety

gl ass wi ndow shall be provided in the door panel in front of each
interrupter switch to observe its position.

[2.2.8.1 Air-lInsul ated Load Interrupter Sw 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: Choose this paragraph or one of the

subpar agraphs bel ow entitled, "SF6-Insul ated Load
Interrupter Switches" or "Vacuum | nsul ated Load
Interrupter Switches."
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Load interrupter switches shall be three-pole, gang-operated,
[fused] [ non-fused], arranged with hinge end of switch on |oad side to
provide for "dead blade."[ Fuses shall be |ocated on hinge side of
switch.] Switch handles shall be non-renovable, operable fromfront of
cubicle. Switch shall be equi pped with stored-energy, quick-nake and

qui ck- break device to operate the switch i ndependent of the handl e or power
operator speed. Load interrupter switches shall be rated at [600][ 1200]
anperes continuous, 61 kA monentary, 38 kA short-tine fault closing.

Swi t ches shall be [manual handl e operated "cl ose" and "open"][ manual handl e
operated "close" and renpte operated "open" by electrical release
devi ce] [ power operated "close" and "open" utilizing notor charged cl osing
spring mechani smand el ectrical rel ease device].

1[2.2.8.2 SF6- I nsul ated Load Interrupter Switches

SF6 filled, puffer-type load interrupter switches shall be [fused][ or

][ non-fused] as indicated. Switches shall incorporate self-aligning,
copper-silver plated, w ping-type contacts. SF6 puffer interrupters to

m nim ze arcing during operation; and an internal absorbent to neutralize
arc by-products. Switch contacts shall be enclosed and sealed in

mai nt enance-free, SF6 filled, nol ded epoxy insul ated case, surrounded by
dead-front netallic barriers. Switch operation shall be controlled by
permanent|y |ubricated qui ck-nmake, quick-break spring operator with solid

I i nkage connection to contact operating shaft. Switch operator shall be
nmounted in separate dead-front conpartnment with access for addition of
renote or automatic accessories, and shall include renovabl e operating
handl e with storage provision, positive position indicators, and padl ock
provisions. SF6 gas shall conformto ASTM D 2472.[ Fused load interrupter
swi tches shall be provided with clip-style, nounted air-insulated current
limting fuses and nol ded epoxy interphase barriers. Provide neon voltage
i ndi cators for blown fuse indication.] Load interrupter switch shall be
rated [ ] continuous, [ ] kA monentary, [ ] kA short-tine fault
cl osi ng.

1[2.2.8.3 Vacuum | nsul ated Load I nterrupter Swtches

Crcuit interrupting device shall be [fused][non-fused], fixed nounted,
[manual l y][el ectrically] operated, and shall be qui ck-nmake, quick-break
with speed of operation independent of the operator. Electrically operated
device shall be [120 Vac][125 Vdc]. Spring charging nechani smshall not
rely on chains or cables.[ Mtor operator assenbly shall be a separate
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device, isolated from high voltage and coupled through a direct drive
shaft.] Circuit interrupter shall consist of automatic visible blade

di sconnects in series with vacuuminterrupters. Arc interruption shal

take place within the envel ope of the vacuuminterrupter. Upon opening,
contacts in the vacuuminterrupter shall separate 12 to 18 nilliseconds

bef ore di sconnect bl ades open. Total circuit interrupt opening tinme shal
not exceed 3.0 cycles after the trip coil is energized at 85 to 100 percent
of rated control voltage. Upon closing, disconnect blades shall close 9 to
12 mlliseconds before contact is made in the vacuuminterrupter. Loca
interrupter switch shall be rated [ ] continuous, [ ] kA nmonentary,
[ ] kA short-tine fault closing.

]1[2.2.8.4 Fuses

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: O her fuse types may be specified if nore
appropriate to the project.
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| EEE C37.41 and | EEE C37.46 as applicable. High-voltage fuses and

non- di sconnecti ng fuse nountings shall be accessible only through a
separate door nechanically interlocked with the |oad break switch, to
ensure the switch is in the open position when fuses are accessibl e.
Switch shall be designed with full height fuse access doors and shall have
a solid barrier covering the area of the main cross bus and |ine side of
the switch. Metal screen barriers are not acceptable. No energized parts
shall be within normal reach of the opened doorway. Four single ful

| ength interphase barriers shall isolate the three phases of the switch
fromeach other and fromthe enclosures. Fuses shall be [current limting
type of self-contained design to limt available fault current stresses on

the system and shall have interrupting capacity [as indicated][of [__ | ]
anperes symetrical rms].][boric acid type with provisions for refill units
complete with nuffler exhaust. Furnish three spare fuse refill units for

each switch and fuse assenbly.] Fuses shall be affixed in position with
provi sions for renoval and replacenent fromthe front of the gear without
the use of special tools.

12.2.9 Insul ated Barriers

Where insulated barriers are required by reference standards, provide
barriers in accordance with NEVA LI 1, Type GPO-3, 6.35 mr 0.25 inch
m ni mum t hi ckness.

[2.2.10 SF6 Refill Cylinders

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Coordinate with activity to determne if
refill cylinders are required. Many activities have
an adequate supply of SF6 gas on hand.

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

Provide two SF6 refill cylinders, with a mninmum of 2.724 kg 6 pounds of
SF6 in each. [Include regul ator, valves, and hose for connection to the
fill valve of the swtch

12.2.11 Corrosion Protection
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NOTE: Choose the |evel of corrosion protection
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required for the specific project |ocation. Use

stainl ess steel bases for nost applications. 1In
| ess corrosive environments gal vani zed steel can be
included as an alternative to stainless steel. In

hostil e environnents, the additional cost of totally
stainl ess steel tanks and netering may be

justified. Manufacturer's standard construction
material is acceptable only in noncoastal and
noncorrosi ve environnents.

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Bases frames, and channels of unit substation shall be corrosion resistant
and shall be fabricated of stainless steel[ or galvanized steel]. Base
shal | include any part of unit substation that is within 75 mr 3 inches of
concrete pad. Paint unit substation, including bases, light gray No. 61 or
No. 49.[ Paint coating systemshall conply with | EEE C57. 12. 28 regardl ess
of base and substation material.] The color notation is specified in

ASTM D 1535.

2.2.11.1 St ai nl ess Stee
ASTM A 167, Type 304 or 304L.
[2.2.11.2 Gal vani zed Stee

ASTM A 123/ A 123lv, ASTM A 653/ A 653N (B0 coating, and ASTM A 153/ A 153V, as
applicable. Galvanize after fabrication where practicable.

12.2.12 Term nal Boards

Provide with engraved plastic termnal strips and screw type terminals for
external wiring between conponents and for internal wring between
renovabl e assenblies. Term nal boards associated with current transformers
shal |l be short-circuiting type. Term nate conductors for current
transforners with ring-tongue lugs. Ternminal board identification shall be
identical in simlar units. External wiring shall be col or coded
consistently for simlar term nal boards.

2.2.13 Wre Marking

Mark control and netering conductors at each end. Provide
factory-installed white plastic tubing heat stanped with black bl ock type
letters on factory-installed wiring. On field-installed wiring, provide
multiple white preprinted pol yvinyl chloride (PVC) sleeves, heat stanped
with black block type letters. Each sleeve shall contain a single letter
or nunber, shall be elliptically shaped to fit the wire securely, and shal
be keyed, or otherw se arranged, in such a nmanner to ensure alignnment wth
adj acent sl eeves. Provide specific wire markings using the appropriate
conbi nati on of individual sleeves. Wre markers for factory installed
conductors shall indicate wire designations corresponding to the schematic
drawings. Wre markers on field installed conductors shall indicate the
devi ce or equi pnment, including specific term nal nunber to which the renote
end of the wire is attached, as well as the terminal nunber to which the
wire is directly attached (near end/far end marking).

2.2.14 Surge Arresters

Provi de one surge arrester for each conductor on circuits where indicated.
Surge arresters shall conformto | EEE C62.11 for [station class][class
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i ndi cated] and shall be rated |

2.3 SOURCE QUALI TY CONTROL

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: Use "reserves the right to" on all projects,
except those for SOUTHNAVFACENGCOM
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2.3.1 Equi pnent Test Schedul e

The Governnent [reserves the right to][will] witness tests. Provide

equi prrent test schedules for tests to be perfornmed at the manufacturer's
test facility. Submit required test schedule and |ocation, and notify the
Contracting O ficer 30 cal endar days before schedul ed test date. Notify
Contracting O ficer 15 cal endar days in advance of changes to schedul ed
dat e.

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

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

3. Instrument calibration frequency schedul e shall not exceed 12
nmonths for both test floor instrunents and | eased specialty
equi pnent .

4. Dated calibration |abels shall be visible on all test equipnent.

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

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

(a) Miintain up-to-date instrunent calibration instructions and
procedures for each test instrunent.

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

[2.3.2 Integral Assenbly Test

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

NOTE: Coordinate with paragraph "Factory Test
Reports" prior to use of option requiring testing of
i ntegral assenblies.
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Swi t chgear and substation transformer shall be tested as an integra
assenbly at the transformer manufacturer's test facility. Once acceptance
of test results is received, ship switchgear and substation.
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12.3.3 Swi t chgear Design Tests

| EEE C37.20.2 or

| EEE C37.20.3 as applicable.

Fur ni sh docunent ati on

showi ng the results of design tests on a product of the sane series and

rating as that provided by this specification.

fol | ows:
a. Design Test
[1. Dielectric test]

[2. Rated continuous current test]

[3. Short-time current withstand tests]

Required tests shall be as

[4. Short-circuit current withstand tests]

5. Mechani cal endurance tests
6. Flanme-resistance tests

7. Rod entry tests
[8. Rain test for outdoor

2.3.4 Swi t chgear Production Tests
| EEE C37.20.2 or
this project. Required tests shal
a. Production Test
1. D electric test
2. Mechani cal operation tests
3. Gounding of instrunment transforner
4. Electrical
5. Inpulse withstand test.
2.3.5 Load Interrupter Switch Design Tests

| EEE C37.71 or NEMA C37.72 as applicable,

MV swi t chgear]

| EEE C37.20.3 as applicable.
include results of production tests perforned on the actua
be as foll ows:

and | EEE C37. 20. 3.

Furni sh reports which
equi pnent for

case test

operation and control-wiring tests

Fur ni sh

docunentati on showing the results of design tests on a product of the sane

series and rating as that provided by this specification.

shall be as foll ows:
a. Design Tests

1. Delectric:

(a)

(b)

2. Continuous current

Low frequency wi t hstand

| mpul se wi t hst and
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2.

3. Short-tine current withstand (2 - second)
4, Monentary current (10 cycles)
5.  Mechani cal endurance
6. Insulator supports
(a) Flane-resistance
(b) Tracking-resistance
7. Bus-bar insulation
(a) Dielectric strength
(b) Flame-resistance
8. Paint qualification
9. Rain
3.6 Load Interrupter Switch Production Tests
| EEE C37.71 or NEMA C37.72 as applicable, and | EEE C37.20.3. Furnish
reports of production tests performed on the actual equipnent for this
project. Required tests shall be as follows:
a. Production Tests
1. Dielectric
2.  Mechani cal operation
[3. Gounding of instrunment transformer case]

[4. Electrical operation and control wiring]

.3.7 Transforner Design Tests

In accordance with | EEE C57.12.00 and | EEE C57.12.90. Additionally,

| EEE C57.12.80, section 5.1.2 states that "design tests are nade only on
representative apparatus of basically the sanme design.” Submt design test
reports (conplete with test data, explanations, fornulas, and results), in
the sane submttal package as the catal og data and draw ngs for[ each of]
the specified transformer(s). Design tests shall have been perforned prior
to the award of this contract.

a. Tests shall be certified and signed by a regi stered professiona
engi neer.

b. Tenperature rise: "Basically the sane design" for the tenperature rise
test neans a unit-substation transforner with the sanme coi
construction (such as wire wound primary and sheet wound secondary),
the sane kVA, the same cooling type (ONAN), the sane tenperature rise
rating, and the sane insulating liquid as the transforner specified.

c. VLightning inpulse: "Basically the sane design" for the Iightning
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2.

i mpul se dielectric test means a unit-substation transformer with the
same BIL, the sane coil construction (such as wire wound primry and
sheet wound secondary), and a tap changer (if specified). Design
lightning inpulse tests shall include both the primary and secondary
wi ndi ngs of that transforner.

1. | EEE C57.12.90 paragraph entitled "Lightning I nmpul se Test
Procedures" and | EEE C57. 98.

2. State test voltage |evels.

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

d. Lifting and noving devices: "Basically the same design" for the
lifting and noving devices test neans a transformer in the same wei ght
range as the transforner specified.

e. Pressure: "Basically the same design" for the pressure test nmeans a
unit-substation transformer with a tank volune within 30 percent of the
tank vol une of the transforner specified.

3.8 Transformer Routine and Ot her Tests

In accordance with | EEE C57.12. 00 and | EEE C57.12.90. Routine and ot her

tests shall be perforned by the manufacturer on[ each of] the actua

transforner(s) prepared for this project to ensure that the design
performance is maintained in production. Submt test reports, by serial
nunber and receive approval before delivery of equipnent to the project
site. Required tests and testing sequence shall be as foll ows:

a. Cold resistance neasurenments (provide reference tenperature)

b. Phase relation

c. Ratio

d. Insulation power-factor by manufacturer's recommended test nethod.
e. No-load l|osses (NLL) and excitation current
f. Load losses (LL) and inpedance voltage
g. Dielectric
1. Inpulse: Per |IEEE C57.12.90 paragraph 10.3 entitled "Lightning
| mpul se Test Procedures,"” and | EEE C57.98. Test the prinmary
wi ndi ng only.
(a) State test voltage levels
(b) Provide photographs of oscilloscope display wavefornms or
plots of digitized waveforns with test reports.[ As an
alternative, photographs of oscilloscope display waveforns or
plots of digitized waveforms nmay be hand-delivered at the factory

W tness test.]

2. Applied voltage

SECTION 26 11 13.00 20 Page 39



3. Induced voltage
h. Leak
PART 3 EXECUTI ON
3.1 I NSTALLATI ON

El ectrical installations shall conformto | EEE C2, NFPA 70, and to the
requirenents specified herein

3.2 GROUNDI NG

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: \Where rock or other soil conditions prevent
obtaining a specified ground val ue, specify other
met hods of grounding. Were it is inpractical to
obtain indicated ground resi stance val ues, the

desi gner should nmake every effort, to obtain ground
resi stance val ues as near as possible to the

i ndi cated val ues.

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NFPA 70 and | EEE C2, except that grounds and groundi ng systens shall have a
resistance to solid earth ground not exceeding 5 ohns.

3.2.1 Groundi ng El ectrodes

Provi de driven ground rods as specified in Section 33 71 02.00 20
UNDERGROUND UNDERGROUND TRANSM SSI ON AND DI STRI BUTI ON.  Connect ground
conductors to the upper end of the ground rods by exotherm c wel ds or
conpressi on connectors. Provide conpressi on connectors at equi pnent ends
of ground conductors.

3.2.2 Subst ati on G oundi ng

Provi de bare copper cable not snaller than No. 4/0 AWG not |ess than 610 mMm
24 inches bel ow grade connecting to the indicated ground rods. Substation

transfornmer neutral connections shall not be smaller than No. 1/0 AWG

When work, in addition to that indicated or specified, is directed to

obtain the specified ground resistance, the provision of the contract
covering "Changes" shall apply.[ Fence and equi pnent connections shall not
be smaller than No. 4 AWa Ground fence at each gate post and corner post
and at intervals not exceeding 3050 mr 10 feet. Bond each gate section to

the fence post through a 3 by 25 mm 1/8 by one inch flexible brai ded copper
strap and cl anps. ]

3.2.3 Connecti ons
Make joints in grounding conductors and | oops by exothermc weld or
compressi on connector. Exotherm c welds and conpression connectors shal
be installed as specified in Section 33 71 02. 00 20 UNDERGROUND UNDERGROUND
TRANSM SSI ON AND DI STRI BUTI ON, paragraph entitled "G oundi ng".

3.2. 4 Ground Cabl e Crossing Expansion Joints in Structures and Pavenents
Protect from damage by neans of approved devices or nethods of installation

to allow the necessary slack in the cable across the joint to permt
novenent. Provide stranded or other approved flexible copper cable across
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3.

3.

such separati ons.

.2.5 Groundi ng and Bondi ng Equi prrent

UL 467, except as indicated or specified otherw se.

.3 | NSTALLATI ON OF EQUI PMENT AND ASSEMBLI ES

Install and connect unit substations furni shed under this section as
i ndi cated on project draw ngs, the approved shop draw ngs, and as specified
her ei n.

. 3.1 Medi um Vol t age Swi tchgear and Load Interrupter Sw tches

| EEE C37.20.2 and | EEE C37.20.3 as applicabl e.

.3.2 Meters and | nstrument Transforners

NEMVA Cl12. 1.

.3.3 Gal vani zi ng Repair

Repai r danmage to gal vani zed coati ngs caused by handling, transporting,
cutting, welding, or bolting. Make repairs in accordance with

ASTM A 780/ A 780N, zinc rich paint. Do not heat surfaces that repair paint
has been applied to.

4 FOUNDATI ON FOR EQUI PMENT AND ASSEMBLI ES
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NOTE: Mounting slab connections nmay have to be
given in detail depending on the requirenents for
the seismic zone in which the equi pnent is | ocated.
I ncl ude construction requirenments for concrete slab
only if slab is not detailed in drawi ngs. Curbs or
rai sed edges may al so be required around |iquid
filled transforners.
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4.1 Exterior Location

Mount[ substation][ and][ swi tchgear] on concrete slab. Unless otherw se
i ndicated, the slab shall be at |east 200 mm 8 inches thick, reinforced
with a 152 x 152 - MM9 x MM9 6 x 6 - W.9 x W2.9 mesh, placed uniformy
100 mm 4 inches fromthe top of the slab. Slab shall be placed on a 150 nrr
6 inch thick, well-conpacted gravel base. Top of concrete slab shall be
approximately 100 mm 4 i nches above finished grade. Edges above grade
shall have 15 mr 1/2 inch chanfer. Slab shall be of adequate size to
project at least 200 mr 8 i nches beyond equi pnent, except that front of
slab shall be | arge enough to serve as a platformto w thdraw breakers or
to operate two-high breaker lifters. Provi de conduit turnups and cabl e
entrance space required by the equi pnment to be nounted[ and as indicated].
Seal voids around conduit openings in slab with water- and oil -resi stant
caul king or sealant. Cut off and bush conduits 75 nm 3 inches above sl ab
surface. Concrete work shall be as specified in Section 03 30 00
CAST- | N- PLACE CONCRETE.
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3.4.2 Interior Location

Mount[ substation][ and][ sw tchgear] on concrete slab. Unless O herw se
indicated, the slab shall be at least 100 nmm 4 inches thick. Top of
concrete slab shall be approxinmately 100 mr 4 i nches above finished fl oor.
Edges above floor shall have 15 nmm 1/2 inch chanfer. Slab shall be of
adequate size to project at |east 200 mr 8 i nches beyond the equi prent,
except that front of slab shall be |arge enough to serve as a platformto
wi t hdraw breakers or to operate two-high breaker lifters. Provide conduit
turnups and cabl e entrance space required by the equi pnment to be nounted.
Seal voids around conduit openings in slab with water- and oil -resi stant
caul king or sealant. Cut off and bush conduits 75 nm 3 inches above sl ab
surface. Concrete work shall be as specified in Section 03 30 00
CAST- | N- PLACE CONCRETE.

3.5 FI ELD QUALI TY CONTROL
3.5.1 Perf ormance of Acceptance Checks and Tests

Performin accordance with the manufacturer's recomrendati ons and i ncl ude
the follow ng visual and mechani cal inspections and electrical tests,
performed in accordance with NETA ATS.[ The [__ ] Division, Nava
Facilities Engineering Cormand will witness fornal tests after receipt of
witten certification that prelinmnary tests have been conpl eted and that
systemis ready for final test and inspection.]
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NOTE: Ther nographic surveying is not required on
nost projects. NETA recomends that surveys be
perfornmed during periods of naxinmum possi bl e | oading
but with not Iess than 40 percent of rated | oad on
the electrical equipment being inspected. Testing
at start-up will therefore not be beneficial except
for hard-to-reach areas where solid connections
cannot be verified by nechani cal nethods.
Ther nogr aphi ¢ surveyi ng may be useful if equi pnent
operates under load for a specified period of tineg,
preferably 3 to 6 nonths, before testing. The
additional costs and the additional trip (3 to 6
nonths after the initial inspection) for the NETA
contractor to performthe survey should be
considered prior to specifying the requirenent.
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3.5.1.1 Interrupter Switch(es)
a. Visual and Mechani cal |nspection

1. Conpare equi pment naneplate data with specifications and approved
shop draw ngs.

2. I nspect physical and nechanical condition

3. Confirmcorrect application of nmanufacturer's reconmrended
| ubricants.

4. Verify appropriate anchorage and required area cl earances.

5. Verify appropriate equi pnent groundi ng.
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. 5.

1

[7.

[ 8.

10.
11.
12.

13.

Verify correct blade alignment, blade penetration, travel stops,
and nechani cal operation

Verify that fuse sizes and types correspond to approved shop
dr awi ngs. ]

Verify that each fuse hol der has adequate mechanical support.]
Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic surveying[ is
not][ is]required.

Test interlocking systens for correct operation and sequenci ng.
Verify correct phase barrier materials and installation

Conpare switch bl ade cl earances with industry standards.

I nspect all indicating devices for correct operation

El ectrical Tests

1

2.

3.

[ 4.

5.

2

Performinsul ati on-resi stance tests.
Per f orm over-potential tests.

Measure contact-resistance across each switch blade[ and fuse
hol der].

Measure fuse resistance.]
Verify heater operation.

Medi um Vol tage Circuit Breakers (Vacuum

Vi sual and nechani cal inspection

1

Conpar e equi prent nanepl ate data with specifications and approved
shop draw ngs.

| nspect physical and nechani cal condition

Confirmcorrect application of manufacturer's recomended
| ubricants.

I nspect anchorage, alignnment, and groundi ng.

Perform all mechani cal operational tests on both the circuit
breaker and its operating nmechani sm

Measure critical distances such as contact gap as recomended by
manuf act ur er.

Verify tightness of accessible bolted connections by calibrated
torque-w ench nethod. Thernographic survey[ is not][ is] required.

Record as-found and as-|eft operation counter readings.
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. 5.

1

El ectrical Tests

3

Perform a contact-resistance test.

Verify trip, close, trip-free, and antipunp function

Trip circuit breaker by operation of each protective device.
Performinsul ati on-resi stance tests.

Perform vacuum bottle integrity (overpotential) test across each
bottle with the breaker in the open position in strict accordance
wi th manufacturer's instructions. Do not exceed maxi nrum voltage

stipulated for this test.

Medi um Vol tage Circuit Breakers (SF6)

Vi sual and nechani cal inspection

1

10.

11.

12.

Conpar e equi prent nanepl ate data with specifications and approved
shop draw ngs.

| nspect physical and nechani cal condition

Confirmcorrect application of manufacturer's recomended
| ubricants.

| nspect anchorage and groundi ng.

I nspect and verify adjustnents of nechanismin accordance wth
manuf acturer's instructions.

I nspect and service air conpressor in accordance with
manuf acturer's instructions.]

Test for gas leaks in accordance with manufacturer's instructions.

Verify correct operation of all air and SF6 gas pressure al arns
and cutouts.

Sl ow cl ose/ open breaker and check for binding.
Performtime-travel analysis.

Verify tightness of accessible bolted connections by calibrated
torque-w ench nethod. Thernographic survey[ is not][ is] required.

Record as-found and as-left operation counter readings.

El ectrical Tests

1

Measure contact resistances.
Perform insul ati on-resi stance tests.
Verify trip, close, trip-free, and antipunp functions.

Trip circuit breaker by operation of each protective device.
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3.5.1.4 Transformers (Liquid-Filled)
a. Visual and nechani cal inspection

1. Conpare equi pnment naneplate data with specifications and approved
shop draw ngs.

2. Inspect physical and nechanical condition. Check for damaged or
cracked insul ators and | eaks.

[3. Verify that cooling fans operate correctly and that fan notors
have correct overcurrent protection.]

[4. Verify operation of all alarm control, and trip circuits from
tenperature and | evel indicators, pressure relief device, and
fault pressure relay.]

5. Verify tightness of accessible bolted electrical connection by
calibrated torque-wench nethod. Thernographic survey[ is not]]
is] required

6. Verify correct liquid level in transfornmer tank

7. Performspecific inspections and nmechanical tests as reconmended
by manuf acturer.

8. Verify correct equi pment groundi ng.
b. Electrical Tests

1. Performinsul ation-resistance tests.

2. Performturns-ratio tests.

3. Performinsulation power-factor/dissipation-factor tests on
wi ndi ngs.

4. Sanple insulating liquid. Sanple shall be tested for
(a) Dielectric breakdown voltage
(b) Acid neutralization nunber
(c) Specific gravity
(d) Interfacial tension
(e) Color
(f) Visual condition
(g) Parts per mllion water
(h) Measure dissipation factor or power factor
5. Performdissol ved gas anal ysis (DGA).

6. Test for presence of PCB
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. 5.

1

5

Verify that tap-changer is set at specified ratio.

Verify proper secondary voltage phase-to-phase and
phase-to-neutral after energization and prior to |oading.

Swi t chgear Assenblies

Vi sual and Mechani cal |nspection

1

[7.

10.

11.

12.
13.
14.
15.

16.

17.

Conpar e equi pnent nanepl ate data with specifications and approved
shop draw ngs.

I nspect physical, electrical, and nechani cal condition

Confirmcorrect application of manufacturer's recomended
[ ubricants.

Verify appropriate anchorage, required area cl earances, and
correct alignment.

I nspect all doors, panels, and sections for paint, dents,
scratches, fit, and nissing hardware.

Verify that[ fuse and] circuit breaker sizes and types correspond
to approved shop draw ngs.

Verify that current and potential transforner ratios correspond
to approved shop draw ngs.]

Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic survey[ is not]]
is] required

Confirmcorrect operation and sequencing of electrical and
mechani cal interl ock systens.

Cl ean switchgear.

I nspect insulators for evidence of physical damage or contam nated
sur f aces.

Verify correct barrier[ and shutter] installation][ and operation].
Exerci se all active conponents.

I nspect all nechanical indicating devices for correct operation
Verify that vents are clear

Test operation, alignnent, and penetration of instrunment
transforner w thdrawal disconnects.

| nspect control power transforners.

El ectrical Tests

1

2.

Performinsul ati on-resi stance tests on each bus section.

Per f orm overpotential tests.

SECTION 26 11 13.00 20 Page 46



. 5.

1

6

Perform insul ati on-resi stance test on control wring; Do not
performthis test on wiring connected to solid-state conponents.

Perform control wiring perfornance test.

Performprimary current injection tests on the entire current
circuit in each section of assenbly.

Per f or m phasi ng check on doubl e-ended swi tchgear to ensure
correct bus phasing from each source.]

Verify operation of heaters.

I nstrunent Transforners

Vi sual and Mechani cal | nspection

1

Conpar e equi prrent nanepl ate data with specifications and approved
shop draw ngs.

| nspect physical and nechani cal condition
Verify correct connection.

Verify that adequate clearances exi st between primary and
secondary circuit.

Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic survey[ is not]]
is] required

Verify that all required grounding and shorting connections
provi de good contact.

Verify correct operation of transfornmer with drawout nechani sm and
groundi ng operati on.

Verify correct primary and secondary fuse sizes for potenti al
transforners

El ectrical Tests - Current Transformers

1

Performinsul ati on-resi stance tests.
Performpolarity tests.
Performratio-verification tests.

Performexcitation test on transformers used for rel aying
applications.

Measure circuit burden at transfornmer term nals and deternine the
total burden.

When applicable, performinsulation resistance and dielectric
wi thstand tests on the primary wi nding with secondary grounded.

CAUTI ON:  Changes of connection, insertion, and renoval of
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. 5.

. 5.

1

1

instruments, relays, and neters shall be perforned in such a
manner that the secondary circuits of energized current
transfornmers are not opened nmonentarily.

El ectrical Tests - Voltage (Potential) Transforners

7

Perform i nsul ati on-resi stance tests.

Performa polarity test on each transformer to verify the polarity
marks or HL - X1 relationships as applicable

Performa turns ratio test on all tap positions , if applicable.

Measure potential circuit burdens at transforner term nals and
determi ne the total burden.

Measure circuit burden at transfornmer term nals and deternine the
total burden.

Battery Systens

Vi sual and nechani cal inspection

1

Conpar e equi pnent nanepl ate data with specifications and approved
shop draw ngs.

I nspect physi cal and nechani cal condition

Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic survey[ is not] [
is] required

Measure el ectrolyte specific gravity and tenperature and visually
check fill |evel

Verify adequacy of battery support racks, nounting, anchorage, and
cl ear ances.

El ectrical tests

4.

8

Set charger float and equalizing voltage |evels.
Verify all charger functions and al arns.

Measure each cell voltage and total battery voltage with charger
energi zed and in fl oat node of operation

Performa capacity | oad test.

Metering and I nstrunmentation

Vi sual and Mechani cal | nspection

1

Conpar e equi pnent nanepl ate data with specifications and approved
shop draw ngs.

I nspect physi cal and nechani cal condition

Verify tightness of electrical connections.
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b. Electrical Tests

1. Determine accuracy of neters at 25, 50, 75, and 100 percent of
full scale.

2. Calibrate watthour neters according to nanufacturer's published
dat a.

3. Verify all instrunent nultipliers.

4. Electrically confirmthat current transformer and voltage
transforner secondary circuits are intact.

3.5.1.9 Groundi ng Syst em
a. Visual and Mechani cal |nspection

1. Inspect ground systemfor conpliance with contract plans and
speci fications.

b. Electrical Tests

1. Perform ground-inpedance neasurenents utilizing the
fall-of-potential method. On systens consisting of interconnected
ground rods, performtests after interconnections are conplete.
On systens consisting of a single ground rod performtests before
any wire is connected. Take neasurenents in normally dry weat her
not |ess than 48 hours after rainfall. Use a portable ground
testing negger in accordance with manufacturer's instructions to
test each ground or group of grounds. The instrunment shall be
equi pped with a meter reading directly in ohnms or fractions
thereof to indicate the ground value of the ground rod or
groundi ng systens under test.

Submit the nmeasured ground resistance of each ground rod and
groundi ng system indicating the location of the rod and groundi ng
system Include the test nmethod and test setup (i.e., pin

| ocation) used to deternine ground resistance and soil conditions
at the time the neasurenents were nade

[3.5.2 Field Dielectric 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: Field dielectric tests are recomended when
new units are added to an existing installation or
after major field nodifications. |f necessary,
service the equipnent prior to the field test.

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

Performfield dielectric tests on nedi umvoltage sw tchgear according to
| EEE C37.20.2 or |EEE C37.20.3 as applicable.

13.5.3 Fol | ow-Up Verification

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: Use "10" working days and include | ast
bracketed sentence in the paragraph for
SOUTHNAVFACENGCOM pr oj ect s
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Upon conpl etion of acceptance checks, settings, and tests, the Contractor
shal | show by denpnstration in service that circuits and devices are in
good operating condition and properly performing the intended function.
Circuit breakers shall be tripped by operation of each protective device.
Test shall require each itemto performits function not |ess than three
times. As an exception to requirenents stated el sewhere in the contract,
notify the Contracting Oficer [5][10] working days in advance of the dates
and tinmes for checks, settings, and tests[, to allow the Contracting
Oficer to notify SOUTHNAVFACENGCOM Code 0742; El ectrical Engi neering

Di vi sion and Code 162; Director, Uilities Engineering Division].

-- End of Section --
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